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Abstract: This work firstly introduces the requirement, principle and development of inertial sensors in
gravitational wave detection mission, and focuses on the development of LISA Pathfinder inertial sen-
sors. Compared with the requirements analysis of TianQin project, the design points of TianQin inertial
sensor are discussed, and on this basis, the preliminary design and noise analysis of TianQin inertial sen-
sor are given. A preliminary design of the key parameters for the TianQin inertial sensor is then carried
out, which are employed to calculate and synthesize the direct perturbations on TM. Finally, the in-orbit
performance of TianQin-1 inertial sensors and follow-up research plan is presented.
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Fig. 1 Relationship between laser interferometric measure-
ment link and inertial sensor in TianQin Project,
in which the gray part is spacecraft, the yellow part is the test
mass, the green part is the laser,
the black spot is the four-quadrant photodetector, and the red

line represents the laser optical path
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Fig. 2 Composition of TianQin inertial sensor system
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Table 1  TianQin inertial sensor head and capacitance displacement sensing parameters
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Fig. 5 The preliminary noise budget of TianQin inertial sensor
The high frequency noise is mainly the local interferometer displacement measurement noise,

the low frequency noise is mainly electrostatic driving noise, and the middle frequency noise is mainly brownian noise
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Table 2 TianQin test mass residual acceleration

R (RO (- Ha )

I 75 T3

0.01 mHz 0.1 mHz 1 mHz 6 mHz
A7 BN P 0.73 0.73 0.73 0.73
WO RN E) 0.1 0.1 0.1 0.1
TSR 1.1 0.12 0.02 0.01
TR R 8.26 0.9 0.16 0.1
MR AR RS PR 25 2.5 0.25 0.04
AT T RN 75 5 T A M F R FL AT R 0.13 0.13 0.14 0.13
BRI BRI P e P 5 A R R 0.005 3 0. 0053 0.005 3 0. 005 3
AL B B 1.17 0.12 0.01 0.0019
At 26.39 2.77 0. 81 0.76




#1244

U, A KBRS AL TS S R 191

6 REF SV AL R

M 2000 4F 14y, A Rk R S s AR A TR
A A BTt 17 2 90 B2 5 A% SRS A0 T o) 5 3 T
W TAE 2, IFFEXXS IR TR "7 Rf-1
Beis O BREAT TG . S AhHTA— BB
LAY BB B S RGBSR B T AU
PRAS B T A2 TEPO (Test of Equivalence Principle in
Space with Optical Readout) "'\ 5| JJ I HEMTE 45 K
il HIBNE N REF—5 (TQ-1) i A
At TR OB BRI, RO TN E TR
PEAL RS Y T B AR B

TQ-1 1A REF51 3 PR AT 55 B H AR BIE 1
BT 20194 12 420 H ST, FEREASCHEA
A BRGSO R EOR L USRS . L
5 M A% 5% 4% R FH 19 J2 GRACE JIr 48 28025 78U 11 /)N [
B, KRR A AR B R I S
R R AR I B O e gk BT R H 4%, 0.1 He ik
TQ—1 5% 4 2 J5 8% o e 88 00 kg 75 82 Oy 5 %
107 m/(s*+Hz"), FFAEHIEZETT T F REHILE.

H, E> i

F. !
1

(D&

T H6 B il 4

—— RS
- chr —

] 6 24 TQ-1 WM AL s 15 To i WL PR % 1 s B
B, s e o AL RS . AR BRI
H,, 0050 s S H, A B i, SRR
Ik PN F AR R 1A ) BA T He,, SE PR A BR R A5 8K
TR T ZR G AT T G U4 5GP A 5 B S ) R
PR, Al T A JCHE B 8% He ., XTAR T
MR AT I 5t TR st o] DAAE PR B4 o T A 4
Tl A4S He g, o IR A0 TR HEA T JCHi B4 31

K78 TQ-1 7E UL R, S D EM AT
), R 22 SN ) R . 206k TR
A HBERE B IR B, R0 T 3 A H 3k ] 52 IX
BPBC. FRIE 7RI, A RS o] DL S B o T2
BFZ B ARESE T, 72 TQ-1 TR 700 km BB 7
FE b, FEERIDCHEM . F Y5 —A-HE
JE A, T3 R M ER B 5 XA R AR 2
B X5 7 e BT, B IR ROk i
D5 1) o0 B A A . AT B R DI T AL
V-5 B o, U 2 B R X = A A e
PEATIE BTl LAAS 1 1&] 8.

g AR
g:_eH \\

’ & [ﬁ%%ﬁ
| Heppy ¢ Heg |

| o<
Lﬂ HCDF,B

T s

//

K6 TQ-1 B AR 5 ot M FR /s B A
RIKCIEEHEPN J BRI, 2D @ RO AR IS N PR PR, 58 GRE i AR X T4 L5 7k

Fig. 6 Schematic diagram of inertial sensor and free—drag control loop (light green box is inertial sensor,

red loop is inertial sensor internal closed—loop control, and purple box is free—drag algorithm in acceleration mode)
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Fig. 7 TQ-1 measurement data of inertial sensor in orbit flight direction

(The data was processed by low—pass filtering (cut—off frequency of 1 mHz) and de averaging)
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