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Finite time smooth second-order sliding-mode controller design for
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Abstract: A nonlinear robust control strategy is proposed for the attitude tracking of reusable launch vehicle (RLV)
in the presence of model uncertainty and external disturbances. Firstly, according to the multiple time scale features,
the dynamics of attitude motion are divided into attitude angle subsystem and attitude angle rate subsystem. Then the
smooth second-order sliding-mode controller and disturbance observer are designed to ensure the finite time stability of
each subsystem. The model uncertainty and external disturbances are estimated accurately by using disturbance observer
which compensates for the controller effectively. Moreover, finite time stability of the whole closed-loop system is proved
based on the Lyapunov theory. Finally, simulations are carried out to validate the effectiveness and robustness of the
proposed control strategy.
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Fig. 1 The framework of the attitude control system for reentry RLV
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angular rate subsystem controller design)
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Fig. 5 The tracking of reentry trajectory and path constraints

AT #E—DRAEA SR N ORISR SEEEE hlas. Ji R g R E . E6y W S T i)
SERERI PR SRS TE, SENSMCRIBIEM RS RESHERZ X LA, dE6mT 4,
[l LRI 46 25 AF R EATXT LEAT . X, A48 ARSCER i B F i SR A L AR SRR SMC Sk BAT 3
FISMCHEME K FHZE T THUMM AR LG IR ARSI b T R R .

25 T T T 5 T T T _20 T T T
1 0 = = _40 T _
20 . :
e | > >
= = st 1 T -eof 1
3 | Y o
15F =
= 10+ . 80 -
10 1 1 1 _15 1 1 1 —100 1 1 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
t/s t/s t/s
80 T T T 20 T T T 10 T T T
60“ -1 Ly |
o i o 10*— i = :
2 40F { @ il o
C : C @ [ A O ~
< 20H; 4 T 0 7 =
ISH { > 5 ~
AN | & =8 i
(T -10} -
*20 1 1 1 1 1 1 _10 1 1 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
t/s t/s t/s
— flFHEL AR SR A& 4 SMC SR i

Bl 6 P SR 4 o L

Fig. 6 The comparison of two control strategies



4

IS BTN BB AT R A AR A PRI R NS 455

T B B4 Al W, A SR RLV A
BT S A DR o ER A B AR B MR )
AR, B LABSCAR IR B SEIRRT A5 S48 2 TR R ER.
5 %5 (Conclusions)

ASCEFRTRLV BN S35 5 ] L, 2% 8 P A5
I AN E AP SRR, R T I 25%
T — PR BRI SRS, AMUCE SR T
BERY P SRE AN E R PR R v Il R L B35 iR
), IEAERR S E MRS HIE B T PR RGN A BRI
[FASE. X X-3375 B B AR BT 07 5K
I, 45t T ek B BN SR I SRR AE AN 5 S Ah
RSN EREFHMRTE LT, BB LI FEA L&A
TR PR E BR R, FFE R | 5155 SMCK
WEBEAT 7 BN b, E— P RIE T B s i S e
BA RIFHshA o i R e RE.

S Z 3k (References):

[1] MENON P P, POSTLETHWAITE I, BENNANI S, et al. Robustness
analysis of a reusable launch vehicle flight control law [J]. Journal of
Control Engineering Practice, 2009, 17(7): 751 —765.

[2] HUANG Y, SUN C, QIAN C, et al. Polytopic LPV modeling and
gain-scheduled switching control for a flexible air-breathing hyper-
sonic vehicle [J]. Journal of Systems Engineering and Electronics,

2013, 24(1): 118 —127.

[3] BEVACQUA T, BEST E, HUIZENGA A, et al. Improved trajectory
linearization flight controller for reusable launch vehicles [C] //Pro-
ceedings of 42nd AIAA Aerospace Science Meeting. Reno: AIAA,
2004: ATAA-0875.

[4] TIEFE, PMYEYT, B A8, &5 I T Backstepping () B 75 i TKAT ARAK
BB ERNAE (7], FEHIES 5 R, 2008, 25(5): 805 - 810.
(GAO Daoxiang, SUN Zengqi, LUO Xiong, et al. Fuzzy adaptive
control for hypersonic vehicle via backstepping method [J]. Control
Theory & Applications, 2008, 25(5): 805 — 810.)

[5] HU X X, WU L G, HU C H, et al. Adaptive sliding mode tracking
control for a flexible air-breathing hypersonic vehicle [J]. Journal of
the Franklin Institute, 2012, 349(2): 559 — 577.

[6] SHTESSEL Y, HALL C, JACKSON M. Reusable launch vehicle con-
trol in multiple-time-scale sliding modes [J]. Journal of Guidance,
Control, and Dynamics, 2000, 23(6): 1013 — 1020.

[71 HALL C E, SHTESSEL Y B. Sliding mode disturbance observer-
based control for a reusable launch vehicle [J]. Journal of Guidance,
Control, and Dynamics, 2000, 29(6): 1315 — 1328.

[8] HUANG G, JIANG C, WANG Y. Research of terminal sliding mode
control based on fast fuzzy disturbance observer for UASV re-
entry [J]. Journal of Astronautics, 2007, 28(2): 292 —297.

[91 XU H, MIRMIRANI M D, IOANNOU P A. Adaptive sliding mode
control design for a hypersonic flight vehicle [J]. Journal of Guid-
ance, Control, and Dynamics, 2004, 27(5): 829 — 838.

[10] ZHANGRM, WANG L, ZHOU Y J. On-line RNN compensated sec-
ond order nonsingular terminal sliding mode control for hypersonic
vehicle [J]. International Journal of Intelligent Computing and Cy-
bernetics, 2012, 5(2): 186 — 205.

[11] TIAN B, FAN W, ZONG Q, et al. Nonlinear robust control for
reusable launch vehicles in reentry phase based on time-varying high
order sliding mode [J]. Journal of the Franklin Institute, 2013, 350(7):
1787 — 1807.

[12] YU X, MAN Z. Fast terminal sliding mode control design for nonlin-
ear dynamical systems [J]. IEEE Transactions on Circuits and Sys-
tems I: Fundamental Theory and Applications, 2002, 49(2): 261 —
264.

[13] M5, FET terminal A R VAT S A B B ENAEH [D].
A R NUEIIR R, 2007.

(HUANG Guoyong. Robust adaptive control of aerospace vehicles
re-entry based on terminal sliding mode control [D]. Nanjing: Nan-
jing University of Aeronautics and Astronautics, 2007.)

[14] B4, SRBE, IAOE, & ZET Terminal W AR (K B I P WAT 3068
P (7). S, 2013, 28(2): 259 - 263.

(HAN Zhao, ZONG Qun, TIAN Bailing, et al. Hypersonic vehicle
attitude control using terminal sliding mode control [J]. Control and
Decision, 2013, 28(2): 259 —263.)

[15] TIAN B, ZONG Q, WANG J, et al. Quasi-continuous high-order slid-
ing mode controller design for reusable launch vehicles in reentry
phase [J]. Aerospace Science and Technology, 2013, 28(1): 198 —
207.

[16] SHTESSEL Y B, SHKOLNIKOV I A, LEVANT A. Smooth second-
order sliding modes: missile guidance application [J]. Automatica,
2007, 43(8): 1470 — 1476.

[17] DESAI P N, CONWAY B A. Six-degree-of-freedom trajectory opti-
mization using a two-timescale collocation architecture [J]. Journal
of Guidance, Control, and Dynamics, 2008, 31(5): 1308 — 1315.

[18] RECASENS JJ, CHU Q P, MULDER J A. Robust model predictive
control of a feedback linearized system for a lifting-body re-entry ve-
hicle [C] //AIAA Guidance, Navigation, and Control Conference and
Exhibit. San Francisco: ATAA, 2005: ATIAA-6147.

[19] BOLLINO K P. High fidelity real time trajectory optimization for
reusable launch vehicles [D]. Monterey: Naval Postgraduate School,
2006.

[20] TIAN B L, ZONG Q. Optimal guidance for reentry vehicle based on
indirect legendre pseudospectral method [J]. Acta Astronautica, 2011,
68(7/8): 1176 — 1184.

Ve A

#OH (1987-), B, WLRFSUAE, WG ATEPUE . 5 S
KIBF5T, E-mail: donggiouc@ 126.com;

F OB (1961-), B, #uR, WA SN, NE AT RIL . H]S
UK SRR GBS EHIEIA, E-mail: zongqun@tju.edu.cn;

E I (1984-), L, YHW, ik, N RAT AR SRR,
E-mail: fangwang @tju.edu.cn;

HEE  (1982-), 5, YHW, {4, W RATHRBL . #5555
FAF5T, E-mail: Tianbailing121@126.com.



