B RO 432 i

Control System Technologies for Spacecraft
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Spacecraft have recently grown larger and more complex.  This is due to increasingly variegated requirements such as the
need for high-accuracy attitude control or antenna orientation, the use of large solar array paddles to supply more solar energy,
and operational management for spacecraft on which several mission sensors are mounted.  These spacecraft necessitate the
use of a control method for flexible structures and the use of a fault-tolerant system design.

This paper describes the design concept of a control system for a large spacecraft with a large flexible structure (for example,
a large-scale solar array paddle), and that of self-operational management systems for spacecraft such as an onboard fault
correction system.  In addition, a computer system which implements the above systems is introduced.

= 44 Wik ST T
n FZHE FurFea— | IFMCJ Z/O_CJ%-HzUJ'i%-Ti%
FMC 30GHEIESE, . ¢ |, FMC 20GHzERAH (4#3.5m)

1957 4, HEFMONLHRE “27—b=2" 2475 LY Ny > A NAY S A
HILTH G, 1% 40 FE DALWMEL I L LT 2, S o
ZOM, KE - IRy RIS, 1969 SEOT R o iHEic Ak SENS S Lok

; i ; ; . FMC306Hz N ME A (1722 H)
<3¢ AEEEOKD), 1981 £ A~—AL ¥ FAT LT EEHT(S25m) LY g
WEHFIDTFHEFMRRICRAL TEI, \315;;1(/;:&) PN !

w2 INRY
by ETY, "E<6H", AL KHEALLII, \ .

10 4EAF RO CE BT « G AR % WTAEICT B 2 0 R Al
BOWS, $BOI vy aver TERRLMREE Y FMC: Bl - ST E(E R KL
£ D S BT X B WUNADLOMIE X, RN Ly 7 KSA | KT KR (E RRM S

SIC : S/ KEEMEB{E RIS
VUL RENE, ke - dtER LB X UL S ot LCE : FBIREHRRHE
BIM#A, 22 104b 3 ) ORI cRMIIEHENTE,
a6 BMA LY T4 Fal—ia ¥ 2R, 1. &< OBMBLEIY T F¥al—yaY AR 30m OKN
OO AT LA RET B 2O, DIFOMI Wik, KB <, ST 74 S REREWERL T2,
DL 7 B Configuration of Kiku-6
(1) #10m b & 58k KPR < P L2 #R L 72 IR0E
T LEISHIHT & 2 el e A OB RE RS,
(2) 100 53 DE)E % FBL S & D ERTE L BT Ay 22T, BEOFHEAEOL ) BHMSAFI7 A

(3) RERENEO QIR S & CHENIER 2 A THBOMIOWTHINISE, 1k L & B S &
Fx vy Last bR 27 BREIEEN - % CZICBE RIS O W TR T 3.
B AT WA
LT, Moo EHERRT 20, 0F .
It =
o MT LB 7 LA oWl | COMBHIR I - Bl #@y 132
OB AR R i 8, AR + R ERE 7 TR0 FHROKRIGE, WNROTBHEEDLZ Db DT

HE L Ea— Vol52 No.l (1997) 39




H2H, KLITHRLAEL S ICeE 30 m iz iz, JE
HicRZWREBED RV, BLAROKYT > 54, M
W7 —AD I E O & 5 %I KSA (Ku-band
Single Access) 7> 7TFH% L, ForuwiiiszdH>¥ 443
ZAHH LWL LIS ST 3, =k % i
WL L 72 BER TN THRTE, KDX IR B,
8 1 S @2

T = IS? + F S22 t‘;:,'C()f,'S"i‘ CUsz

(D

T, GIRBBME, TR L2, TdIEEe—2
b @ & wp (IFRE— FRED 3FihE 5 2
—%, SBTZTIAERNT A= THb, (DROLLF 1
T, RIS TR L 2 ok ZAiE# &2 LT
B, W2HIILMMEEC L ) (IS B %% LT
Wdo IRV S &, FRREIC X B REID R
WEENZ b - 2 TEIfEL, B8RS Z &1
BB, DX AFRELEIOEEIEICTIHT 204 0E
DERTH B, B, T, MHIZT 22200 1 i
WD AF I 7 ADLBTHWIL 722¢, ZOBORIET
ATz X IS, IS DOLMREEWIIREOH S0 3k
WIZH D e T 20T, (DRATHRLAZHES 4+ 3
Z A%, 3l (e —n, EwF, 3=)Ica L TRIME
MeAad->Tnd, 2Dk, FEZEFICEHECL W,

st

3.1 EREENHRMSIUEEE (B8) S

CDOTOOGIEM I, HyicHKT 28kato,
FOURKE I FLAWATEE ) 2 EHBEICE D,
FUHEEH ORI, R THRLEHEN SRS B HA
TE=FEMRATCEDLRE—NETT 774 7I2HMT 5
DirzBUICRHDEZEICHD, Thbb, a—r327 4
W TEY AR EREL, B akoLe—FET
BOAHEEECIBTT 274 7ISHIML, 8 at+1 ko
BE—F2 5L, 74 P REEVI BTy L7 ICHMET
V) n2RDDIIETHD (D), s, hz
1797223, ZOHENGOEIE, T4bb0)RDHIH
TAF 37 ZADOWBAMETH 5%, FiithH Rk
SN LB EHEL <, BIERRE A ERT B
B TIERER /3T A= ZET 5 2 L% L o5k
THd, 27z, KBEW CNVDL 5 ICTMBEEWA S
BARICHLTEEEL T2k 92303 HY, oL,
FAMRE— FATHRIBENC S L T2 S 2 Bl T X, 34
YNGR ZMML  ERTLES, ZDh, T
S LMD BRI Z TFT, I brohnike—F2
TSRS A F 200 2 &AM R & v 5 b 613
Yihz,

40

00 e s iR 100
2 50 a fo 50k
= 0 B0
e Fo—siv VFIli5
® -50 -50} s
-100 . , . ,-100 ' i
0.001 0.01 0.1 1 10 0.001 0.01 0.1 1 10
JEi % (Hz) JERE 8 (Hz)
90) 90
= N ™
g 0 0
E% -90b { -90r i ‘
-
Bl -180k
-180 180/{&*&_7_9‘/
-270 : 27 " : ‘ L3
0.001 001 0.1 1 1070001 001 0.1 1 10
JER $4 (Hz) JE i # (Hz)
(a)ETS-IIl, BS-2 (b)ETS-VI

B2, RREEHH SR ceEcTaARE LT, 74 5E
EAEED oD o h B,
Control method for flexible structure

—07, EREEICHIBT B & v 3 A & IF, LRI
LHTHIARHRO R LT 2 2 & o hlaH % 55 ¢
ED T EMRYNTE D, UL, Bk Tk R & 4
Ky B8KER), ZOT2% 5 LMD ALZ Lt K
BE szl RERkshtn s,

B3 13, FAktEom o KB R < Fovashli iz s LT
WHES 2 & 5 bl Geon 22 012 36 S 4L 7= T P A+ il 3R
hkTh s,

ek

T =
L —— Jj LN g L

SR8 | AN H |0

—_|H
prr [k U (O

HATEZ M) IR

H3. BRESAHEAE TR % b Bl 5 LTl
T AN RIzH LB RN TH B,
In-plane/out-plane control method

BUIRL 72 & 91, Col#hRig, ssRoil 25
WIS EE SN AR CEGET 20 Tid e , Fike—
F 2RO T B2 IS IAE SR A (T P i 0 )
THEIEL T3, T4bb, HHNEE, L2750
ARSI (HFTH 2D TIDHRERTINY AR, Zh%
INFIVERERICERT 5, 2L T2 OMER T 2w
7 W L, S BIER A AHE  TAAR tR o WA
FURL, FUHBEAKICEEESNTWET 7 F21—2 (R

WZF L Ea— Vol.52 No.l (1997)



FAZ) BWHET 52 L THMT 5. ZOBIEEA2HRES
N2 2T, 4 F CHEEE ST KA A OB HIH
oy SRR PRSI 2 T RIC L7 (20 “& < 6 %57 T,
LN TP v b REAE RN & T RIS 2
T ENTEB),

3.0 BEMER - BIEY AT LI

S, BBV -OLH S B - EEEEEZ TV
WERB RIS T LI LT B 52, HF
NICHE{DEN - 2L AT LDOEETH B 1O, kv
Iy ig ERNROh T—EOME IR E G 2R 2T
Barh b, 2Ok, kI SHEANTTERZ L,
A BTl L 72 SRTTERICUNRZZ 2 LATTED
M LB oT WD, ZONEROUIRZL, AR,
WER ML TERSANE L v, L2L, FliD
EHZEHZ S E, TOREMM R, »oFHEI AR
FICTRER~NOUH 2 2179 2 EATENR, Bl RRK
WD - MERW R EA R R), HELWIAT
AERD, i, iRk I ChicikEar ¥ 2
FORNE CERES AT AT, 20L& BHBSA
FAGEHOLLELZMTRELZEREL > TL B,

B &A%, ZOLIHEHENS AT LARHEET LoD
AMTH B, N—F7 2T OHEE GO 47T
BRBH, ZHOVAT LI, TTHHRNWS AT AR E
MY B AR Ao RICIER TH S L ITHIKL, €D
FRATHH AT ARM A2 THEE Z-> T 5,

YT AT LA
- BE BRI (RREm I, 7o LA A
L—atl, 7z Ibt—7)
CREHERCIAREER(EBS, T A74,
A= MDEZS)

RV T T E B GEREEE)
- 2CPUDIE RO L8 (F 17 Ly 2iE )
- BEREZEUR Y

H/W 2 &3 it
« ZHRRAM, 4w F Ry iy
(ACS O M FERIIES, H/WDMPERH T
HiRIR B,

H/W: A—F7z7
ACS . Attitude Control Subsystem

E4. EELUAMEREI TN ARSI 3T
Ptk % gly, #0090 2 TR AT AN T4 —0F LT &R
LTwa,

Fault-tolerant system concept
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MPU : Micro Processor Unit
DMA : Direct Memory Access
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