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Abstract: In view of the control requirements of fast maneuvering and stabilizing of the liquid-filled flexible
spacecraft, in order to reduce the inducement of attitude maneuver to the vibration of flexible appendages and liquid
sloshing, an attitude maneuver path planning method based on a sinusoidal acceleration is designed. To improve the
attitude control performance further, a joint optimization algorithm of attitude controller parameters and maneuvering
path parameters based on the cloud multi-objective particle swarm optimization (CMOPSO) algorithm is proposed. A
multi-objective optimization model is built to minimize the time for the three-axis attitude of the spacecraft to reach the
specified pointing accuracy and the stability of the three-axis attitude, and the optimal Pareto solutions of the attitude
controller parameters and maneuvering path parameters are obtained by use of the CMOPSO algorithm. The simulation
results show the rapidity and stability of the large angle attitude maneuver of the liquid-filled flexible spacecraft with the
optimized controller and maneuver path parameters are significantly improved, as well as the liquid sloshing and
flexible appendage vibration have been effectively reduced.

Key words: liquid-filled flexible spacecraft; attitude maneuver; large angle; path planning; cloud multi-objective

particle swarm optimization (CMOPSO)

Y8 HH#E:2019-04-22; &8 HH#8:2019-09-30

ESWH:HEAAFEES R A (61973167,61773211) 5 VLI A4 TS WF & 1HR 5 815 H (BE2017161) 5 VL5 i &8 A0 A Rl i TR
P H (AD20540)

EE BN R BL(1997—) , & Wit B 5507 0 MK 2 A8 S5k .

BEMEE T B(1964—) , L A4, B2 1A G0, J2BEAF 58 5 0] S e PE T R 28 4 A a ol e A 3 1A AR R 48 AR mE AL A4 i 4



AR (R e 30)

12 AEROSPACE SHANGHAI(CHINESE &. ENGLISH) 5537 % 2020 4E 11
0 8= 25O L3 1 250 LA S 3 R0

Bt 5 2 ] AR 18 % e 5 00 K oK 1 AN BT 1
IACHL KA i RATIE 55 R B Z AL B, 2Rk
KA B H A K TR B A 5 i, SCRE A 58 U 24T
U XA R A S R H B B AR
NI E R R L NS IR RN Gy S SN S SR R N S
BEASH BE 6% W L BE i ERE BEOR T HL & Ur Pk 4y (52
FHAE SR BRBE B RIS L 38 TR A4 ®AT. Ah, R
FEAG & 58 A, BACAT R 4 T 12 >R FH 8 o B4, 4
K BH B WAL A R T8 22 1 R 2 45 3 M K e 1 B
R R R, R TR R B A R A R R R Sk
MRS R ELE T M Z—.

IRACIIL R AT 55 KT AT IR 47 28 285 4 ] 7 2 5K ok il
1o G Sk b LTI AR A K B R 40 R R
W ) H R B R AN HA R B R AL B R
HEE M RE ), NESR A R SRS g E 5
SERESS BRI, O A WF5T & B, 7 W e M e K 4 R 485
A R VR AR R R R B JB 8 e A, R A A T
RGEA W -F WO 1 S AR vk 3l 1 S ek %
AL Ty 175 I W AR 5 B0y R v B 41 2l 3k X 55
AL K i 28 A5 K A BE PR B Bl e SRR 4 T 4
TE Rk, CAR LI, A28 AR
AR N R Z — , 2 8] T E N Ah
HRYIZ R o SCHR L7 THE S0 25 $hAT =5 [ AT 55 i
K H Bang-Coast-Bang(BCB) I & 42 JE 1 7 s #L 30 ,
HIZ A% B AR AT A7 7E DR A 0 B 5% 78 B 5 | B e v B 4
PR By B, SCERLS-9 143 A #& 1 S ok B Y £y 3
JEE AL B it A% R0 — B il Ay 2 7Y o sk 52 1 AL B i
W T AP e M B AR HR B i B . SR
[10142 7 —F == Be = 0F 9% 7 A ok B 04 #1L 3 2%
1 LB B AR R P i — R T B ALY
PO LSRG . SCRRL 1142 T —Fl L B
S IE 7% B A I B 2R 0 B AR [ B A RO 2
H bk 7 B AL s X HL 3l B 2 S EGHE T TR, AT
DA 22 UM BE 6 A , 52 B8 1 AT K A PR AL 5l P
AR AE o SR, BUAT SCHR R 22 0 5% 00 2 I A i 48
AT K i 14 % A5 AL Bl 47 1 0] L, F % 78 VB M ALK
AW A B SRR TR D

A SCER R FE W BE T AL R e A P AL Bl P
T B4R SR BT T — R R T O 5% B ek
D = WA e - R DS = S e e A SR 7y A
FHRECAR TS R 5 00 Ak 58 W B PR AL K 4 1 455 o

3R B Xt AL O i 25 25 AL 2l 4 ] A R B v T B
FUL TR e 2 S WL Sl ) PR FIBIL 50 56 B RS BE o

1 RRGEHEMRES ) FEBIES
BH AR EM

1.1 TR EMERIFD T FER
TEIR G R, — 20 A Bk X FH B AR 2
RN SR I D NE A DA N DA K ol - X o ]
% 20y R RV AA IR et 5% Bl Oy R RT 43 A A R
Io+w Io+ Ci+ G =T+t (1)
it 2tAy+ A+ Clo=0 (2)
j+A,q+ Cio+ Coa=0 (3)
X Te RPN RS E ;0 e R° MK
A AL B R AR AL bR R A HE ;0 € R7
TR o MBS FRHRE ; C, € R* N EMEIR s 5 B K
BRBHMMERBHEM; G, eR".C,eR" 7,
C, € R"" R RD G RIKLERZHMIMAE R
M e ROV R IR T, € RN IREL
TN CEe R HEEKRIR B I
AC R B VE R IR S B IR B A, € R
R AR e BRSO I F M sy € RYT R HEPEIR
RN ERE;ge R WK RAIBEE K&
a € RVHMIRE LS MK &,

1.2 RENHBENL

HT T 70 B 1 L K A AT WIS 8 T e il A
ARE R FEBEA T R LS e h W W 2
SO 9 R 2052 Sl FBE Ak WL A SR 2R B, B AR T
SRS HL B B PR AR E T o R DRAIE TR AR S
PR B Bl B[] Bk s 2 23 35 BIL 3y %) B 1 B ik B A
WS BN HOR , 75 % S L8l AR EAT A . 2
N, 48R 12 1 & BCB B B A2, R T B 42— 8
FEBE b AT DL AP sl i vk RE L 1H iy T 5k AR Ik 5
R, HLBh 58 B A 100 45 JEE R AR RE JEE ik DL J i
i i T WBE AT R % 22 2L Sl P Bk RE , AR ST
SR JH 2R T 15X B0 sk B 09 £ B ER AR XL R #%
RSP AR PR LA o X B LAYR Sl Rk O B
Ui B LA SR B TR e 00 o 58 2 il 2 e OE
5% R RO B, % R AT = AR, BIAS A 4 it
2 RN B AR LR BEIA



%5 37 % 2020 4E55 1 1) AOBL A TIRBR ALK S L SIS R 2 H AR AL 13

a
’m Ir{> amaxn/T
2
2o
= - 0
I ~—
&% \/
R 7 o R S A .
= A
‘v Amax | - -
T
=Pt 0
_
BZS dpax [ LT EE =
S »

Vmax —— —

FIE %
oM/ ((")s™

\e

fhe E
o0/ (%)
b

JFRN I S
2 o 2, & 7 4 |2 g
tnﬁﬁ&t e AR | woEB | REB
t/s

1 ETEZREMEENERABEANTEE

Fig.1 The seven-segment path planning diagram based on the sinusoidal acceleration
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Fig.2 The structure of the attitude control system for a liquid-filled flexible spacecraft
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algorithm based on the CMOPSO
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Tab. 1

The optimized Pareto solutions of joint attitude control parameters based on the CMOPSO
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Tab. 2 Performance indexes of the Pareto solutions
obtained by the parameter optimization
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Fig.4 Simulation results of the joint optimization of

parameters for the liquid-filled flexible spacecraft
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Fig.5 Simulation results of the attitude step responses of

the liquid-filled flexible spacecraft
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