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Design of Blended Lateral Thrust and Aerodynamic Control System
Based on Terminal Sliding Mode

ZHAO Yu-jie, LIAO Zhi-zhong, DUAN Chao-yang, ZHANG Gong-ping
(China Airborne Missile Academy, Luoyang 471009, China)

Abstract. A control strategy is proposed for the air-to-air missile with the blended lateral thrusters and aerodynamic surface
control based on the nonsingular fast terminal sliding mode control (NFTSM) and the dynamic control allocation. A NFTSM
controller is designed using the longitudinal dynamic model of the air-to-air missile to obtain the control moments required
by the overload of the missile. The required control moments are mapped into the respective control commands on the aero-
dynamic deflector and the thrust engine array using the dynamic control allocation to realize the fast and the accurate track-
ing of the overload of the missile. The proposed blended control strategy can fast track the overload command accurately,
proving a basis for the design of air-to-air missile with lateral thrust and aerodynamic control.
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Fig. 1 The structure of the air-to-air missile
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Fig. 2 The blended control strategy
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Fig.4 Curve of the change of actuator deflection
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Fig.5 Curve of the change of reaction-jet
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Fig. 6 Curve of the change of overload

NFTSM

0 01 02 03 04 05 06
tls

07 08 09 1

05 06 07 08 09 1

t/s

B 7 el RE A a2 40 B 2%

Fig.7 Curve of the change of actuator deflection

0 01 02 03 04

1

NFTSM
X 0.5H
0 \ : . \ . \ \ . \
0 01 02 03 04 05 06 07 08 09 1
t/s
1
0.5
X 0F
05k NTSM
—1 L L 1 L 1 L L 1 L
0 01 02 03 04 05 06 07 08 09 1

t/s

B8 EikIRERT E L £k

Fig.8 Curve of the change of reaction-jet

K 3~ & 5 AL EPATHAN B, HRAE
M AREE R 05 B 458, nTLAE 1, NFTSM &
S5 NTSM R Gead #hma B i [ 429 4 0. 1s, {HRT#H



54 S 75

2015 45 A

BT B R R ; NTSM R e e I £ 75 2
HEHENRA WA B RN S, Hithm o
Wi B RE R R R e fa . BT 6~ 18] 8 25 JE R
TR AL | T3 24 R Bl 28 R R ok HH 3l A8 45
il B WS B B A5 5, ATLUA Y NTSM R 4GeHh T
el A48 S TEHEHR, 5 IEAT I AL
B OHRARE, KA S g R E AL
FERY A AE A AR R EL 2 7, D TGk S BT ik 2
FEOfERER . NFTSM 2 4045 il f A1 ok,
W S EhA S EORIS LSS, MR T K
MEE S BN, SR A R SR, X
RS 2R PR AR R . R 9 NPT R &
FEH RS AFEAE d = 1000sin( 100¢) Nm #9138 F1 48,
JEHA NS E B ) R R 58l 50% i 545 B
Mk, FTLUEW, YIAES B MANT L s,
AT 2R GeATY IR BE 0% S X ek 28 0 P RS 1 R
B, WU 2 G R R, HAR
SR ERENE

35
30f
251
[ F 33l 50%
= 201
<
S
8 .l
g 13 WIth R G
107
s M N H%2) 50%
00 01 02 03 04 05 06 07 08 09 1

t/s

B9 TEHMERETH L

Fig. 9 Curve of the change ofoverload

4 it

B zs 23 T o g S A 4R o DR, AR — i gk
AR S PR J 2 S A5 A 3 2 A ] 3 S PR 1 B
ErETIA MG, Al Ay S R 2 ARy k0l T A
TES R 3 R AR B R R G0 B A B i R
BRR WSO B 5 B 2545 i 20 e BORAE 2 T AT
B (37 B 3 A 29 A Al b 25 e SR AT LA 3 25 4
PEXS PR B AR AT o0 L, O ELARRIT, IRGE
o p R, B RT LA S g 2 P R R
ST LA s 25 2 s A A R

B3 3k

[1]  Kevin A Wise, Savid ] B roy. Agile Missile Dynamic and Control
[J]. Journal of Guidance, Control, and Dynamics, 1998, 21
(3).

(2] K Menon, V R Tragavarapu. Adaptive techniques for multiple ac-
tuator blending [ C] //. AIAA-98-4494 1998.

(3] WANG Yu-hang, YAO Yu, BI Yong-tao. Lateral Thrust and
Aerodynamics Blended Control System Design Based on Auto
Disturbance Rejection Controller [ J]. Journal of Astronautics,
2009, 30 (4): 1544-1550.

[4] FengY, Yu X, Man Z. Non-singular Adaptive Terminal Sliding
Mode Control of Rigid Manipulators [ J]. 2002, 38 (12):
2159-2167.

(5]  ZETh, 2ok, FRIER, S Ay PR i 2o B
ik L] RS, 2009, 38 (1): 1-8.

[6] ki, BN, BRAR. HEE S a5 hEa
FEHRmE [J]. EAMORFA2EM, 2011, 41 (2): 590-596.

[7]  Ridgely D B, Drake D, Triplett I. Dynamic control allocation of a
missile with tails and reaction jets [ C] //. AIAA, South Caro-
lina, American, 2007.

[8] Ola Harkegard. Dynamic Control Allocation Using Constrained
Quadratic Programming [ J]. Journal of Guidance, Control,

and Dynamics, 2004, 27 (6). 1028-1034.





