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Abstract

The increase in air traffic and space flights, the rising cargo volumes and passenger
numbers all set complex research and applied scientific tasks and therefore pose more complex
requirements for obtaining up-to-date information on the system parameters and on the environment
in which they function. After the advent of IoT platforms, their use in all areas of technology has been
growing rapidly, as for instance in data collection and processing systems that are fully applicable to
aviation needs. One of the major problems in the building of new systems or upgrading existing ones
in line with current trends is the high cost of the innovations and the long time before their
implementation. In line with the current trends in aviation, this paper proposes an approach for
unified modules comprising a large set of possible sensors operating on a wireless standard for
transmitting information and connected in a single and cost-effective network and with minimal time
for construction, upgrading and renovation.

1. Introduction

There has been an exponential growth in the use of aeronautical and
aerospace vehicles for various purposes. Also, a number of new types have come
into existence, such as drones, unmanned aircraft, new classes of space rocket
systems, and more.

Most devices related to the operation of aviation systems or their missions
utilize multiple sensor-based, communications, executive and other types of means
and it is often necessary to establish continuous or ad hoc information exchange
between the ones located outside the skin of the aeronautic vehicle and those
located inside [1-3]. In many cases, it is appropriate that the communication
between the modules located on each side of the skin should be non-contact [4].
This will reduce the complexity of building a structure that requires resistance to
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high mechanical accelerations and vibrations, as well as to sudden changes in
ambient temperature.

Over the last few years, wireless sensor networks have focused
professional interest towards the numerous theoretical and practical challenges
associated with their application capabilities. Their wireless architecture enables
easy measurement of physical parameters such as temperature, humidity, pressure,
etc., as well as their integration into already existing measuring systems. Their
flexibility and capabilities for mathematical analysis and processing of the data, as
well as their easy programming, make it possible to build complete solutions for
technological process monitoring [5].

Three basic technologies for wireless communications are available to
date: radio frequency (RF) communication characterized by its high performance,
optical transmission, which requires positioning on the line of sight, and the one
most commonly used in modern underwater communications — acoustic
(respectively hydroacoustic). In all these technologies, it is important to also
consider the cost of bringing into production in relation to the target data
bandwidth for a given frequency range. The wireless communication technologies
suitable for use in aviation technology are the RF and optical ones. Nevertheless,
the provision of a communication channel often requires engineering constraints
that are extremely difficult to overcome [6, 7].

The article proposes an approach for providing wireless communication in
aerospace vehicles based on the use of composite materials and of unified modules
connected to a single network and operating on a wireless standard for transmitting
information at a relatively low cost and requiring minimal time for building,
upgrading and renovation.

The article proposes an approach for providing wireless communication in
aerospace vehicles. The approach is based on the use of composite materials and of
unified modules connected to a single network and operating on a wireless standard
for transmitting information. It is charactersied by its relatively low cost and
requires minimal time for building, upgrading and renovation.

2. Problem statement and solution

In the general case, the task of wireless communication comes down to the
positioning on the skin of the aerospace vehicle of a device with good radio
conductivity and/or optical transparency, and mounting on both of its sides of the
transceivers of the wireless communication system. There are therefore two aspects
to solving this problem:

e The first one involves the selection of a device with good radio conductivity
to ensure contact between the on-skin and the under-skin wireless
communication modules. The device should be able to withstand high
mechanical loads and provide small radio signal attenuation.
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e The second one involves means of reliable and stable wireless
communication.

3. Results:

3.1. Device providing contact between the on-skin and the under-skin
wireless communication modules

The contact device between the on-skin and the under-skin wireless
communication modules is generally a multi component device consisting of a
mechanical housing and a radio-transparent element. It is desirable that this device
should also be provided with a window transparent to light, in this way enabling
reduction of the energy consumption of the external sensor by activating the
operation of the wireless communication system through a pair of light source and
light receiver (LED). Magnetic impulse activation, for example with a reed relay, is
also possible, though this method poses the risk of disrupting the performance of
the electronic devices and of distortion of the radio signals.

The mechanical housing must be compatible in shape, construction and
material with the mechanical structure of the aerospace vehicle and its manufacture
should not generally constitute a serious engineering problem [8].

The main component of the composite device is the radio-transparent
element, which, among other things, should be relatively light, inexpensive, easy to
process, and must be able to withstand high mechanical loads.

It is known that the force that must be overcome when moving an object in
the air is:

(1) F==>.c,.p.5.V%, where:

ra =

— pisthe density of the air;

— Sisthe area of the transverse projection of the object (referent area);

— ¢, is Drag coefficient;

— V is the velocity of the object relative to the air. The force of the air
resistance depends on the square of the velocity and at a given constant
high velocity can be reduced by varying within certain limits the cross-
sectional area of the object.

Pressure (denoted by p) is a physical quantity characterizing the magnitude
of the normal force component acting on a unit of area. Pressure is a scalar value.
According to the definition in 1SO / IEC 80000, pressure is the ratio of the force to
the surface area:

2 p=z
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Therefore, with some approximation, we can state that the pressure on the
contact device between the on-skin and the under-skin wireless communication
modules will be:

(3) P = %cx p V2

The Drag coefficient values are shown in Table 1.

Table 1. Drag coefficient values

Shape Drag
Coefficient

Sphere —= O 0.47

Half-sphere ——= q 0.42

Cone —— q 0.50

Cube — D 1.05

Angled __ O 0.80

Cube

C;I(i):(?er HD 0.82

comaer — L] 213
Stre;;?jgned_’ C> 0.04

Streamlined

Half-ody 7 s

Measured Drag Coefficients

Calculations show that in extreme cases where the contact device is a long
cylinder (for example, a flat porthole that can be approximated in this way), the
speed of the spacecraft is in the range of 20 - 30 M (M ~ 300 m/s — first cosmic
velocity at Mach number 27 is 8 km/s), assuming average air density of 1.5 kg/m?,
the pressure on it reaches 26 MPa (~ 260 bar). At subsonic speeds the pressure
reaches 0.4 bar and at speeds with Mach number below 5 it is up to 10 bar.

Our calculations allow the conclusion that for spacecraft from the moment
of their launch until their orbit positioning it is appropriate that the contact device
between the on-skin and the under-skin wireless communication modules should be
provided with screens protecting them from the high dynamic external pressure
values. For other aircraft this will not be necessary.

These requirements can be satisfied by a limited number of materials,
mainly by composites. To this end, several types of composite materials have been
developed at IMSETHC-BAS. They consist of different combinations of the
following components:

e Fiberglass 300 gr/m?, 500 gr/m? (Fig. 1);
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Fig. 1. Fiberglass

Lantor Soric XF 3 mm (Fig. 2) — a special type of pressure-resistant core
material (filler) designed specifically for wvacuum infusion. Unlike
traditional fillers such as Coremat, Soric is made of pressure-resistant cells
that do not shrink in vacuum, thus preserving the structure and the
thickness of the material,

Fig. 2. Lantor Soric XF

Aluminum honeycomb structure (Fig. 3), intended as a filler in the
manufacture of composite panels and parts. Used properly, aluminum
honeycomb can reduce weight and increase the rigidity of composite
panels in a wide variety of applications;

Fig. 3. Aluminum honeycomb



e Polyester resin MULTIPOL® TP200 — high quality polyester resin,
thixotropic, pre-accelerated. It is very good for manual lamination or
infusion. Hardener: MEKP Catalyst (from 1 to 3%) of BUTANOX®.
Color: blue, transparent after application;

o Polyester isophthalic with neopentyl glycol gelcoat E-120. Composition:
Styrene. Thixotropic unsaturated polyester resin designed to be sprayed
onto the surface of the die as a protective layer against environmental
influences. It gives the products resistance to impact, light, water and
aging.

For the purpose of the research experiments, three types of composite
material constructions have been developed at IMSETHC-BAS for contact devices
between the on-skin and the under-skin wireless communication modules:

3.1.1. Composite plate designed to withstand pressures of up to 14 bars.
Composition:

— 4 layers of 3 mm thick fiberglass 500 gr/m?;

— 1 layer of 5 mm thick core material;

PR ——

Fig. 4. Composite plate designed to withstand pressures of up to 14 bars

— 4 layers of 3 mm thick fiberglass 500 gr/m?;

— Polyester resin MULTIPOL® TP200;

— Polyester isophthalic gelcoat with neopentyl glycol E-120.
Total thickness: 12 mm.
Features — opaque to light, radio transparent, include for frequencies of up
to 6 GHz.

3.1.2. Composite plate designed to withstand pressures of up to 10 bars.

Composition:
— 4 layers of 2 mm thick fiberglass 300 gr/m?;
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1 layer of 5 mm thick core material;

4 layers of 2 mm thick fiberglass 300 gr/m?;

Polyester resin MULTIPOL® TP200;

Polyester isophthalic gelcoat with neopentyl glycol E-120.

Fig. 5. Composite plate designed to withstand pressures of up to 10 bars

Total thickness: 10 mm.
Features — opaque to light, radio transparent, include for frequencies of up
to 6 GHz.

3.1.3. Composite plate designed to withstand pressures of up to 10 bars.
Composition:

— 3 layers of 2.5 mm thick fiberglass 500 gr/m?;
— 1 layer of 5 mm thick Aluminum honeycomb;
— 3 layers of 2.5 mm thick fiberglass 500 gr/m?;
— Polyester resin MULTIPOL® TP200.

Total thickness: 10 mm.

Features — transparent to light, radio transparent, including for frequencies
of up to 6 GHz.

Fig. 6 shows the experimental model for testing the functionality of the
three types of composite material constructions for contact devices between the on-
skin and the under-skin wireless communication modules.

166



3

Fig. 6. Experimental model for testing the functionality of the three types
of composite material constructions

It consists of a metal cylindrical body (3) and a metal cylinder (2), mounted
on which are respectively the elements of the on-skin and the under-skin modules
for wireless communication.

The antennas of the transmitter and receiver module are connected by
means of diaphragms (4, 5), in which circular plates of various radio conductive
materials can be placed to analyze the communication efficiency.

3.2. Wireless communication device

Modern systems mainly use sensors producing digital output data, which
also makes it easier to upgrade existing systems or to build new ones using wireless
standards for data transmission. The requirements to be met by the channel used,
taking into account the specificities of the particular application, are as follows [9]:

— provision of sufficient capacity to transmit sensor data without delay
caused by the channel;

— validation of information transmitted by the sensor;

— guaranteeing uniqueness of the transmitted data in a multi-sensor mode of
operation;

— channel capacity in working conditions;

— ensuring autonomy when using battery power supply.

In wireless data transmission, account must be taken of environmental
features, i.e. the space distribution in the spacecraft/aircraft, which is a solid metal
structure that would impede the passage of electromagnetic waves. This
necessitates the availability of collector systems in single volumes. A single
volume defines a space without partitions and whose linear dimensions do not
exceed the maximum communication distance determined by the wireless protocol
used [10].
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Bluetooth is a wireless technology for short-distance data exchange from
fixed or mobile objects, which is used for personal area networks (PANS).
Bluetooth uses ultra high frequency UHF in the ISM frequency range from 2.4 to
2.485 GHz.

¢ Advantages:

1. Low power consumption.

2. Bluetooth can be integrated across devices, including portable devices
and mobile phones.

3. Low cost — steadily decreasing price of the hardware module (single
chip solution);

4. The distance between two devices can reach up to 60 m.

5. Well-designed structure.

6. Bluetooth uses 2.4 GHz bandwidth, data transfer speed can reach up to
1Mbps.

7. Supported by a free-membership consortium established in 1998, with
more than 2,000 members, including IBM, Intel, Nokia, Erricson, Toshiba, 3COM,
Lucent, Microsoft.

+ Disadvantages: Its operating range is smaller compared to other wireless
technologies.

The choice of Bluetooth Low Energy (BLE) is based on its being uniquely
applicable for building wireless data transfer modules. The features provided in its
specifications — authentication, encryption, and high-speed data transmission —
fully meet channel requirements, while its low power consumption, depending on
sensor consumption, ensures autonomy, for months, and at higher battery
capacities, for years. This, combined with the small size, enables building self-unit
networked modules that use a unified standard for data transmission. The fault
clearing time is reduced since the module is usually replaced.

In aviation system automation, the wireless communication standard finds
practical applicability mainly in the expansion of the capabilities of the sensor
network and its rapid upgrade.

To optimize the data transmission channel, different types of sensors are
used. The information collected via radio channel (Bluetooth standard) is
transmitted to the data collection system. The proposed approach eliminates the
need of a wired connection and allows the sensors to be repositioned when
necessary.

Another advantage is the reduced time and human resources (no need for a
skilled specialist to change the position of the sensors) necessary when changing
the positioning of the sensors, nor does this require additional infrastructure.

In the proposed approach, the linear structure of the system is preserved,
which, when using wireless communication channels, can be changed to star
connection, as shown in Fig. 7.
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In the selected experimental model, all modules are of Arduino specifications,
as shown in Fig. 8.

Arduino uno

Information recorded on an CD card

in Arduino uno from Arduine due

via a Bluetooth channel

Fig. 8. Transmission of information via Bluetooth modules
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The block diagram and data exchange principle of the test device are
shown in Fig. 9.

Fig. 9. Block diagram and data exchange principle of the test device

To analyze the capabilities of the Bluetooth communication standard, the
sensor selected is an acoustic receiver, which allows qualitative and quantitative
comparison (amplitude-frequency characteristics) of the input and output signals,
in this case noise and speech. This is achieved by comparing the spectrograms of
noise and noise + speech recorded on SD cards after the classification of speech
signals (their separation from noise-only signals) and those of noise + speech after
BLE communication.
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3.3. Test results

The verification of the proposed technical solutions was carried out by two
types of experiments: to determine the mechanical stability and to evaluate the
possibility for wireless communication.

Fig. 6 shows the experimental set-up used to evaluate the resistance of the
structure to mechanical stress. For this purpose, air was compressed in the metal
cylinder (2) under controlled pressure and monitoring the condition of the plates
made of composite materials according to item 3.1.1., 3.1.2, and 3.1.3.
Deformation was taken as the percentage of the angle between the tangent to the
most convex part of the plate (counting as its beginning the point where the plate is
tightened to the periphery of the cylinder with a flange) and the normal to the plate.
The test results are shown in Table 2.

Table 2. Tesr results

No | Composite according
to the configuration

Deformation of 3%
at pressure

Deformation of
5% at pressure

Destruction
at pressure

in item
1. 3.1.1. 11.8 bar 12,8 bar 15.6 bar
2. 3.1.2. 9.3 bar 10,1 bar 11.3 bar
3. 3.1.3. 8.9 bar 9,1 bar 10.8 bar

The results regarding the correspondence between the audio signal (speech)
before and after its wireless transmission via Bluetooth communication through the
plates made of the three composite materials are shown in Fig. 10.
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Fig. 10. Correspondence between audio signal (speech) before and after its wireless
transmission
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4. Conclusions
The results of the experiments using the model shown in Fig. 4 for testing

the strength properties of the proposed composite plates and the Bluetooth-enabled
wireless network for remote sensor data communication and transmission of the
collected data to an aviation electronics server using Arduino designed and
manufactured open source computer hardware and open source software and
microcontroller kits for building digital devices, taking into account the technical,
functional and financial requirements, allow the following conclusions to be
drawn:
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4.1. For spacecraft from the moment of their launch until their orbit
positioning it is appropriate that the contact devices between the on-skin and
the under-skin wireless communication modules should be provided with
screens protecting them from the high dynamic external pressure values. For
other aircraft this will not be necessary.

4.2. The proposed composite materials fully meet the requirements for
providing wireless communication with on-skin sensors in aerospace vehicles;

4.3. It is advisable to activate the operation of the wireless communication
system on a signal, and the easiest and cheapest way is with a pair of light
source and light receiver (LED). This requires that the composite material
should be transparent, i.e. most suitable is the composite of configuration
3.1.3;

4.4. The use of wireless communication standards in the construction of
sensor networks provides flexibility in their implementation and reduces the
time consumption. Another benefit of BLE sensor modules is the possibility to
use small-size batteries;

4.5. The construction of sensor concentrators/hubs enables the provision of
information on the parameters at different points, thus ensuring the correct
operation of the automated systems. It also allows a completely new approach
in their implementation. In practice, it is possible for each system to be given
individual configurations and to upgrade the sensors used:;

4.6. The disadvantages of the presented approach include in the first place
the limits on the distances imposed by the Bluetooth standard, though this will
be partially overcome in its upcoming fifth version. Another shortcoming is
the impossibility to position sensor modules behind metal partitions, which
requires placing additional concentrators and the use of “windows” made of
radio-transparent materials.
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KOMITIO3UTEH MOAYJI 3A BE3) KUYHA KOMYHUKALIUSA
B ABUOKOCMUNYECKUTE CPEJACTBA

H. I'eopzues, A. Konapoe, H. Hnuee

Pesrome

YBennyaBaHETO Ha BB3AYUIHUAT Tpaduk, B TOBAa YUCIO U HA KOCMHYEC-
KUTE TIOJIETH, KOJIMYEeCTBAaTa MPEHACSHNA TOBApH M IITHHUIM, KAaKTO U IMOCTABEHHUTE
3a pelaBaHe CIIOKHW HAayYHU W HAYYHO-TIPHJIOXKHHU 3aJayd, ITOBHIIABAT H3HC-
KBaHMSITA 32 MOJyyaBaHE HA MOCTOSHHA aKTyaJHa WH(pOpMaIHs 3a MapaMeTPUTE Ha
cucTeMuTe U 3ao0ukassmara ru cpeaa. C HaBiaM3aHeTo Ha rathopmure 3a loT ce
HaOJII01aBa TEH/IEIMS 32 M3IOJI3BAHETO MM BBB BCHUKH C(epH Ha TEXHOJIOTHHTE,
KaTo cUCcTEeMH 3a cOop M 00paboTka Ha MHQOpPMAIHS, KOETO € B ITbJIHA CHJIA U 32
HY)KIUTE Ha Bb3yXOIlUIaBaHeTo. EMH OT OCHOBHHTE MPOOJIEMU Ha M3TPAKIAHETO
Ha HOBU CHCTEMH WJIM HaJrpakJaHe Ha ChIIECTBYBAIHN, ChOpa3eHH CbC ChBPEMEH-
HHUTE TEH/ICHIINH, € BUCOKAaTa CEOECTOMHOCT M TOJIEMHSAT TIEPHO/] 32 peau3alys Ha
HACTOAIIUTE PCUICHUS. HpeHHaFaHI/IHT noaxoa Ha yHI/I(bI/I]_[I/IpaHI/I MOAyJau € TrojisiM
Ha0Op OT BB3MOXKHH CEH30pH, paboTeny Mo 0e3KMYeH CTaHAapT 3a NpelaBaHe Ha
nH(opManusITa CBBP3aHU B €MHHA MPEXa C OTHOCUTEIIHO HUCKA Ce0ECTOHHOCT
MHHHMAJIHO BPEMe 3a U3rpakJaHe, Harpakjane 1 OOHOBSIBaHe, 1aBa Bh3MOXKHOCT
3a OTroBapsiHEe HAa TCHICHIMUTE B cepaTa Ha Bb3/IyXOIIaBaHETO.
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