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Design and verification of a mK-level temperature fluctuation
control system for gravity gradiometer

LIU Wei!, ZHOU Yupeng!, WU Baofeng?, LI Songming?, YAN Guorui?, WANG Qining?
(1. Beijing Key Lab of Space Thermal Control Technology, Beijing Institute of Spacecraft System Engineering;
2. DFH Satellite Co. Ltd.: Beijing 100094, China)

Abstract: Aiming at the ultra-high requirement that the temperature stability of the gravity gradiometer as a
satellite payload be better than £10 mK/200 s, a comprehensive thermal control scheme was proposed including
the construction of a component-level resistance-capacitance filtering network, the enhanced design of system-
level thermal insulation, the multi-stage high-precision active temperature measurement and control, and the
reduction of cable heat leakage. The thermal simulation analysis and thermal balance tests were carried out. It is
shown that the temperature stability of the gradiometer components is better than £8 mK/200 s, which meets the
design requirements. The feasibility and effectiveness of this thermal control design method were thus verified. It
may provide a reference for the thermal control design of other spacecraft parts with high precision and
high stability temperature control requirements.
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iS BEA: 2022-05-13; 1&EIHHA: 2022-11-27
HEEWB: BRELEHMLTXRED (%45F: 2022YFC2204400)

SIEBI: 215, B FMh, EIRAE F T HHEN mK LOBEFEZ JEIEHZ A RIGE[T]. ALK S5 2RI T A2, 2022, 39(6): 597-
603

LIU W, ZHOU Y P, WU B F, et al. Design and verification of a mK-level temperature fluctuation control system for gravity
gradiometer[J]. Spacecraft Environment Engineering, 2022, 39(6): 597-603


http://dx.doi.org/10.12126/see.2022051
http://www.seejournal.cn
mailto:htqhjgc@126.com

598 TR N 7 N A Y -

39 %

0 35

Bt R P2 220, 58 07 DA S 25 TR RL 2 R D 254
SRR AT 2080 Ay S0 A 5 1 H 2R 4 v, A
Tif TAETRLE J Fofe s i A 3R bkl v o RK
75 5 i) GOCE T2 3K [A] — %ih 28 15 5 8 i A3 i
&SR R A 0.5 ¢ RIE, TR MR
SR R Y B B SR s e 1 CP B PR AL
L R B SR AR T-£0.3 CP 3 TR A Mk A
i 0 P P e P SR AR T 0.1 CM < K —
57 TR T U EE 2 G0 0 3 1R R
FEFR AR T+0.1 °1C/1000 s “ REE—S” TR0
BT IR B R P R AR R T 50 mK/BLE FA .
IR EEAALE N TS TN A BREE 3. dEVEIR
AN T T (K A8 40, 2 B ARAIE L AURK Sk M 67 B 11
T PR, T AN (R BN 305 25 51 A P AR T AR o
B A A R B A s s oe L 3
T —— IR B OCHR T TR IR AR e FE AR
Fr, BIEEF+10 mK/200 s, E6 H wif E A AT L ARAT
AR LA UL P R P b v RS

mK 2% i B 9% B 4% ) 0 X 3 EABLAE: D E
FIBEFEAX B A e, IR B F e B 3 L a7 ) 1
REBR 4% IO IR, 170 i 255 003 P58 90 3 28 /0 L i
i 2~3 NE R, W AIRIE 3 2 1] R I
R 125 74 e S L EE b6 BE A R A e s 20 TR is AT
TEJR S HE b, A4 KIS A 1 A R AR
FU, A 2K PH it B A B3 — 25 R T R R
FEP B (-80~130 C Z I8, AR KIG N T 36 9 5h
Pl (R MEFE s 3OmK 4 mfs B 3 sh il 458 R G
ARSI T s 43 P Pk i o

RSG5 FE IR FE A S5 MR, 3R HE R
2% BH S JEW: N 25, BEAT R G R Bi HAamAb et Fi s
K B 22 9 3 242 36 R 4 % 19 mK 23 % Bl

5 58, BRI AT IS S e B RO .

1 ENSEYAREAR

BB A B AR E S5 6 GBI BUR L
AT B ARG, IR 1o AR S5 44 B B AR X 17
BB Y TRR AR X R SR B R R ARG
o JOIFERIB EE SCRUR L AR S 52 S5 M LI
FELSCH AR RIS TR bR 20~25 C, IR ERRE B4R
PRI T 10 mK/200 s PFEHONH LT B 222
TEBEFEACH T e b, LRI FE R 8 0~30 C.

FEL Tt 8 SR I A ) A S R S RSCER vk B T s
AR EEOR, 50 R IR Sk TR o i 2 45
AT o ASCHIWE TN GO AL B 1 A
ARGEN A2 IR DR

7777777 XA

YR

| 0 PR A ity JA B 3 3
R B

IR
TR

K1 B EA NS R
Fig. 1 Structure of the gravity gradiometer
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Fig. 2 Position of gravity gradiometer in a satellite

2 ESBEAAARERTTRERITE
21 BITRE
BB BESCALIE R B A T 77 A2

qundA + fvtI'dV = IVPC%dV
d

Gﬁ Qb+Q0=;g)’ (1)

o g, ISR 4 NIELR T R AR % 4 =
Wim’; ¢/ 9 3 4 P9 B U B R AR R R,
Wim’s VR RIRT, m’s p sk rot kel 25
J£, kg/m’; ¢ FRRHRT R EE I, Ji(kg °C); TR
B, °Cs t NBFIA], s5 Qp N 5F i 45 il A4 13 5 #0
W; O A AN IR, W; U AFEHIRNEE, T,

FH (1) AT, PR ) 5 B A L IR BB R
BIF 503 IR FE AR AL . AR R AR AR AL R, P01
ARG, I AR RN o T B SR AT B R R
FaE, MIEwRE EA LN AR R R X TH



6 3

x| AR H A mK J AR e PR BTt B IE 599

ACHARTT N HGEDY 0, dicdas il i N RE 22 10
RS HA R R ARA <. Bk, v m i
e sE B, T IR LA AR e U1 7 B MK K A2 1
AR ol N 320 5 A 9 73 T SRR R i« 39 KA
TN R R A 6 LE A R IR RS T BNl
Fr AT I KA S AR S FA B T

22 HEEHREAEIERMLS

I PRAUERR BEACALA ) R R R R E B, 75 BB
A A Bl J5E 35 3 K AR AR 18 46 S5 AT R A
B, RSO S AL T 2 DN YEFEBEAT 2 R AR Ak
B, FSLRIA ;R BEATHLIA — AR BT 12
RN F1 52 26 F BT DU T R B HE R AL RE, 1
Fa A 0% L 25 i DX 2 C DL I 3D, A7 R g AR A
ZER AT T B2 IR S BB

T l— Rz
T | xiig

wnzE = (AERZ)

(s PpEmEs) T |_| B ORI
|| BBEEAOE

[ G I24)
s J.:
IR — ] — _:| = L xmz e
= = (GRS ES)
W obPR, —— T o
(CEE TS IEERR

B3 AR A DD I 2 A R 7
Fig. 3 Diagram of component-level resistance-capacitance
filtering network
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