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Wireless networks based on the principle and technology of Wireless Avionics Intra-Communications (WAIC), that is, wireless
avionics or wireless onboard intercom are becoming increasingly widespread on modern aircraft. The development and deployment
of WAIC on board is a complex task, as its solution is directly related to ensuring safety of flights. It requires preliminary careful
scientific analysis. The article analyzes the on-board wireless sensor network as an alternative to a traditional wired network using
the example of a short-haul aircraft. A rough estimate of the length of the electrical harness connecting the sensors of the aircraft
systems with the electronic units is carried out in order to determine the possible gain in the length of the wires when switching to a
wireless sensor network (WSN). To solve this problem, the aircraft sensors of each aircraft system are placed on a large-scale grid;
for each sensor, analyze the feeder circuits by the composition of the plug connectors, the number of occupied contacts and the
length of wires for each contact to the corresponding electronic unit. It is shown that the heterogeneous sensor system of the aircraft
with wireless sensors can reduce the number of wires by about 1200, the length of the wires of the feeder network by about 15 km.
The most promising aircraft systems in terms of switching to wireless sensors are: fuel system (about 3400m), fire equipment
system (about 1300m) and hydraulic system (about 1300m). Further scientific research is required to make an informed decision
about the technical feasibility and advisability of using a wireless sensor network for each specific aircraft system.

Key words: mathematical models, processes and systems, technical operation, avionics, aircraft, on-board complexes, functional
systems.

INTRODUCTION

Wireless networks are being increasingly spread onboard the modern aircraft. These networks
are based on Wireless Avionics Intra-Communications (WAIC), i.e. wireless avionics or wireless intra
-communication system. The WAIC development and implementation is a challenging task as its solu-
tion is directly connected with flight safety. This challenge requires a thorough scientific analyses
[1,9].The recent development of wireless technologies, which are widely used for general computer
networks (i.e. not airborne networks), telephones and Internet communications, enable the wireless
technologies also to be used in airborne networks [2-5].

Papers [6-8] determine the three stages of airborne wireless system implementation. The first
stage (which is currently in progress) the WAICs introduced on board execute the new, compared to
traditional networks, functions such as providing Internet access for the passengers. The second stage
(which has already started) WAICs implement the functions of the traditional airborne networks. The
upcoming third stage implies that the WAICs replace the traditional networks partially or completely.

For example, the wireless flight control function which may replace the fly-by-wire. The
fly-by-wire, in its turn, used to replace the mechanical flight control system. The further research re-
quires the development of wireless sensors with self-contained power supply, data hubs, corresponding
airborne computer software, WAIC data transition reliability analyses, fail-operational capability and
system safety assessment for both the aircraft system in question and the adjacent systems.

The international requirements'>* define the WAIC performance properties and provide the
airborne implementation guidance. Papers [10-12] analyze and provide wireless solutions for non-
aviation areas.

" Technical characteristics and operational objectives for wireless avionics intra-communications (WAIC) / M Series Mo-
bile, radio determination, amateur and related satellites services. Report ITU-R M. 2197, 2010. 58 pp.
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The present article provides short-haul aircraft WAIC assessment as an alternative to the
traditional wired network layout. The paper evaluates the approximate length of the electric wir-
ing harnesses, which connect the aircraft system sensors and probes with their control units in
order to determine the possible savings in the wire length in case of transition to wireless sensor
network.

The solution supposes the positioning of every aircraft system sensor on the scale grid.
Each sensor feeder diagram has to be analyzed for the number of plugs, the number of terminal
elements engaged and the wire length from every terminal element to the corresponding con-
trol unit.

AIR CONDITIIONING SYSTEM WIRELESS SENSOR NETWORK

Figure 1 shows the positioning of the air conditioning system sensors on the aircraft scale grid.
The system comprises the following sensors.
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Fig. 1. Location of air conditioning system sensors (SLE) on an airplane

? Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-
4 400 MHz . M Series Mobile, radio determination, amateur and related satellite services. Recommendation ITU-R
M. 2059-0, 2014. 24 pp.

? Technical characteristics and protection criteria for Wireless Avionics Intra-Communication systems . M Series Mobile,
radio determination, amateur and related satellite services. Recommendation ITU-R M. 2067-0, 2015. 6 pp.
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The ventilated temperature sensor has a socket connector with 8 pins, 6 of them engaged. There
are three sensors located in the avionics compartment 3 meters away from the conditioning system
control units, the overall wire length is 48 meters. There are three sensors in the passenger cabin at the
distance of 10 meters. The total number of wires is 36, the overall length is 180 m.

Air cooling (pack) inlet pressure sensor has a socket connector with 4 pins, 4 pins engaged.
Two sensors are located within the RH and LH wing fairings 6 meters away from the air conditioning
control units. The total number of wires is 8 with the overall length of 36 m.

Air cooling outlet (pack discharge) pressure sensor has a socket connector with 4 pins, 4 pins
engaged. Two sensors are located in the LH and RH forward cargo/baggage compartment under floor
space 6 meters away from the air conditioning control units. The total number of wires is 8 with the
overall length of 36 m.

Pack inlet consumption sensor has a socket connector with 8 pins, 6 pins are engaged. Three
sensors are located in the avionics compartment three meters away from the air conditioning control
unit. The total number of wires is 18 with the overall length of 48 m.

The compressor outlet temperature sensor has socket connector with 6 pins, 6 pins engaged.
Two sensors are located within the RH and LH wing fairings 3 meters away from the air conditioning
control units. The total number of wires is 12 with the overall length of 36 m.

The mixing unit temperature sensor has socket connector with 6 pins, 6 pins engaged. Two sen-
sors are located within the RH and LH bottom fuselage below the air conditioning compartment 6 me-
ters away from the air conditioning control units. The total number of wires is 12 with the overall
length of 72m.

The pack outlet temperature sensor has a socket connector with 6 pins, 6 pins engaged. Two
sensors are located within the RH and LH wing fairings 6 meters away from the air conditioning con-
trol units. The total number of wires is 12 with the overall length of 72 m.

The manifold temperature sensor has a socket connector with 6 pins, 6 pins engaged. Three
sensors are located within the RH and LH bottom fuselage below the air conditioning compartment 6
meters away from the air conditioning control units. The total number of wires is 18 with the overall
length of 108 m.

The pack outlet temperature sensor has a socket connector with 6 pins, 6 pins engaged. Two
sensors are located within the RH and LH wing fairings 6 meters away from the air conditioning con-
trol units. The total number of wires is 18 with the overall length of 108 m.

The venturi consumption sensor has a socket connector with 12 pins, 9 pins engaged. Two sen-
sors are located within the RH and LH wing fairings 6 meters away from the air conditioning control
units. The total number of wires is 18 with the overall length of 108 m.

Thus, the wireless sensor heterogeneous air conditioning system allows to diminish the number
of wires by 174 and reduce the wire length approximately to 900 meters.

THE FLIGHT CONTROL SENSOR SYSTEM

Figure 2 shows the location and aircraft scale grid placement of flight control system sensors.
The system comprises the following sensors.
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Fig. 2. Location of aircraft control system sensors on an airplane

The roll control sensor has two socket connectors with 32 pins. There are 11 pins engaged on
the first socket connector, the second connector has the same number of contacts engaged. The right
control stick roll sensors are located 5 meters away from the RH avionics rack. The total number of
wires is 22 with the overall length of 110 m. The same is the length of wires for the left control stick,
110m. The total number of wires is 22. The overall length of wires to the left and right control sticks is
220m.

The pitch control sensor has two socket connectors with 36 pins. There are 12 pins engaged on
the first socket connector, the second connector has the same number of contacts engaged. The left
control stick roll sensors are located 5 meters away from the LH avionics rack. The total number of
wires is 24 with the overall length of 120 m. The same is the length of wires for the right control stick,
120m. The total number of wires is 24. The overall length of wires to the left and right control sticks is
240m.

The spoiler control sensor has two socket connectors with 32 pins. There are 5 pins engaged on
the socket connector, the remaining contacts are not engaged. The spoiler control sensors for right and
left control sticks are located 5 meters away from the LH and RH avionics racks. The total number of
wires is 10 with the overall length of 50 m.

The pedal control sensor has one socket connector with 32 pins. The left pedal connector has 5
pins engaged; the remaining pins are free. The same are the numbers for the right pedal connector. The
right and left pedal control sensors are located 5 meters away from the LH and RH avionics racks. The
total number of wires is 10 with the overall length of 50 m.
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The flaps and slats control sensor has one socket connector with 8 pins. The first connector has
5 pins engaged; the remaining pins are free. The same are the numbers for the second connector. The
flaps and control sensors are located in the GC area 5 meters away from the LH and RH avionics
racks. The total number of wires is 10 with the overall length of 50 m.

The stabilizer control sensor one socket connector with 8 pins. There are 6 pins engaged; the
remaining pins are free. The same are the numbers for the second sensor. The stabilizer control sensors
are located 5 meters away from the LH and RH avionics racks. The total number of wires is 12 with
the overall length of 60 m.

Each angular velocity sensor has one socket connector with 8 pins. The yaw angular velocity
connector has 6 pins engaged; the remaining pins are free. The same are the numbers for the roll and
pitch angular velocity sensors connector. The angular velocity sensors are located in the GC area 5 me-
ters away from the LH and RH avionics racks. The total number of wires is 18 with the overall length
of 160 m.

Thus, the total number of wires is 152, the flight control systems sensors require about 830 m
of wires.

THE FUEL SYSTEM SENSOR NETWORK

Figure 3 shows the location of fuel system sensors on the aircraft scale grid.
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Fig. 3. Placement of fuel system sensors on the scale grid of the aircraft
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Fuel quantity indicating probe has a socket connector with 3 pins, 3 pins engaged. Three probes
are located in fuel tank compartments 1,2 and 3 and 20, 15 and 10 meters accordingly away from the
system control units rack. The total number of wires is 9 with the overall length of 135m.

The water — in fuel indicating probe has a socket connector with 3 pins, 3 pins engaged. The
probe is located in fuel tank compartment 3 and is 15 meters away from the system control units rack.
The overall wire length is 45m.

Fuel quantity gage has a socket connector with 4 pins, 4 pins engaged. Two gages are located
in fuel tank compartments 1 and 3 and are 10 and 15 meters accordingly away from the system control
units rack. The total number of wires is 8 with the overall length of 150 m.

Fuel quantity gage (1) has a socket connector with 7 pins, 7 pins engaged. The gage is located
in fuel tank compartment 2 and is 20 meters away from the system control units rack. The total number
of wires is 7 with the overall length of 140 m

Fuel quantity gage (2) has a socket connector with 10 pins, 10 pins engaged. The gage is locat-
ed in fuel tank compartment 3 and is 15 meters away from the system control units rack. The total
number of wires is 10 with the overall length of 300 m.

All-in all, the total length of wires for the first group LH wing fuel sensors is approximately
770 meters. The same amount of wires is used for the first group RH wing fuel sensors. The total
number of wires is 37. The overall length of wires for both first group left and right wing fuel sensors
is 1540.

Now let us estimate the second group of LH wing fuel sensors. The fuel quantity gage has a
socket connector with 4 pins, 4 of them engaged. There are 8 gages in the fuel tank compartments1,2
and 3 and are 10,15 and 20 meters away from the fuel control units rack. The total number of wires is
24, the overall length equals 500 m.

The fuel quantity gage has a socket connector with 7 pins, 7 of them engaged. The gage is in
the fuel tank compartment 1, 20 meters away from the fuel control units rack. The total number of
wires is 7, the overall length equals 140 m.

Thus, the total length of wires for the second group LH wing fuel sensors is approximately
640 meters. The same amount of wires is used for the second group RH wing fuel sensors. The total
number of wires is 38. The overall length of wires for both second group left and right wing fuel sen-
sors is 1280.

Let us estimate the center tank sensor groups. The fuel quantity indicating probe has a socket
connector with 3 pins, 3 pins engaged. Two probes are located in the center wing fuel tank compart-
ment 10 meters away from the system control units rack. The total number of wires is 6 with the over-
all length of 50 m.

The fuel quantity gage has a socket connector with 4 pins, 4 of them engaged. There are 3 gag-
es in the center tank compartment, 10 meters away from the fuel control units rack. The total number
of wires is 6, the overall length equals 50 m.

The fuel quantity gage has a socket connector with 4 pins, 4 of them engaged. There are 3 gag-
es in the center tank compartment, 10 meters away from the fuel control units rack. The total number
of wires is 12, the overall length equals 70 m.

The fuel quantity gage has a socket connector with 7 pins, 7 of them engaged. The gage is in
the center tank compartment, 10 meters away from the fuel control units rack. The total number of
wires is 7, the overall length equals 70 m.

Thus, the total length of wires for the center tank fuel sensors is approximately 190 meters. The
number of wires for the center tank fuel sensors is 25.

The fuel pressure sensor has a socket connector with 4 pins, 3 pins engaged. Nine pressure sen-
sors are located in fuel tank compartments 1, 2 and 3 and center tank compartment and 20, 15 and 10
meters accordingly away from the system control units rack. The total number of wires is 45 with the
overall length of 405 m.
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Thus, the total number of wires is 138. The wireless sensor heterogeneous fuel system allows to
reduce the wire length approximately by 3415 meters.

The consolidated data on the number and the length of wires for the aircraft systems are shown
in Table 1.

Table 1
Summary data on the number and length of wires of aircraft systems
Ne Aircraft system Number of wires Wire length

1. Air conditioning system sensor network 174 900m
2. Flight control system sensor network 152 830m
3. Fire protection system sensor network 91 1334m
4. Anti-icing system sensor network 98 860m
5. Landing gear system sensor network 82 800m
6. Oxygen system sensor network 18 24m
7. Water supply system sensor network 16 320m
8. Inerting agent system sensor network 20 200m
9. APU system sensor network 36 900m
10. Engine fuel system sensor network 52 1040m
11. Engine control system sensor network 64 920m
12. Engine intrumentation system sensor network 56 1120m
13. Exhaust system sensor network 16 160m
14. Oil system sensor network 42 840m
15. Doors and hatches system sensor network 48 480m
16. Fuel system sensor network 138 3415m
17. Hydraulic system sensor network 100 1280m

Total 1203 15423m

CONCLUSIONS

1. The aircraft heterogeneous sensor system with the wireless sensors allows to minimize the
number of wires approximately by 1200, the with the feeder network being reduced by 15 km.

2. The most promising aircraft systems for the sake of wireless sensor transformation are: the
fuel system (approx.3400m), the fire protection system (approx.1300m) and the hydraulic system (ap-
prox.1300m)

3. The possibility of technical implementation and feasibility of WSN for every particular air-
craft system is a subject to further research.
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AHAJIM3 BOPTOBOM BECITPOBOJIHOM CEHCOPHOM CETH
KAK AJIbTEPHATHUBBI TPAJIUIIMOHHOM ITPOBOJHOM CETH

1
C.B. Ky3nenos
1 o o o o
Mockosckuil 20cy0apcmeennvlii mexHUYecKull YHUgepCcumem paircoancKol aguayul,
2. Mockea, Poccus

Ha coBpemeHHBIX BO3/IYIIHBIX Cy/iax BCe OOJbIlee paclpoCTpaHEHHE MOJy4atoT OECIIPOBO/IHBIE CETH, OCHOBAHHBIE Ha TIPUHIHIIE
u texaojorru Wireless Avionics Intra-Communications (WAIC), To ecTh 6eCripoBOTHOY aBHOHUKH I OSCIIPOBOIHOM OOPTOBOI
BHyTpeHHel cBs3u (BBBC). Pa3pabotka u BHenperue Ha 60pt Bo3aymrHoro cyaHa (BC) BEBC (WAIC) — cioxHeiimias 3a1a4a,
TaK KaK €e pelIeHre HEMoCPeICTBEHHO CBS3aHO C o0ecredeHneM 0e30MacHOCTH MoJIeToB. B crathe npoBesieH aHanmu3 O0pToBOi
0ecrpoBOTHOM CEHCOPHON CETH KakK aJbTepHATHBHI TPAJWIIMOHHOW TPOBOMHOM CETH Ha TpuMepe OMDKHEMAarucTpalbHOTO
camorera. [IpoBemeHa TpHOMIBUTENBHAS OIEHKA UIMHBI SJIEKTPOXXTYTOB, COCOUHSIONINX MATYMKH CAMOJETHBIX CHCTEM C
ANIEKTPOHHBIMH OJIOKaMH, C TEM, YTOOBI OIPEIeTITh BO3MOYKHBIN BBIMTPHIII B [UTMHE ITPOBOJIOB IIPH ITEPEX0/ie Ha OECTIPOBOTHYTO
cencopayto cetb (BCC). s permeHust 3TOH 3amaudl CaMOJICTHBIE NATYMKK Ka)KIOW CaMOJIETHOW CHCTEMBI pa3sMeIleHBl Ha
MAacIITaOHOM CeTKe, JUIS KaXKIOTO JaT4MKa MPOBEICH aHAIN3 (PUIEPHBIX CXEM IO COCTaBY IITEICETbHBIX Pa3beMOB, KOJIUIECTRBY
3aHATHIX KOHTaKTOB W JUTMHE IMPOBOIOB MO KAKAOMY KOHTAaKTy IO COOTBETCTBYIOIIETO AJIEKTpOHHOro Oioka. ITokasano, uto
TeTepOreHHasl CEeHCOpHas CHCTeMa caMoJieTa C OeCHPOBOJHBIMU JATYMKAMH TO3BOJISET COKPATUTH KOJMYECTBO IIPOBOIOB
npumepHo Ha 1200, mHYy npoBomoB (uaepHON cetH HpumepHo Ha 15 kM. HamOonee mnepcrieKTHBHBIMU CaMOJIETHBIMH
CHCTEMaMH C TOYKHM 3pEHHs Nepexo/ia Ha OeCHpOBOJHBIE NATUMKU SIBJISIOTCS: TOIUIMBHAs cucreMa (okono 3400 M), cucrema
noskapHoro odopynosanus (okono 1300 m) u runpaeimdeckas cucrema (okoo 1300 m). [yt mprHATHS 000CHOBAHHOTO PEIICHUS
0 TEXHMYECKOH BOSMOXKHOCTH M IIJIECOOOPA3HOCTH HCIOJIb30BAaHHUsI OECIIPOBOJJHOM CEHCOPHOM CeTH Il KaXKJOoH KOHKPETHOM
CaMOJIETHOM CHUCTEMBI TpeOyeTcsl POBEACHUE JAITBHEHIINX HAyYHBIX HCCIIEJOBAaHMH.

KroueBrble ciioBa: 60pTOBBIE OECTIPOBOTHEIC CETH, OECIPOBOIHASI OOPTOBast BHYTPEHHSS CBS3b, OECIIPOBOAHBIC CEHCOPHBIE CETH,
OOpPTOBBIE FeTEPOreHHBIE CETH, EKTPOUCTAHIIMOHHBIC CUCTEMBI YIIPABIICHHS TTOJIETOM.
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