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Replanning of Rendezvous Docking Experiment of ETS-VIl, and its Result
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Takashi SUZUKI, Hiroshi KOYAMA and Makoto KUNUGI

* Tsukuba Space Center, National Space Development Agency of Japan,
2-1-1 Sengen, Tsukuba-shi, Ibaraki, 305-8505 Japan

ETS-VIl is a test satellite to perform in-orbit demonstration of rendezvous docking (RVD)
technology, which will be necessary for advanced space activities in the early 21* century. ETS-VII
successfully performed autonomous RVD in the first experiment flight. But in the second experiment
flight, seberal times of Z-thruster misfiring occurred and they prevented for ETS-VIl to accomplish
docking for three weeks. To verify all technical items, the third experiment flight was replanned on
condition that firing Z-thrusters should be minimized. And we modified on-board software to
continue approach in case that Z-thrusters misfiring occur. ETS-VII succeeded in the third experi-
ment as the result of these countermeasures. We present replanning of the third experiment flight and

its result in this paper.

Key Words: Rendezvous Docking, Navigation, Guidance and Control, Engineering Test Satellite

1. ¥ L & |(Z

1998 4£ 7 A 7 H, BfiABREHEVIE (ETS-VID B
o] ToZizL] i EAFHBERLTOEHE - B
BI7T7 - FyF* 7 (RVD)EBRICKRII LT, 8
A8 2 mIEB %, 1999 4210 B W2 3 mIEE % EhE
L, T ETRICERE L RVD EBROEMRIEEE
DT RTOEITEHRT LMD, NASDA iF 21 tiid
VI BECHRSED SN TV EEEBFEAT -~
avy(SS)Fuy 7 bEHERLTEY, BEHBIOD
—lE LTISS\PERHHR T 2FEARAT —va v
A HTV: H-1I Transfer Vehicle) #BF L T
w3, FHAT—va yEREERICEZ, —ET)’
T EBHLVISSD L S A KBOFEHEBEN %
HMELTERELLY, MEOHBPERBRORTHE
DY —ERXETI31HIE, U LOFHBEIL,
HETHRVDEMBATART H 5. ETS-VI i
RVD Efi#hE FEIEF*FEHWE LI EREHETH

* FRSZAT 20014E6 A 28 H.

*OIER, FHEARBEEAREFE L ¥ — (@ 305-8505 0 <
TR 2-1-1).

*? FHAFREHEEM.

* = () RO IUVERT (BB 247-8520 SRATH _LETE 325).

E-mail : kawano.isao@nasda.go.jp

D, FaAVEHE [OIRL] L5 —5 v VNEE [B
DU ] D2DODEENSK->TWS, [OLZIFL]
BB U] 258, TOZELIBS[EIO
| et U CHERL, BEEOHIE % L T RVD KR %217
> 72,

52 EERIE, B 1 ERRORNEZ I TEREL
23, B EBOHECHERT 2 AT A Y CBHEE
DL, BEFEHRO:-DIELEFH L. 2Dk
b, BEY 7 b7 OREERKL TEL, 3:EMW
2 S EERITORIC R v 3 SR LIz, B hi:
FINRREEIEE % 3 X CEI T 5 72 1 EEREHE = FHiL
EL, ATRAYEHEE T 5K 2L -B#HK Y
Zro 7 EBAFE L LT, E3EEREEML .
ZhoDMENThEZEL, T RCORITHEE 2EIET
BB, ATAIEBHREERETCB T 28H
RVD iz $ RIh L7z,

EEROEEE X, BB RVD [ LB EAHhE DK
FHfFicinz, A7 A BREFOTREEEMZ 5
&, g0, F—ATASEHRENREL LKLY
FER L TRITEREEL, S v v a VERODRIEREE
B3I EEBEMEEC L THRSL, HE@ED $XT
DEMBEIHED 7 — Y RIBICEII LIz DTH 3,
f7:, ATRAIYEHAEERET KB I 2HERVD &,

—133—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2060 ETS-VI 5> F7 - ¥ v %> 7EBROBEE & RITHE

HUE IR AR IIEESED THRE 2 FEBOBE O
e L, BBY 7 b7 OEEZBZCLDERED
HEEREL, MRV 2EELBEBRV Y
A F¥a2v—ya) L2 RVDIZKEIILIZH D
TH 5, :

KX TiE ETS-VIl RVD EEBOL#IEHE 2R L
1otk AT AVBHREEORELFR L UERTE
DOEREL, BHECE SO RITERIC OV TEHRE
95,

2. ETS-VI RVD 820 L ¥5tHE

RVD BEE FO—>OFHEBRILBELL, &4
TAHEMTH 25, ETS-VITEHER LTINS L

L7ZRVD Y AT AL, UTD LS REE oY
ATFLATH5.
- (B8 (LEO) ~O#h L¥T LIFEI RVD ¥ A 7 A
cEAFEBCL EHE - BERVD 2 EXKE L, &
Rt & 5 RVD bAlRER Y A T A
- BAFHBE~NDRVD #09[6EL T 5729, E£HED
HRCESEE WA 7 RVD Y A7 4
cBEBIN D F = A4 S EERSRE - MRS -5y
M FEHBEANEILT 3 RVD Y A7 A
HHE1IcmBECEREL, JEZEMARE I CHEL,
BETAEERM Ry X
IHhoS5DRVD VAT AEMEEIET 27012, 4
VIOEBRIABE T, RLIKRT LB, a) BEEW,

Table 1 Verification items of RVD experiment flights (Comparison of the experiment result to the original plan)*

Suocess revel

Mission sucoess

Full suoces

Experiment flight (Original plan) FP1 FP2

FP3 FP4 FP5 FP6

Separation/
Technical itemn (first in the world) | docking

Departure/
Final approach

Total RVD Contingencyl | Remotepilo/ | R-bar
Contmgency Il | approach

a1) Docking Mechnism ‘W )

a-2) Proximity Sensor (PXS)

wswnasy] (e

w
a-3)Rendezvous laserradar (RVR) W
w

24) GPS Receiver

a-5) Accelerometer

a-6) Camena

b-1)PXS navigation

b2) RVR navigation

g€l

b-3) GPS relative navigation
(PN oode)

uonedineN (q

b-4) GPS absolute navigation

ele

c-1) Separation w

¢-2) Reference trajectory guidance @®?

¢-3) Clohessy-Wiltshire guidance

c4) Velocity Increment Cut-off

¢-5) Relative position/attitude control

[agu00 e 2ouEpID) (3
SIS

6) Docking _control

€

¢-7) Line-of-sight poirting control

¢-3) Collision Avoidance Maneuver

9) Night docking

¢-10) Remote pilot control

d-1) Automatic state monitor

d-2) Automatic contingency
management

o @@

g€ |=[=

uonendO (p

d-3) Remote pilot operation

@

d-4) 2 satellites simultaneous operation

d-5) Operation via data relay satellite

o | el)R-barinjection

€-2) R-bar approach

e-3) GPS relative navigation w
(Camier phase)

olo®

: verified first in the world.
: verfied in FP1.

: varified in FP2.

: verified in FP6.

1 verified in mating flight.

O@OOE=

*] : verified firther than originally planned.
*2 : Final approach by thruster reconfiguration after thruster mis-firing was verified.
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Relative
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Fig.1 Flight sequence of FP 2
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Y(Pitch) axis

B 1A
5B X RolD axis
2A2B 5A
11A
14B W ; 7A
V. 10B v
13A 1 nr l0a [>12B Z(Yaw) axis
9A =y 8B —»11B
13B <4<} "y gA
9B P Y
e
AA 11,12A/B thrusters are canted upper of
1B lower from X-Y plane by 20deg,
3B 6B
3A 6A

Fig.2 ETS-VI thruster configuration
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Table 2 ETS-VI thruster firing logic (original design)

Purpose Primary A
A 2a ] 3aJaa]sa6a| 7a | 8A | 9A | 10A| 11A| 12a [ 13A | 14A
Roll +{ D D
g — D D E
Pitch + D D ® gj
g — D D ‘ E
E Yaw + D E
— D D
AVx + D D %
g — D D %B_
: AWy + D D B &
g = D
0 avz |+ o D
— D D

Note : D means dual firing.

*HREEREILTYWEY 5y M, Fx AV ORI—EELEZMALIVEENV A —BR) LS LT3 L, BEGEEIBR)GRALCT
HERNEOOT, =5y FOBFELID bEVRBERA>TLES . IS EEBECERT LI VA Y 2 (2o LD 5HE
ALTWw3IS5CRA3. -7y P EALBEEE 2T 500, LASICAZASEH AT LEYNH 2 BEROBES, #

FEDAZ A BRBSLETHS.
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3 R-bar approach Target satellite

Remote pilot & CAM 1001 satellite

E(2) CAM /
1) Remote pilot '(';,,.,

idance Maneuver)

V-bar RP

|/
/

Target satellite
.

T1 departure

4~7

Separation — VP holding — Remote pilot = CAM
— Tl holding — Relative approach — RA

— R-bar injection — R-bar approach — CAM

— Drift = RP holding — Drift

— TF50m) injection — RVR acquisition

— V-bar approach — Docking

Fig.3 Flight trajectory of revised FP 6 (replanned)
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WEo>T, FRED Z A0 Eiida—n/Ey Fi
EDDMV7E2RESE D LI RATRAIEHAZA
mu, HA7ASEHANOY#Zz 3 ELsDa~<
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BWT6m M TELIL CTHMEILL, i Lo D=E
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Y. Z(m)

X'(m)

Fig. 4 Flight trajectory of remote pilot rendezvous
experiment

Table 3 Newly designed thruster firing logic (switched over if thruster mis-firing occurs)

Purpose Secondary system (B)
1B 2B 38 48 5B 6B 7B 8B 9B 10B| 11B | 12B | 13B | 14B
Rall + D D
E - [ J x [ (] [ J @ [ J
E [ Pu |+ D D
g — [ J L J X @ { J [ (J
E- Yaw + D D
- D D
AVx + D D
S : - D D
& AVy + D D
g - D D
B Avz |+ ]| D D
- @ X ( J X [ J @ ( J [ J

Note : Combination of thrusters marked with @ are used if mis-firing of either 4B ar 6B occurs.
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Fig.7 Control result by new thruster firing logic
Fig. 6 Flight trajectory of R-bar approach (Upper : Relative position Lower : Relative atti-
and retreat from R-bar tude)
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