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Fig.2  Spherical coordinate on the inner-satellite Fig.3 Spherical coordinate on the outer-satellite cavity
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Fig.5 The inner-satellite surface
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Tabel 1  The variation law of F, with the cavity radius R
r/mm R/r(FZ,min> Fy wyr=10/N F; gyr-20 /N <F2,1m:10/F2,R/y:20)/(%)
5 1.189 4 —-4.720 112 927 1x107"13 —4.737 239 476 2x107" 99.638
10 1.189 4 —1.888 045 170 9x107"? —1.894 895 790 5x10~"2 99.638
15 1.189% —4.248 101 634 4x107"2 -4.263 515 528 6x107"2 99.638
20 1.189 4 —7.552 180 683 4x107"2 -7.579 583 161 9x10~"2 99.638
25 1.189 4 —1.180 028 231 8x107" —1.184 309 869 0x10~" 99.638
30 1.189 4 —1.699 240 653 8x107" —1.705 406 211 4x107" 99. 638
35 1.189 4 -2.312 855 334 3x107" -2.321 247 343 3x107" 99.638
40 1.189 4 -3.020 872 273 4x107! -3.031 833 264 8x107!" 99.638
45 1.189 4 -3.823 291 471 0x107" -3.837 163 975 7x107" 99.638
50 1.189 4 —-4.720 112 927 1x107" —4.737 239 476 2x107"! 99.638
55 1.189 4 —5.711 336 641 8x107" —5.732 059 766 2x107"! 99.638
60 1.189 4 -6.796 962 615 1x107" —6.821 624 845 7x107" 99.638
65 1.189 4 —7.976 990 846 9x10~"" -8.005 934 714 7x107" 99. 638
70 1.189 4 -9.251 421 337 2x107" -9.284 989 373 3x107!! 99. 638
75 1.189 4 -1.062 025 408 6x1071° -1.065 878 882 1x1071° 99.638

& 6 FiEe 1 al %,

1) ZEREREAE R M1, 001 343 20r B33 2 b, F, (B 5C00/ NG N, F, BOW/IME T 92
B R/r FH B =1.189 4. U (15) w1, 76 F, FIEERRST R, r SR04, 615340 A
A I LAE B w S BRI s (A H R 1Y), 53888 A R 1 404 TG K.

2) AR R/r > 10 BF, ATLIAK F, (RFEH BN TFRRE R (35 IR N, LR A A fies 42
& RIBIERTHNIEERE .



I PAL7 BER Al IPiN--LiaE N w3 SR 559

XFEL 6 YR AT G A BRI E R AR F, IR

2AT 2
P = K222 {1 [A(2) 4 B(5) + c] e}k, (18)
5 g TO r
Hdr s
K =- 1. 160 560 361 844 500, A =— 78. 023 640 396 273 009,
B =-2011.862 991 001 152, C =2 763.016 879 134 357, (19)
D =4.958 099 413 038 000 .
WG REAMEIER 7N E, WK 7 B, W)
Fz = EFZ,ﬁlling . (20)
1.4
&
<
M 0.6
0.2 . .
1.0 1.1 1.2 1.3 1.4 1.5
R/r
1.20,
1.16
§1.12
&
R'1.08
1S3
1.041
1.007 . . . . . L L L ) ) )
1.5 1.6 1.7 1.8 1.9 2.0 2 4 6 8 10
R/r R/r

(b)R/r = 1.5 ~2.0 (¢)R/r=2.0 ~10.0

1.005 1.0039
1.0038]

£1.003 g

& <'1.0037

0l n

& 1.001 &
1.0036/

0999 . .. loo3s ...

10 30 50 70 90 100 300 500 700 900
R/r

R/r
(e) R/r = 100.0 ~ 1 000.0

(d) R/r = 10.0 ~ 100.0
B7 sEF, 5HMAMEMN E

Fig.7 The ratio of F, and its fitting function

HIEL 7 () FE 7(d) S 7(e) ATHRT, S R/r > 2 06,50 (18) X F, ML G1R 2 /N T 3%. M



560 X g 1 £ Jk B [ = N

A (7)F1(18) mJ %, ilﬂ'lﬁiﬁé?ﬁfifém ﬁﬂfﬁﬁf N T2 RS RN N
Pp A
“4”" TTO‘“k & To {1 + [A(E) +B(§) + C] e*D’V'}k. (21)

A (21) AT, N DR RSN F 5ESES R T p, WIE L, S5 AR T, %
L, B A A R 22 OB I RGN, 24 R > r i F B4 T2 EREAR B AR fb mT 2005, 5 ) DR

PS5 7 IERUACIE b, D48 S350 5 RS iS4 s i sk 7 -5 P 1082 1 o e R E L.
3 4% 0

FEP G BAEE 37 TR R Gl B R A A5 B T N TR R SR AR 3 R e B R
PSR as Tl BN R iy N RS a0 N G Y DR A B W s A 0 N O Y 0 ) o Y
DA T 2 B T T B B4 TR P A AR I A AR /ML, I HLIBUR /MBS Ah TR s A 12
I TR PR A H A 1. 189 43X —F B0 H PN A T2 B BRIE Jis 1A 7 e 1), 5 s AR P i
JERE S TE 06, N A LR KT 10 B, 9 TR ARS8 5 P9 TR AR 0707 3 Bk
1E Fb. o0 T RGN DR SR SR8 3 ﬂuWEE%{M%%u&ij:WEEﬁiﬁtt. AR I
F 58 45 RN 45| 3 B pa) i s ) 2 2 A e R

S & 3Lk ( References) :

F=-

[1] DeBra D B. Drag-free control for fundamental physics missions[J]. Advance in Space Re-
search, 2003, 32(7) . 1221-1226.

(2] Staff of the Johns Hopkins University and Stanford University. A satellite free of all but gravi-
tational forces:“TRIAD I”[J]. Journal of Spacecraft and Rockets, 1974, 11(9) . 637-644.

[3] Sumner T J, Anderson J, Blaser J P, Cruise A M, Damour T, Dittus D, Everitt C W F, Fou-
lon B, Jafry Y, Kent B J, Lockerbie N, Loeffler F, Mann G, Mester J, Pegrum C, Reinhardt
R, Sandford M, Scheicher A, Speake C C, Torii R, Theil S, Touboul P, Vitale S, Vodel W,
Worden P W. STEP ( satellite test of the equivalence principle) [J]. Advance in Space Re-
search, 2007, 39(2) . 254-258.

[4]  Mester J, Torii R, Worden P, Lockerbie N, Vitale S, Everitt C W F. The STEP mission: prin-
ciples and baseline design[J]. Classical and Quantum Gravity, 2001, 18 2475-2486.

[5] Schumaker B L. Disturbance reduction requirements for LISA[ J]. Classical and Quantum
Gravity, 2003, 20(10) ; 239-253.

[6] NI Wei-tou, Shiomi S, LIAO An-chi . ASTROD, ASTROD I and their gravitational-wave sensi-
tivities[ J]. Classical and Quantum Gravity, 2004, 21(5) : 641-646.

[7] NI Wei-tou . ASTROD ( astrodynamical space test of relativity using optical devices) and AS-
TROD I[J]. Nuclear Physics B ( Proceedings Supplements) , 2007, 166 153-158.

(8] Muzia D, Allasio A. GOCE: the first core earth explorer of ESA’ s earth observation pro-
gramme[ J]. Acta Astronautica, 2003, 54(3) ;. 167-175.

(9] LIU Hong-wei, WANG Zhao-kui, ZHANG Yu-lin. Coupled modeling and analysis of radiome-
ter effect and residual gas damping on proof mass in purely gravitational orbit[ J]. Science
China Technological Sciences, 2011, 54(4) . 894-902.

[10] Shiomi S, NI Wei-tou . Acceleration disturbances and requirements for ASTROD I[ J]. Clas-
sical and Quantum Gravity, 2006, 23(13) . 4415-4432.

[11] XL, FIRE, kA N BEETRON @R 5[ J]. a5 MBS, 2010, 30(3) .



I PAL7 BER Al IPiN--LiaE N w3 SR 561

243-249. (LIU Hong-wei, WANG Zhao-kui, ZHANG Yu-lin. Modeling and analysis of radiome-
ter effect on the inner-satellite[ J]. Chinese Journal of Space Science, 2010, 30(3) ; 243-249.
(in Chinese) )

Analysis of Radiometer Effect on the Proof
Mass in Purely Gravitational Orbit

LIU Hong-wei', WANG Zhao-kui*, ZHANG Yu-lin'"’
(1. Institute of Aerospace and Material Engineering,
National University of Defense Technology, Changsha 410073, P. R. China;
2. School of Aerospace, Tsinghua University, Beijing 100084, P. R. China)

Abstract . Spacecrafts with the pure gravity environment were of great significance in precision
navigation, gravity field measurement for celestial bodies and basic physics experiments. Radi-
ometer effect was one of the important interfering factors on proof mass in the purely gravita-
tional orbit. For gravity field measurement system based on inner-formation flying, the relation-
ship between radiometer effect on the inner-satellite and system parameters was studied by u-
sing analytical and numerical methods, and an approximate function of radiometer effect suit-
able for engineering computation and its correction factor were obtained. Analytic results show
that radiometer effect on the inner-satellite is proportional to the average pressure but inversely
proportional to the average temperature in the outer-satellite cavity. The radiometer effect in-
creases with the increase of temperature difference in the cavity and its minimum exists with
the increase of the cavity radius. When the minimum of radiometer effect arrives, the ratio of
the cavity radius and the inner-satellite radius is a constant 1. 189 4. This constant is determined
by the spherical cavity configuration and independent of the temperature and pressure distribu-
tion. When the ratio of the cavity radius and the inner-satellite radius is more than 10, it is be-
lieved that the cavity is large enough and radiometer effect is approximately proportional to the
square of the inner-satellite radius and the change of radiometer effect with the outer-satellite

cavity radius can be ignored.

Key words: purely gravitational orbit; proof mass; inner-formation flying system; radiometer

effect; cavity radius



