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Abstract: Two kinds of solar-sail attitude control mechanism were described in this paper, one was the
centroid offet class, the other was the sail plane rotating class. Advantages and disadvantages of these two
kinds of attitude control mechanism were analyzed. An attitude control roll stabilizer barsis was designed
which was suitable for a kind of square solar sail which had extension boom and square sail surface. The
boom’s length of roll stabilizer bars is the key parameter, it was optimized under some constraints such
as: configuration design, material strength, structural strength, quality optimization and control accuracy, it
was calculated and verified through geometry relations and nonlinear static finite element simulation. The
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simulation result was 1.2 m. The rotate speed limit was obtained by power and speed relation formula

according to the result of the boom’s length, which was 20.83 (°)/s. In this paper, an optimization design

idea of roll stabilizer bars boom’s length was given. The calculation and simulation results provide the

key design parameters and design conditions for the solar-sail spacecraft attitude control system design,

and the optimization results have reference value for practical engineering applications.

Key words: solar-sail;
nonlinear static analysis

0 5]

i3

R T RZETH, DSEEY . M
JiE T RE Y BAR AR S — OB R g —— K B
WU R A8 2 8] T R WAz w2, K BAIAL R
0 T AR DR R R A BH 66 AR R gk 3h 4, i
1 B A A AL O 58 B — 284 25 T8 5L Y
25 [A) R INAT: 45 B4

H TR BESE I RAE R /N, N T 3RS R HE ST,
R BAIRLAL R gt — A B A B R T AR A WL i, HE e AR
ALK T35 KA AT O 3R 14 25 44 R st A5 K B AL
KA EA T A T — i R &5 1 [ A BRI 4 . 52
KA G SR B K K PO T4 0 R %, A i
A5 A BRI R 25 1) 2 A5 4 Tl WLRG R AR ) 4% 4 1 i
SR AR B R R A e LR A L
P B X T R BRI R 258 -+ 43 G e

IR PHMFLAT R 25 28 25 4 i I e HR VR FH D 8 T 1)
Gy RPIRIE B RAS S WL 32, O A8 26
LG W PATHLRY A AT AT LAY 5 I 1 5 2 2
F1 35 - TR e B4 € ML (Roll Stabilizer Bars, DL i #&
RSB) A AT LI 78 S 5 AR A H 2 A
AT HILRG T, O 7 AR A PR R 7 A i s o D 4
B, BB SE A BH WAL 25 4 PR AL 3, (1 HL 4544 T it
B, T3 ) 5 A R S AR AR B 25 5 [ LAG & AR 9 55
HE I 22805 A WLPRAT HLAL ) A DY A £ WL AT LA S
PR FHMA A = 225451, JF HLRBAS I 247 B PR ¢
1 i AR IR R 2OR, (AR RSBt Eh &2
ANy T K 5 5 78 B S8 A6 B 5 Fg 000 AN 7
BALATIZ AT, KRREAR T R BH WAL K 25 1
SERY ST A B 5 R SR A | (E AR NV R i
X WAL A R AR A AR R

5L = R B WAL K i A s AR A L

attitude control mechanism; roll stabilizer bars;

finite element;

AT HLIG 5 RSB, A LU A 4% 38 7 55 L1 A
RO R AN b= < I R8N E1 BN DN S &= R i o
R TAE X T J IF i AR I A FR IR 2R, BT L
P TR K0 ] AR B B A 4 1) 2R G 1) Ml Sk L K R
L6 T R PR 2%, W B AT LA 8 2 el AR
R BHRLA R #8145 DT 7 A5 R BH AL R #4512
AP IR, 1A A BE WA 2 1 DR A £ D
AT AR s RSB 3 3 o A8 A A LT A 3 26 ) T 42 1
A B AT R 1) T 2 £ 191

SCHVAE X ol e R S T 5 WAL T 1 A B L
WL R A AT AR OR B S5 A SR B | I AR
b A RS B SF T RT , 48 RSB G S 8- -
FERT R B AR BURIE , 45 1 RSB AH G 12
B, AR PO K28 S H o Rt 5 TR
SRR AL T BRI
1 A =R
1.1 LMt

RSB T —Fh J5 JE K BH WAL R #5 0 ft K 4% &
BEEERIALEE LA AR AR 4 AR A R RN 4 5 S I
ELAA = AIE WU, 1 B AT AL U A R R ¥ Bl RSB
URE TR R s, WP 1 s, RSB R T 5 WL

45° ffy A IE B2, PR 2 0% ;2P R S 7t
bR OPLT R A B0 5 e D O
Yaw J"“"?'h_- N Qlider

» e ¥

S g ~" Pitch axis
w—_— \
7 B = Satellite and

Y — N payload
X "~ nsn

A NELN

Fig.1 Solar-sail spacecraft
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Tab.1 Parameters of RSB boom

Cross-sectional

. .m-3
Material E/GPa p shape plkg-m o/ MPa
Ring, Outer
Carbon diameter 300mm,
fiber 20 93 wail thickness %8 =800
0.1mm

(2) FHE A B K 25 S P i 2 [ 24 ¢ | RSB
BEFFK FEBUA E 1.2~1.5m 2 ]

(3) WL 285t RSB i FFHEF6 4 315 , % 7B
R 3 AR R ok WL BRI TR, O HL 2% % R B
KF 3, bk S BN R2 R

= 2 XA E S
Tab.2 Parameters of sail surface

Cross-sectional

Material E/GP kg-m- /MP.
aterial E/GPa shape plkg-m a/MPa
Poly- thickness 1.5um,

=
imide 210 034 Length 160m 1420 69
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Tab.3 Parameters of solar-sail extension boom

Cross-
sectional
shape

Mate-

. E/GPa
rial »

p/lkg-m= Length/m F./N

Ring, Outer
diameter
300mm, 848 113 42
Thickness
0.1mm
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Fig.5 Geometry relations
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Fig.6 Finite element model
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& 4 RSB SHIRITER
Tab.4 Results of RSB parameters

Rotation  Speed limit Moment of
Length/m range/(°)  /(°)-s? Mass/kg inertia/kg - m?
1.2 +30 20.83 0.096 0.00576
3 & i®
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