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Adaptive event-triggered 7/, fault-tolerant control for aero-engine
distributed systems
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(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China; 2. School of Instrument
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Abstract: An adaptive event-triggered H . control method is proposed for the uncertain aero-engine distributed control
systems with actuator fault, external disturbance, input-output quantization error and network induced time delay.
Firstly, the actuator fault, external disturbance, quantization error and system uncertainty are mathematically described,
an adaptive event-triggered mechanism is given to improve the utilization of network resources, and a closed-loop
system mathematical model considering the above factors is established. Then, the Lyapunov-Krasovskii functional
method is utilized to establish a sufficient condition to ensure the asymptotic stability of the system, and a co-design
method of adaptive event trigger and H_, controller in the form of linear matrix inequality is given. Under the given
simulation conditions, the adaptive event-triggered mechanism saves 94 % of the network resources, which is an
improvement of 46.4 % compared to the ordinary event triggers. The simulation results show that the proposed event
trigger and controller can ensure that the system is asymptotically stable despite the undesirable factors considered

above.
Keywords: distributed control system; adaptive event-triggered control; aero-engine; actuator fault; H_, control;

network induced time delay
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FAALAHE, 7T LA B ANSE 2

— St < ps?S —2p, P,
— H ' < pH —2p,1.

254y Bk 3T AN Schur MR, AR (21) 1R
SEREARAEAZE R (10) oz, HE B 1 Al %, fn BANEE:
Q21 L. W RS R ETT R e, HREA —2m
H_ T fatsy. O
4 FERGRIT

AT I PR AT 2% R S LAE Hh T B IR A I )
7Nl R 2 2 TR AR 2R S o 4 %o 2, 360 IE AR SC AT 32 1
5 1A P 4% 5 IR S5 RN A e e DR R R
B . RS (7) FIREUERE R

[ 126036 1.02475
T | —0.14245 —1.238 66

0.35114 0.53923 0.01362  0.017 34
[0 35535 0.32035 —0.004 82 —0.007 29} ’
[ 1.00000  0.000 00
0.000 00  1.000 00
0.55116 —0.288 55
0.507 56 —0.074 44
- 0.21970  1.390 28
N 0.35621  0.54059 |’
0.355 75  0.122 18
0.247 07 —0.536 98
—0.136 02  1.268 26
| 039704  0.03864 |
D =
[ 0.000 00 0.00000 0.00000 0.00000 ]
0.000 00  0.000 00  0.000 00  0.000 00
0.187 58 —0.82292 0.003 10 —0.006 68
0.048 39 —0.221 02 —0.007 37 —0.001 73
0.17373 —0.678 87 0.01004 0.015 28
0.039 62 —0.155 22 —0.004 50 —0.001 19 |’

0.274 97 —1.07287 0.004 60 0.000 56
0.454 58 0.094 37 —0.008 79 —0.013 09
—0.10124 0.39391 0.00544 0.01471

| 0.23873 039598  0.004 50 —0.000 82 |
M =01 0.1]", N=[0.1 0.1].
REFEBEA2() = [n, ng]", EFHHEA A E

Hu(t)=[W; As o

acl, R G R
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2(t)=[n, ny Pw Tw Py Ty Py Tss mr Fy|'.
Horin, Fin, 45 R A% A R 57 B o LR,
W, s FIRBE S BRI, A 3R W8 I 5 A,
ap BT AE, ac ToRESHILSEH AR, Py
HTy, 43 IR KU H R AR RS, P AT, 53R
AR EA MU EUE S G, Pos R T, 43 B3R 7R i e
H ORI E SRR, mp RN TR IR L, Fy RonitE
71.

BEVIIRRE2(0) = [1 1.5]%, Wi, =
0.1, 7,, = 0.01, H #P#ilfabr~y = 5, FfFfikk 25
¢»=08, BEHp=0.01,p3=p,=0.1,6, =0.1,¢,
=0.2, A=diag{0.055,0.12}, IT =diag{0.055,0.12,
0.055,0.12}. HR4E EFE 2 H ) LMI 3K ff 45 2142 il %
125 KR R E A PR DA

s [14504 0.0307 —0.0215 —0.0111 !
~ | -1.8839 —0.7216 —0.016 1 —0.021 9| °

b — 0.376 7 —0.084 7
| —0.0847 0.1051

DN IE B 3 7S i S ML 5 20 R 4% BT
TET P B8 325, 4 530 SR FEY B i o AL ™, 8 1 f
RN 0 I S R L AT RO 0 2L TE
HA AR R BT, 3 Fb i A LA ) 2R GERES
S22 A A i (AT A P& 2 T, 3 A R ML)
Bl AL f s tE 0 R 1 pros. 5 GeR A i S Bk o 41
SRR 7 H o Lo e 22, W ARk
B 51 7 LB 2. 24 1 70 bU I i 22 D R I
Y R G AL T A2 R FE M A TRV 1 o, oLty A
) B 2 AR — IR R S, B2 R FE ARER
PAJCAR I8 AP fih 18] o T ).

1.6 1.6 1.6
i —n —n, i
1.2h Ty 1.2}
S 08fL S S osf
N . < N .
0.4 0.4F %
of of
o 1 2 3 4 5 o 1 2 3 4 5 o 1 2 3 4 5
t/s t/s t/s
0.03 0.3 0.3
= 0.02 i e 02t ol ]75 & 02 i
& 0.01 & 0.1t & 0.1 | | |
0 " 0 0 '
o 1 2 3 4 5 0 1 2 3 4 5 o 1 2 3 4 5
t/s t/s t/s

E2 TEMMEEIT RGOR ST E L EER

&1 TRIMANE TOBREERTTE

R ALE BRSPS BRI /s X4 TR /%
FF i ik 250 0.02 0.0
S A A ™ 28 0.179 88.9
& B i R 15 0.333 94.0

M 2 H i) 28 SR A i B U328 25 SR AT LUE
3 i A HLEILE 5 s A2 REPRIE R GOIR SIS 21,
I EHLWSCSIGHE BE AR 0SB 3 Ao figh A AL 1) ) foh 5z 1]
B £ SR AT DL EIL, 3 I 2 i A AL R A i A 2k
B b WER T IR mET U REE, 5 s W
AR R B D (U 15), T4 T 94 % H R 45
TR, T I R S A A R ML 2 T
46.4 % P L BEIR. DA S5 RO el i, A SCHR Y
1 38 N S i e H o P TR DRI T R GEHIHTIE

NIRRT VX AT & b ) A RE D, 093
XA AEAN [F] i 7 B0 T 1) R G AT 07 . BB 4 b
a2 A7

diag{1.0,1.0,1.0, 1.0},
diag{0.5,0.8,0.4,0.7},
diag{0.6,0.4,1.0, 1.0},

=, = diag{1.5,1.7,0.6,0.5).
Horp: Z RRPAT AL R, =)0 2, Rom & HATHL
RN [E) 2 EE TR IR %, =5 3R AN A7 IE [ V32 .
FH T R PR 1), A 25 H 4 i O ) 2 R e = SR i
S ) i N A R v s A T B RS e S, Gy
A 3 FE 4 frs. AE 3 FTRUE H, BT HAT S
AR ) 52 ], FRAT 2% 10 928 1 B N\ BB A7 AE AN [RI R
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PRAT 4% T R P A L [ SRR Wb B R A RE .
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& ! 7
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22 |
£ 8
,]H i
-12
0 1 2 3 4 5
t/s
B3 ERRIRE R E TN ENIT
1.6
1.2 oz
0.80:1
S |
0.4t \\
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0 1 23 4 5
t/s

E4 BEZTESLIEE

ISR Z 7 R A Bl A B8 70, 43 iR
R 3 MM INE RS 1) LM A w, (t) =
0.1sin(5¢t); 2) 15 5 4 W 75wy (t) € [—2,2]; 3) )
fEHN 0, 7728 0. 04 B i 75 w, (1) 15 8 RS
R 7 1 4y P S e B B ZE o 1] S BT . BT LUE
H, SRR B T e S AR AR E RS B R 22, (H
P25 | 284 2 22 IR I AE BN X R A, ZEAS RSB P 3
AT R T R BT T RE.

1.6

Y]
- - - E%RES
1.2¢f s ST
fffff 5 10 75
_ 0.8¢
<
0.41
| S
o 1 2 3 4 5
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Els REISMBF 4 T agm R

5 & #®

AR SCEF S AN i M 2 R S Lo A1 2035 i R 4,
WHFL T 38 Bk H o AR 10 8, 8450
R

1) £ X AAE AT B R A0 N g
B 2 0 W 485 155 3 B S PRI 2 R S A 24 il

R, feth—M B &N F AR H, S hl e, 4
H T AR PR R G, 2T Lyapunov-Krasovskii
2R, HES L RIIE R G AR e AR A A DA R B
TN Ak A RN H A5 s I B R Bt O k.

2) R B RSl R LR R ST T A
(10X 2% BE IR IR 2. 17 L5 AR A, 75 CRIE R GRS
RLEA R A H e AT R, B d N F A
fiuk A AL ) 0% 1 48 R B IEAE BEUR, HOHPERRAL T d
FH IR S R AL ).

3) B A H o A 1 1 D7 A O] T AT
AR L ANl A AN S DR 3 R (14 7T 2
5 325 FEER B, 42 1) 45 0 BRAT 245 3 ol g 5 0 I (] V2
Pl s 3 B RUF 0B s 6e /1, HAEARISMEHL3N
N REEE IR UE R Gt B A L BRI sh A R (=
ALV 45 ] B 2 T A IR AR 38 mT I 1
7 L8 HE T S Ut R 4 1) SR R R SR ST B LT
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