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Stability and control of dynamics equilibrium for two-spacecraft

electromagnetic formation

HUANG Huan, YANG Leping, ZHU Yanwei, ZHANG Yuanwen
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Space electromagnetic formation is characterized mainly by advantages of no propellant consumption, no plume contaminations,

continuous reversible and synchronous controllability, and static electromagnetic formation has a broad prospect of application in such fields as

optical interferometry. The stability and control issues of dynamics equilibrium are the foundation for static electromagnetic formation. This research

focused on the three equilibriums of two-spacecraft aligned with radial, along-track and normal direction, developed the 6-DOF coupled nonlinear

dynamic models by the Kane method, and analyzed the open-loop stability, the coupled characteristics and the control requirements for each

equilibrium respectively. Finally, an LQR feedback controller was designed and verified to stabilize the equilibriums.

Key words: electromagnetic force; static formation; equilibrium; stability analysis; LQR

2 ) FRL R A o 3 1 T K 2 i A
AT I SR AR A R A b2 e i 2 Pl )
PP A ) R 0/ 0 R4 ) i AL A A 18 AR X
PR/ SRS 3 i 7 ] v U R LR T IR R
NG5 T T I AL G AT 55 >R o s T L
BAREAS AT RGHE G 1 QA 2R TR T A P 75 e AL
8 G A2 1l e 1A 8 AN A 5 2 B L I ) i 52 S ]
AU ) 075 20 A ) SEC ORG240 5 X3 XU A R
A3 RN T A G i, PR g i B A ] 24
Gk ve £ R R AR (VSRR S N A E NI -2 )
FOUFKIEEIN T 19 BB g A o LA, bR
TR AR L M R 5 1 2 2 [ L 2 A A2 1 1
HMERUBITAE X T Jry g il T AR 2 TR AR R AY
MR 3 T A B 4 ) D o 22
BT M AR ek 00

2 18] L R 2 BA AR R IR DL B A ) 2 A9 3
P, Herp— N E 2 TR K e T

«  UWeFs HHEE:2012 —09 -23
E£WH: HEARFAELSWHWH (11172322)

8, MIT $i 1 LR 1% 2 BA B AR 0 T NASA 2
HiAT B HR M #§ ( Terrestrial Planet Finder, TPF) Jiji
HU 2 e W UG A I B AR AR
SE AT 548 1w, 1) H AR P ) 45 K 85 1Y)
AHXSALZE (S RE S ZR G X 4 BA 5T 0o iz Sl A, B
SRR ARG BN, I S8 R T A X 3 Bl ) 8l ) 2
B B P RIRRE P S 4R e S I S
BN CAT I E ESL . Schaub 5 [ 28 % ¢ J) 4
BASE- i 25 et T IR ARG, N7 1 18 0 5 BL i
AN 6 B AT B X WU = R G BABIE 5T
TR S 254 T A R T R R e
Norman' " /3 #7 T WUE Flux-Pinned 45 pA S i 25 114
PSR ENE, [HE BRI T2 X BE B B ik
AT 0340, 0 TAFAE 3 RERE 5 1 v 1 2 BA 3 ) 221
B SEEME SR M A Z L, S84 A
FL A2 20 BN, A S 3 B X B0 H, 2 Gt BA 1) 85 ) 2
P AR I 5 A TR R BE S o

{EE B/ e (1985—) , 1 Hiliim A, 10757 42 , E-mail ; marshal-huanghuan@ 163. com;
B R GRAGVER) , B, 8082, it B A R0, E-mail ; ylp_1964@ 163. com



3 4]

B, S U P T A ) 30 ) 2 V1 2 T 13-

1 JRZiEsh fER s

1.1 [E)@sig

(B ISE 2 A R i BA ) LR A R =
AHHEIEAZ L REZR I, T T 7 A s i T TR N
LR AR AR i = BRI g T3S
P, R ] SR L, BT R AR B A SR . 4R BA
T AR BRSO e L5 15, A AR
SRR BLEIZ S .

HET 30T, I LU T A b & BB AL AR &R
OcneuY enZen » VN T, JE LT 20 BA 38 G2 S L
O oy %oy ST FUIE AR 0], y o S TE LI THT PN 3 FL T
oy IR B BT, 2 ST LI IRE 16] 5 20 BA
[ 2R Ocy-xpypzy, 1A 7, AL T 9 B R GE 5
i Oy, A3 IF 12 T 4 BA 2R SE RO 1L I 20, 3 2
AT R AR AR A R R Oy-2yy,2,; (1 =1,2),
N B, B TR AR © BTG, A bRl E % T
IR AR A, 6 e A TR, 5 Ry S
RAUHE3-2-1 WK UCIERE ;. B:,y: FATE

() RN 5375

(b) WEVE 1) 434

XHFAMBN RATIN 5, K FH AR AR 1 s S A Y
ATk TE 3/ 3 FEASS TR T LA J R R &
P IR i S5 R X BB S R DA o, R R 5
My o WAEFT AR SR 1 LG/ 58

' 3po [y My B TP PP
Ff11=_r0[152+15 Mot 25 M
™l p p p

swmip) (s p)
- 7 P
p
TlEnI:il:;Mlx(?)P(l;zs'P) _Il% (1)

H, py =47 x107'T - m/A NESRFH p =
‘P ‘ s M E ﬁ%??&?ﬁﬂﬂ(ﬂm s Miy s Mfz) o

KU A L T 2 A AE = P 2SR I, 20331
PR AR 1] YT 1] oA, BIPR A R AR T
T FAERRIBEE M o B AN T F X 3-2-
VRGP BINAL A 3900 0, @, o, 5 I8 TR RIS, XX
S it AT Tl ) e A T L 2220, DR b XS L, 1
AR =R AT AN 1 s, JE UL 2 RN
HEARFRAR 3 EEST =F S T RS 25,

O
(© BT A

BT U Rl 2 BA -5 S A 1

Fig. 1 Geometry of equilibriums for two-spacecraft electromagnetic formation
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Fig.2 Eigenvalues for open-loop linearized system
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Fig.5 Control curves for two-spacecraft formation aligned with along-track direction
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Fig.6  Control curves for two-spacecraft formation aligned with normal direction
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