BB A, 5 29% £ 8

Applied Mathematics and Mechanics
2008 4 8 A 15 H i

Vol.29,No.8, Aug. 15,2008

LEH S :1000-0887(2008)08-0918-09 © NABFERN¥%HE S, ISSN 1000-0887
ETHFRESHER SGCMG YU ESH
K% Hn

(LB RE FABFR AR, LA 100081)
(R LARRH)

RE: ETHREMBIEL, NP RBFESE S RE A K BHEREH )RR (SCCMG) B
BYEHRT TR, GEOTARESMEITE, SN TEMNRIAERLTROVE, E
AT T &R ENRBAET R BE N ERENER. EIHEAAERBA TSR
TEMBYREER TBERTHIBITARSE.

* 8 1. BELESNERE; FRAEME; BIE FR
HESKS: V424 STEERIRAD: A

51 7

BHESRYE ) 1 4EREER (SGOMG) A ThEE/N A5 MR 8L AT SRt i  E R BE D3R F
HRIC 2812 FE AR RS S AR BATHLA , IN2EE Y Spont-5 BTFRBEAY MIRIV %,
EAER, SOCMG B F BA REE SN ERYF/N TR, 1k E K Pléiades, - HH K
BilSat %123,

SGCMG {5 Bl AR FE i B K BRI M AR B A7 53 (0 0, Mt 45 B MR At D JE 3 B T 2R
HEH 1. SGOMG MAF R AU G HIUMHEAE X, L 5RARMNRITE X, BRCERE TS
MARRRCIERWR, MW PTHE TR £ FENRE BETENY IREME
U] 2 R A SRR R AR,

&3t SCOMG AR A R, BRTE28E T 2RR0E, mthd Ry el HEEan
PSSR I LB R R et R AR Ry
EECES: 3 X i 03 Kot

PR R RN —RE LT HRLE, BEAEA R RTRHINE. FEHHL
SGCMG MR\ , B TLBLA, RS H A ut — S T B RE R RS E B 5
wEGEUSIHRE %A AL 3T RGBT S LB, X 45 BRI BT, SGCCMG B4
BEEEETREER. B, A LENIE XX RN T B, UESI RSB0
AR BB R & B R E R IE R EEREE S, A4 it e B8 5E i) SCCMG B,

< AR 2008-01-10; {EITHME: 2008-07-14
BEeTE: EFRXAK/REESVBII H (10502006) ; LT FEAA ERFBITRITA
(20071D1600300398)
EE®N: KEBWO94—), &, LT A, 81, BIE B (Tel: + 86-10-68914018; E-mail ; zhangjingrui @ bit.
edu.cn).

918



[i3 =8 Bi 919

ASMEB T & REMFEIL, MM RSFESEH REH R SCCMC HBRARHETT 1¥
ME T ANBBI. XFESST T R A RN E X E R 2k i D ARIR Z B
P, LB T AR RARER R T R, T REME @ BREREL, THE T S MBRARHR
HARMER. FRAMEEGERBILE T SMRARNOMEEE. s R RS E SR
ARV AR RAEESENE.

1 SGCMG 4RI 3} 5 [r]fR

% R BAE R AR AT

Cc(8)é =_%T0, (1)

H, €(8) € R —RERFEBAZNRMNIT mAXRKERE, 15 SIS MEBK A7
75 T BB T, n SREREABEONEL; 6 FI6 Rn x | FERIFEIBAE SR f AR SR Al 5 RG ; b R B
IRMAE, XBEREECBNANREIME,; T, € R’ RERFEBE L WESR IKE, B
SN, HESEH RS .
1.1 C(8) HFRESR
¥ (o) TR FEN R, H

C(8) = VAU" = D opul, (2)
HbB, VE RSP AERUER",A=[S§ 01,§€ R*,0€ R § = diag(o,),
i =1,2,3;0, BC(8) W5 i M RE, HREHZEFHS Mo, > 0,2 052 0; VHIU A
REERE, v, Mu, ANERV U KE 5.

2 B Eath SR

AVEYTHRENMRELRSTEHRAENFII LR ENMNERS. EEFES
HERENER., XTREFHATROER FEE - LARINE XL, X BH B BT AT
F A E X

I' = det(C(8)C(8)Y) = o?6%03, reijo »*n7l. (3)
2.1 mifhizig &
% AN T Bk )R
IRIERTSE:

minJ = ';—j: 16 11%de = %j:sTPsdt; (4)
AR &M
hC(8)6 + T, = 0. (5)
] 5 4 H Hamilton EREUCH
H - %sw + AT(KC(8)6 + T.), (6)

H, A R Lagrange & T, P BN FRIEE HIMAUERE.
RIBERLEHEL, HIPREFEZ

i :-—%Ia'i = P6 + hC(5)Tl = 0, (7)



920 BT REDEH SCOMG B4 R

m g
8 = - hP'C(8)"A.
5

. _oH
6=al=

HR(8)RA LB
T. = K2C(8)P-'C(8)"A,
T AT AR
z=igasw4asﬂwrv
BROI0VRARS), 4 P = Q BT E R,
8 =-0C(8)1C(8)0C(8)")'T..
MBS @ = I, W (1)BA B Dy 2
§ = 1C(8)C(H)C(8))'T..

2.2 "X EBhisiRame
X RN B4kl
YHE E

: L%/ s 1
ming = 2TV 13+ | 13 = 5

RC(8)6 + T, = 0,

0

ZAVERRALTERR, BT LR B T R AR (B (] .
A5 1 Lagrange BRECH

L- %(STPS + T'WT,),
B EBOR AR VBN, A

% = P65 + h2C(8)"WC(8)6 + hC(8)™WT, = 0,
]l L)

§ = %[P/hz + C(8)TWC(8)1-'C(8)™WT.,.
P R R

[(P/h?* + C(8)TWC(8)]"'C(8)"W =
PlCc(8)T[C(&)PIC(8)T + WI/h?] !,
4P = Q,W'/h? = D, 15
§ = - 10C(8)"[C(5)QC(8)" + D]'T..
EREIR S B R R, SR R IRUE R N

w) € € €

1 A A
3 wy € €
Q = ,D=cE,E=|4 1 A,
€E € w3 €
A, A L

(8"P6 + TIWT
He, P.WREMHKEERIGER, T, RNEIRE, T, = hC(8)6 + T..

(8)

(9)

de, (13)

AT X B IR

(14)

(15)

(16)

(17)



ik = i 921

A R/NF L BRRR RS A, = Apsin(wt + 8,),0 = 1,2,3;¢ REB/MITEEE ¢ = eqexp(- o),
Ao w B eop R EHIRITSEL.
RO, EHE Q = 1,,D = o, RGN SHT R

§ =-C(&CB)C(8)" + el,]'T.,. (18)
7ERX(17)%, %% Q = 1,,D = ¢E, BBE L arkihfRhme
6 =-C(8)C(6)C(8)" + E]'T.. (19)

3 ERAE R ALE DT

3.1 (hFRAERNTRIE
BYE(2)THE R
- 1 ) 1,[8! 1< 1
& =- L UA'VI[VS'VI]'T, = - ;U[ 0 ] VT, = - ZZ: ;iu,-v,TTc,
BT, 5y PO, LHET, = pv, BRI MER BT
SR
0, L# ],
l 5 =L, (20)
XU & Hu FAT. R o) » 0, FEIBMAERABEE RREE u; 7R R EIR IR j = 367,
oy = 0,8 6> BHEAEEN. BR(20) TR, MEj = 3,84 65 = 0, RUBPRE
.
BRI R, ARFA NS R AERS RSB ARRYE R EHAE T.EH
T V3,EM§ g3 = 0, %ﬁ

§=- %i iuiv?Tc. (21)
o] oA BCERE R B A A B AR, TE B R BUE I, B AT RES U EE R
] & M7 1]

3.2 I"YhR@#ERYESETROE
R UM SR RAROT) , BRES AN TR

3 3
§=- %QC(&)T[ (2 owul)@( 2ouyl) + D] T, (22)
|
8 = - %QC(&)T[ ZZGJ'O'L' Vj uJTQu,-v,T + D] _ch. (23)
a) BUERE D M1ER
HEWHER D W, 4 Q= 1. BT
o, (b=
il = {0, j£ i,
WK(23)% K

§ = - C(®[ X ehat+ D] 7'T.. (24)



922 BT RMEDEY SCCMG BRI

IWREFED = 2 by

3
) =—%C(6)T[Z(a?+ el 1., (25)
i=1

SCAT BB IR 5, B 03 = 0, LR FEIRRES TIE. WRBMD = &yyv] B4 LT
REEINGFRER LR &, XL B/ TEIAMNERE . ATILMBUERE D MERE
ERNECO)WHFRME. MFEDEN—BMXFREEER, BT C(8) HEFRMESN, B
SMHFRMESEFN,BREXHERAR S M, DM TEA S A .

b) MBERE Q WITEF

FENX(17). RHEWRTHE Q WER,S D = 0,0 « I, 017) BARR(11). id
U=[U UU E R U, € R MR(11)EH

6 =- -};QUATVT[ VAU'QUA™V')-'T, = - %QUAT[AUTQUAT]“VTTC -
-1
i % U[ Utou,s ]

He § BUUIQU, W% i MIHE.

% T, 5y P E T, = o, BT

. 1, j=i,
W, = {0, oy

] 6 =- h%_c,-. (26)
E#A (20)F1(26) , RIERE QHMEFIRRETHRREBN IR . MR o, »0,FEIEBAELAE
AW u; AL AT LSRR R Q SRCH Ik AR & K7 ), DA T HE 28 £ 33 B AN
B BUSESREE, FENERR. R =3, 4580 0y = 0,8 6 — o, EMUUE M
BUERE O MBYBMRRR . FWAENHS, M FEER D MQ, il AR ESREF
EZRRYTGRHMEN SN . BASE[11]#ET —F D MQMEE % BRAEXHFAR
I, BBREREFR A RNRERTFENEEREFERER . XT D MQ H%H EEkE
H—BXEPIL.

4 i E&R

ZE FPERMER FRAXQ)PE XN TEASRER, TELE —BRIOEHN

2 (GP) BB h iR (RP) MIMNAL & HE Oh 0 #402 (WRP) MR IE. HREBARER,RP R
EREFNBUER: D, T WRP REEMAUERE 0. ATREMIBHESFNES, X B
LHENGEKGES , U EFIRBER I AT RRES. HEBERER:

[31(0) 8,(0) &(0) 8,0)] =[0 0 0 0];

[81(0) 8,(0) 85(0) 8401 =[0 0 0 0];
A TERH

T.=1[1.155 0 0]; D = &vyvi, & = 0.000 1;
0 AR AT § MR BR R TIN, HEEH T 18 us RE—T/NARE, UK E R

] s 1< 1
VTTC = - EUIUTQUI[ 0 ] VTT(. = - Z; ;Civ’{TC’



13 = £+ 923

BMm.

HEZRNE 1 ~E 3R, HE 1T GP P EEIEHE | s GRATR,ZEL
IS A SRA B 2 W, RP BB 1S kR D LR IR R R, Bk
THEHERE MERETREXEREBATR;E 3 B/RE, WRP B RET %S 0
LAMEREIR B B A 5, S B R IR E RN, BEFERAWIERAHE.

40 100

30

N

- 20 B

5 ~
Y N
2 £
H %
& i
%

1

W N/ (N-m)

800 150
@ 100 .......‘.i.i""-
3 400k
= < 50
S o 2 0
& :
ﬁ o B 5
po] ® 50 :
il ~400r ; : ; :
. - 100 b4} R ...... ...... =1 Pahichi | RS
80— BT 3 s 6 7T 5 9
/s

M2a RPHIERREE B2b RPMIERS



92 ETARENFE SCOMG RH I

W T/ (N-m)
o
(=3

5 1000 100 bl it
= ~ 3
& 500 \»
~ - s
< < g S RS 1
20 €
b &% S NESURRIUIN NSO SOV SUUPNE SO AR S ]
= -su : TN
. T “100f- i1 S RS Lo T 1
21000k bt} _ - o
~1500 S R R O N N N _ SR
0T 2 3 4 5 6 7 8§ 9 W55 % 7 & 9
t/s t/s
0.2

(=]

$atli )5 T./ (N-m)
s o o
= S N

i
e
oo

3c WRP R hiE 3d WRPHARER
TEMHMR, EF TERST, eR EERERE M THRA R, N FHEETH, T
g B RIE R, SARIREFEIRRFEM, FESRAE B A RER R tRAD , M AR 2.

5 & B

AXBIFR T SCCMG fEAM R AL SERMPTIMR TR AE, PR THREL#



* £ = ' 925

IS, AR T LR R RE & RS AR IR ERE.

AR BR , RS RAENE T ROEIBRE, MG RS R)RER LT
RATAARY. EREMEFAMBUER DR WHRHA+HEE, REER D THEFE
KA SR, B Q TRERBUI RIVER AR ECKR . IR EFIIBUER: D
flQ, REE#—SWRMRE. AXFEER, MHEH SCOMC MR B KESEH AR
it RRERNSENE.

i {EEBEICEB T RFMEEEHFE BT (2007Y50202) %3 A& LK BT Bl .
(& £ X W]

{1]  Branets V N, Weinberg D M, Verstchagin V P, et al. Development experience of the attitude control
system using single-axis control moment gyros for long-term orbiting space station(J]. Journal of
Acta Astronautica ,1988,18:91-98.

(2]  Baudoin Alain. PLEIADES: A multi mission and multi co-operative program(A].In: IAF-01-B 1 07.
Proc 52nd International Astronautical Congress[C] . Toulouse, France ,1-5 Oct,2001.

[3] Lappas V J, Oosthuizen P, Madle P, et al. Analysis and in-orbit performance of the BILSAT-1 mi-
crosatellite twin control moment gyroscope experimental cluster{ R] . AIAA-2004-5246, 2004,

[4]  Margulies G, Aubrun J N. Geometric theory of single-gimbal control moment gyro systems[J].
Journal of the Astronautic Sciences, 1_978,26(2) :159-191.

(5]  Fk&RIT. BHESEH BB REMMRST R LHEI]. FESEFEER,203,23(3):
52-56.

[6] Yoshikawa T. Steering law for roof type configuration control moment gyro system[J] . Automatica ,
1977,13:359-368.

[7] John E F. A reactive torque control law for gyroscopically controlled space vehicles[ R]. NASA TM
X-64790,1973.

(8] Bedrossian N S, Paradiso J P, Bergmann E V, et al.. Steering laws design for redundant single gimbal
control moment gyroscopes(J]. Jowrnal of Guidance, Control and Dynamics, 1990, 13(6) : 1083-
1089.

[9] Ford K A, Christopher D H. Singular direction avoidance steering for control-moment gyros[J].
Jowrnal of Guidance, Control and Dynamics ,2000,23(4) : 643-656.

[10] Wie B, David B, Christopher H. Singularity robust steering logic for redundant single-gimbal control
moment gyros[ R] . AIAA-2000-4453 ,2000.

[11] Wie B. New singularity escape/avoidance steering logic for control moment gyro systems[ R]. AIAA
2003-5659,2003. |

[12] Comick D E. Singularity avoidance control laws for single gimbal control moment gyros[ R]. AIAA79-
1698,1979.

[13] Kurakawa H. Constrained steering law of pyramid-type control moment gyros and ground tests[J].
Journal of Guidance, Control, and Dynamics ,1997,20(3) :445-449.

(14] RE, REE LEEBHNERRRAEREIEWRER[I]. FAFEIR,2000,21(4) : 140-145.

[15] &I ,ZFESH, L5E ASEREHNERBYARARBESENREXYHERARI].
FALZIR,2004.25(4) :382-388.



926 ETEHRENRE SCOMG Y M7

Steering Laws Analysis of SGCMGs Based on
Singular Value Decomposition Theory

ZHANG Jing-rui
( School of Aerospace Science Engineering , Beijing Institute of Technology ,
Beijing 100081, P. R. China)

Abstract: The steering laws of single gimbal control moment gyros (SGCMGs) are analyzed and com-
pared for a spacecraft attitude control system based on the singular value decomposition (SVD) theo-
ry. The mechanism of the steering laws escaping singularity, especially the steering laws of how to af-
fect the singularity of gimbal configuration and the output torque error, was researched via SVD theo-
ry. The performance of various steering laws was analyzed and compared quantitatively by simulation.
The obtained results can be used as a reference for the engineering designers.

Key words: single gimbal control moment gyros; singular value decomposition; steering law; singu-

larity



