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Abstract

With the recent increase in the development of domestic independent turbofan engines for aircraft, there is
a need to develop software for FADEC(Full Authority Digital Engine Control) with real-time fault diagnosis
functions to enhance fuel efficiency, engine performance, and reliability. As engine control algorithms become
more sophisticated, software is being developed using Model-Based Design(model-based development) methods.
This paper introduces the Middleware architecture of FADEC(Full Authority Digital Engine Control), which
connects hardware with Model-Based Design(model-based development) software. Given the high reliability
and safety required for turbofan engines in aircraft, the design complies with DO-178C[1] International
Airborne Systems and Equipment Certification Guidelines.

x =5

U 52k A Frbe] ot A
FADEC( 2}2] & &<l 1 A o] 7+ 3
a3l .ﬂﬁﬂﬂﬂ:ﬁ;%ﬂﬂé%il§Hh1%ﬁﬂ€ﬂUH%E%7%7H%%Q%A%ﬁ
E A LB ERAE stedele maAvnk s AZEg ]S AZEAZ FADEC
(@4”%&@@ﬂﬂ%ﬂﬁlﬂ%%ﬂ<ﬂ1ﬂﬂe/*ﬂﬂﬂ F71E HEHAR Y] =& A kA
O-178C[1] =A@ 1F 7tol=efle] whel A A .

Key Words : Aircraft Engine(Z3 7] <1%), FADEC(AAAF X Ao]7=]), Redundancy(©]s 3},
Model-Based Design(F. 2 7|RF 7] &)

1. M = A" HAFEHE 7Y Ao w A3 Fes Alolst

© BE ZleEd dusHe ddd(2]. EECt dXE

FADECCHAA S AR A4A)E  Anasaepg 10 WA AsAd 5% w5l 7rew 3

. A5 ek & EFeta = < EEE

2| (Electronic Engine Controller, EEC)® E#]+= ¢ ] &ty BECS ¥¢shal 9l FADEC =

AR, A ex afm A 4 5 e d

Received: May 10.7 2024 Revised: Jul. 16, 2024 Accepted: Jul. 23, 2024 AMA Ns= HJastar Aolst2, 3], FADECS
1 Corresponding Author )

Tel:+82-31-5178-4609,E-mail: changyeol.lee@lignex1.com AXAA ANss fdHPa A8, FIGV(Fan Inlet

© The Society for Aerospace System Engineering Guide Vane), w225 Ao]dtt}l, o]= E3}o] 7o)




42718 HEW ¢x FADEC® AXE

slo} MEaof ohrlelAe] B AT 103

of #ojstar §lE W2 dHlolHE Fl
£

B3tk olA 7l FADECE &&

2 >
L ol
L
2
>,

o N oo N
. ox
= o ox ©,
ne =
o o
fo ox
N o - =
2>
N
)
k]
o)
™
=Y
o
of
ol
ol
ta
24
g
o
rO
N
oX,
o

i)
o
.y &
2 2
ol
82
o 2
= 0l
w &
fo
oy T
> o
)
2
o 3
E3
2
o =2
Qﬂrﬁ
X e
N
4o =
_—‘?(:',—9‘
Eo
e B or
I o

ZasA H=d, 27

gl Age Fatel Bish

)
_O‘L
K
ki
b
Lo
i
o
l
M
aly
o

K
H
Lo
i
u2
Lpod
Ac)
il
o
~
=0
ol
il
2
Lot
ol
rr
Bk
X
o
=
o

[o M
2
oX,
o
=ity
rlo

o
3
=
il
=]
1)
|
ol
i)
)
T
T
=
1)
T
i
)

o> &2 M 9o o 1o

fru o
Y
_u ‘[lﬂ: rﬂ
ol !

o) fo
- H o)
N
L =
I -
= =
9, HJEG
o —
4P S
9 =
?o il [o
>
REE
: T
lm it
EL) fo
2 -+
rr 2
3 =)

T
o
&
v}
o
(o))

(i
Mo
9,
>
rlr
AN
B2 —
N
rII.
=
19
o
1>
fo
[
K
m
_-1(__0"
2
1o,

st=so] T4
do] nE9o] op7|¥AE AA3
Ae AEda hdds st
¢l DO-178C 7}ol=g}el S
AAPom kAd e AL wet ol HAE A
43t DO-178C 7Fol=efle] AGAL o] whet AJ2
g9 RUHY 7lss Fdste nEd] oprlgAE A
A1

B =5 2% DO-178C 7ho]=gkelo] wE 7Y
W dakel DO-178C Zhol=gfele] wE #xi Aol
sl delar 3% A= AAg FADECS] v &9

oYX & A A )F

}
2
o

o
R=}

A

=5

Jet

fo

-

>
o2t

i M
>~

2. DO-178C Level-A 21Z& 1125t A

3718 X0l Aol glo] A4 T kA
2 98 49 71Fe] Basid o Y8 v
YFFHEANNA FFE AFel UF 2xES

I
Fdg WUF Ve owm fAshs DO-178C = AIZEE]l

T ®T we wESel oprEAE AAYT1].
DO-178C 7}ol=g}ele]l o] Ajo]lE Tz A A=

Fig 1.9} #o] & ESo] st Ag, 7, &9 Al

A ol AlolE maAsw FRET. 2 g
A, A B R ol Aol Auke] F14

weE ) AZEY] A, PSS FRI

A 1744 A8k, DO-178C 7tol=ghele] A F
dAl = Al BF d¥(Design Assurance level,
DAL)S Adte] AXEdolo] Aufjrt F7]el ot
&S v A= A HrhEeh Table 104 Hol: nle}
Zo] DAL-A® Fg7]el AWAd AfE Fshes
SXEdo] Pills Wl FADEC A& Eo]o] A
v g7 HA" FEAE o £ goenz
DAL-A°l %3 th DAL A, BE C, DS} =24 &
Abakel] wE ol EA A ] bHAd HIbE et

Z2-99 doly Z293 aeld kdA A

S/W Planning Process
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‘ Configuration Management Process

Certification Liaison Process ‘

Integral Process

Fig. 1 DO-178C Life Cycle

Table 1 Design Assurance Level Table

Level Prob.ablhty Effect on the aircraft
Requirement
A < 1.0-E09 Prevents continued safe
PFH=* flight and landing

Large reduction in

< 1.0 -E7 . O

B PEH* functional capablhtles or
safety margins

< 1.0 -E5 Significant reduction in

C PRI+ functional capabll%tles or
safety margin
5 <10 -E3 . Stl}ghtlreduclt;(l)_rtl. n
PFII+ unctional capabilities or
safety margin

#Probability of failure per hour



104 R R &

o
ii}é}ﬂ] AAlskE Ae omd|
st =kele] wpEw Alswle] ohddS mUEYsta
o071 #3 nel e & AwS AGAch o
A B =R ol7|elAE= 2 @A A 2Els)HE s)ak
iEE%lOM sh=glo] Ao iEE%MQl TEE
44 A

#3) Wra 2% 94472 nE

Olt

T-%¢] FADEC AXE9o& *47416““4 Hl‘é%lf%"
AR AAE AESZ 2259 dHolg = =
of AFEE aefste] AAGT. HEE 25 A1
AMS Este] Azl &F7) wEh 2744 8 B
R et dAgen oF
Lo dAIg Y HHE AAsk]

3. O|S90] of7[Eix] MA

3.1 FADEC &2ZEQ0f AZE 7=

B =Ro A FADEC AZEY0]S] F%E Fig 2.
of o] 7} V|THRE AFTES wEste] ATHE HHA
L AA B oAEs & 5 Ad=F 743 FADEC
LXEel= Fig 2.9 #o] RTOS(Real Time
Operating System), BSP(Board Support Package),
u]E¢)o], Application 22X E¢Jolo] AF FxE 7IA
th. FADEC &XESJo]e] AAZF 7S BAs7] ¢
3l TIALS] RTOSQ! SYS/BIOSE A& 3th BSP+ 8t
=elolE x7Istetar Alojste 715S dhH, st=glof
o &Aoot} nlE9o]= BSP2} Application AXE
s Adste

smEgololt. s RES 4%
4 dsAe 2 nAdw wUgd, oF3 MY F4
9 gdEdde PRt w9, seslold 44

FADEC Software

Application Software

Middleware

RTOS (SYSBIOS)

Fig. 2 FADEC Software Hierarchy

Table 2 Table of Functions and Feature by Layer

Layer Functions Feature
RTOS Task. Ensuring real—-time
Scheduling performance
HW
BSP Initialization | Dependent on hardware
& Control
Signal
processing, Not dependent on
. Monitoring, hardware
Middleware Redundant Safety and reliability
channel shall be guaranteed
management
S C?ompreh.ens Model-Based Design
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Software Control Advanced
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Fig. 3 Middleware Structure
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Fig. 4 FADEC Redundant Structure
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