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Study the fault-tolerant design of flight control system based on
distributed systems architecture

YANG Zhaoxu, YANG Lin, WAN Tiancai, ZHANG Jun
(AVIC Chengdu Aircraft Design and Research Institute, Chengdu 610091, China)

Abstract: The traditional centralized flight control system architecture is independent of other systems such as elec-

tromechanical and mission systems, making it difficult to meet the requirements of modern fighter system compre-

hensive design. The distributed system architecture with openness and comprehensive control features is an inevita-

ble trend in technological development. In this paper, the fault-tolerant design for flight control systems based on

distributed system architecture is studied. Firstly, the typical system architecture of distributed flight control sys-

tems and the objectives of their fault-tolerant design are introduced. Secondly, based on the operational timing and

working mode characteristics of the distributed system, a time-based fault-tolerant design is conducted. Finally,

based on the composition and system architecture characteristics of the distributed system, a multi-level voting/

monitoring surface is designed. By analyzing the running time sequence, composition and architecture characteris-

tics of distributed system, the key entry points of fault-tolerant design of distributed system are sorted out, and the

solutions and implementation methods of fault-tolerant design scheme are expounded. The engineering practice

shows that the fault—tolerant design scheme studied in this paper can ensure the stable and reliable operation of flight

control system and effectively improve the system security.
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Fig. 1 Traditional centralized flight control system (FCS)

architecture diagram'"’
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Fig.4 Typical distributed FCS architecture diagram
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Fig.5 Distributed FCS transmission delay diagram
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— R{R R/

o — R T/ M A E R T BR AT e A (S
5 AR A ) B A R R B L R E L
E TR LR & R fa A T R AT A R T i
i, DL I 530 B I Bt 64 A% B2 5, D4 ol 0 4
PEIE A ) A 8 45 2R A5 5 1 T A 4R 4
i DR H AR B8 20 IG5 8 X RATL 3 ) E AT
B H A (A5 T 4R TRAL 2 A M BE Y R e
e fl. FRAHTRNE.

1) RGN K A S B A% i & 3

oy

3.1

R B O LA 0 B A BRI AL R
A E BARZE TE B 55

2) P A R A A ARG A A T A R A AR
AR A IR 5 5 IR 15 A 8%, 2 B 4 il
e 5 W A S TR AR

3) fF T R P AR AR AR AR T Y
o BE TG B MR AT, N 2R G A T Y 22 Ak BE AU A B
BUE 5 (A2 BRAT 45 4 L = B A ol R /o 380 8 2%
R 9 ) AT Z2HOR B W IR A 0 R 5 8 FE
HEAEH

X2 M A S A AR TR SR A R A
G RGHEEFRATRAGX ZRERS M
i — B PR M B A RE R 2 AOR
o 75 A E B B i A T SR A

3.2 ZRRR/IMEE

S AR MR/ A Y B0 R A I B R T
SEHLARY RIS . X 2% JE 8 TSR LAY Fa R S AT
AR, I AR IBGE I 1 I8 A7 RS SR 3E R
2 A A T A HLAY CPUR S IE B4 , AL
i 3 HC R A T 4 R AL B A% o R
B TS AL A AT RO 25 38 i 7 S 2 0 2% v
PP 4% fE R as i . B R AL g%
R PR AN 8 i o



214 fiias TR

L 515 %

Ei M
R A MR L
4 R
FHMEE | Hb s "
TR 5
L ERL23/4 ROk A
T

41
i 522, | 4
g 43 | FE
i1 44
F8  FIAH M P A OR &
Fig.8 Channel fail logic voting/monitor method diagram
5 48 10 i SR R/ W R AN TR O M A
(U ERCNIE RO KX NN UR ol & ool TN T IaNa o =7
Wi o FE A A B b, % SR A R AT
FIWG , th g il 8% 4% = R e/ W vk Ak
0 Rl WP — A IS HLAHE 2

3.3 =ZZERR/IMEE

B SR /M R AR A R A h it
A7, T2 H R R A0 E G T e R R B 3
B ML AR S A LR 2 R IR AN 9 TR .
TP AR /M AR AT
A AR Y A IR LA AR &
A ) 45 4 1 %
LU Bk RS R A
EEALRS
LA AR B SRR
ER RS

FIHEAIES
> LR RoRE

i N LR
AR A R e BRI S
N
BN RORE SRR
it 1

9 Z gl de i g L2 HoR g K

Fig.9 Remote controller command select logic

iy AR T M R A AR AR X H B A
B AN B A S i, BEE R ZRE R R
PRk

SR A N\ B Y M A T A X A Gl T R Y
EIFE LB AR IR B PR AT IR A A
2 M Al B BRI 6 45 2R 5

3.4 MZERR/IEEE
SEpXEH T, RGN REH

WG, AR AR AT T AR B AR T AL
PAT T BE , B, 72 45 il 4 rp BUAT 8 5 DY G
Fee/ W 4x F 2R A AR b U A R TR ALY
A U iE .

TR AT A B BT AR A R G
SR BT A A PRAT LAG AT WA, DA A
TH A 2 0ot A 1 4R

LA G\ T 45 ) 200 Sk 4] T B B DU 2 R/
W g LRSI, 18 10 FF R o X g s il B i
TAERAS W95 R BUT 15 i -

D) 48 2 8 R 2R E i Bk

2) CPUBATIR A W G IE B 1145

3) Al MR A Bl 3R 4 MW A, A 9 4 S R L A Wi
i UK Bl LI W R R G R RS s S

e I T e A R R CPU R Bk
1) AR 3 28 G W B i, B BE U % 3% A ) 4 A i
B B 2l 43 ] o 7 BT A 4 T S A R X R4
YN R 2 Bl [ B 8 O TR B A XY A
B A TR i ) R A A N T S R AT
Y, DR IR N T 2 X TRAT AR 4 5

TR AR TAEIRA A

ffn’ﬁu”j?‘é%\'r!ﬁ%‘éj

S j ‘é
St __J}A' B8 itk
i J
BT i i
s
Wz | ) TTTTTTTTTTTIT

o fib i | BN RE

BUERZ
WUERES2

B T

K10 gl s rofim b 3k e R SR B K

Fig. 10 Remote controller channel fail logic diagram
4 & it

1) ARSCHT I8 00 R G A BOH R B
P T AR SC B W, OF BURS T R AR TR AR
HSEPXREAR, MR R RS H E
VPR R P A A S BB B S
G i A% Hh A B> T W S RE , — O TR TR
FA RGP R RSB Rk~ iE



% 6 01

PR - 3T 0 AT R ARG R R G A R BT TS 215

BRI L 55— J7 R T BT AAL . R S
RGBS R RS X RS is AT s
HIR 0

2) P ARG [P 20l o T AL
W, — BRI LR D AT RE S BOus B 4% i il
BRE. ARG EE RGEBLEHRRE/R
JEE (8] 9 I [ 25, A SALSE IR R A 0 i i 1 B
14 28 S8 e 2 1) A i 08 30 4T A AR BE 0 S [ 28
R B, — BB HUR L R, R 520kl &
JH Ak B2 A P 2l 4 T /N it A I 52 IR ST TR 4R R
R A BEAR T TSR R Y R 0

3) RAHEBAMT RGNS Z ], LK
ARG E AR G 2 | BEAT RO Bk, R R
Frae an) AL . R SR Bs AT/ R E |
B 1 i A% BB AT AR, BEE L T AR R 1 M P
i, B PR JE 5 IE 0, B i T R R R & At AT
M

& % X

(1] smEsE. RALCEREET BLRH A T].
2016, 7(2): 107-112.
SHI Guorong. Analysis of digital bus of civil flight control
system[J]. Modern Navigation, 2016, 7(2): 107-112. (in
Chinese)

(2] k@ . RESRH CHUBE CEMESI RG], I HE
W A5 Bk, 2012, 41(23): 67-71.

SHEN Lei. Analyses on large civil aircraft flight control ac-

AR T,

tuator system [J].
China, 2012, 41(23): 67-71. (in Chinese)

(3] WMIET, XUM . 230 QA% QAT 4 ) 2R e 4 1 S Jie B oy Y
[J]. "®47 4%, 2009, 27(6): 1-4,9.
ZHAN Zhengyong, LIU Lin. Architecture analysis and de-
velopment of distributed FBW flight control system [J].
Flight Dynamics, 2009, 27(6): 1-4,9. (in Chinese)

(4] HRHLFS, EEA, BN B — 07 AT 8 MR G4
ARWFFESESELC L/ 58 37 Jai b IE 4 il 2 BOg S . L th
1 h k¥ 2, 2018: 10088-10092.
XU Yanling, CUI Yuwei, LUO Chuan. Research advance-

ment for the new generation of distributed vehicle manage-

Manufacture Information Engineering of

ment system [ C]// Proceedings of the 37th Chinese Control
Conference. Wuhan: Chinese Association of Automation,
2018: 10088-10092. (in Chinese)
[5] HARRIS J J. F-35 flight control law design, development
and verification [C] / 2018 Aviation Technology, Integra-
Conference. Atlanta, Georgia:

tion, and Operations

ATIAA, 2018: 3516-3523.

(6]

[10]

[11]

[12]

[13]

[14]

BRAT R AR AT RN LA R R [D]. B AT
B AU ZS R K2, 2020.

LU Hongfei. Research on computer fault-tolerant technolo-
gy of three-redundancy flight control[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2020. (in Chi-
nese)

fifp SO, EBL. BT MAER RN & T LR G
FOT] HoE S, 2019, 26(10): 106-110.

XIE Wentao, WANG Rui. High-integrity computer system
design based on hierarchical fault-tolerant technology [J].
Electronics Optics & Control, 2019, 26(10) : 106-110. (in
Chinese)

BIALWT, T3, SR . S AR R R HLALR RO T e
PERESELT]. BURH TR, 2012, 35(6): 102-106.

LIU Kongming, XU Hongzhe, HUANG Jun. Research on
architecture of triple-redundant flight control computer and
its reliability [J]. Modern Electronics Technique, 2012, 35
(6): 102-106. (in Chinese)

NATALE L, BERDUGO A. 1 overview of F-22 upgraded
instrumentation system [C] // International Telemetering
Conference 2007. ILas Vegas, NV: International Founda-
tion for Telemetering, 2007: 1-6.

ROBBINS D, BOBALIK J, DE STENA D, et al. F-35
subsystems design, development &. verification [C] // 2018
Aviation Technology, Integration, and Operations Confer-
ence. Atlanta, Georgia: ATAA, 2018: 1-15.

BRIERE D, TRAVERSE P. AIRBUS A320/A330/A340
electrical flight controls—a family of fault-tolerant systems
[C]// FTCS-23 the Twenty-Third International Sympo-
sium on Fault-Tolerant Computing. Toulouse, France:
IEEE, 1993: 616-623.

UZUNCAOVA E, AYALA M A. Boeing 777 flight con-
trol system [R]. Monterrey, Californi: Naval Postgraduate
School, 2013.

CULLEY D E, THOMAS G L, ARETSKIN-HARITON
E. A network scheduling model for distributed control simu-
lation[ C ]/ 52nd ATAA/SAE/ASEE Joint Propulsion Con-
ference. Salt Lake City, UT: ATAA, 2016: 4652-4667.
EXME, T, BN KA RGN R G5 5 45 i 3
AREEARLT]. HUBR T4, 2024, 60(4) : 50-65.

WANG Xingjian, YANG Xinyu, WANG Shaoping. Re-
view of fault-tolerant control for flight control system [J].
Journal of Mechanical Engineering, 2024, 60(4) : 50-65.
(in Chinese)

SEOCHE, B, VET L AT R G R DR DU
#I]. ®AT 1%, 2018, 36(4): 1-5,10.
WU Wenhai, GAO Yang, WANG Jie.
course, status and trend of flight control system [J].
Dynamics, 2018, 36(4): 1-5,10. (in Chinese)

Development
Flight

(4iE: D E)



