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Féléves tematika
@MTA SZTAKI

- 1. Bevezeto

« 2. UAV HIL Labor gyakorlat

* 3. Repulégép iranyitasa a piléta szemszogébol

* 4. Repulégépek érzékelo egységei, szenzorijai

* 5. Navigacio alapjai, navigacios eszk6zok

* 6. Navigacios eszkozok a pilota szemszogébaol

» 7. Repulogépek aerodinamikaja, repulésmechanikaja

» 8. Repulégép viselkedésének matematikai modellezése
* 9. Repulégép automatikus stabilizalasa, szabalyozasa
* 10. Robotpildta rendszerek

* 11. Avionikai rendszerek mikroszamitogepes megvalositasa
- 12. Légiiranyitas, legter

* 13. Robotrepulogép gyakorlati bemutaté

» 14. Hallgatoi prezentaciok - Beszamolo
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Avionika
@ MTA SZTAKI

* Az avionika a legi jarmlvek elektromos es elektronikus
rendszereivel, berendezéseivel foglalkozo szaktertlet.
Az aviatika (repulés) es elektronika 6sszevonasaval
létrej6tt sz0, az angol avionics megfeleldje.

- Magaba foglalja a vilamosenergia-ellatas, a vilagitas, a
hirkOzlés, a navigacio eszkdzeit a legijarml fedelzetén,
a tobbi legijarmi-rendszer (példaul hajtomivek,
repulésvezerles, futoma) elektronikus és villamos
osszetevait.

» Tagabb értelemben még ide soroljak a felsorolt fedelzeti
eszkozok ellendrzéséhez, karbantartasahoz,
javitasahoz a foldon szukseges muszereket,
készllékeket is.

* A szamitogépek széles korl elterjedésével a legi
jarmiveken ezek szoftvere is az avionika kdrebe
tartozik.

BME 2011 Februar 9. Vanek B. SZTAKI SCL



NASA ALTAIR Holdkomp Avionikal
Rendszereinek Definicidja & MTA SZTAKI

Altalanos Avionikai Rendszer Definicioja:

A holdkomp minden olyan integralt egysége mely a replléssel
kapcsolatos elektromos, elektronikai, vagy elektro-mechanikus
funkciokat lat el, az ezekhez kapcsolddo elektromos
vezetékekkel, kabelekkel egyitt, valamint az ezen
komponenseken futo szoftverek.

Fobb Avionikai Alrendszerek: Egyéb Avionikai Alrendszerek :

- Parancs- & Adatkezeld (C&DH) « Hoémérséklet szabalyozé & ellen6rzé
* Mechanizmusok szabéalyoz6 & ellenérzé

* Kommunikacio & Kovetes (C&T) * Reaction Control System Avionics
» Elektromos ellatas « Uzemanyag szabalyozé & ellenérzé
N Irényl'tés, Nav & Szabélyozés (GN&C) » Tolberé vektoral6 szabélyozé & ellendrzé

, .. , , , .. v * Ereszkedési f6 hajtomi szabalyozo & ellenérzé
» Szemeélyzeti interfész, kormanyzas, kijelzék T o o
. . * Emelkedési f6 hajtomi szabalyozé & ellenérzé

& audio-video

* Reptulési Szoftver (FSW)

- Elet fenntarté rendszer szabalyozé & ellenérzé

4 BME 2011 Februar 9. Vanek B. SZTAKI SCL



Bussines Jet Fedélzeti Rendszerei (Falcon 7X)
& MTA SZTAKI

« Jégtelenitd (Anti Ice)

 Kiegészité Energia Fejleszté (APU)

* Robotpilota (Automatic Flight)

« Kommunikacio (Communications)

» Elektromos (Electrical)

» Elektromos Kijelz6 (Electronic Display System)
» TGzvédelmi (Fire Protection)

» Repulés Szabalyozo (Flight Controls)

- Uzemanyag (Fuel System)

« Hidraulika (Hydraulics)

» Leveg0l kezelési (Integrated Air Management System)
* Futomu és Fekek (Landing Gear & Brakes)

* Vilagitas (Lighting)

* Navigacio (Navigation)

* Hajtomii (Power plant)

« Karbantartasi (Maintainance)

BME 2011 Februar 9. Vanek B. SZTAKI SCL



Falcon 7X az elso Fly-by-wire Bus. Jet
& MTA SZTAKI

Pratt & Whitney Canada

AUntad Tochnokios Company.

Navgatcn contbers eas o v
Commuratons coetos Cursr ok Sercn ane THCANY
Ausegice Sy Bk T somrs

Pyieq Cortots 19 Suc-Gocnape wike
ol or s
=1 €18 A
y wocer = oo wcg e €19 Arpiter
T3 Cutuebatio 1o - covgosse e Sursevan sy €9 1 302 amrns
T4 v ar Naged N pese o - anmion ey I o
Tim Hall aunaes eess dove €6 Oveownd sats [ )
51 Cloud, Paris 2005 T8 Fagrsck serodyramc whivg Co Mwrsncuat -
T8 Pots mdcopikes by Pyt ot aystes
o Tt capacy - 03,V
€8 Ouears o eaonse B g
B2 Wang P oot end s
AL Widsorsn-somvet vart €0 Oveowd arrabe R
a " o 4 Grarty- it pont
)
»“ T ]
» "oeas
" omurers - smivars aoy A o
A oo dctonse 9508 et o swa evel
» papsen [ seeko (0|

sreck.a: v
v &y s o1
Moener

w srmcton acouar

e e gk

U3 Tl oo iags o

= g s o, - plca 10 Fapactatercan - tres ot 2 Cubintoorpanes “ »
ey ach: - shariior sy 41 Vechired mociry o asdlusazal A7 Ermercy ek -0.592 031wy promtety tea et il
pret 8 Cabin s s = s st daee 3 16 Sacete o e e (e cond e by
7 Dt ses TR Fegh oW WD WG 62 Uacied Oere hoR MUBRWIY @ Catinwridows s - omgenne " cargtrert - a1
2 o scamerier 7 ferres svage cwseet ey e B Narrwio wpatesen 8 Ui § ot a0t © e gt siyang Yoo >
3 20 Soud cuoe deer = ™ o saxre e srncnee e e ercare - rse ot 3aen i mecee porss
4 Fadame reustig ok 3 Typow hastags rame g v i o Snsver o ERi «
H et pressurs ebaad et arva: arc hanies sl aloy 0 = = u P ] [
oy cax 173 2 Srgems B By b - comoonie aberiaurr sy 0 ey ot ek ot o " ke €7 Twoacerfaby castlorered L'GH
o Womsane - s scseen 18 e B Faeg x 38 Yoo out s e Freers teeg B e areen proep et 5 Sroprce saast G racatan wn<oryeam F '
T e 15 Cown com . » . - » St v 8 Foegmt nd i I 01
i I [resschriis » vt ot rimgs o o o reaae e it corocens 80 TN TN ATION AL
3 Wit rossner 17 Cateyou catios ' 0k e Deoss

6 BME 2011 Februér 9. Vanek B. SZTAKI SCL



&y IAteg rated Systems

 emponent Placement Map
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787 Avionikal beszallitok

Avionic Components

ECE: Control Panels - Cockpit panel

Korry Electronics Co: Control Panels - Flight deck control panels, including pilots' overhead panels & switches

Rockwell Collins Electro Mechanical Systems: Control Panels - Pilot control systems

Communications (Airborne)

Avionica, Inc.: Airborne Communication Systems - satLINK Iridium communications gateway

Avtech Corporation: Onboard Intercom Systems - Flightdeck digital control audio system

Cobham SATCOM: Communication Antennas - HGA-7001 satcom antenna system

HR Smith (Technical Developments) Ltd: Communication Antennas - Antennas

Rockwell Collins : Radio Communications Equipment - Communications system including VHF-2100, SAT-2100, HFS 900D,
digital flight deck audio system

Tecom Industries, Inc.: Communication Antennas - HGA-2100 high gain INMARSAT antenna

Flight and Data Management

Astro-Med: Cockpit Printers - Flight deck printers

Astronautics Corp of America: Onboard Computers - Dual Class 3 Electronic Flight Bags

GE Aviation Systems: Digital Flight Management Systems - Common Core System

Green Hills Software Inc: Onboard Computers - Integrity-178B operating software

Honeywell Aerospace: Flight Management Systems — Flight management system; flight controls

Rockwell Collins: Avionics Management Systems — Core network & common data network; flight deck display system & crew
alert system; Integrated Surveillance System; cockpit voice & flight data recording system

Indicators and Instruments

Goodrich Sensors & Integrated Systems: Fuel Quantity Indicators — Fuel quantity indicating system & fuel quantity data
concentrators; refuel panels

Rockwell Collins: LCD Displays - Flight deck display system including LCD & head-up displays

Thales Avionics S.A.: Electronic Flight Instrument Systems - Integrated Electronic Standby Instrument

Navigation Aids (Airborne)

Honeywell Aerospace: Inertial Components & Systems - Navigation package including inertial reference system, air data
system , multi-mode receiver

Warning Systems

Honeywell Aerospace Electronic Systems : Terrain Awareness and Warning Systems - TAWS, as part of Rockwell Collins ISS
BME 2011 Februar 9. Vanek B. SZTAKI SCL
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Hamilton Sundstrand Reszegysegek a 787-en

& MTA SZTAKI
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Automatikus fedeélzeti iranyitas fo6 egységei
& MTA SZTAKI

- Kommunikacio

* Navigacio

* Pilotafilke

* Robotpilota

* Repllésvezerlés
* Arhitektura

Nagyfoku kilonbsegek a megbizhatosag es
technologiai fejletsegtol fiiggoen:

* FAR 23

- Analog miiszerfal

- Digitalis (Glass cockpit)
* FAR 25

- Hagyomanyos kabeles iranyitas

- Elektronikusan vezerelt (Fly-by-wire = FBW)
- Pilota nélkili Legijarmi (UAV)
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Fatalities by CAST/ICAO Common Taxonomy Team (CICTT)

Aviation Occurrence Categories
Fatal Accidents — Worldwide Commercial Jet Fleet — 1999 Through 2008

2200
ARC Abnormal Runway Contact
. CFIT Controlled Flight | T d Terrai
So00 |.1926 (65) [ External fatalities [Total 253] Al FrelSmoks (Nonmaset)
=W Onboard fatalities [Total 4717] T0o5  Lose ot Goctrel - Ground
LOC- Laoss of Control — In flight
1800 | MAC Midair/Mear Midsir Collision
OTHR Oth
e sy 7 s RAMP Gmﬁf‘ld Handling
1600 L IranyltaS e|veSZtese RE Runway Excursion
RI-WVAP Runway Incursion — Wehicle, Aircraft or Person
SCF-MP System/Component Failure or Malfunciion (Mon-Powsmplant)
SCF-PP System/Compaonent Failure or Malfunction (Powerplant)
1400 | UMK Unknown or Undetermined
uUsos Undershoot/Cvershoot
WETRW Windshear or Thunderstomm
1200 L, , . . . , Mo accidents were noted in the following principal categories:
Iranyitott talajba Utkdzes ADRM  Asrodrome
Fﬂtal mes AMAN A!:lrup1 Maneuv&r . o o ]
1000 F ATM Air Traffic Management/Communizcations, Mavigation, Surveillance
961 (0)
- P Sz 211 4 CABIN Cabin Safety Event
Tulfutés, hibas leszéllas EURC  Bummmen T
500 F-POET Fire/Smoke (Post-Impact)
B Onboard fatalities GCOoL Ground Collision
ICE lzing
- LALT Low Altitude O i
G500 - ‘/ External fatalities RI-A Rul:way IIJnu:'.?urs.li::::al:a—I:;lrljl?rnal
SEC Security Related
408 (23} 426 {4’] TURB Turbulence Encounter
400 Lk For a complete description go fo:
hitpiwewneintlaviationstandards. org!
200 123 (3 125000 12000} 107 (1)
; I I I I I:I 23(0} 0m 2@ g
LOC CFIT RE SCENP MAC RFVAP WSTRW  FuEL RAMP  SCF-FP F-NI
Landing + Takeoff
ARC+
Number of USOS
fatal accidents
(91 total) ———» 22 17 15 5 2 4 4 5 1 2 2 1 7 3 1
Mote: Principal categories as assigned by CAST.
23
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Repulogép (iranyitd) rendszereinek osszefuggései

& MTA SZTAKI
T T TR e e T g ok e e S e e X T I
I repilésdinamika I
I
I
: v !
R\ I
I » Szabalyozas e /b " Szenzorok :
| |
| |
| |
| |
: (Iégi) iranyitas |4 Navigacié > |
I | Kivant pozicio I
: T |
I Létfenntartd Kommunikacios I
I rendszerek rendszerek :
gt S T, o B e T it s S 17 0 St g et S R v e e ¢ i a

Rendszertervezés, megbizhatésag elmélet
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Repulés Szabalyozd Rendszerek Strukturaja

Mintavételi ido:

percek

Radidnavigacio, radar

Pilota (UAV GCS kezeld)

A
‘é
p{ —

& MTA SZTAKI

System

Flight Management

Légiiranyitas

— parancsai

GPS-GNSS

v

szenzorok

légadat &

v

\/

inercialis szenzorok

v

y
Allapotbecslés Navigation
(relativ pozicid) control
-—em e mm e mm mm o o Em Em EE Ew Em Em = —
Allapot becslés Guidance
(pozicio, orientacid) autopilot
—_—ee o e e e o e e e e e e e e . —
Allapot becslés Flight
(sebesség, gyorsulas) control

Mintavételi ido:
msec.

13

\ ) |
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Flight Management

Kllsé szabalyozasi
korok

Bels6 szabalyozasi korok

Fly-by-wire (FBW)

Fizikal rendszer

Vanek B. SZTAKI SCL
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Ursiklé6 Redundans Fedélzeti Iranyitasi Kore

=

General
Rudder Acmation Purpl}se )
Subsystem RAS, Computer
GPC,
)\ General
Rudder Actuation 0 Purpose .
Subsystem RAS, | Computer )
A 4 <4 GPC, 9
y General
; > ‘J Purpose
Rudder Actuation |« — TP
Subsystem RAS, = Computer
< GPC, ¢
o  General
Rudder Actuation Purpose
Subsystem RAS, Computer r\
GPC, &
General
Purpose
Computer ; \
GPC; :
1
]
Inertial Measurement Units L —
IMU,, IMU,, IMU,
Multiplexer/Demultiplexer

y

Accelerometer Assemblies
A8.A4, 44,44, | —t

MDA, MDM,, MDM; MDA,

& MTA SZTAKI

« Kommunikacio
* Navigacio

* Pilotafilke

* Robotpilota

* Repiilésvezeérlés
* + Arhitektura

Megbizhatésag és rendszerelmélet mindent atszé6

BME 2011 Februar 9.
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UAV (Global Hawk) Elektronikus Rendszerei

& MTA SZTAKI

« 2X Flight Computers (IMMC) «2X Pitot Static Air Data Systems

; *Frame Synchronized «2X Air Data Management Systems

*Cross Strapped Inputs *2X Control Surfaces With Dual-

«2X Flight Critical Buses Redundant Actuators

*2X Motor & Electronics Per Flight
Control Actuator

’ *Redundant Electric Brakes

: i * 2X FADEC Engine Controllers
« 2X Primary IMU & GPS Aided INS Sys

*3X Electrical Generators (DC & 2X AC)
+2X Payload GPS INS Back-up INS

¥

*Battery Backup For Engine Out Recovery

*2X DGPS Sources: SCAT-1/OMNISTAR (Li lon)

] *2X Radio Altimeters *Pneu Back-up Gear Extension System

| Dual ECS Fans

15 BME 2011 Februar 9. Vanek B. SZTAKI SCL



UAV Avionika

16

& MTA SZTAKI
Components MAV | Shadow | Predator | Predator
A B

Inertial Measurement Unit BG1930 | Guidestar HG1700
Flight Management Unit BG1930 | Guidestar
GPS Rockwell

Collins
Power
Air Data static
Actuation Volz DC PMBL
Guidance, Navigation, & MACH,
Control Software Algorithms ECTOS

n/a = non applicable, in that the feature is not currently included for the vehicle
BME 2011 Februa .
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Garmin 1000 a Cessna C-172-en

& MTA SZTAKI

[GPS / Com / Nav 1J A =8 [GPS / Com / Nav 2;
Similar to Garmin 43 ’ 1 Similar to Garmin 43
: ALl . Optional modules
= . 5 IR eacing + ADF &/or DME
Engme [ Airframe unit Rate sensors, Slip/Skid . Stormscope
. Engine, Fuel sensors | T + Synthetic Vision
Transponder » Traffic Advisory S’'m
§ Modes A, C. S ) [ Magnetometer j S

17 BME 2011 Februér 9. Vanek B. SZTAKI SCL



Kisrepulogépes jovo: Epitoelem elvu felépites
& MTA SZTAKI
Rugalmas rendszer egyeni igenyekre szabhatdan, standard
modulokon alapul, boltban kaphato (COTS) alkatrészek-> skaladzhato
megbizhatosag

——— ] Actuator |05 Katonai és kisgépes
Sensors J Sensors < kovetel m ény:
| Yy i
(e z Katasztrofélis hiba
3& R e 4
& T o i valésziniisége < 1e-07 repult
Power POM = oranként
Sources = [ ] FlexRay R §' 5
o Actuator =o_ L e -
L,Ml & k | 2= Polgaéri légiforgalom esetén:
R1 | R2 | Stic = : .
|1 L Aoy Katasztrofalis hiba
L | P s eIiay /
FBW R \ valésziniisége < 1e-09 repult
>< | Actuator g oranként.
FEWE l l / ——[ Actuator ©) m
L1 : - Egy csatornas
CPM | CPM | Stick L Actuator = i
|%1| L2 g rendszer esetén
4| Actuator =% e = z
Primary o | | | : FlexRay B % MTBF = 31000 ora
Power PDM 1OM i —
b - z Meghibasodéas
4| Actuator :<‘q§ EL, Z 0 e s
| O valoszinisége:
Sensors Sensors og
1 152 0.33e-03 repult
< oranként
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Boeing 777 Fly-By-Wire Flight Control S)‘/stem

(I SYSTEM
CARDFILES ____+ﬁjgﬂmc
HYDIM, WOW |;‘ G629 (4)

ELMS '

RIA

WES

TAC
SWITCH E e—me—e pe e [ HH e = =—
e : 5 ] FLIGHT
2 CONTROL
DISCONNECT i ' ;
switch 1 “{sPEEDBRAKE — DATA BUSES
{Ef""\?" LEVER SPEEDBRAKE (2
e ACTUATOR |
\ - PFCS
1| TRANSDUCERS
. SPRING § COLUMK FOSITION
W coLumn Y 1 COLUMN FORCE (EACH
(M) " P
[ ereakou ‘[[[HD—W WITH 2 OUTPUT §IGNALS) i x”’ P
|

i § WHEEL POSITION I
i 1 WHEEL FORCE L -
mll 4 RUDDER PEDAL POSITION :l | - & s/
fi 4 SPEEDBRAKE POSITION ACES L u PCUS 7

' 1 RUDDER TRIM POSITION » (31)
- DYNAMIC LOAD razmasis RS
17 pameer ACTUATORS L L AFDC AUTOPILOT FLIGHT DIRECTOR COMPUTER
S ERAGTS RIS . ADM  AIR DATA MODULE (STATIC AND TOTAL PRESSURES)
| AILERON T WHEEL EICAS ENGINE INDICATION AND CREW ALERTING SYSTEM
| RUDDER 2-ELEVATOR, :-RUDDER PEDAL ELMS ELECTRICAL LOAD MAMAGEMENT BYSTEM
VARIAELE e ———— MFD  MULTIFLE FUNCTICN DISPLAY
AILERON # ‘ 1-AILERON, FIXED ELEVATOR FEEL || F3A  POWER SUPPLY ASSEMBLY
TRIM 1-RUDDER, FIXED IACTUATDRS FSEU FLAP SLAT ELECTROMICE UNIT
CMD 5 — AIMS  AIRPLANE INFORMATION MANAGEMENT SYSTEM
[ rm swircues | PITCH & RUDDER TRIM CMDS Es.léu Ei-jufimﬁ_si'ﬂ[ElrllrEdLFEJI'T‘EEIB‘4 CS UNIT
| GUST SUPPRESSION XDUCRS i RIA  RADIC ALTIMETER
ADIRU AIR DATA INERTIAL REFERENCE UNIT

SAARU SECONDARY ATTITUDE AND AIR DATA REFEREMNCE UNIT
ACE ACTUATOR CONTROL ELECTRONICS

PCU  POWER CONTROL UNITS, ACTUATORS

HYDIM HYDRAULIC INTERFACE MODULE

WOW  WEIGHT ON WHEELS

WES  WARNING ELECTRORICS 3YSTEM



(@\:} Control

Repulésvezeérlo és
szab alvo Z0 & MTA SZTAKI

* w« rendszerek fejlédése
MD 315
First Flight: 1947
Hydraulic
Supply | m
| ] Servo Actuator §

f
f oogoo'y /157

) Autopilot
Servomotor

Mystere / Falcon 20
First Flight: 1963

000000/00000000

Falcon 7X
First flight: 2005

T ——
—

Trim Actuator

A\ Variable
=4 { Bellcrank

/i

Control
Surface

Servo Actuator

Hydraulic
Supply

Flight Control
Computers

_| Actuator Control &
“| Monitoring Units

A
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Beavatkozo fellletek

Boeing 737 2

CAPTAINS
CONTROL

CONTROL SURFACES

SLATS

RUDDER
FLAPS 1
/ & Airbus A320
‘

HORIZONTAL

_ e

STABILIZER I

NFC5-01-2710-002-A0D1AA
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Federated Avionics

Federated vs. IMA

Flight Controls Displays
Flight Management Navigation Computer
Inertial Reference System Mission Computer

Weapons Control Radar

Engine Controls Stores Management Sensor systems

E SEaga : FLIR
Engine Monitoring Targeting Computer
Fire Control EC/OP

BME 2011 Februér 9.

& MTA SZTAKI

PRO:
» Tradiciondlis jol
megertett modszer

* Relative olcson és
konnyen tervezhetd és
tanusithato

* Beszallitéi rendszer
erre alapul

Kontra:

- Minden funkcio egy-
egy kialon doboz

 Gyenge SW
ujrahasznositas

- Rossz felcserélhetéség
* Nem jol bovithetd

- Beszallitok
kiszolgaltatottak

« Valtoztatasok komplett
Ujratanusitast
igényelnek

Vanek B. SZTAKI SCL



Integrated Modular Avionics

& MTA SZTAKI
PROs
Federated vs. IMA > %
« Tobb funkcio egy
Flight Controls Displays d obozban
Flight M t Navigation Comput T 7 z
Inertila% Ref:r:%(:msi'nstem l?/l\i,ifygs?olnonComptF:tTe:e 3 l,erah asznosithaté SW
* Atjarhatosag
* Modularis

Valtoztatdsok minimalis
Ujratanusitast igényelnek

Kontra:
- “Modern” eljaras
(777, A380,787...)
* Nem érti még mindenki
- Komplex tervezes és

tanusitas
Weapons Control Radar ® BeSZQ”ItC,) ha}lozat meg
Engine Controls Stores Management Sensor systems nem al |t at ra

FLIR

Engine Monitoring Targeting Computer
Fire Control Eohis

Software partitioning defined by ARINC 653, allows different levels of criticality (DO-178B) on one core
Requires highly dependable network (TTP)
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Miert is jO0 az IMA
& MTA SZTAKI

Historical background for the emergence of IMA

Functionality Number of
(arbitrary log scale) 9 electronic
10° 2 equipment
10* |
P
10° LA
= 100
]
10 A_380 80
with
101<‘ ° IMA L &0
@D
l
S - 40
G
O
4 20

L J

I I I I
Zﬁ@ﬁﬁi?ﬁ 1980 1985 1990 1995 2000 2005

]
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Boeing 787 IMA Architektura (Elektromos Ber.)

& MTA SZTAKI

T e =

—— iy,

2 [propnetar y docLrnen
-

pic e i . (50 i) il
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4
\%=1 Cabin 1

CPIOM

- —— =

DSMC1 &2

A 1&ZEPIOM-B-1&2 _ - = - — - -

DShC i.
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]

~ CPIOM-A=3&4 CPIOM-B.

3d4

e

H ™

Rendszer mérnokoket
igényel a megtervezése
Beszallitok nagyobb
részt vallalnak
Univerzalis kapcsolodasi
pontok- tobb beszallité
azonos termékkel
Részenként tanusithato
Hordozhaté tipusok
kdzott
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Avionics Integration -
Beyond 777 -

777 787

Integrated

Surveillance WXR! EGPWS: TCAS ATC Surveillance
| ' System (ISS)

Nav Radios OR! Integrated
T Navigation

Radios (INR)

Comm Radios SATCOM. VHF

f

Inertial o B Earth
Reference

System (ERS)

Other LRUs | WEU Others Common Core

Resource (CCR)
Air Data
Crew Alerting
Comm Management
Data Acquisition
Displays
CMF //ACMF /'QAR FM/TM /AT
FDCE Health Management
Gateways Gateways
Others’ Others
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More Electrical Aircraft (MEA) Systems

@MTASZTAKI
e ¢ Elec
* The traditional engine, g
which produces thrust and

pneumatic, hydraulic and
electric power, IS

redesigned and optimized
for MEA to produce thrust

and electric power. Engine

- Smaller electric engines | con [ER3
generate the power needed Power available
for the pneumatic, hydraulic versus Aircraft Weight
and other mechanical ‘wl— o El
systems. 800

700

500 Q- A380

500
400

* For commercial aircraft new
requirements are for electric

. : 5 300 A
engine starting, high power | & &= 2o
Inverters and alternate air 1001 ' | | |
conditioning systems 0 200 400 600 800

Max Aircraft Weight MTOW (tons)

Power available (kVA)
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Air Conditioning

& MTA SZTAKI

* Airflow and Temperature Control
 Pressurization Control

Hot pressurized air from the compressor sections of the engines or the auxiliary power
unit is cooled through a series of processes by the Environmental Control System (ECS)
Air Conditioning Packs (ACPs), remixed with some of high temperature bleed air to
achieve the desired temperature, and then delivered throughout the airplane. Distribution
ducts provide air to the cockpit, passenger cabin, and baggage compartment.

The higher pressure of this airflow allows regulation of the ambient pressure within the
airplane to maintain an air density comfortable for breathing even though the airplane
may be at the highest operating altitude limit of fifty-one thousand (51,000) feet. Air
density within the airplane is controlled by regulating how much of the pressurized
conditioned air remains within the aircraft. The airflow leaving the aircraft is regulated by
a Thrust Recovery Outflow Valve (TROV) that opens and closes in response to
automatic or manual commands to maintain the desired air density level.
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Ailrframe

& MTA SZTAKI

Vertical stabilizer
Winglet

/ Horizontal stabilizer

Engines

Central section
, upper

Rear section

Forward section
Central section

lower

Fixed trailing edge

Trailing edge
movable surfaces

Pax door /

Body fairing

Wing box

leading edge Winglet /

Slats and fixed

AIRPLANE STRUCTURE OVERVIEW

V) DIVIL. £VULl 1 TulUAl J.
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APU

& MTA SZTAKI

* The APU provides bleed air for cabin cooling and
heating through the Environmental Control System
(ECS), main engine starting, and electrical power on
the ground and in flight.

- Under high demand load conditions, the APU
electrical load takes priority over pneumatic load.

APL I Inlat Naar /]
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Automatic Flight Control System

* Flight Director — Flight envelope protection
» Autopilot — Coupled with FMS

* Thrust Director

* Auto-Throttle

* Provides functions necessary for automatic control.
« The system consists of:
— Mode Control Panel (MCP)
— THREE Autopilot Flight Director Computers (AFDCs)
— Flight Director
— Back drive Control Actuators (BACs) ... etc.

« AFDS does not have direct control of Primary flight Control Surfaces.

« The Flow is:
Autopilot Flight Director System

!

Primary Flight Control Computers

!

Actuator Control Electronics

BME 2011 Februar 9.
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Bleed Alr

& MTA SZTAKI

* The Bleed Air System refers to the air distributed to
provide following functions:

- Engine start,

- Air conditioning, also referred to as Environmental Control
System (ECS),

- Wing and S-Duct anti-icing,
- Wheel well brakes heating.

BME 2011 Februar 9. Vanek B. SZTAKI SCL



Communication System
& MTA SZTAKI

* The communication system includes:

- VHF and HF systems, as well as the public address system
and SELCAL

- CMF /| AFIS optional system, including weather uplink,
- SATCOM optional system.

SATCOM
(SPACE PROVISIONS)

ATC #1 LH SIDE

ATC #2 RH SIDE ADF
| /
|I ff
TCAS | / VHF #2 FM ENTERTAIMENT
1 | /! /
GPs#2 | [ S/
GPS#1 | | | / ELT
\ ‘ll"-. 'ul ‘II ;’f / \\
WEATHER RADAR \ *-,I ; N\

Rt gz é, e

F."
- ! z:
O\ )
> ".I-'f' A A L N 7__‘_'-"" W NS . (M ' B —— = h’
M } " . T _J / ) o \
= i e e Y
I i { ‘ \\ \\“ L ~—— \. \
_/ . \ \
/ ol \ . \
GLDESLOPE  / /] \ L v\ VOR/LOCALIZER
/! .:‘.-" I|| ) \ \ " VHE #1 l“"\. \\
/ I | \ \
! | \

TCAS N MAGNASTAR

DME #1 ' TX 2 RADIC ALTIMETER MARKER BEACON

b \ VHF #3
TX 1 RADIO ALTIMETER .‘I \ \  DME#®
| N\ A
ATC #1 LH SIDE \ RX2RADIO ALTIMETER
ATC #2 RH SIDE \._\

.R)( 1 RADIO ALTIMETER
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Electrical Power
QMTA SZTAKI

* The Falcon 7X uses 28 Volts DC power for operation of the various
systems installed in the airplane.

* The electrical system is supplied by:
- Three engine-driven generators,
- Two Batteries,
- A RAT in some emergency cases.

* The Primary Flight Control System and Engine Electronic Controller
are also powered by dedicated Permanent Magnet Alternators.

GALLEY || LEFT LH LH RH RH || RIGHT
CABIN MASTER INIT INIT MASTER|| CABIN
LR SPDB RR SPDB
1——' -;—l
FBW FBW

BUS TIED RH
CONTACTOR ISOL

T-—| RHESS }-rl'l-( RHMAN |

1 | | &
(VAN H-l--[
i

L PPDB L

EXT POWER CONNECTOR

R PPDB

U
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Engines
& MTA SZTAKI

* Engine control is performed by a dual channel Full
Authority Digital Engine Control (FADEC),

* Engines are independent of Flight Control System

* The Engines provide:
- Thrust,
- Bleed air (for ECS and Anti ice),
- Mechanical energy to drive the hydraulic pumps,
- Mechanical energy to drive the DC generators and PMA.

* Engine operation requires the following systems:
- Control system,
- Fuel system,
- Oil system,
- Ignition system,
- Air-start system.
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Fire Protection
@MTASZTAKI

* The fire protection system can be separated into
three functions:

* - 1: Detection,
- Engine, apu, cabin, cargo, avionics bays, wheels

- 2. Extinction of Fire,
- closure of the Shut Off Valves (SOV) and built-in
extinguishers
- 3. Auxiliary functions in case of engine or APU fire.

- The corresponding Hydraulic and Fuel Shut Off Valves are
closed,

- - The corresponding generator is disconnected, (used for
emergency landing procedure as, in other conditions, the
engine will have been shut off first)
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Flight Controls

Pilot or autopilot control inputs command the PFCs
to generate control surface commands.

Control
Panel
Inputs —————*
I|:| E‘ EEEEE Elﬂfﬂé‘é‘e
&5 ez
8D @ { ﬂoE- 8
o € M e}
[ =
0 oli=o /
7 A4 -
Pilot Control Inputs
ACEs

PRIMARY
FLIGHT
COMPUTERS

|

)

—

ACTUATOR
CONTROL
ELECTRON ICS

* Electric signal command hydraulic actuation

Provide redundant
control in each axis

!Ii MTA SZTAKI
PFCs
* redundant
« contain enhanced
control features
* generate all control
surface commands.
Control
Surfaces
SPOILERS
AILERONS
FLAPERONS
,,,,,,,,,,,,, .| ELEVATORS
"I RUDDER
STABILIZER
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PFCS (Falcon 7X)

The Primary Fight Control System (PFCS)
architecture is based on six main functionalities:

- Data collection:
* From sensors (IRS, AHRS, RA, ADS,...),
* From pilots controls,

* From the Flight Director if the AutoPilot is
engaged,

- Calculation of control surfaces commands by the
main and secondary Flight Control Computers,

- Selection of Flight Control Computer for control
surface commands and transmission of commands
to actuators,

- Actuation of flight control surfaces by the
actuators,

- Monitoring of actuators,

- Data exchanges with avionics.

BME 2011 Februar 9.

Actuation of
Control Surfaces

& MTA SZTAK
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777 FBW PFC

& MTA SZTAKI
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Software “Size”

& MTA SZTAKI

(not pre-flight)

Function Commercial FBW | Military FBW
(or “partition”)

Control Laws 25 —30% 40%
Redundancy 60-70% 50%
Management

Continuous BIT 10% 10%

Redundancy Management is more complex

(and challenging to design) than the control laws !

BME 2011 Februar 9.
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Fuel System
& MTA SZTAKI

* Fuel system provides engines and APU with
pressurized fuel.

* It is composed of three independent groups of fuel
tanks that feed, in normal operation, their

* respective engine and the APU:
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Hydraulic System

Hydraulic power system
provides pressure for actuation:

* Primary Flight Controls System
(PFCS: ailerons, elevators,
rudder and spoilers),

» Secondary Flight Controls
System (SFCS: slats, flaps and
airbrakes),

 landing gear, brakes and nose
wheel steering,

* Thrust reverser of engines.

In More Electric Architectures
central Hydraulics is getting
replaced by Electro-Hydraulic
actuators

42 BME 2011 Februar 9.
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Power-By-Wire Architecture

D Power & Control Electronics

@%:@ Dual Tandem EHA Actuator
OTIETT]
@ @El:@ Simplex EHA Actuator
[l
=
=l []
L]
[

e ] L]

Electric

Hydraulic

oo

[]
=

OTITT]

2 Electric Drive Unit

|:|=D‘—‘|:|=|:|=D Flap Actuation System
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Electric sighal command hydraulic actuation

L1, L2, C, R DENOTES ACE SOURCE

crse ——wCED
ACE SOURCE f"’”J
RYDRAULIC /, I LEFT ELEVATOR RIGHT ELEVATOR
SOURCE S
NOTE: SPOILERS 4 AND 11 ARE COMMANDED V14

CABLES FROM THE CONTROL WHEEL AND
VIA THE ACES FROM THE SPEED BRAKE
LEVER. THE STABILIZER IS COMMAMNDED V1A
THE CABLES THROUGH THE AISLE STAND
LEVERS ONLY AND OTHERWISE IS
COMMAMDED THROUGH THE ACES.
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lce and Rain
@ MTA SZTAKI

* The ice and rain protection system is intended to permit:
- Safe flight through intermittent or continuous maximum icing conditions,

- Improved visibility through windshield during taxi, take off, approach and
landing in rain condition and during ground operation in dew conditions.

The system uses three ice and rain protection sources:

* Pneumatic source for:
- Wings,
- Engines air intake anti ice,
- Engine 2 S-duct anti ice,
- Brakes anti ice.
- Electrical source for:
- Windshields and lateral windows,

- Air data probes,
- Waste water drain mast.

» Specific fluid for:

- Windshield rain protection (rain repellent).
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Indicating and Recording
& MTA SZTAKI

~ = mo u;j t;um om &

EASy Modular Avionics:

. ' LH DU
i uPPER DU: RH DU
* Disp | ays, ped e T e and MAU 2A
. O ('L-\?ms)és MAU 2B (AGM2) (AGMA4):
« Crew Alerting System (| ke, | | -LHMain |y, | -RHEss

(CAS),

* Electronic CheckList
(ECL), |

« Combine recorder (Digital
Flight Data Recorder and
Cockpit Voice Recorder)
and Emergency Locator
Transmitter (ELT).

(AGM3):

-RH Main f

‘ LOWER DU
\ and MAU 1B

O S—
pili==m= ===

45 BME 2011 Februér 9. Vanek B. SZTAKI SCL



AVIONICS FUNCTIONS

& MTA SZTAKI

The EASy modular avionics provides the following avionics functions:
* Processing of display for:

- Attitude information based on IRS data,
- Radio Altitude information based on Radar Altimeters data,
- Air Datainformation based on Air Data Systems data.

Elaboration of data and processing of display for:
- Navigation (GPS, VOR, DME, FMS, ILS...),
- Flight Director / Thrust Director Guidance,
- EGPWS.

Transmission of FD orders to Primary Flight Control System for AutoPilot
function,

Elaboration of Auto-Throttle commands for Throttle Quadrant,
Communication means,
Transmission of TCAS guidance received from the independent TCAS.

MULTI-SYSTEM FUNCTIONS

* In addition to avionics functions, the EASy modular avionics provides the
following functions, based on data received from airplane systems:
- Display of CAS/Fault messages related to system failures,
- Display of systems synoptic,
- Transmission of data between systems,
- Recording of maintenance data.
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Brakes/Landing gear

& MTA SZTAKI

* Electrically controlled,
- Hydraulically actuated.
« 787 has electric brake-by-wire

 Extension retraction
Including panels

- Braking with ABS
- Heat and wear monitoring
* Nose wheel stearing

* Weight on wheel for FMS
calculations

Control of the landing gear
system is performed by a dua
channel computer named
Landing Gear and Steering
Control Unit (LGSCU).

47 BME 2011 Febr




Lighting

& MTA SZTAKI

The Airplane lighting system provides the following functions:
» External Lighting:

- lllumination of airplane environment (runway, taxiway, parking),
- lllumination of airplane structure (wings, refuel area, loading area),
- Signalisation of airplane visual position and track (anti collision lights,
navigation lights),
 For Interior Lighting:

- Required level of cockpit illumination according to crew comfort,
environmental condition and phase of flight,

- Required level of cabin illumination according to passenger comfort,
- lllumination of working area for servicing, maintenance and inspection
operation, (compartments, refueling panel, water filling panel),
* For emergency Lighting:
- Signalisation of internal evacuation access and routing (interior emergency
lighting),
- Signalisation of External evacuation routing (exterior emergency lighting).
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— Sky

Flight Path Vector —
'9 @ ector — Horizon Line

Aircraft Symbol — m
i

E=

Ground — — Pitch Tape

Heading Scale — — Heading Readout

FMS: Flight Management System, (including JEPPESEN charts) — a navigacio kézponti
szamitogépe

GPS: Global Positioning System — miiholdas helyzet meghatarozas

HGS: Head up Guidance System, - pilota latoterébe vetitett kép

SFD: Secondary Flight Display, - LCD kijelzé repulési adatokkal

WX - LSS: Weather Radar — Lightning Sensor System, - id6éjarasi radar és villamlas
érzékeld

EGPWS: Enhanced Ground Proximity Warning System, - foldkozelség figyelmeztetd
ATC / TCAS: Air Traffic Control / Traffic Crew Alerting System, - légiforgalmi szituacié
ADS: Air Data System, - légadat gyiijté rendszer

IRS, AHRS: Inertial Reference System and Attitude and Heading Reference System, -
inercialis navigacios rendszer és repuldégép iranyszog rendszer

Radar Altimeter, - radaros magassagméro

NAVAIDS (VOR/DME, ADF, ILS.) — navigacios segedberendezések pld. leszallashoz
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Oxygen system
& MTA SZTAKI

* The Falcon 7X is equipped with an oxygen system
supplying oxygen to the passengers and the crew
members in case of:

- Cabin depressurization,
- Smoke or noxious gas in the cabin,
- Need for first aid.

* Controlled by the Electrical Flow Control Unit (EFCU)
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Maintainance
JMTA SZTAKI

* The purpose of the Centralized Fault Display System (CFDS) is to
make the maintenance task easier by displaying fault messages in the
cockpit and permitting the flight crew to make some specific tests.

* There are two levels of maintenance:
- at the line stop : removal and replacement of equipment
- at the main base : troubleshooting

* The CFDS includes :

- the BITE (Built-In Test Equipment) for each electronic system
- acentral computer, the Centralized Fault Display Interface Unit (CFDIU)

- two MCDUs (Multipurpose Control and Display Units), used also for FMGS (Flight
Management and Guidance System), AIDS (Aircraft Integrated Data System), and
ACARS (Aircraft Communication And Reporting System, if installed), which work with
the CFDIU to display information or initiate tests

- one printer.

* If a main channel of the CFDIU fails, the backup channel takes over

- Class 1: Failures indicated to the flight crew by means of the ECAM, or other flight R
deck effect. They must be repaired or entered in the MEL (Minimum Equipment List)
before the aircraft can depart.

- Class 2: Faults indicated to maintenance personnel by the CFDS, and which trigger a
MAINT status entry on the maintenance part of the ECAM status page. The aircraft can
operate with these faults, but they must be repaired within 10 days.

- Class 3: Faults indicated to maintenance personnel by the CFDS, but which do not
trigger a MAINT status. The operator may have these faults corrected at his
convenience.
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Water and waste
@ MTA SZTAKI

* The Water system provides potable cold and hot
water to:

- The washbasin faucets in the aft lavatories,
- The washbasin faucet and coffee maker in the galley.

* The system is controlled:

- Automatically through the Water System Computer Unit
(WSCU),

- Manually by one of the crew members in case of WSCU
failure.

* The waste water and the whole water system are
drained overboard through two heated drain masts.

* The aft toilets are chemical-type with a dedicated
tank and recirculating system.
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Water and waste

& MTA SZTAKI
FWD REAR
LAVATORY GALLEY LAVATORY
Heater Heater
Spare ] Compressor
circuit
TANK

— Cold water ]
— Hot water Drain Drain Servicing Drain
- Drain water mast + Filling mast
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