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Abstract: A robust adaptive fault tolerant control scheme is developed for feedback linearized nonlinear systems with
redundant actuators subject to uncertain failures and unknown unmatched input disturbances. First, the relative degree
indexes of the control and disturbance system models from the controlled plant are specified as a key design condition for
robust adaptive control design. Based on the adaptive controller, a bank of adaptive controllers are designed to deal with all
the considered failure cases. Finally, a composite adaptive control law is obtained based on the introduced fusion technique.
The proposed control scheme can effectively handle the multiple uncertainties of failure pattern, failure type, failure value,
failure time and disturbances, so as to ensure closed-loop stability and asymptotic output tracking. Simulation results are

presented to verify the desired system performance of our proposed control scheme.
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FeHE R HEA LT IR
T.(z) = [h(x) - L{ (@) -~ LY

SCHR 20145 H S AFAE G T LSS

'y (@)]".

T.(z) = [Ti(x) - To(prtpy)(@)]"
PR3 TR R
[ST nT]T = T(il:) = [TC(:B)T TZ(w)T]Tv

£ e RAtrttra R (pr+p2t-+pq)

RS H A ESIAT AR AR R S

&(t) = f(z) + g(x)o(H)u(t)+
{ g(x)(1 —o(t))v(t),
y = h(z),
etk
51,1 = 51,27
51,2 = &3,

€L =bi(&m) + Gi(@)(I - o)o+
Gi(x)ou + Ay (x,t),

gi,pl = fi,r1+1a (43)

2)(I - o)vt

i = @
Gi(x dz(w t),

n)
o

@—i—
B/‘\

_l’_

+ G, (x)(I —o)v+
u+ Ay, t)

MEYETRG

= B(Em) + B (Em)a +

T, (6. mv+T,(€,md(t), (@4

Hor:

2,6 = =T g0

oT,
z,6m) = 0 g @)1 - o)

Hofx.

RNERIE IR R Gk e fl R Gk y, (t)iiﬁilﬂﬁﬁ%%%
G T Yrs () FEH Yy s (OB iyt = 1,2, -+ gD H
T H o Bodesd), ACK AT U\Tﬁxuw#lﬁfﬂiﬁ%

wit:

R 2 A E M H R T =
BUR, AR RGP A /AN EAL R 4 Bl fEa(t),
d)MEMNER T, ZIE T RG: 0 =&, n)+
@, (&, n)u+ P, (& n)d + P, (&, m)v(€, M, X1.i, Xois
01 i) ) N NIRESFRE.

SEA BB, BB R AL RS TT
1) H & B B M S o (¢) 5 258417 e 58
AR R G, X A FEIR. T EHE
(% N RS TR E SRR (BOSE SRAR2) HAN & i b 1 400
THSERBIEHIH MG, () fEU WATHRE, B IEMN%
il #s (31 A HSE &N (34)-(36 eI ik R 50(1)
TE R A2 BN B PAT 88 5 (2) FIARFI TG LT
PR 22 Gtk s RN H R
5 iEMR

AFTE I I H kN T AT I kAT
H R G, 7 45 R W% T B A U X
Bl R RAT 2R AN 8 PO T2 M ]

51 mifEol T AT ashds

SCHR B3] R T A T KAT AR BN A BIALIE 5T
R, KAT B A B LR e sl AR ] LR R A B
. F.cos o+ F,sin «
V - + dl;
m
=g+ —F,sin o + F, cos « +dy,
) m (45)
0 =q,
.M
q= Ty + ds,

Horr: VRARATEEEE, o NBUR, NI, ¢ i
AR, mARE, LR, MOyIRm 5, di,
do Mlds Nt s (s =,
F, = qSC. (e, q,0c1,0e2) + Ty cosvy, +
T5 cos s
F, = qSC, (o, q,0c1,0e2) + T1siny, +

— mgsin 6,
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T5 sin Y2 + Mg Ccos 97
M = QCSCm(OG q, 6617 662)7
(46)

1
He: g = §pVﬁ\jijJ?§}£77, P AT RERE, SHLRE
WL, NN SZ, TRy N 188, C., C,RC 5
AN
Cx - Cxla + Cx2a2 + Cx3 + Cx4(k16el + k26e2)7
Cz == C'ZIO[ + C’Z2O[2 + Cz3+
Coa(k10e1 + kobe2) + Cusq,
Cm — leOé + C’m2052 + Cm3+
Crna(k16e1 + k2bea) + Crnsg.
47)
i) B AR, 0B A E T T PR PAT 2 i
B (1) RAT P R GE(45), Vit B N A M ]
BCENF RGiRaE, HRAGH Ty () = [V o 0)THR
ER B 4R 4
ym(t) =
[60 + sin(0.05¢) 0.1cos(0.05t) 0.1sin(0.5¢)]".

RAEB B 1T IR By = v =1, ps =02 = 1,
P3 =3 =2,p1+p2+ p3 = 4. KRG R A2
HIRGEMAEAEFZNET RS LRiiEdiag{1, 0,
0,0}, diag{0, 0,0, 1}, diag{0, 0, 0, 0} 34 755 & ik & h
(SR, WO 12 3 Ml b 15 1 B BV P R
52 fhiRE%MF

ATERSEICHR [35], FIEHON

d;(t) = 0.3sin(0.1¢) + 0.1 N/kg,

dy(t) = 0.15sin(0.2t) N/(kg - m - s7 1),

ds(t) = 0.03sin(0.1¢) + 0.01 N - m/(kg - m?).
PrERAES, FHELLUN RGN 1) 2t < 100 s, RS
T I wi (1) = v5(¢), i = 1,2,3,4;ii) 24100 s
<t<150 s, PUAT &ug KAERFEHIE: u,(¢)=0.05 rad,
ui(t) = (), i = 2,3,4;iii) 41508 < t < 250 s,
1T u I IEH: u; (1) = vi(t), i =1,2,3,4;iv) 2t
>250 s, AT Erwg KA RIEHE: 1y (8)=500 N, u,(t)
=u(t),i=1,2,3.

iR T H AR f e, B E N e = an
= a3 = agy = 0.5, ALK ITSECH

IR
xo = [0.004 0.02 0.004 0.004]";
TR L R 2
a1 = Waz = was = |1 sin(0.1¢) sin(0.2¢)]";

PIaTINSHL:

M H 374
041(0) = 045(0) = 0435(0) = [0 0 0]
P A T 5 R B
w1 (t) = wy(t) = [1 sint]" € R?;
WIsE =S4
[X11(0) x12(0) x15(0) x14(0)] =[1 1 1 1],
[x21(0) x22(0) x23(0)] = [0 0 0],
[x31(0) x32(0) x33(0)] =1[0 0 0],
011)(0) = 01(2)(0) = 01(5(0) = [0 0],
011)(0) = 0a2)(0) = B4 (0) = [0 0]";
H & N
I'y = Iy = I'y3 = 1013,

Y1 = Y12 = M13 = Y14 = 2,

Vo1 = Y22 = Vo3 = 2.9,

Va1 = Va2 = Va3 = 2.5,

I, =1y =100
53 iAR4ZR
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