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Analysis of Satellite Motion Under the Cooperative Control of Single
Slider and Flywheels

QIAN Shouyuan, GAO Changsheng, JING Wuxing
(School of Aeronautics, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: In order to clarify the control mechanism of single slider metamorphic core satellite and provide relevant
theoretical reference for its engineering practice, an attitude dynamic model for seven-degree-of-freedom satellite with
single slider and three flywheels is established. The characteristics of its motion and the dynamic system are analyzed,
and the least squares method is used to solve the slider motion influence on the satellite attitude, which provides a
feasible method in engineering for the controller to calculate the slider movement distance according to the attitude
maneuver instruction. The effects of two control schemes, i.e., to control with metamorphic core mechanisms and
flywheels collaboratively and to control only with flywheels, are compared. The results highlight the advantages of
collaborative control. The simulation results indicate that single slider metamorphic core satellite can respond quickly
during the satellite attitude maneuver. This paper provides some theoretical references for the engineering practice of
single slider metamorphic core satellite.
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Fig.1 Schematic diagram of single slider metamorphic

core satellite

R TR s 17, B2
T R85 0 7 R R e RT LA 2 ] sl R
3 J1 RS, R AN R R ) B R T
T

E U A bR R (OXYZ) | 2R G2 ] i A bs &
(0. y.z.) AR % 4 47 2 (0,2 y020), 0P L BT
Ao Hir R G AR bR AR B0 A T B I AR G S
O, HLERBEA RS

TE LRSS  m R TR, P AR s
bp 230 B G AR Ve, R B p Y
AN A7 B8 5%, v, by BOACRE X T 15 4 A B 2R A R EE
w h B [ 3 AR AR A X IR AR AR AR B B £
¥ ,g HE .

TE UL GE 0 R I (0 A A AR R AR 5 2R



AR (R e 30)

24 AEROSPACE SHANGHAT (CHINESE &. ENGLISH)

o5 38 % 2021 4R 2 1

hRR N
H:=Hj+ H;+ S)H; (1)
T 1 2 A, AR i A G ol o3 v I, LA B
AR s R ERR N
H; =Tiw+ myry X rl, =

. d'r,
I,ﬁw—‘—m/,mX( dll ]) (2)

T AR A s R AR s RoP R
RA

H =1I(0+ Q- u)+ mr; X (ddz +w X r.\-,-) (3)

XFAERCER, KA EEAKR s R R
N

H,=1I1w+ m, r,,X r:fp (4)

X TR R G R AR A T R G0 s 58 R

BrfE I RREARR SR T A

d'(H))/de=T; (5)

PR, AR AR A Ok A ) 00 &R DL R 38R &R SR I &R

() B9 R X 3 40 0 D), A AR bR R R A S T s
"H

’n/ n,

(I + I+ s w

m, - m,

w X I+ I+ roera ot
m;

w X DI Qu;—
. - m,-m, )
T, — ZL Qi u; — Ty X Top —
m,-m,
2., X (w X r,,") (6)

m,
()7 )" 23 3 R IR TR A A B 2R 114 L5
FEE R B MR AR AR R R X I ) B — B L R
HY 2R AR 2h g 2% O B AT LA PR He AR a0 T
HALUP R S g il iy LR M T,
%"%%ﬁﬁiz;%?ﬂ?ﬁ'ﬁ%ﬁﬁ%?‘géﬁ’ﬁ%AVEFﬁjﬂﬁ,ii
TR X AR 3B 3 A —E R . HIE, IR
%E#Aﬁﬁiﬂéﬁjkgz P | A B A PRI B AT
N T AE T B T35 oy B AR AR DR R O R A

0064 B a0 3 A0 T 53 LR TL
1) Fp=—m,ry, J 18 Y iy fa Iz g 0 2004 it

\‘; j\

T s AR 0, R S B AR X 5 AR D b
My = —pym, v R F o % 288 50 it i /9 7 B A
S, B A B fin AR R T
2) Fy=—2m,w" rj, &= M T iz 3 46 24k
JHE % A1 2 T R A it fin i’y S A T L B S B
R I s N, M, = o (™ r),) R F %F
F G850 e i B AR T 0 EE B h B D R IR
Ji5E
DL E 2% 3R B B A O RAT AR 2 B R A
By S A 5 P RGBS Iy B LA
Lo'+ o (Lw)=M,+ M, + M, (7)

— 2u,m,r,,

1.2 B HFER

T 6 B AR A W b AT L
il 71 K /INGEAT A3 T, Ak e ST T BBl s AR

TS 8k RAEERE RN E#iz
o) TR == NI IR N AW DO RN S T 2 N P
AR W B A R SRR S 0 B 8
A

m,r, =R, +F.+ G, (8)

AR, B R A A B T F o R
1ZIKE@7]HE’JXT{%i}%E’J?”ﬁ%IUJ G, jﬂ%ﬁ%idj

/]: r, + r, (9)
%iﬁ(9)Eﬁﬁi£%§—l\dﬁ/\ﬁ(8)ﬁfLJ?%?U
v, = Ry *E 4G w ', — w v, —
mp
207 r),— 0w (0" r,) (10)

BT DAL TERKERES, ZEHHRET,
RO AT 45 2 AR Aa br R T W8l = BB R &
B

r,,_R,,erFA ~F, Wi

Y my "

207 r),— 0w (0w r,) (11)
JCEP Dy AT I I = I0ED Sy B A % A s Bl T
iz Bl R AR TG B iz 3l Y 52 i 30

1.3 BEREFERIEHEES

LT RWRLEBN S, REGT RIS T %
AR A e A 72 o0 W B SRAT MLAL 14 T B iz )
PEUES A 4, T HRE A R SR AR R AR K i



5 38 %% 2021 4E45 2 1

R OC, RIS R U R L S D 2B 3 S 25

SRS B TR AR .

A SR fe /D Ak O R B A 1R A 5
o e ny iz sh Bh s 4 4 R BOR iz s R £ R
— YRR N R TR

g(&)=10.— 0. (12)

RS EME MR 2Z P8 T 5k 2 M KN, Bk
T 0 RS NS RFER 2% 2 g, (&), SR A dE T
B/ T N O =
J= nggf (13)
WA fe /N R JE BRABRAEL S F , aT LA B R
ARG T .
&G=&— AB, (14)
A
E af; a&
&:ghf (15)

LA THE S b2 B 22 9 RO R — E R
JE Il 4 1k AN . — Mg ad 10~20 Wiy s AU
A AR DY R R AL T (E &R O A5 B B RS i
e

2 TRER G R B E R R

2.1 kEEHEET

TR TRES PUAT LA Sk A TR A Y
e, I FH 43 T P 5 <42 2 R I 5 4 okl g R 1 4
Bt , BT A A PD R R AR R TR
RH

T.=—M~—H k- (0—C, 0. — w)—

Y
H-%,-C. -||e|—

14
AP H Oy R R ok &, RVBER A 1M )
R 5 o, W HE 22 BN A A 5T 580 AL AR B 36 B

(16)

<! 6l I

M =M, + M,, + M, + M, (17)
BLO B
M,=—wXI w (18)
R R B E T A

Mlut\:7w >< ZII[\Q,'M/ (19)

T iz gl 7 Az i BT I0AR X o

m,-m,

M, —— 7,y X n,,, (20)

m,

T iz gl A= W B0 B FQBrE g

m,-m,

M,=—2- r, ><(w><r ) (21)

m;
HRAE 119 R G 8h 2 0y B, 30 AR X I A
T A AT (7)), AT L2y Je kb B2 B B A g
15 %)

H-o=T —H-k-(w—C, o' — o )—
] |
H-b-C. - |le|—|¢ (22)
vl v

A AR A8 A U e e, 0 T R
i o B 228 2 = O B R A O A A A A
B i Jm ) J7 R SR O LB R T X R B Y Y
il

22 EHEHEIET

FE 1.3 B4 A A /b e ARk BT i T W
Pz i e, i Heny 45 i A RS 0T A B
S A O B B (B S AR BR B B o RO T R
7 B A PD 458 ) %

Fo=bk,(ry — 1)+ by(ry — 1) (23)

F T FE G T /0N o G T B, SOET LR G
AR, FUEE A PR R 45 ) 2 580, ik mT DA {45 0 B
W5 1 M PR S 8T A 0 7 B (R B R . 7ETE B AT
A i, I 2 A B LG K T BB BT T AR A AE B
Ja IR

3 fr ARk

A5 E A, ot A e, R, R % B4R
T Z i e s, FE A T 1) (9 e 3h ] LRG0 2 I SR
ERh RS A3

Oy A1 A5 PR 1) 2 2l ) HG Al ) 22 2SS R B
A EC AP AR BT LB AE =0T b X R
Yot g A 7 22 2 % FC A T Rl B AT R . W
B iy J5T i AR AR DL L % gl A 5 AR EE D B
AR 1/10 224, H R 5 Jg ANl i) =y i 2 )
yAE a7/



AR (R e 30)

26 AEROSPACE SHANGHAI (CHINESE &. ENGLISH) 55 38 4 2021 4R 2 1
3 N XBEHIEES 32 BHEXRHEEHNIEES

R R R R R, DRLEEHLE R
R RGEE 2RI — 5, (I ELAE RN IE 2 R o R
I T rp py ELEE B RT O, ol T R B9/ D R B R
NI HAFFE A B BL R, B DAAE A R, 1L
S HLED — 5o B 130 s A ), 10 A o 1o Fisf ]
A TR T

0 50 100 150
~ 2F
5o
"y
_2- 1
0 50 100 150
0
T -5
3
_10 1 1
0 50 100 150
tls

(a) DEREM

0 50 100 150

o2
=
£ =) L |
0 50 100 150

0 50 100 150
t/s

(b) PEERMAELE
B2 NEREHHIERSETHE
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