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Abstract: A variable-structure adaptive control system for air-to-air missiles with thrust vectoring control is
designed. Thrust vectoring actuators are used for the missiles to get supermaneuver flight ability. The de-
signed control law includes two control parts, i.e. the continuous control part and the discontinuous control
part, which are implemented by aerodynamics and reaction jet actuators respectively. Moreover, with consid-
eration that while the missiles are supermaneuvering, the system dynamic parameters are poorly known and
rapidly changing, an adaptive estimation algorithm for the system parameter variations is proposed to simplify
the control system design. Numerical simulation results are given to illustrate its effectiveness.

Key words: air-to-air missile; thrust vectoring; variable-structure control; adaptive control

WAk b 55 4 AURSFLI B, %2 2 5
SRR S PERENLZNPE SR T 5 g 2ok o % T
e g, SR L HE ) 5% s T LA A0 KR T ) % B L ) AT R
AT AR O, A 00 3RAT AP HLBN PEREE LA 57 (o, uo) BT LUK i R Ay
P o BT PRI AR T, H33h 4R B= A(Ax+ B(Au+ d(A + f(Axo,uw)

SUARAL IF Ho AR R, R 902 HUR (AR E (1)

BRI ZRPTBETHH B SRR N TRESH R AFR WIT0M; A TRl S0 . 24 A<A

AAAT ARSI R T I, e R RO AT A AR, ATk
RGBT AL MR OAE ) R A I o . 0 TR ), AT R A

P2 il i) U EL AT I R, TR A 4 A< A T

R T ARGk U e s thl e ms, B T AERL S AE x=[( X #l,u=[D Uil.#=(- A

WA A TATLRGER B0 11) ) (¥ 2R et SBR; 4k, A A

AR G PR AR GURt T R SN Sl A 2t A2
P BA IR SR G e o AR T Pl
P HE D R 2 2 3 K AR A S A
AWIRE

x=[( X],u= [Ur]

A (X A # 2350 2 o T BRARAT A3 AR A0 Sy 32
JE R RAT PO A D ORI U 29 5l R oR S 8l e TH
A P e A T, 3 BLRBE Wt U 1)
AR T LSS K KT )5 d(A) RARR A S
R AN E R RARZR PEAFYE S £ (A X0, w0) Ko
RS AR B PAR S5 1 EE A 224 F0 o
BRI SR A s AR BB R

JHetps A W BB, T B b/ 2000764/ 0352/ K = Amxn 4 Bt (2)




H4W AR D O R R A A ) I A 353

&= Ane- [An- A(A]X- Buum+
B(Au+ d(A + f (3)
A e= X- Xmo

ZHHFE A(A, B(A T RN
A= Ac+ $A B= Bo+ $B
A Ao Fl Bo KoRFRFRAERE; SA RSB &4 3)
GSEN L E VAN E PN R
R= Se= 0 (4)
U S SR A SHUERE, SLEIURRE I S R 5

) A&
2

AT ZRGOIR AL BN W LA, $2H T IR
A IR P R
u= uvss + Kix+ Koum + K3 (5)
X H:Ki= B (An- Av); K= B Bm;
Ks=- B"'d; B'= (B'B) 'B’,
T ARG R 7 v b iR B ) B, BT
W AR 2R

uwss = ut+ " (6)
u' = Kie
- Qw I BIS'RI # 0
™= Il BiS'R|
0 IBeS'RII = 0

Ki=- (SBo) 'SAx
Q<cllell + @ (c,0> 0)
X 28 o 5 o RESHR D5 2t
1 Ko
KB (5 RARX(4) , TR
&= [An+ BKi]e+ Bu' + ($Ax+ $Bu+ f)
B= SBu' + S$h
e S h F o8 R G A b RS BOR i 1 Ak 2k
Y o
B 1% $h i R VCACA PFALAT I, IXFEAT
$h= Bo$h’
I $h'll < Q<cillel + & (c,0> 0)
I F ¥ BhAsAs nlik 4k, vl 15
R'E= R'(SBo)u™ + R'S$h <
(R'SBo) [u™" + $h']
H13(6), AIf3

€
£3

RE<0

A G R AT I IS S R 7Y

AL, FR G2 FAR MR €, L THTBR H R 2 ] 0 v
MIZE o A co Wt MELLASE, RISt —Fl B &
IS S ORARAE S5 o BT co, DARSCREARTI LML, 2
PR A

lg/ss= uL+ lgm'
uL= Kre
BiS'R
o _ HB%TRH IBIS'RI #0
0 I BiS'RI = 0
(7)

K Ki= - (SBo) 'SAm, d<8 el + 8.
GiEm s & A 8 R e

Sty = o) + aofll BIS'R(t) [l dt (8)
G = S+ a [ IBISRO) I Il elat

(9
A a0, ar EFEIE M IR, AIE N S50 9)
A BN R3S P IE 2
W e Fl o 73 AR 7R NS o Fl co 1
TR ZE o= 8‘0- co, C1= 91- cl
K H R LT Lyapunov AL

_ L T LNZ Lmz
V= 2RR+ 2a0(‘0+ 2a101

(ao> 0,a1> 0)
V= RB+ 106+ 1a0 <
ao al
(R'SBo)[u™ + $h'] <
IBIS'RI (G llell + Co) +

FIFL (9) 138 (10), 1175 V<0,
FESEBRRY FH H, kg 78 B g kil 5k i )
i, 51N B SR B IE

4

TR F TR AR A D 0% R e A
Tt i) A 2h2 B o P L AL B xo=
[10 0 0], w=[0 0]" | KA xo= [ 50

0 501" AL, 7R SLid AR b etk R Ok
T,
15 T AIB) I, R RS SR G
I$All <30% A Il, II$BI <30% I B Il ;

. R 0.5 1 0 . s
WEISHOEN: S= [O 9 0 ‘:|, e s Huk:

402020541 0.'8]'B210/05, & (0) 20, ¢ (0) =



354 s % W %21 %

0. [2]  Utkin V I. Sliding modes and their application in variable
lgl 1 %Dlg] 2 ﬁ’%ugﬁ\ﬂj T{Hﬂfﬂﬁﬂ ( %Dj\fﬂﬁ AE/‘J structure systems[ M]. Moscow: MIR, 1978.
. N N N . [3] SongY D, Chung M. Variable structure control with sim-
A 2o tH 7L A5 R ATLUR Y, 45500 RGEATELE .
ple adaptation laws for upper bounds on the norm of un-
27 ML &b
) PR VR e certainties[ J1. IEEE Trans on Automatic Control, 1992,
60 37(6): 860~864.
50 (4] Bkl AR PG HeR M. b 5 BR R R
— 40 k£, 1990.
= 30
(=8
20 - N .
10 2,31 %, W, B, £ EO
. . . . . WU E Y PR me sl S e S
o 3 6 o 9 12 15 il 5 B 2 1 IR) 45 4 2 155 . Email:
s wangqin g@ public. thnet. cn. net
K1 Aifmsm (R
40
30 s N )
_ 5,29 %, WAR, EEFRILY
5 20 et L BB B R B HLE
10
(3] 3 6 9 12 15
s

K2 s AZfuith ek

5,63 %, B, WML, Ky
AT RAT AT A AR T AR,
LERFSE GUBN B ReSE L PR R LA
Bzl Rl e BoR .

[1] Innocenti M, Thukral A. Robustness of a variable struc-
ture control system for maneuverable flight vehicles[J]. J
Guidance, 1997, 20(2): 377~383.

”7  (ICRMS'2001)

H T 22 2 R EGER DGR 2 o T B L s o A o P AL TR s B R T
2o IS Goit 2 A A T ) 5 T IR AT SR 48 M S (ICRMS20001 ) #2001 4 9 H
15 KIE 2847, IUAE FHIR 1ESC

- ESCYE L AR AT RE PR R T A G SRR RN R BT 4 (R G I ) T RENE
2 o N e BB N T S IS R i o AT I e o v o R o | AN DY 8210 = 1 I (=4 = 2 R IE0
YeABbE e A VEAR Btk BRSSO 5, nSe v dE B e e e RVER B MEd ARTT S LA Bh A #; AR T
SEVE; WS WA TR PE eGSR A Rl A PEIE; e 8 B T RO IE, K R 2 R 400 nl 4
PE YIS MR 22 A P ST, B ER S50 T, RO ST, H R AR MR T R B A, AT A
PE S PR 24 PEA S B R

RS R T

VAR E PR A S R

° 2000 4E 5 H AT HRATHE S SO H BL K 500 7 A AT (R B 4R R neb SC )

» 2000 4 8 H JECH A H ik B IOE 1, FHnk 450U H v 4n 2 5k

(4360 1T)



