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Multi-model soft-switching cost-guaranteed non-fragile control
for near-space vehicle

WANG Yu-fei, JIANG Chang-sheng, WU Qing-xian
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)
Abstract: For the near-space vehicle with variable sweep wings, we present a multi-model soft-switching cost-
guaranteed non-fragile controller with perturbation gain to tackle the strong nonlinearity and interaction characteristics.
According to the observable premise variables, the working space of the controller is divided into multiple subspaces.
In each subspace, we design a local robust cost-guaranteed non-fragile fuzzy controller based on the required performance
index. Because the descriptor system method is employed in the design, the computation complexity and cost are greatly re-
duced. The global controller of the system is obtained by fuzzy-weighting the local controllers to realize the soft-switching.
Results of simulation experiments to a near-space vehicle validate the robust and the non-fragile performance of the pro-

posed method.
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Fig. 1 NSV aerodynamic model
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i) i) o R, xS (12) B I 43 i A
diag{(P~")T, I} Ml 45 Fediag{ P, I}, i X = P,
V =eX, o =7}, Hhe s, i Schur kM i
g e, B £3Re8)oar, Hhw,, = K Vi, H
SRS, MR8 AT, IR R G fee Hoi
SEMEREFRAR R, kB LR T = 2l (V7)o

Al WL (27)—(28) 73 1 (11— (12) () Ge M A
R, mRQD)—Q8) ARG HIM K, =
WVl Wity = 33 hohos Koy FIBE B 5500

T7=114i=1
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ISR 5 1 A D T SR Al sy (s + D) AMEREASE K,
UURSDR RO U5 T, R 2 SRR K, e

AT IR . R A SO RS A
TR A2 NHEBEASE S, KK T 7 R ASE
LEH, AR T KA AR
4 i E%AE(Simulation results)
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Fig. 2 Schematic diagram of region division

DUARARS P 4l 43 (1) DX 33, RENS VIS R Gtk AT 45
BIEEASE. FLrNS VAR (a2 (R A A 20 Ay

1) AEXIE, 5 E Ha35 km, #JE V2.0 km/s,
o~ 0°F13 ~ 0°, TR 73551 -

W1 47 [p q r]T4 H[—0.5 —0.5 —0.5]" radss,
M= (A1 +AAp )z + (Bt +ABui Jus + P dy;

2 Fp g r]T4H[-0.5 —0.5 0.5]T radss,
Wi = (Ap2+AAp2)x+ Bz + ABpo)us +Ppiads;

B3 #p g r]"4h[—0.5 0.5 —0.5]T rad/s,
Wi = (Apns+AAps)x+ (Bps+ABns)us+Prsds;

MW 4 Fp q r]T4H[-0.5 0.5 0.5]T rad/s,
Mz =(Apa+AAns)x+ (Bea+ABp g )ug+Priads;

WS #lp q r]T44[0.5 —0.5 —0.5]T radss,
Wi = (Aps+AAps)z+(Bus+ABgs)us +Ppisds;

W6 #p q r]T44[0.5 — 0.5 0.5]T radss,
Wi = (Ape+AApg)x+(Bis+ ABpg)us +Prisds;

W7 #Fp q r]T44[0.5 0.5 — 0.5]T rad/s,
Mz =(Apr+AAn7)x+ (Bar+ABpur)ug+Pri7dy;

I 8 FHp g r]"44[0.5 0.5 0.5]T radss,
Wi = (Ans+AAps)x+ (Bpus+ABps)us+Prsds.

2) X2 FXIL3 T, H ~ 35km, V 435k
2.1km/sHF12.2km/s, o =~ 0°FI13 ~ 0°, R R I 1) 2
HCRABL T DA (P, BEAR AN TR A,

AL, 15 (1] R TR AR IR O -

1) #EXIkIH, H ~ 35km, V ~ 2.0km/s, 24
RIRII 53 5010 Ay

M1 o B p) 2N [-10° —5° —10°]",
T=(As1+AAq1)x+(Ba1+ABg ) us+Pg11ds;

B 2 Fla 8 u)TLH[-10° —5° 10°]T, W
&= (Aq2+AAg2)xr+ (Bsia+ABgia)us+Per2ds;
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B 3 o 8 pu]4K[-10° 5° —10°]T, W
&= (Aqzs+AAqs)r+ (Bas+ABas)us+Pasds;
W 4 Fla B p]*Zh[—10° 5° 10°]T, N
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W5 o B pT44[10° —5° —10°]T, W
&= (Asq5+AAss5) 2+ (Bsis + A Bas)us + Par5ds;
MW 6 Fla B p|TZM[10° —5° 10°]T, N
&= (As16+AAs16) 2+ (Bsis+A Bag) us + Perods;

75°. [FIN 2% IR B S HAFAE30% AN E, Hp,q, 7
W IE 73 [2.0 x 10° cos(3t), 5.0 x 10° cos(2t), 4.0 x
10° cos(2t)]T N - mf¥ 54k,

Pl s, Qs = I5, Ry = 0.001 x I, AA; =
0.34;, AB; = 0.5B;, pr = 5 x 1075; 12 8] %,
Qs = I3, Ry = I3, AA; = 0.3A,, AB; = 0.5B,.
8 e PR 1] 2 45 1 9 2 B0 B K, A7 A6 TR v B
gl

B 7 o B opTLN[L0° 50 — 10°]T, M 104 0 0 sint 0 O 102 0 0
&= (Agqr+AAgqr)x+(Bar+ABar)us+Pards; 0 10% 0 0 sint 0 010 0 |;
W8 o 8 pTZK[10° 5 10°T, W) 0 0 10% 0 O sint 0 0 10°
i = (Ass+AAus) v+ (Baas+ABuys s+ Pyrsds. 18 ] B 4 ) 8 2 HOH B K A7 A0 a0 R I3 5.

2) fEXI2FIXE 3, H ~ 35km, V 7354 050 0| [cost O O 010 0
2.1 km/sH12.2 ks, RS I 1) 328 B R AL X 481 0050 0 cost 0 0010
[P, 5. 0 005 0 0 cost 0 00.1

NSV HJ RS NA = 60°, H = 35km, V =
2.0km/s; BEM Mo =3°, B=—1°, u=2°,#h
T =210kN; AR Ap =q=1r=2(°)/s. KNSV
1Et = 28I ITEAAS I, t = 12 s 52 AR T, EI A =

B B R Az ) o 2 BOE RE I AR =X, BT
T R, g% PRI ] 750 R T IR A 1 R gtk
B B SN T = 67.3202, PRIHIER T TR IR A 1
RatEne LA A IS = 36.7987.

5 T 2 T 5 T
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_5 1 _2 1 _5 1
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t/s t/s t/s
2 T 1 T
o %
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& »
< =
= I
Q,
e <
BN -
-5 L -5 I -2 1
10 20 0 10 20 10 20
t/s t/s t/s

Kl 3 NSVEA
Fig. 3 Responses of NSV attitude control
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I AR e R 59 45 0 7 v, ML AT L FE v,
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FIE T8I O 5 B 50510, W T A ST e v i il 7
SR
5 %58 (Conclusion)

A SCEF R AL G B ANSVIETE T 2 B K
DI O 1 e R AE 59 45 10 7 22, ARk T i 4 AR
¥ R G TAEZS MR R A 2 A F X, IR %
Je 4 S e EASER 1 DX IR I 13 A AT D) 3,
RGN 2% A% Jay s s o o e BRI A5 21,
M SZEL T 00 e, [RI I 2% R8T 2445 i 28 A7 A0 1%
Bl R G0 0 A 1 55 4 1, 8 SR A 42 1) 2% 1) i i e
KH T LRGN Tk, 13 8k D T SR g v
SRR M. e LR S B AANSVREAT T
PE, O FLAE R T %y A Rk
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