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Abstract: To satisfy the attitude rapid maneuver control requirements of various imaging modes, in this paper, the
flexible satellite with the pyramid configuration control moment gyroscope (CMG) is considered, then the three-segment
sine attitude trajectory planning method of angular acceleration and tracking algorithm with rolling optimization idea are
proposed. In the design of attitude trajectory planning method, combining the spectrum analysis and nonlinear optimization
method, the attitude trajectory which considers the performances of attitude rapid maneuver and vibration suppression is
designed. To track the planed attitude trajectory accurately, taken the weighted optimization function, singularities of CMG
and actuator’s capacity as the constraints, the tracking control law based on nonlinear model predictive control (NMPC) is
presented for frame angular velocity of CMG groups. In the present of inertia deviation and space disturbances, a variety
of attitude maneuver simulations are given. The results illustrate that, the proposed control method is effective and has the
strong robustness.
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Fig. 1 Control scheme of attitude rapid maneuver for flexible agile satellite
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3 T ) AR 7 TR 9% A A8 B 2 ST (Control
modeling for attitude prediction)
3.1 ZXEF I AEL M # B (Nonlinear modeling
of attitude maneuver)
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32 &FIEHE CMG # R AR (Modeling of
pyramid configuration CMG groups)
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Fig. 2 Diagram of pyramid configuration CMG groups
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path plan for attitude rapid maneuver)
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Fig. 3 Planned curves of attitude angular acceleration, angular
velocity and attitude angle
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flexible vibration suppression)
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KA PR TR BT R 2 iR
WU A S AFAE S B0 & i 22 1 00 T 7 B0 45 258, DA
AP U3 B AR ST H 2 1) 7 Y A A S A P .

DAL R et b T g, R 1 0 == 1 4 B
TEFERE N

103.9 0.5 —0.2
I=1 05 106.38 0.3
—0.2 0.3 146.82
BB HCN =1 5660 km (19K BH [F) 25 [ 5hE, 2% 8]+
PIIHEHCH
Mg, =1075(3 cos(0.0011¢) + 1),
Mgy =1077(1.5sin(0.0011¢) + 3 cos(0.0011¢)),
Mg, =107>(3sin(0.0011¢) + 1).

FRME T CMG B T zha R E
95 Nms, HE 22 F T8 5 1 20 336 Bl ¥ 4 X ]
[—2 rad/s, 2 rad/s]. B EHEFEHICMGHEF 1%
) 7190 49 # N [—10 Nm, 10 Nm], H 3 & 2 50 R
[—0.15 Nm, 0.15 Nm]. HEPEMFH— R i3
N 0.32 Hz, fHLJE LR 0.032, [ 2 & 50 B R 50k
[0.00041, 3.833, 0]. Tl 4 i 2 H & 2 H3028, 1
FBKEE 0.1 s. HERESBURI S/ A
(1 3h 25 B8 7, MLah i 72 b M B 2 SR W N
[—3(°)/s, 3(°)/s], M. 5)y ik T2 o 19 1 00 3 B 240 3Ry
[—0.8(°)/s2,0.8(°)/s2].

kg - m?,
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6.1 TPERNMEDHPREN S5 H K7 (Si-
mulation and analysis for attitude rapid maneu-
ver of satellite’s roll axis)

LA BT 45 LS PN LBIAE S5 b, 18
(¥] CMG #E#F #IELI A D > 0.45. AREFHErE
PERIRBIINZR, e BRI A 3 T R 2k AR L N
U(2T) < 0.1 Hz. 856 T B A GFPE i 24K,
M A S e A A R T SRAG 4~ 24

Ty =T5 =5.8905 s, To = 9.1095 s;
Vmax = 3(°)/8, amax = 0.8(°)/s%.

BRI, BRI ) B 0235 F NS BE A3 52 B2 A 32

AanE4foR. DRSSPIV ERER H 5, fE30t

5 - A R BU CMIGHEHE Z8 A T3 P TR B R A2 |

VERTT B HIRCR WL &I 5-6.

ML 4 Ao BRI TT DA H, SRVE B TR
1£20.8905 s 58 IR 81 il 28 A5 45° K PROE N 5l H.
WUSHIR R A N3 (°)/ s, RS 4TI 1291095 s.
TR AR I 2 R A91% 09.0.0849 Hz, 18 B He i —
B, G 7 B e B MR RO PRE).

K 4 TRANENLTS IR L « Fs L R o B AR 2
Fig. 4 Planned curves of attitude angular acceleration, angular
velocity and attitude angle for roll axis

MBE5-61 5 H 2R AT LUE Y, #EBETHIIHEZR A
TR ENER BRI E T, X R 2 2 R
EfiR 2 RN AR /1010, IR ZE M /N T

0.03(°)/s. TEfEIH]20.8905 sif, FREFRZE /N T
0.05°, BREFIRZE A /NT0.002(°)/s. TEEENHLE)
R A, Ptk A R B R AR D T4 x 1077 m. BE
b, CMGHFHESE A o A JE e 7 o 240 R 48 2406 A2
WA 2R ER.

K5 CMGHIHESRMALE L Mk ar etk A e i 2
Fig. 5 Curves of CMG frame angle, angular velocity and sin-
gularity
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35 4%

K6 BRERIRZE LB HREI AL AR 2k

Fig. 6 Curves of tracking error and vibration displacement

6.2 T EIRBNARN G i) 2 PR L Bh 05 K K
4% ¥r(Simulation and analysis for attitude rapid
maneuver of satellite’s roll and pitch axes)

AT AR B 4 A PRI 5400 | 04 AR
LB 15 . 2% B8 1) & HE A T CMGHE ) 77 57
HLARAD > 0.25. AR ) = BURIES
PR SE P RAS N 24

a) RENHIZ %

Ty =13 =5.8905s, Tp = 7.4428 s
Vmax = 3(°)/8, amax = 0.8(°)/s2.
b) HMEALRIZEL:
Ty =15 =5.4270s, T5 = 0,
Vmax = 2.7639(°)/s, amax = 0.8(°)/s2.

) B0 B D0 48 25 R TN 2 L T A i

BI7HR.

M7 R 4 RT DA H, PRk B TN
1£19.2238 s A T8 IR BN 4 45 40° « IR 150 FR R
NS, BRSNS KA N3(%)/ s, FadS
TEAT I 18] 974428 s WA EIHL B ) S50 KA T3 152
2.7639(°)/s, FaASHFATHI M0 s.

K7 RSO LSS A NIELE « 58 K A o B AR il 2
Fig. 7 Planned curves of attitude angular acceleration, angular
velocity and attitude angle for roll axis and pitch axis

PR 28 25 0 R ER I H A, R BT 27 18
TTLCMGHHR B ILAHAHESE A8 BEAF TR 42 1l 2
SRR ILFE(8-9.

Kl 8 CMGHIHESE AL E L M 2 N7 itk B A i 2
Fig. 8 Curves of CMG frame angle, angular velocity and sin-
gularity
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B9 BRERIRZE MBRIE RSN AL AR L 2

Fig. 9 Curves of tracking error and vibration displacement

M EI8-9H 7 FLHI 2 AT LA Hh, AEBCTHHAEZR Ay
PR AN ERER I HIERAE N, TRsh B AR A Mk
LEPIERIERERRZE MNP /NT0.1°, B

PR ZE A /NT0.1(°)/s. £E4) BT 17]19.2238 s

I, BRI 15 28 A /N F70.05°, BRER 5 25 F /N T

0.002 (°)/s. fEREAHLBIERE T, HEtEIAF RO IR B

/N2 x 10~ m.

6.3 FEEEHFHBMEMER L THH A
J 43 Hr(Simulation and analysis in the case of
satellite’s inertia deviation)

AT UL B 8 B A7 AE10% AN 08 1 F 1 L T,
LAV B il 22 A5 DRI AL B 40° 500 4 48 25 R AL Bl
15° 9 BIREAT I . 58 1 & T B R CMGHE 1 7

FPELIROAD > 0.25. iHER ILE10-11.

Kl 10 CMGRHESE AL E L A s J o e AR A Hh 2k
Fig. 10 Curves of CMG frame angle, angular velocity and sin-
gularity

B 11 ERERRZE SR RSN AL A AR A i 2
Fig. 11 Curves of tracking error and vibration displacement

LLVE H, R SRS AL H A P T,
T FHE 2 3 P52 VR 50 BRI 42 1) A AT e DI 7 i 8
BB SS, BAENLSNE R A, RSl S AR A0 o) £
R385 B PR ER IR 22 A1 /0 170,10, BRIER R 22 ff1 185 /)
To 1(°)/s. TEPTEETE 20 sBf, FREFIRZA/NT0.05°,

PREZRZE A BE /N T0.002(°)/s. TEEEANHLBN SRR,
PEMPFRIRBIEE N T2 x 1070 m.
6.4 5 B $E ) 5 v 1 X G B 58 (Comparative
research with sliding mode control)

DAVR Bl il 28 A5 PR ML 5 40° | AFHAI il 228 25 DU AL
BN15° 7 R N, 7ERR) T %25 K A FEE AL ) it
LAGILT, FEA SR H 125 T NMPCHY PR R 1] 77 72
SR i AL AT O O B, FEEP R R
fE. iE AR I 12-14.
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P 12 i I WL A AR R4S SRR E
Fig. 12 Tracking results of planned attitude angle for two
methods

P 13 A 20 R A T P PR R S SRR EE
Fig. 13 Tracking results of planned attitude angular velocity
for two methods

K 14 PR BRI IR BIRAE 45 RS L

Fig. 14 Results of vibration displacement for two methods

X LRI 9T 25 SR B, 7E 47 FL (] 19.2238 sitf, Ji&
TNMPCH M) =L M ERER R 22/ T70.05°, T
FE TR ) O R A = AR S IR B R ££0.05°
F 75 A7 LN ) 26 s. LR ERER S AR, 25
ER IR KA MR 7257 7 90.45°F11.32°. MR B
TR ZE SRR FE X L i 26t AT B HY, 25T NMPC 7 iExd
R A T ) R A PR, T s i 7
AAERHR IS, 6 BH R 5 h 28 75 1 A5 1 P I R 30,
PRIERRR 2 AR,

AR, FEASCEE TR, il RS
FEHIE R B SHBN TE G, Btk AR SR (A
XV AR ) 7 VAR S, HARBN B 2%, W15k

TSR S AR AR 1.
7 45 (Conclusions)

AN PG FEER B CMGHEEAPATHL 15
PEBE TR, 3 H T — MRk &P Rk SR sh itk
PRER AR B PR RS PUENLSh IS 7%, DLEhE
AT 55 75 SR RIS, 7278 B He v AR HR s 40 1 r
P BURES TAE R VF S R Ml S A R T, 2
TIEZA M 2R T T i = B S SHLsh s
RIT7%, I T e LA R LR AR AT X3RS 5
MHI NI ZH 728 et RPAT YL BE JTLIRT,
9 SEIRRT RN R PO ERER, Wit T CMGHFHESE
A7 B FINMPCER ERFE i, 145 Hil i DATE 26 0R
BNEATT TSI S8 5l £ P 11 B I e AR
LERTHINE 22 N 2l e sl s By R T e a7 R
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OLUL K AP ) T ik R HE AT AR B, A S
JTE AT AL R LAIAE 55 75 R T ALK A LA 5L
ZNAIE, RENE SR L R B R ERER PR, R3S 2
BT PUEAE VER DL B 1 R RE.
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