N O
168 SPACECRAFT ENVIRONMENT ENGINEERING

B 5,
(1. W JRYE Tl KA

FE: S4B A AR A AR

I, F
SEHARBIFT, Wa/REE 1500015 2. BHEAURHABITE, L

26 5 2 1
2009 4F 4 H

S
ﬁEﬁEmMMﬂrmiﬁ¢mrmw\0

7

\

LA, EAA) f;
0

-
%)

. EEFE. THEEK. Tﬁimmggg G L
AR B E N, Mﬁ%ﬁ%ik%%&@m#fﬁéﬁauﬁﬂ\ﬁﬂﬁﬁé
2T R IENM IR R ey R, ABRLEMKR R4 At

. XEE AN

A A I JJ:*// S Tl S )

FHER R KRB ABATT 547, RENEAERBMRES T 6y ARATT RZ f\ ///

FiBIE: REHEAEIM;, RESE; L5
FE2ZES: v448. 2272

1 5%
HAT, 28 TR 1A AR AS LR & i35 Ll fig

SRR BERTE SIS, PTREYS 4 SEARAS T R et
B AR 48 5 28 50 R S5 R 28 B LA e il e
IS Z8 2 [ AT 55, XA NG N 1 X Fi R a4 2

%%%%iolm,ﬁT%ﬁMi%E%ﬁ$ﬁ¥/
UHTRFTE AH Basie b DU A M AT R E B

s R ABA
XERARINED: A

-1379(2009) 02-0168-04

DUR BRI i A P

2 R
kR lEE T

2.1
@;ﬁﬁﬁ*mxﬁﬁi%ﬁﬁﬁmﬁﬁﬁﬂ

W, HTAEEIY : RUHZALRES), fh
m,%ﬂ%ﬂ%ﬁﬁﬁ%%ﬁ:pﬁﬁiﬁiﬂ
iR A R A i ) R

SRR I o I U AL T 9 R A

TAE, Iﬁﬁﬁnﬁ%&)ﬁi%ﬁﬁﬁﬁﬁﬁﬂﬂldﬁﬁ i@) BRI 3 AN F7 I 4050 2025 | £ 5 S Y et it b AR

B FLAT R T 92 2 X
5 Iﬁi%ﬁ%ﬁ%%?*ﬁ%ﬁg
b0 R R SR A ﬂﬁﬁ T
V05258 7 v A R

Fy e,

B, LIPRE R BRI E ST B
LR B TR 2 bl TORRIRE. 1) B Ui
i SRR Eﬁﬁﬂi@xﬁﬁiﬁ%”

= AT s, R B R
R R A ARG, @ﬁﬁh%ﬁ*mﬁa? FHL =k V7 3k
R il e M RGE TP
AN, TR BT 1 THE e 2 e A 3
e i%%ﬁﬁ%ﬁm@ﬁﬁ@ﬁﬂ

@%&&ﬁ%mWEﬁﬁxﬁ BN, TR
i, ﬁ%nﬁ THEPERT R dﬁl%mx

I 2 s

W%H%:m%&z%;%@ﬁ%:mwﬁLw
EEWH: kixgEfal# AL &t (IRT0520)

%DHTIQ

YEZE A B 45(1984-), B, LR A, T B2HMAF 0 AT E AR E4H-NZ

T E g,

s SR Hifl

I 24T

B iR 23T R P R AR LA ) 24 ]

Fig. 1 Configuration of mass trim mechanism
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Fig.2 A scheme of mass trim mechanism
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Fig. 4 Mass trim mechanism of GP-B satellite
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Fig. 5 Mass trim mechanism of GRACE in x and y directions

KBR
ASSEMBLY

GPS BKUP.
ANTENNA

AN

GPS0CC
ANTENNA

Bl 6 GRACE LA z [ JFt s Ph o BEALAG 2 B
Fig. 6 Mass trim mechanism along GRACE z axis

Bl 7 GRACE ALt i LR g 7L P
Fig. 7 Mass trim mechanism of GRACE satellite



170 IR N 2 . )

T 2009 5 26 45

(3) A S il T

F T 5 R M T A LA ] 58 A e B e
KNI TAE, Asgmi ks g, AR 3R
B v B AR B o RS, JCRR R IR UL R LA R e
Tl i 0, R Sk SRS AT AR IR B R g R
AT ISR AL, REFRAFAR K IR0 ) A1)
L, A RARe R FEIT A, [ s
KB 22 1) 27 38 1E AR I a5 JoT e 1 o R LA
IS P - A g o) S e 1O,
3 RERHEIEENA KRR A

iy et LA o S o R R A LA M e FE 2 () 4R
B A Jo R R ORI TR RS S FE L
FIFE & AR, B i) sehs TARAE 515
LB ZENREE . a6, A TAR TR, T
EFar ke, AR BT R RES, BT mk.
N = R IR (1 ”}ELIEHH%EP, HFix Lt
0, MUK BT FOIE R A A — S B AR AT

3.1 #MREER
752 B TR PR3, Pl 10 30 T o

7

IR FS F 00 LR BT B O
S BT B, LU T R

() TSR TRLE, HATTLca
#mfumﬁ%ﬁ@wmmx%ﬁzﬁw;@aﬁ
s AR . I @Q?ﬁ\
Xﬁmamzmu&mmmﬁ%mﬁﬁﬁ%
R 3 <*s

gd%w)%mm%fﬁﬁgékﬁwmm
B 2 R/ C/ﬂ

//

3.3 SR Q<{§s

fﬁﬁﬁﬁ)ﬁ#§§§ﬁmmrﬁgmﬁr
TGI8, DL DL L2
SR, UM, R SR BT . (G
mm%%%%éé%@uM@%@,ﬁﬂwm“f
LY
ﬁ?%%ﬁﬁﬁ%mm%%%%ﬁﬁﬁéwﬁ

TAEAELE RS B8 BTG 22 BRI P h e ] 22
(KT, LG 0 28 AT EAT BLIE RO
B SRR I . EARILACEE T A e

I DRI, LR R 2 N A SIE P PR #7132

R R ORGP AN R 52 Mﬁﬂmﬁﬁ%ﬁi> %, DLV 3657 F 1 PID 4245 77 i S BE A Kb ,

rﬂmﬁﬁ)mgﬁﬁﬁmﬁﬁ*ﬁqu‘§ﬂ
B TR PO MK R %

HO, (R R A MR R,

U)ﬁ%%,%ﬁﬁﬁﬁﬁﬁ\ﬁ§§
@)W%ﬁ,%%ﬁ&§W£§§§~%W;
() Huimst, fEs e ;
ARG B, IR I Rl
(4) B RED, #ﬁ(‘
I ST iR PR R SR \U/
B, W STR
%ﬁﬁwmmmaﬁﬁ‘

3.2 mmu¢ ;ﬁ*

BT *ﬁ%%éﬁﬁmmmﬁﬁﬁﬁ4Mﬂ
Bt 5 ﬁw WA IR I SRR 2 — P,
E@%”?V
@ L 152 EBRAE S ML, B E L
BTN A AT 4 AT 2 T Rz 2

Q) MRS ARG B, B
ICTRSAE, T R UM TR R P RS b

ﬂﬁ&mﬁﬁ

Egj}ii Xﬂ‘ )\i

BEXT LR R RORT BE 2K, SR B APl AL,
B s AN ) SRR 43 i 2% AR v 0 4 1 RS
i, TR 2 R R P 4 g 41— A
PEREM . B s/l ge iAREY Sl as, B
PRI RGP | R A PR DL A
PTG BAT A AL 1y S0 3 25 A T U K 2 )
%2 ﬂ[ﬂ [23-24] .
3.4 JEEEA

T B A T i R T ) R — B ALY
() — AN R . AN I R A T e B n] 4
AT E BRI o [ L (P3R5 5 ] ek N PR il 1)
PR ARAIET B A R B R A

DR ERTE 2 RN PN iy SN S N L1741

IR, AT Rk Iah, R M ER
AT AR 10 2 TIPS AR A A 2 AT AN S 3 i T

I G s I I N [TV S M S L D v 1t
FERTIR PR R EESRAR o AL, SR BT T 7
REMGIE N oy FLAS TRy i N A i (R AZ AR Y
G, ANSHER . RIS, kD St = e



o R T R D LR AR RIS () 171

M H 20, SR A AR 8 RE ) BT i o
W

B AT SRR TR I A AT LA A 2 ) B A5
NHIBCTPERERT AT, T AR T A T I S
FEH AT

S B R TR I T A AL 45 e 1) e DA
FEFEFRS N 5 RENE R 1 50 O A B AT 5%, JF
AEERUE BIAL . R T ERUEALA R n] S, X RS
INESHIZRERVE:

BT BUE IR R IR AN LA 1) SRR R AR A
[E1EZS 2 N S/ SO == RN & = N 8
U B0, 5T 1 TR AL AL T RS T R A i
REIA 2 T SKRIRG L, W 7 582 AT e A R iy
PUR AL B A o

R P AR 0 5o 5 A R AL SR (B 6 e
R BEATIGUE, W] AL 5T B P R B LA e 8
F TR E AR 28 1) 3 AR5

SE3HL (References)
[1] EAE, e TR PUE Rk I 7E SR 0t 5%
[CY/3F 25 Joich P22 WA JKIEE, 2006, 519-524,

&
i

=
b

(2] ARfR, BRSSP EOR AR ] oﬁmﬁe//

PIREE TRE, 2004, 21(3): 11-15 Q

[3] Richfield R, Walker B. Input selection for a sec@\;der
mass property estimator[J]. Journal of Guide{rﬁ;é;\ ntrol
and Dynamics, 1988, 11(1): 207-212 {

[4] Tangygin S, Williams T. Mass property estimation using
coasting maneuvers[J]. Journal o ance; Control and
Dynamics, 1997, 20(4): 625-632

[5] Edward W.On-line, gyro-ba: property identification

for thruster-controlled spacéc u‘s/ing recursive least
squares[C]// 45™ Midwe v( /S
Systems. Oklahoma, 2002 ‘= /

[6] Furun W, Tapley B ‘g,fBe
of accelerometer \p\{Qv /I‘mass[C]// AAS/ATIAA Space
Fight Mechani eeting. Texas, 2002: 739-752

[71 Ziavras J, Ka?;\)?\fser{ R A. Mass trim mechanism: US,
7097127 BQ}R] ]. 2006-08-29

[8] Peter (W W\ -orbit thruster calibration[J]. Journal of
Gu@%\(jjmml and Dynamics, 1996, 19(4): 934-940

[9} ;m , Buchman S. Gravity probe B: countdown to
s

Heidelberg: Springer 2001, 52-82
ch/ynolds G M, Vassar R H, et al. Payload and
spacecraft technology for GP-B[J]. Advances in Space
Research, 2000, 25(6): 1193-1197

posium on Circuits and

ur S V. Precise determination

[11] Peter J W. The Design of a propulsion system using vent
gas from a liquid helium cryogenic system[])f Ph\
Dissertation, California, Stanford University, \2 //

[12] KimJ, Roesset P L, Bettadpur SV, et dk. S@ns of
the gravity recovery and climate expe %e ACE)
mission [C]//AAS/ATAA Space Flrght ics Meeting.
Breckenridge, 1999: 613-622 /M?

[13] Kim J R. Simulation study of? gw w satellite to

satellite tracking mission D/] /tssertatlon Austin,

University of Texas at@u%f
[14]  Furun W. Study on mass calibration and

K-band ranging system/ Calibration of GRACE Mission[D].
Ph.D. Dlssertatlor;r n/U%’lversny of Texas at Austin.
2000

[15] From cht %Ier U, Flury J. Observation of the
earth syst fi space[M]. Heidelberg: Springer,
200 -113

[16] Rus%verly R S, Shawn A K. Moving mass trim
c@ aerospace vehicles[J]. Journal of Guidance

@}:0 and Dynamics, 1996, 19(5): 1064-1070
[1]} ond H B, Rush D R, Beverly R S. Moving mass
(( im control system design[C]// AIAA Gudiance

P
/ (x
\N Navigation and Control Conference. San Diego, 1996

Jonathan R, Costello M. A variable stability using an
internal moving mass[C]// AIAA Atomopheric Flight
Mechanics Conference and Exhibit. Hawaii, 2008

[19] #hDAE, Zrk. B FULHA WTEHZ ST
). AR, 2008, 29(4): 1314-1319

[20] Kim S K, Cho D W. Real-time estimation of temperature
distribution in a ball-screw system[J]. International
Journal of Machine Tools & Manufacture. 1997, 37(4):
451-464

[21] ChoilJ K, Lee D G. Thermal characteristic of the spindle
bearing system with a gear ocated on the bearing
span[J].
Manufacture, 1998, 38(9): 1017-1030

[22] Shigeo Fukada. Microscopic behavior of preloaded ball

International Journal of Machine Tools &

screw for ultra-precise position with nano-metric
resolution [C]//2nd Euspen International Conference.
Italy, 2001

[23] Chen C L, Jang M J. Modeling and high precision
control of a ball screw driven stage[J].
Engineering, 2004, 28(4): 483-495

[24] Paul I, Shim W, Jeong S. Robust friction compensation

Precision

for sub-micrometer positioning and tracking for a ball-
screw-driven slide system[J].
2004, 24(2): 160-173

[25] P, WRETE. MUK A E i miE v v s ks
HER[)]. 5 % d, 2008, 33(1): 138-141

Precision Engineering.



