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H _ robust controller design for deep space drag-free satellite

with two test masses

MA Haojun'*>, HAN Peng', GAO Dong'*, ZHENG Jianhua'*

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; This paper proposes a GS/T mixed-sensitivity H, controller design method based on spectrum
specifications to tackle the multiple-degree-of-freedom control problem with high precision requirements of drag-free
satellite in deep space mission. The method is explicit in physical meaning and can reduce the complexity in the
design of drag-free control system. First, the high precision dynamic model of drag-free satellite with two test
masses was derived, which shows the strong coupling characteristics of the loops. Next, selection matrices and
input decoupling strategies were designed to divide the control system into single-input single-output ( SISO) drag-
free control loops, suspension control loops, and spacecraft attitude control loops, and closed loop feedback control
strategies for each loop were further established. Then, combined with various scientific requirements and spectrum
models of external disturbances and sensor noises, constrains for sensitivity functions and complementary sensitivity
function of each loop were derived. With the help of these design criteria, weighting function matrices could be
chosen quickly and accurately for the design of the drag-free and attitude control system in frequency domain.
Simulation results proved the stability and capabilities of the proposed control system in resisting disturbances,
which can achieve the ultra-quiet-stable requirement for drag-free control. Finally, on the basis of transfer function
analysis, a method to further reduce acceleration noises was given.
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Fig.1 Schematic of drag-free satellite with two test masses
Z: 8 LISA Pathfinder {T. 55 , W Ji7 & P 2 [] 4 2k
O HERS , EVURGH 7 1. SRR A TR AR 2R
NE B 1 mHz<f<30 mHz L, i TM1 9 «,
75 1 B B AR
S2(N)<3x107"(1 +[f/3 mHz]*) m « s~
1.1 WHRERLTERIEHHFEE
G| 3PN S B 27T 55 % e RS i ) 0K, T
E T 1R AR BB K B AEWLA L X R A TR
& BEIRAEIB AL A, TR A IR AR BBy, 7]
L2 s B s el PRt ] A MR 3l 0 2 e
Skt TLR HEAT AR 18] 2 LABAAS B He o i), Xof 1 A5
R T 3 64 A 2R A ] i AT T U .
L1 1 Bl 5 % 5ah e iy
AR A A 55 — e i, TLE BT s e H o 1Btk
ATz RN

ry ‘J =8 tag +aMu_M] +a\1u_w12 +

~12
« Hz .

aptayp+ay _g+ay g taygg,

()

Ty, ‘J =8w, t @y _m, tTAxp, Ty, TaAps >

-] _
Ty ‘J =8w, t @y, n, T A\, T A5 _y, T Apis_,-



2

TR, A U DU RRTCH TR H B 2R T 3.

rfrerg [y [y [ 20508 TLAL TML A T2
PR E A XS T B R B 248G g, 8y, 8w, 7
BT TML A TVM2 55 3 s ag aq ay
O33R R BHOG IR ) a1 o B 1 g L B 4 g e
ORI  ay y @y, @y, o, Gy, 7350
W T AN 265 o i A e e 4 o g DA S K S M e |
AT 5 @y, i, @y, A T R D00 TR ™ AR )
’ﬁzﬁﬁjmﬁﬁ;anl-}; = Qg g Ay, g = —Ag_y, o
BH 5 TR Z R WA N E 3 @pis_ ~Apis_ v, ~Epis_m,
Sk T L R e B 1 A A B P B

AL RS

& 2
Fig.2  Definition of coordinate frames and vectors
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Fig.4 Measurement noises on each axis of inertial sensor
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Fig.5 Force and torque noises on each axis of test mass
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Controller designs for drag-free loops
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