W2k AW M oR OE T Mk Kk ¥ % R Vol.52 No.4
ZH2 a9 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Apr. 2020

NI B R B TRk B e M S R A 4

b0 L S R - A
(1. W AR Tl R 2E AR2EBE , WG /RIE 1500015 2. EVFEAT R 40 TR A, B9 201109)

i E: ZERABRTEFEFEARTRE VAN SA SRR RBEIHESRE N LEAS 242 AN BEFLEERGRASHE
B AR F B AN LS AFS W PRGN, RN T — A 3T 3R A E o w10 Y 8 8 o [ m (R i a3
WM BN EEELAREEHE A TREAVTEABRHAETHARCE R, v BAUN BN AT RY S F
Giby Mgk, G BRI BT B Sk A W B, AT LI T XA B B G S A B A T O 5 K A R AR 4R
B E B R s, A T FE TR R RS E A — AR ok B R A S A T AT L 2 A R A R S
MW T hEEAREEHE B AR ISt BSE Y LA RS Y AT ELAFNRERATER
FHESEFTUNFFER R FFELRECTAREN A RA RN B F LRIE T I 2 o2 T B 2 by 8 dg s34k 3
L) 28 v (] R i T M SR AR R R 4 ) R e

KB EERE, T EE M A, E o whE s RRA S A, A A

FESHES V448, 1 TERFRAEE: A NEHS: 0367 - 6234(2020)04 - 0015 - 10

Double-order power fixed-time convergence sliding mode control method
for launch vehicle vertical returning
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Abstract: Due to the complex disturbances and uncertainties in return process, the attitude system of vertical
takeoff vertical landing ( VI'VL)-reusable launch vehicle ( RLV) is nonlinear and high dynamic. To solve the
nonlinear attitude tracking control problem with complex disturbances in the return process of VIVL-RLV, a
composite fast attitude tracking control method consisting of double-order power fixed-time convergence sliding mode
surface and fixed-time convergence disturbance observer ( FxXTDO) was proposed. The FxTDO was introduced to
obtain high precision approximation of the bounded matched disturbance and avoid the influence of the observer on
the performance of the control system. In order to achieve fixed-time convergence of attitude tracking controller, the
double-order power fixed-time convergent sliding mode surface was given based on double-power correction terms.
By introducing the disturbance approximation to directly compensate the matched lumped disturbance in double-
order power fixed-time convergence sliding mode control law, the discontinuous control term was removed to reduce
the chattering phenomenon at permissible loss of convergence accuracy. Simulation results of the aerodynamic
deceleration flight phase revealed the effectiveness of the FxTDO and the proposed FxTDO-based fixed-time
convergence sliding mode tracking control method.

Keywords: vertical takeoff vertical landing (VTVL) ; reusable launch vehicle (RLV) ; fixed-time convergence;
double-power correction term; sliding mode control
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Fig. 1 Flight profile of typical VTVL launch vehicle
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