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Abstract; An on-orbit drag-free control technique for spaceborne gravitational wave detection missions was discussed. Based on the analysis
and design of a possible future geocentric orbit detection mission, the relative motion dynamics and coupling characteristics between the spacecraft
and mass blocks of an on-orbit drag-free system with with two test masses were modeled. At the same time, the performance index and perturbation
of the drag-free system in the mission were preliminarily analyzed, and a relative translational control law based on frequency domain H, optimal
control theory was designed. Numerical simulation results show that when the test masses of the two-test-mass on-orbit drag-free system are arranged
according to the breathing angle of laser rangefinder, without a fixed tracking point strategy and without suspension control input along the non-
sensitive axis, the spacecraft can achieve tracking of the reference point while meeting the frequency domain performance index of the system. At
the same time, the time domain displacement of each test mass can be controlled to the micron level, thus obtaining the pure gravitational reference
required by the mission.
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(0.000 01s +1)>
FUH BB AR 5002, O BB T sk
R AR B 17 R BHOG I, 75 45 = R G TF A
IEF A, W mg = 250 kg, 1500 7 b 2 508 @
P, =pay = 1, HIER#R 5 — 63.257, - 63.234,
-2.377, - 1.191 + 2.058i, — 1.191 - 2.058i,
-0.083 +0.075i, —0.083 —0.075i, H¥ ZZH
Yi ok 0. 123 8, BRI Ay «
L0 15s* 43 0555° + 1.5 x107s” +2.4 x10°s +167 822
T8 +131.4s" +4 6355 +21 24657 +50 404s +699. 5

(23)

(22)

WZy =p 2y

2.2.2 B Az HE

WAEEEE RN L (8) L (10) ~ (1), 455
(14) BT HF B3 K A 508l 1) 1 1 44 U4
% FEERERE N B A%, = 107°, HA% 8 ok B0E 30K
eV

[rx(s)] ~ —0. 004 [1 Hux(s)
r:(s) (S +O. 001)(3—0. 001) 1 uz(s>
(24)
SRR AR L, T B H R G B AR A
R, P IBRUE PR %L :
s +60 P
Wi = 750,000 001 plz]
(25)
— s> +0.002s +0. 005 [ P2 ]
(0.000 01s +1)° P
iﬁﬁ%&ﬁplx =plz =2’p2x =p22 =10 EEE[‘Zﬂia:
ey R A Ve ATREY Wb W ST E N I
-63.2584,-63.2327, -2.6369, —1.2813 +
2.270 4i, —1.281 3 —2.270 4i, -0.099 0 +
0.131 8i, —0.099 0 -0. 131 8i, [HIF &G 55 R
0. 164 6 , kit F il H 45 1A -
. 0 25 +4 111s° 2.1 x107s” +3.9 x 10° +48 691
TP +1325" +4 6975° +23 45857 +61 0525 +1 266

(26)

W2xz =

PR ] RN
r0.2s* +4 111s° +2.1 x107s* +3.9 x 10°% +48 691 7
§* +1326* +4 6975 +23 4585 +61 0525 +1 266

0.155* +30955° +1.5 x107s* +2.4 x 10% +167 822
$ +131.4s* +4 6355° +21 2465% +50 4045 +699.5

0.25" +4 111s° +2. 1 x107s* +3.9 x 10°s +48 691
L §° +1325" +4 6975 +23 458s° +61 0525 +1 266

(27)

diag

3 HEMERERDH

UL R e 2 A 6 I (5 AR G S B R 1, i
RATOIIR PUBRECILZ 20 B D7 H A 1P R
SRAFBCE o, R B 1.2 7R R N B89 = B w0 4R
fi#% iy 100 nm, YIARAXEE N 1 nm/s. s
R o B AR AR DR S T 5 R T SC T A feoR
REAS DL 5 250, BR7E SR U 1077 m/s?
(ZHBE) , MU 107" m/s* (M) , Al
FIAZ A SR 1 P Rl R AEL o AR SO A v 0
S RESR I 2 2R 33 %% (power spectral density,
PSD) 845
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Tab.1 Parameters related of spacecraft and mass blocks

I £fy 60°
LR A o £ 250 kg
UL g T J5 L 0.05 m’/kg
ik e= 3518 s 1.45 kg
AR 255 B i B 0.3 m
J L) ) B
IR A LS A AR U 1.997 x 10 rad/s
X TR R 1x1077/¢
AEX A TTRE G R 1 %107/

R2 MERBYBNERY

Tab.2 Initial orbit elements of spacecraft

S Kl
RNl 99 995.572 323 km
BR 0. 000 430
BB i 94.697 997°
2RI E 210.445 892°
SURIY=N ¥ it 358.624 463°
B A 61.329 603°
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Fig.5 Solar radiation pressure perturbation of spacecraft
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Fig.7 PSD results of offset along three axes on TM2
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