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Abstract: A dissimilar fault—tolerant control plan is proposed to address the problem that an actuator sen-
sor failure affects the safe operation of the engine during the thrust state control. In this method, the fuel closed-
loop / nozzle open—loop and nozzle closed—loop/fuel open—loop control plans are backed up to each other, and
combined with an inertial switching logic, the control plan is switched to ensure the safe operation of the engine
when the actuator sensor fails. The simulation verification is carried out for the ramjet mode of tandem TBCC en-
gine. The results show that the fault-tolerant control plan can realize the fault—tolerant control of thrust state in
the whole envelope of the engine, and can switch smoothly when sensors fails, thrust fluctuation is less than 1%,
which enhances the fault tolerance of the control system.

Key words: Turbine based combined cycle engine; Fault tolerant control; Shock wave margin; Thrust

state control; Control plan

18 = B — SR ORI B R G AU AR . TR E &
A v K2 & S LIS AR v ) b, 55 33.28 2R G T4
FRETEZOREM = LW R R R E RN E B RGR SIUEOR Y, 3005 A A ¢, 7 e T

Ko KRR JSSG-2007B #5372 W b X RGE M AAOFARE L HLECE R AR LA R AR A

* IR E A 2022-04-20; fEITHE: 2022-05-26.
EERIT: B, Mg, BRSO IR ERA 6 K S 54 .
BIREE: KRBT, M, PR, PRSEONES KSWLER 5451, E-mail: zhaozhougou@xijtu.edu.cn
IR WilEde, X &, TS, & WAL SRR I/ A A RIS ] MEEEOR 2023, 44
(10) : 2204051. (FENG Hai-long, LIU Bei, JIANG Wei-yu, et al. Fault Tolerant Control Plan of Fuel/Nozzle in
Ramjet Mode of Air Breathing EnginelJ ]. Journal of Propulsion Technology, 2023, 44(10):2204051.)

2204051-1



Faate Hrol ot

#HoR

2023 4

W L2 S S PL P ) R G 00 K R AR IR AR R S
R B 22, b T A S Y A ) A Bk B B
Xof AL SR AR B R AR R ¢ B AL g R AN
S EUR S HLIERE R L, WA R R AN T UK )
AL BG5BT R 2T ik
A R A BB AR RS ORI B0 VAR AR
L e i o B R Ax B BT R A A B P ga
KI5k, 2 EH R E A R E N R Y
WAL AR Y A% BE BT N A . RTER T
A o) F A AR TR (I e AR TG ) R =R
Sh, ZBAL A R RER I XUR s R R B . 15
SR AR B T BT U R X S A B A D T L AR A
S HLHIL B L A A A% AR 15 BEAT A R 1 o AR AN
AL A2 ) 0 a5 T DU O A SR A Y L — B BT 2, BE
A LA AR R AR BT 0 A A S e A B R
% b O 2 A% SR ) SURT LBy 1k o i G ) 4 4%
SR L e | R A T D) RE R A

BT RO TR A AR A B R B BOR A
R R & S LT SR . SR GE 2 W K i H AE
2 A Sl LR B 04" Ji S 2K 8 U8 I 95 2 ) i e i

78 Hl 5 5% %2 %5 (Failure Indication and Corrective Ac-

tion, FICA) B 1 T i F F T700-GE-700, JTDE & 3}

HL5 F404 % SALAY 2 AR B L5 4% ] (Full Au-

thority Digital Engine Control, FADEC YRS Y FICA
B TE AL R e A SRR R 8 U A B A T AR
B AL RGBT A A NASA Levis f

€ H s 9 56 AR T L B 5 A 5 3140 (Advanced De-

tection, Isolation, and Accommodation, ADIA) I % T
1% I e 14 AL A U B 5 R R R B 1, JTAE F100 & Bl
PLESEAT T g8 50 . I Ah, GE23A, EJ200 Fl M88
S5 R SALAL SR T T T A AT AR T 0 A2 SR A 2 A
Tiiko EWWRBIITE T E AR AR . K
R AR T T RO B 1) % RS A R ) L L
ANZRIT RO BRI S T R T A 2 ) e
M AS R P o AT AR R T — Al A LA O A
T TR AL AR A W e AT R 1 R RN A
BEPE o A BRI A BT T — i 45 B Y
f9 PID 42 1l &% , 76 598 b 42 ) ] B A 2k o7 78 1% 2 A%
(Linear Variable Differential Transformer, LVDT) %4 4
W IS, 5 R U R A AL X L S 2R AT R
A A2, R T AR B8 Y e B RE T R AT TR
Pr BB UE o fH 23X Bl 32 K b 2 A5 AR 8 T 32K i
it TR 4 A RE O AR T

I 30 TBCC & sh AL 2 i % & sh AL A v & % 3)

PLE B IR 20 5, A o T A2 I AR 2 T — 5 645 1]
P Y b R Sl A I R s AL By i g #R i & S
IR S AL B A 2R 48— iR T o3 IX i, 52 PR
TR AL H R G S AR, A XY
LVDT Jf A # R B S o R T ik R e 2
AN XA LVDT #8 & A= SR I, e DL BCay B2 7 ik i
LVDT & 845 i 07 & A5 5, B LUK J6 125 48 30 11X 1Y)
PRI B, o LG N SR A 2 T BR Ao 4 i) o e 1
X Sl AL AT A P S B AR G A A
T RS ) R, (R Ml A T BRI B i A
% AL B 2 (Rotary Variable Differential Transformer,
RVDT) #8 Je A= i i ik, o 2 S SR LAY R AR . (H 2
e P B2 ] (] e o 2 S A RS 2 U T i
FI8 N 158 2, R VI I e R A i S T AR N S o
FEAN T Wi 4 1) 22 58 B0 4 i o o o

AR SR WKk A B A A8 T B 48 o 3 A B WA A
PRI TR i T R A A5 5, O 4l A — PP D) 8
B OB R R 3 1 I AL ) TRl T re) S 3B
3 TBCC K S HL Y h H AL S T i 0 E Ik

2 MERSHENRSES RE

AR SCHY I 5T R G2 vp RS R Y H Bk =X TBCC
KB, A0S T — & WK i e & sh bl , it T3 Fh % 5
BLRHE Sl B 1 222 i b = 8 TR R 22/ TR
BRI 0040 B TS R R S AR e
W 1R AR SO 5 Y R I TBC.C R B AILR HTE
A A (B 1~2) , 7 v TR ABE S N 8 75 e I 42
F — ZR 51 ARk 5 DB RN — T I SR Uk B I e, 4 T 2~
6 s R KN TBCC & s ALY AU R AAL | F2 0k e =
W e, 76 s R BSR4 it XL T
o R T e R R SRS TE oh R R E (R 6~7) 5
BRI A I HBREE , T i BL R 45 (T 7~9) B K
I HE o BT LR R SCIE A I T G, AR 8 R
WIS STER e

Oblique shock wave series

Normal shock wave

Nozzle throat

entral

Fig.1 Schematic diagram of tandem TBCC engine ramjet

mode
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Fig.2 Definition of shock wave margin
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Fig.3 Shock wave margin characteristic diagram
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Fig.7 Whole envelope control plan
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Fig. 8 Simulation results before using smooth switching logic
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