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Figure 1 (Color online) Principle diagram of laser interferometry for measuring gravitational waves.

MR, A I A SR T B,
W KB EE T 51 7l PRI} 27 S8 34T

T ROL T E, 2119 iE LSE E LIGOR
B E VIRGO AR 51 795 2RI 2% F0 4k 5
AU E R, gt — A5 R TR AN
o, &K T Advanced LIGOF1Advanced VIR-
GO"™™ 3£F20154 tHAdvanced LIGO L300 55|
JIEHEA, BRIRE J1BAE 5 B3I A A B
FEPAE, AR S R E R E B S S
BEJE XA 2B s S e R R,

FEVEZ 1, BATTRI 52 e 3= B i o dpls (e L
Je SFHRAIXETZRSE), TS| A1 ik RAT AT DL e
PG i B A I T R Te i
F i LRI e, ATt 00 5 i it 1 —Ff
e iy

Z IR T oL E KM Ak sh IR, Hhim 5] Ji
PRI 2% K AEXT 10 Hz LA b 13 U545 5 3T 300, {21 Hz
PUR AR A2 & N EE N FEHEHEE. =
WEEH ke, MK, HRssm ekl E nT
KRBT, 1L 5] P 2% 1)
R, AT BE 05 1] ) 58 A AT B 51 ik FAE
BT AFE20tH 20804EAR, 25 1A1 5] J il PR I AR A& B3z i
P, BRI A R 5 B 23 J 4 5| 3™,

H 3201209094, Rk 7 JR(ESA) A3 [H [H KR
JRI(NASA)A SR HEH T 15 A2 18] 5] 77 9% AT 45
LISAM. 3 Bl R4S J& T-201 54 R R 5 7 4 AR HIE 52
4% PR LISA Pathfinder (LPF), W1EI3fwR, XHitEAL
B WORTI . O R SO R AT T AT
WEFEES T EORR, KRt L TR e 2B m AR

SKLISATHRIPY, 5 210 22 18] 5] J7AR AT %5 245 T
Bnb. fEHEEEAE b, i HEMHR EH, LISATT
R TF20244F 055 N IEXSLERY B, R RITE20354E 4%
TR R B R B B AT A5 18] 51 .

FELISATHRIEZhZ 5, SHARKEMIERRE 17—
R AR AT B 2 8] 5] 3 AR R), a5 AR A )
DECIGO(Pathfinder) %P2 B4 & 3 6 & 2 i KAk i+
RPN TR BE RO R R R AR P R
i%lﬁﬁ/jf\‘[ZFN].

B2 (W% 0% ) LIGOHI VIRGOAR IS ik i 19 g g1
Figure 2 (Color online) Aerial view of the LIGO and VIRGO detector
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Figure 3 (Color online) LISA Pathfinder spacecraft structure compo-
sition.
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Table 1 Performance indicators of famous gravitational wave detection programs [21-27]
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Figure 4 (Color online) Diagram of the Taiji Project spacecraft
formation.
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Figure S (Color online) Basic functional structure of inertial sensor.
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Figure 6 (Color online) The structure of various types of space inertial sensors [40,41,44,46,49].
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Table 2 Performance comparison of various inertial sensors [40,41,43,44,46,48]
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Figure 7 (Color online) Electrode distribution around test mass.
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Figure 8 (Color online) Schematic of capacitive sensing.
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Figure 9 (Color online) Scheme of electrostatic drive control.
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Figure 10 (Color online) Electrostatic drive control principle in single
DOF.

RE, ELFE IR RO AR AN T4t B AT BT
IOl R e BENE SV c L Sl PR MR WO == b
PERIRGRE. SR IHZZ i B A ], e AN [ ) o s A 3
IES% 3, SRR [ i EE R A AR AR, 1E FPID
B EPWMA ARSI 28 /0 16407 ) veiks SR Al 42

3.2 HEEEREAR

SR 2 FRAT T, AT & B ) s R AR T
JIBEARM AR K, DRI ek B2 1 VAR S s A
bR, DAZRONT B AR L T i AT 0 B R

HAT, BF0hat)o & 58 AR d far gk AT 45 ) B O
VR AT WA R A 2R 2

e ok X2 E O SRR O R 455 T O RO )
() <5 22 4 DA BT AT AR JE AP 5e iR, AT Ak i
EIRA R R E A, %7 R, 5T LR
SEBL, M #GRACE, GOCEFIMICROSCOPEZ: %% i
TR R, BAR G 22 e A I R 3k, HE SN
PRA, AE H T RAUE A IR 22 5l NS, 120 /K
KZ9107" m s /HZ BT, X0 T4 6 5] AR
T FEAS R i AL BRI 7 5 A Sl K e A
EHE T

A fk =X ) LT B VAR TR RN, B

AMe R A B R AT, R G TRk TR AT
X0 R THD 1140 P iy B8 REU DN Tk 380 0o SR R A7 s i 5 FL YY)
H. BT TAEBIT HAS 5e B il o = AR 1,
[R] 1T 5 FEL A /7 B 22 G0 15 B IS S [ W) =5 R o o 2=
LR FEJEAT 40 T HE AR, BRh B 422 R AR T2 48,
WK 11T,

55 W& 17, KA REB ARBEMTT
ANBINEEZ T30 0015 BT SEE IR 5T & (1) A
M, HRHEMES, S5, ZHARF{EGP-B
(Gravity Probe B).RiHE{HEF& Tz e,
BN R 2 AR K R A R A5 P A T ey A ) R
A, BEJEELPFHE R TR, GP-BHILPFY i i 5
BFRATAE RVEIR, @I FCLF 18 =208 5] NS AL B
S, W2, (ERSREOR 1R AT TS 218,

11 (2 ROR2 ) a2 vy B DB
Figure 11 (Color online) The principle of test mass charge manage-
ment.
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Figure 12 (Color online) The charge management system of LPF
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Fe UL R 5T B e R 5 KRR AIE s (@) Bl s Fi FELBLBIR 80 1 TR S5 44 U sl B LA

Figure 13 (Color online) Different types of inertial sensor caging mechanisms [31,89-93]. (a) The motor screw caging mechanism by Stanford
University for the spherical test mass; (b) hydraulic caging mechanism by Thales Alenia Space Italy; (c) cam and reducer caging mechanism by
Astrium; (d) paraffin motor and friction wheel caging mechanism by RUAG; it also shows the test mass structure characteristics for caging and
releasing; (e) piezoelectric motor and force amplification structure caging mechanism by Taiji.
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Figure 14 (Color online) Caging and releasing mechanism interaction and hierarchical release workflow.
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Figure 15 (Color online) The structure of the release mechanism [96].
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Figure 16 (Color online) The application of various technical means
taken by LPF [47,104,105].
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Within the frequency range of 0.1 mHz to 1 Hz, the space gravitational wave detection mission measures robust wave
source information. However, the residual acceleration noise level of the inertial reference test mass must be less than
10 ° m s /Hz"* because of the weak gravitational wave signal. As a core payload of the space gravitational wave
detector, the inertial sensor protects the test mass from the influence of external stray forces through a series of functional
settings and smart design, whereas a drag-free control system with micro-thrusters is formed, which uses capacitive
sensor measurement and multi-degree of freedom drive control to maintain the high-precision free-fall movement of the
test mass in space, providing a super-stable inertial reference for laser interferometry. To satisfy the strict acceleration
noise criteria of the test mass, the inertial sensor is constructed using numerous subsystems and critical technologies with
distinct roles. This paper begins by reviewing the history of space gravitational wave detection and then explains the
fundamental principles and design limitations of space inertial sensors. Finally, it addresses the essential technologies
associated with inertial sensor technology.

space gravitational wave detection, inertial sensors, capacitive sensing and electrostatic actuation, charge
management, caging and releasing
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