hEREF: YHEF hFE RXF
SCIENTIA SINICA Physica, Mechanica & Astronomica

it X ERMRKAE ITHEARIMAE+RFERKRMRNDFEER

2021 F F51% 5 10 #8: 104704 CPIERRE ) 2okl

SCIENCE CHINA PRESS

physcn.scichina.com
CrossMark

& click for updates

F MRS IREN 2N 12 E shifke) 5 =755
ERZ NI

AR, REA, T, KR,

JERHURAAE AT AW TTPT, Jbat 100076
*t & A, E-mail: xushijichit@126.com

WekE 1 99: 2021-05-10; 43252 H #1: 2021-08-30; 2% i fii H #: 2021-09-16

WE HAEFURABRERGRIGLSNG BB REFEEZNEA ST —HRE2 T &K EFR
BHE %, ST A& TREARTTERLH LR, RRESREHREATHE T T Zug, 15 MFHEIEF S
BHATHRA, R —MHH A EN-FEREMERE. AN EFR N ER R ARSREBEZ K, FIAHE
BHEAREANEEHE. &a, RET KR 6T ESERNEREE R, 68 E a8 AL

FH BN, FRERKH, RANBELEHERNSTARBRSAL A RO TRE W, RSN
BTG, REMEERRRGE T ARmES, #—FPRETESRE

Kial  FMMKE, R A6 R E, EHIR- B E MR A

PACS: 45.05.+x, 45.82.+r, 46.40.-f

1 #hA

BEEMIR BRI RE, HaTRIENTR SR A
KRB BB, BESRARBE B SRtk 45 M WIS & e
RN RSP AP RS BT R,
Gy R AR R B HAE UG S, T3 41, SeMERTRAS &2
GBI EVE RN IS T 2L, IXHRE X
R 2 G R R WA 45 25K B 3 1l ) S (R 5

AR R AR 2 238 0 MR A% 1 = sh R 3h 42 il A1
LRTHITEITR T REVT. RV 50 RE)
FETH, 5 1 SRS U5 E DL R A7
MR Z BN ZRIE. 0 & IR B

AR A% I UK 5 0% 70 o3 71 AT BB 4L
o, S50 F1 51 I R GUIR B R 2H TLARIH, 1k 2R3
PRI E . %07 Liuss AP Se T 19884E #2 1,
BE Je R 1207 N T B T 58 U B ISR R G A
Hilrh, 315 T BT IRE R B ROR. SR LA 1A 5
EMPEARSS AT R, H 18 BT R AE S h R M
PFEVIREN I BUEEAT 1A AR, B RIS RS
SHEHMRELL, B 8 NI T 5 405 i
XS EAR B E R RTT SGERER]. s 2 A
X4 I3 65 ROT IR B T $ R, ARG /7
B RTER A ARSI R ORI &, (HAZ2 B34
PEGIRFE RO RE,  XE DL LR N T BIRTR &% M ks L3S

SIS W, A, Tk, A% FAENUR SO SRR 1 a0 HR A 5 B AT EBT A, T ER: MIEEE 15 R0, 2021, 510 104704
Dong C, Xu S J, Wang H, et al. Flexible spacecraft attitude maneuver via adaptive sliding mode control and mixed component synthesis vibration
suppression (in Chinese). Sci Sin-Phys Mech Astron, 2021, 51: 104704, doi: 10.1360/SSPMA-2021-0116

©2021 (FEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSPMA-2021-0116
http://www.scichina.com
http://physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2021-0116&amp;domain=pdf&amp;date_stamp=2021-09-08

S, hERRE B Y R0 2021 0 H 51 5 10 Y

P

BEXT AR PR o0 DU | RS B2 28 254 1l )
ok, AEmEEll P A g R
Pl AR e st % 5T SR S T IR RS B T
)z R S SRR R A I — AR
B R BRI HI T, AR RN AR LS
SR 7 N AT TR E SRR . Magantifl
Singh!" " ALK AT B0 A B L — I FHOE 1R
A g, I f/ ) R GUAH AL HE AT B Y AR A0 £ 425 )
% HiE ARG S HRaE . ChenfliHuang™ k% 52 3E 4L 4
TR e DR B AR IR 51 B S 0 7 552 ) 24 2 K R 1 )
RE TR & BRS8N 7 AR S & 8 A A7 1.
Zhu NP UVE S 2 Sl e 48 A 1 R T R
[ B, 4 HE DAAS [RS8 1) 285 20 ool S B Bl Al vk R i
ST, BRI AR G5 15 ) de A2 LS LA
BHA&W RS, (VIR 2 ] BR A e ik
(7 IR 50 S AR B AR SR AR AR B A ) e e R4 e I FELAL R
BORBIRE, TS ARah 61572 0N S 4L 78
kIR

G5 E TR, T AT ILR A SRR R, B
I T i R S B ) A, A SC T #E AR IR

(1) S5 RGSHA T E MEA AN TP 5] EE M
B 3 0 R IR [ R, AR R — e SO B 1 N AR AR 2
M4z (Adaptive Sliding Mode Variable Structure Con-
troller, ASMVSC) 3% FEAK 1 4 th )0 2 BAEafi 1t
RIS, e 1 X M B .

(2) AL R RS, TR RS2 16
(Mixd Component Synthesis Vibration Suppression,
MCSVS)J7ik. iz 4Rahz ) 5ng 5 HAb DA S0 1
KAFLE T, 728 BE I ATRHR 4l B R BE 08 [R] I 58 i
GEASTE AN PRI AR IR B 1 0 1

A2 T RMEHURBF B SR 283
WA T MCSVSTIEM EBR BN d8, 5475 e
T S ASMVSC K LG E PEIER]. 555718 15
FLEL BG4 A 1 SR A Rk, e 4

ELER.

2 RGEHHFER

FAEUR &S — BT LR EOIR R 48, KBHAEML
W RAEREEE N T ZM TN, SRR 2

ALFE O MR FNEFEAE O RIER BRI, 3k
A B A 00 0 R 2% T DA A0 B o o BT BT s ) 4k O
HA.

B, R FHER R RORIE. WE RLR AR
PR A e AR R AR TR T RDIRAS,  WRIE S 2k 7R 2 M Bt
P& AT G WPIRAS. TEIRPE AR ROXYZ A X A5 Y
AT R ERIR, AR — B, BRFERMERA LF —FE
otdm, RFEIRMBEALSR R 52 R AT
R MITdm I RAZ, wRRsFNE A R ERoTdm i
TR, R AR 7 V50 TR #8317 80
12, 5NV TCECR IR IR A 3. RMERLR 333
Dy R ()P

T

-q
X (’0’
(9015+q)
Jo+d'i+o'Jo+dn)=T+uy,
di>+11+Ciy+ Kn = 8 u,,

1

9o
2

q

(1

A, RGBS NE AR X b M (A Bl 45
B o NRGLESMIRE, SHFRIEMIHRENS &
GUESIBHIRE G RE, B AL bR AL CRIK Sy
BN ARG ERE S RIEERE, 6,0 M i B BE AR} i i A
NS RVE IR BIAE SHERE; T d2 ] J14E.

3 BRESHEmEDhRENEHISGE
3.1 REnNhEeamRE

ANge— et PLaRQ)FRA LB —iRsh 24t
bSKdl

¥+ 20w % +wx = F(t). ()
B AN R TR G 2 0 B E #E

B RREMENTRES AR E A
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Figure 9 (Color online) The simulation results with MCSVS and AMSVSC. (a) Quaternion; (b) the results of sliding surface; (c) output control

torques; (d) angular velocity.
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Flexible spacecraft attitude maneuver via adaptive sliding mode
control and mixed component synthesis vibration suppression

DONG Chao, XU ShiJie’, WANG Hao, ZHANG MingXing & XUE Pu

Beijing Institute of Space Long March Vehicle, Beijing 100076, China

A mixed component synthesis vibration suppression method (MCSVYS) is proposed to solve the problem of residual
vibration of flexible attachments, which is difficult to control effectively. Theorems and inferences are provided, and their
proofs are performed. Aiming at the problem that the attitude controllers cannot suppress the vibration of flexible
attachments in spacecraft attitude maneuver, a strategy combining the MCSV'S method with an attitude control method is
proposed. Considering the existence of moment of inertia variation and external disturbance of spacecraft, an adaptive
sliding mode variable structure controller is proposed. By introducing a sliding mode boundary layer and the update rate
of the torque parameter, the disadvantages of torque chattering and parameter dependence are eliminated. Finally, the
joint application of the MCSVS method and the adaptive variable structure controller is realized with the assistance of
piezoelectric intelligent materials. Simulation results show that the control strategy without the MCSVS method cannot
suppress the vibration of flexible attachments. After combining the MCSVS method with the attitude control method, the
residual vibration is well controlled, and the attitude accuracy is improved.

flexible spacecraft, mixed component synthesis vibration suppression (MCSVS) method, active vibration
suppression-adaptive sliding mode control

PACS: 45.05.+x, 45.82.+r, 46.40.-f
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