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Quantitative Reconfigurability Evaluation for Control Systems in View of

Time Properties

TU Yuan-Yuan! WANG Da-Yi? LI Wen-Bo!

Abstract Due to the effect on actual reconfigurability of control systems caused by delays of fault diagnosis and controller
reconfiguration, it is necessary to analyze system reconfigurability in the time domain. Given this, a quantitative analysis
on time properties of reconfigurability is carried out for control systems with fast time-varying actuator bias fault in
this paper. First of all, the observer-based fault diagnotor and reconfigurable controller are presented as an example to
build the reconfigured system model. Then, the key instants for the whole fault-tolerant process are analyzed to describe
the system post-fault properties and a quadratic index is designed to describe the performance degradation related to
the nominal system. Next, the analytical expression of the quadratic index is deduced in terms of Lyapunov stability
theory, based on which time management is optimized for the reconfiguration scheme. After that, the reconfigurability
of the control system is quantitatively evaluated by giving the reconfigurability criteria and introducing the degree of
reconfigurability. Finally, a numerical simulation is carried out to show the validity of the proposed analysis method.
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AT L, DA J NS HRYE, N RGEAEARE
Ty & W n] EE AR MR A W] A AT A R A,
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JTHE A
4.1 HEHEEIER
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EX 2. (BT TE) BGRGERHAV WL
FD PAKER RN CR AT BRAL R, A2 08 LI
BTN

M {FD,CR} (31)

Wik—2, BTE ta B 2IEEBGS Wi g R, 18 ¢, i

Z R B R I, D SOZAS R T 5N

EIR 5. (LKD) 7 5 AT AY TR 4R
X T BE A2 R R K AR 20t DA KO E Y AR
55 58 WU B) ts, WOBE R GE (2) FEA BT &
S{((4c), ta), ((4b), t.)} AUMEAI R I, 24 HALY:

JS,S = Js (Satdvtr) < n
Umin < Hu (t)

< oo

R, Jos = Jo(S, ta, tr) ARGAETT R S AEHTHY
PERE T IEAREE.

IR 6. (Jy ikl EAMERIR) XTI A
KANZ] £ VARERIAL S5 S U TE] €, BB R
4t (2) FeAes ik M{(4c), (4b)} HFERT Rl E A,
M HALY:

JS,M = Js(Matrlat:) S ;3
Umin S ||'U, (t)Hoo S Umax

Hr, Jom = Jo(M, 5, 17) Fom RGEVARAI I E] L
R (t,tr) RATE M BHPERE T AR

IR 7. (RGP EM TR X T WEE i
WO A A 2 £y PASZRILRE BOAE 55 SE U TR] s, K
BEARGE (2) WIEM, S HAE:

JS,S* = Js (S*vt:§7t:) S Uk
Umin < H'U'* (t)
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(35)
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100 %, i BH 2 48 1) B A 1 fE B AT Y R i R
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4.3 FIEMMITHNIRIE

ET SRy ar EA PN O ik, DA ST E A
PR B, 25 H 5 28 0 T E A PR PR O R A 2
IR, BRI AR 6475 S8 n] A DA K R L
A ATEA LR PR S Z .

5 HEEIE
g (2) AR RS, AR A

WERASI T
S| 010 ]732[0.1]
0 —0.1 0.5

0.4 0.3
, Lo =
2 0.2

C = { 01 } F=
A (3) fRpi ES AT

0 05 | |
Af:!—z ol’cf:[o]"pozlo]
K (5) A BB B RGN
| 02 o
~05 —0.1

( T4

ER R AR
HBEA DUAF 2 K0 X(1), LSE 1,
3 (18) KAFHEREFRFR J,

AT RGN ] 5 % (15, 1,)
(1207

=
@ R (36) KAl EHIE p
™
\ 4
. A RYAEVIT R FALER,
p =0, RETLIL) E T AR E RN

'}

gl <

B2 4l R ol A PEPP O AR
Fig.2 Flowchart of the quantitative reconfigurability

evaluation for control systems
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