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SHERBHE LR T LOTE
INEYE B GPS ZEBROTE

Study on a New Generation Spaceborne GPS Receiver
VRTLBERHIN—T
Spacecraft Guidance, Control and Dynamics Engineering Group
BHE 'z WRx & FE X

Yoshiyuki Ishijima, Toru Yamamote, Toshio Ito

Abstract

Spaceborne GPS receiver is a very useful component which enhances spacecraft autonomy, so
the requirement for receivers is getting advanced. Moreover, in GPS modernization, new civil
codes on L2 and L5 frequency bands will be added. In this study, a new generation spaceborne
GPS receiver is investigated, which can track more 24 GPS satellite signals including the L2 new
civil code (I.2C). In this paper, the design result and target specification of a new generation dual
frequency spaceborne GPS receiver, utilizing legacy L1C/A signal and new L2C signal, are
summarized. Next, L2C signal acquisition and tracking correlator implementation and device’s
test results are shown. The functional model of a new generation dual frequency spaceborne GPS
receiver, including L2C signal correlater, was designed and manufactured. Finally, several tests
for spaceborne GPS receivers were conducted by GPS simulator and the target specification was

validated by the evaluation of these test results.
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3. REOHEE
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Table.1 Designed Specifications of a New Generation Dual Frequency Spaceborne GPS Receiver
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(2) L2C {E5HtE - BRHOH 5HAIE
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OBEEDBITAAF B H 5, AlBREEZEA LT, L1 C/A G50 ERMREEZ L= LT L2C fHE R
DENERBR A T o7, RBEE TR L7z L2C HIEANGE S L OME NS Z & 2 #E L, GPS
ZEEOBMERIETIE., BEMIZIZ, LNA 7 Fa7f2 g7 # (GPSA BR<)IZT. GPS
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BE) TOF— M EE 958k F— b eR B, ZHUE. FEHAIM F— T A 1 HEEFTES
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Wined, BICKEL 2t e b, Lo T, BEERTO 2 A GPS Z{EHEEBT 5729
Wik, FHEA M A= T LA 2 1HHD0T2 (ALOS/GPSR L [RIL) %M L7-Mkize s &
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':‘.-..s- i

| TaTHILER

T cPsmEmEArETL [V munERZE
T i [— ———— . 'S
Figure.2 Digital Unit (FPGA Board) Figure.3  Functional Model including 12C
Implemented L2C Processing Module Processing Unit(Left) and GPS Digital Signal
Simulator(Right)
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Table.2 Implemented Functions to the functional model of the New Generation S-GPSR

YlEEHE BERE HW | SW
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2 JEiE A R — Rk 2 JEiIC kA BB RIEMIERRE, 2 AEENT -2t LA REEE v

DI - BHME, A>T VT4 =4 ARy 2 V77 FAMHEE#M
EBESE A 7Y AV P LUMEOWRER L EROREL TS 2 H
BAEEER TS, ARIEET AT — & 2 ER L.

H— B3 ARHE L—#—® RF T4 HMELREET VICbEEL,. I—F2Sr | v v
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2 7 T B REETATE, A — Ry =T7TOHP LTI 7RI 177 HERT | v v

HAEB, T4 PANRUBIZT 2 Trot#Eme LT, E%%4rE
BLET T T 28R - ZETHHEELA LTI AL T 5,

=R Y A3 BEE MIEORETH D DSP My OWmERWH~D7 —VEI T 4 BNO v
(SEU %) —BRELT, DSP @ SEU 2#BELEEEY H 3 ) BELRET L, £

%G REET A TV A2 T 5, BERIICSEU 288 L TRHE
LR 22 L 2R 5,
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Figure.4 The Functional Model of the New Figure.5 The Architecture of The Functional
Generation Dual Frequency S-GPSR Model
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HERFMFE R DY~ U % Table.3 1277 Y, Figure.6 12 L1C/A R UHFEE L2C E R o33 2 BRI E O

FMMFEE A RT, E7-. Figure.7 1213, ALOS BE LT VA TRE L 2 BEEZFIA LizA oA
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Table.3 Evaluation Results Summary of the Functional Model

RIEEF VO HE

RIEET LV ORBRIFT MR

BEMERAFE L GPS EE5HEILER

FPGA I CEH, ASIC ko BAEEZ,

L1 C/A 6¢ch Bl L, L2C 6¢ch L EFRFRESAE

FPGA IZTHEH, ASIC ko B%ZHT-, DSP ok 5 L1C/A R L2C
OHIRBRAENTEAZ 2R L,

FARSERE L1C/A - 1L2C -188dbm MU -
(GPSL A1)

FHAETIE-133dBm ¥ CHESR, -134dBm ¥ CRIEEZAz L, -136dBm 13
RS BETHY. RF FIBORLE L& T,

BT —2HE (3 0)

-133dBm Ti¥, HiEER, -134dBm £ TIIEHAE,

Ya—RLyY: 10m UT -136dBm i3, BHEE, T0OBHE. 3dB HORBELLSRAEN, U
FuZ LY ibmm BT FTOHREIZ AE LASBE, OF, % U T ALV 7 ERFROMLE
BRSP4 @ 10mm BLTF L1CJ/A 1.2C 1.2C
(%4 . L1 C/A-134dbm BLE, -134dBm L -184dBm BA k. -136dBm Pl E
12C-136.3dbm LI E (GPSL AA%Y) ) | vo— KLY 10m UF 10m BLF 15m BLF
@m LLT#) @Zm AT (8m LLT#)
S AR 10mm AT 14mm PAIF 18mm AT

BT —2HHLr—k
Sa— Ry FaAKLry 1Hz YL B
AW 20Hz Bl b

1Hz AR L,
20Hz HALFEETHH 2 &1, ¥k 14 F£E ORECTRHIE 5

A FI TR
BEEE : 10km/s LI E
JEE - 10m/s2 Bk
V¥ —7 : Bm/s3 Pl E
(BB E et MXIRD OHRHEBRE)

AR B A OSM TR L, FRICRIER L,

TTFF
a—L RAX—+ TBD 4B F
A —AhAEZ—K 205U TF
RV BZLIC/A, 120 : 60 BLLT

a2— FARZ— | EH 1260 B

T —LAZ— b R 52 B (REEEELFESETH Y WS B
gy RRAAERNE, #ichER L)

EYIY AL L1 C/A+L2 C : 39 W(ALOS/GPSR 12 L1 C/A T 90s,
ALOS/GPSR @ L2P(Y) 1% 150~250s BETH ) KIBICHFET )

RS EE (2R S

frE (RSS, 95%) :26m BT
(85m@GDOP=6)

HEE(RSS, 95%) : 20cm/s LT
Bl (RSS, 95%) : 85ns LUF

(Gfth - 17 7 TR

GPS 3 = L—F T X HEHE -

1 7Y 7R - 10.4m, 3.5cm/s(95%) (6¢ch, HUERIEM)

2 7T FRERL - 14.2m, 4.3cm/s(95%) (6ch, HIERIEM R VEEA 7 &
v FHY)

EHBEOBRSAER AZEE L PR,

12ch, 2 7TV T7 TR ERR S LT,

P . 22 m(95%)
HE . 20 cm/s(95%)

it Eracieg Erus {1 aigiend i)

EX]

B 55 £ 25 ®
G {ABbi]

= B {FGAesstios]
o LiGAsiwision
& {20 smuntion
& Libanardiee:
& LiChednwe

,,,,,,,,

Gaeier Pnaz Ervse Pigens Diors)

133d8m A

7 T
Voo é Dol
: I I

9 55 1 45 £ E3
NG (51}

Figure.6 Evaluation Results of Observation Accuracy(Left:Pseudorange, Right:Carrier Phase)
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Figure.7 Onboard Navigation(Dual Frequency Navigation) Result Tested by GPS Simulator(Left)
and Navigation Errors(Right)
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Navstar GPS Space Segment / Navigation User Interface (ICD-GPS-200, IRN-200C-005R1), 14
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Study on improvement for Guidance and Control Actuators/Sensors
RUACE SRR A A — /L DOBFFE

Study on an advanced reaction wheel with high performance

VAT AFEEN T =T JHEmE. H)IME BB, B

=T UT N BRE I —T NEHE, e AR
(Expert Group for Guidance, Control and Dynamics)

Katsuhiko Izawa, Shinichiro Ichikawa and Makoto Sato
(Expert Group for Mechanism and Materials Engineering)

Shingo Obara and Akira Sasaki

Abstract
We started developing an advanced reaction wheel based on a study for a reaction wheel with
high torque and low disturbance characteristics since FY13. The advanced reaction wheel is
characterized by small and high performance in comparison with a current domestic wheel and
will be supplied to various satellite missions. In FY15, we have completed primary designing and
manufacturing a Bread Board Model(BBM) and have verified the BBM to comply requirements
for the wheel. And we have studied on improvement for bearing lubricant system and wheel rotor

design. This paper describes summary for these studies and study plan in FY16.

1. i
B v BT LB - ZERBEERZERBEML LI, S 0l—BEmaEn s L #fik
fe~OE - BRIREER N L o TBY, BBHEAET / Faxm—2THAHI T/ a kg —/b
WSRO SN Dm My, RESL, SmtREE, ARSI T 2 ERIDEFEELLL22oH 5.
WRBEEY 77 v a Uik — AV TREEEZ R DO, ThbEMEEREERT 2 DIIRETH
D LB L, @ikt - SEBIC LB R BRI - MR T A EiIRENE SR, B b
NIARY » TNE—F e OV B O FHUICBRT 2L EDOH 5 Z L NI - 72 (Fig.1 138 by
7 ARIBEALR A — GO E AR,
IREZIF, PR SEELD, o 38
B (RFHBEISEAT. IHWIZE =i E vt
U, IR B EERD) MR FEEO
—ER L LT, kOB E~DILHE
e Lk TE vy - REELR A — L O
72 BRMAL, Wk 1 4 FEEIIIgEE S
L ODFRAE B AR L C BRI 2

duplex
_ bearing

housing

wheel

(rotating masss)

Fig.1 Architecture of a reaction wheel

THZEEMERL, & My - AREALRA
— VORI BALE T -12] ERk 1 5 4F

with high torque and low disturbance

characteristics
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ErbiL, EasEENR 2B, 5% - WE 27 L, BHESEERFHCET 55, — iR
WFE A BsE L. £7-, [FER 1 SEEADIFIRA — LV BHFEICUITLT, & Ly - EEELR A —
NORFER— A, —BEETORERSA —L (BT, BEEERA — & L5) OFRICET
s/

AHETIE, FlR1 SFEITEM L, 14—V BE, ®SEEES A —VOERRE, RIEET
R - FHRORE, OISR 1 6 FEOMEFEICOVTHRET 5.

2. WFROBE

TR 1 SEERKESLUTO 2 >0OM%EBE 2 £ L=

@ FA—NLRER

@ wEE AR — VBRSEAFE

DOFRA —NEBISEE, BARIARE T THET 2000, XTIV 7 - Big AT A, SRS
tEERREHCEENER LB AP OYRET A AR SR, RRICVEATE LD THS. HENSD
BREOWMNEET, (FEMEN EREE -FFML, A —/La&EHom L7z,

@IXOEEDT=E by - (KBELFA —VOFRRE~— 2|2, —BEERTICHE b7 R EmL,
N - RO EMERE AR A — VDB T BB LT, RIEEF VR BME - B L, BARMEEHRE TS
ZErmERR L.

3. BROHE
31 HRA—NHEHZE
3. 1. 1 =<7V 7 --H{EyAT LMEHEMER LR

AT Y T gy AT AMEEMERHEREBR O MR - REBTRIZBWT, F4 0 REkFig2), X7
Vo TR=NDFENFR (T U=vT 1Y) BlRFigd) 3R ahiz.

F A vaEbIZ oW TR, BEE L TWRWA A L & EEITHR 2 WA EE L L7038 BT D)
o, TUzoT 4 Y 7HREZONWTSH, RBTORT I 7 EEREE N F, BBREOXT Y &~
THR—« L—AREIEKBEMSESRSRICEAEIRONT, £z, EEPc<T ) 7FR—k L—2/H
ICHENIEFIZR SN TWD Z L 2 EESHERNEEIC L VR L. 2ok, mHsL i~
TV BREAEICAEELREES 52500 TRV ST, EEMER Lo A,
W9t & Ehm L7z,

Fig.2 Clouded Oil(left) Fig.3 Dewetting Phenomenon on bearing ball
B, AT~ T VTN - BBV —T, RO, =7 U7 - RN 70— 7 L hiEvEEhs
BT A AR A EhE L TV AR LEKRYE - R TFFREOWHAEB CER L. BIROFEMIL, B
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<o)

REO~T VT IV BEE 7 v—7 = O ~ 7 A R o o—FEcfEd o898 [Bllcggy, o
I TIEE D LA RS,

— A VHBBIS

FAND BN T, A AFICEENDRMAIF OIS TH D & DRHD T, BIAIOHE
DEEBREFIE U, R, BRSEA BRI G ENSMBEOEAGOERRATHL I L&
22X b, BALBAILEES], 2 A W~DIFRNE, A A MAEEEE~ OB CIHME L 72 BT, A
EE ER VORI LR EF T2 L L

—BNUAR (T U=y T 1) BR

BNAE (TozyT 4 0) BEIZONTY, WENSAOFME O 2 5 TRRZERIZ Y o7
2, FREORKEIITEL o7z, FRIARIIIER L CERT 22L& L, ERSOIR, FA /LA~
HARA FEBRL, XT U7 A AN EoENER R, B, Ty T 4 T REDEEN (—
BREO 7RI BRI EAEE) OFEBEZITHI 2D L5, XT V7 - HIBV AT LADA A /LT 1
= HA N o L= YRR AEEMER ER R - i L. B OWTE, T U v
THOF AN - TCP (U VB AT V) V—%2 7 (@iRIRE), &AWk OERFEEREO~N—F
7, BEILOWTUIN T —F ~DOF v T V=R (TANVED) BEDTHL R0, N7
Uy 7 « BT A7 AREHIRE LTz,

LRLOEREMER FIRE B U727 U 7 -l R T AFREH S LR OfEE 2 BROIZ, N7 U
7 IV AT LARERBRZ R 1 6 FEICEET L TETHD.

3. 1. 2 [HREMER EBIE

SRR 1 A4EERD, HEEET AR AWVIRERERIC K VINREISE T — 2 2 TG L, T s
Frar—varl, J7UT 4 WV THLAT Y 7 ICAT SN OMER N Ze~— Y 2 HEE
L7z, #R~v— Yy OREIICEW T, HEEER, FacBE L TIERRA —/L TORERN b LERE
@QEBELTVD. QT Vb0 T U F AMEBNIZEBWT, TH Uy VIR CIE+nkh~—Y 20
THLOD, TIPTIFAMMETHERENIZTEAERWT LA L (Table.l). [RRZ, JRENZ
TR B N — X OERIREENEVEEICH D Z LR aho T, SR L 5 FELE, LRERD
R 2T - i L7, T BERE AR L ERE, RO AZ OIS o BT m
—HTTA R N EEHEIELRNDH VAREELER D DS L R L. MPBREERICEIRT L,
=2 OME 2 ZNETCOTF X BENOAT UV VAMIIERTHZ L2, BERICID ML— A
7% Table 2 |23 § . BT O<—Y VA EPNRIAEND & & I, ME - INTEHOUEN RIAEND.
ERE 1 6 EE B AR A — VBT MICERENE B L, BRI TR A 2R T2 TETHD.

Table.l Margin of Safety for bearing pairs on random vibtation(QT)

M.S*1 Spec.
Direction Axial*2 Radial*3
Fixed Bearing Pair 1.0 0.0 >0
Floating Bearing Pair 5.1 0.0

M.S. = bearing axial/radial basic static load rating/ (safety factor(2)xloadx3c) -1
Acceleration level *2: 17.8Grms, *3: 12.0Grms
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Table.2 Ti-Alloy Rotor v.s. SUS Rotor

Item Ti-Alloy Rotor SUS Rotor(on analysis)
Mass of Rotor 6.7kg 7.2kg (+0.5kg)
Frequency(Radial 325Hz 354Hz(+29Hz)
mode)
Q factor 37 32(-5)
M.S. 0.0 0.1(+0.1)
Manufacturing Cost High Low

3. 2 @EEbEERA —/ VB RS
3. 2. 1 @EEEHEKRA —/VBFRE T8

L7 BAEELAR A — L DR E S — AT, —BERECE M2 RS RIL, R - R
DOEPERER A — A OB E HIE L THIEZBRIA L 72, BTSN 0, T OB 23 E L.

@ & v - (KIEELAR A — /v ) CHESL LT3 (R Eiszilig s 2 7 &, Stk v o 7,
KHEEL=—#) 2EAL, @by - (KIBEAA — L OBEHE - BEEHEE Loo, &lEliE - )
EE—Abic L o@BE(L, B2 R MEAZK S, Fiz, BARYIM, BMRY 27 25/NMz5.
QO—REEN S DX AEBBERICHIET 5L 9, AESRGEHE YA X20E4+52 ) — %R
2175 . EAEBRIL (10~30Nms) W _A—F23FF M, EAESHEE (30~80Nns) % H/5—3 3%
ETFNVLO2EE VY —ZXBAHETS. (Figd B2R)

@R E L R A A BRI AR (GOSAT) ~D @ g ElG A A — L Ed % Bi5 L
T, GOSAT 7 Z A4 FRA— VOB LITS.
@A—=HEDOXFERFEE L, 1B - BHZ5HT 5. JAXA: EF VLB,

F R AR A — VB R O

A=A BT MBS

NI e e
- e i H

~| Developing wheel

S I e, )
T

Model M
10-30Nms

Output Torque[Nm]

. 01 H i 4 i 33
i 0] 100 10040

Momentum[Nms]

Fig.4 Developing wheel products series
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3. 2. 2 ®EEEEEKRA — VBARIAR

HRERFEERL, SEBERA —AETAL M BT L OREY A X, BFAR (SR EEELS
A&HDHVEDC/OC B GR), T—4FHK (HMEA > —FFRXHBVNEPWMER) 2Mat L. &
B ETAVMSETLLOENENDORET A XEREL, BRIAZL, BB HREBEIFA LB
RAEFDOES S, by - NRABREEREE~OFEN, OB T/ DC/IDC HRE BN LT-.
iz, B=FHNTL, FFUTPASEEDPDEL THES, REERLHDEMA A — 7 FREBIRL
y o

FRFEEFNTE s, HARIFELERL, BX - RIS EREELHE TS 2 &, B - lsnit
BERALT D Z & AMITIC TRERE L, BARHRERE L.

fRtT O —fl & LT, BARIEHEEFET VI L AR 5% Table.3 IR 4. &EEHEAR A — /L CE
ISR b 7 VT A ANThHLERT Y NIRESRIT &G 2IR> TROEBOTHS. A 27— AR
E ERO+E5CTAT U » ZIREIIFFRRE (+90°C) (2xt LT 15CLU LD~ — v &4 LEGRE R
MLTWEZ ERnghd. £z, A ¥ 70— BE65CLE LTHLHFAEREEZ TH-TEBY, —HH
THNIT+65CE CHMIRE LIREZIGE CE 2 BAE B, 5%, RMEEFTALZHAVTCEEEETLO
B2 R Y, EHREGHOBALZHRET S TFTETHS.

Table. 3 Thermal Analysis Results for Developing Wheel

Condition Results Note
Interface Speed Temperature ['C]
Temperature[*C] @Floating Baring Pair
+55 6000rpm +74 Allowable Temperature
+65 6000rpm +84 of Baring Pair
+65 3000rpm +74 +90 [C]
+55 +6000rpm +74
@0.1Nm

3. 2. 3 REETAEUE - FHM
Table.4d OFIFRMARICEIEZ, T4 M ORIEEFT L EZRUYEL 7. |
ANEET VOB E Fig.h 1277, ZOREET /L& BV THERENE
RERRBR A EhE L, BEREMEREMRRA T R UMD L 2R L. &
ABRIE R % Tabled |RT. HE, X b7, WEEHE L%
AR & © KB BIF2MREE R L, WA TERNICET SRS —

VBB TE B HLEET-.
COREREZITT, SR 7 = —X~0OB{TEHE L. F
AR 1 6 FEBEICITREMRR G LRRET T A 0EUE - RERR 2 £ .
HTETHD. Fig.5 Bread Board Model(BBM)
of Developing wheel(Model M)
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Table.4 Specifications of Developing wheel(Model M) and Test/Inspection Results

of Bread Board Model(BBM)

# Ttem Specifications Test/Inspection Results

1 | Momentum 20Nms+1% 19.9Nms (-0.6%)
Inertia of rotor 0.031831kgm2+1% 0.0316485kgm2(-0.6%)

2 Speed Range +6000rpm +6200rpm

3 Output Torgue >0. 1Nm@+6000rpm >0.12Nm@6000rpm, 30V

4 Loss Torque <0.03Nm <0.0128Nm

5 Stick(Break away) <0.016Nm <0.008Nm
Torque

6 Dimension <P284X155mm B279%x150mm

7 Mass <8.35kg 7.366kg(before bonding)

8 Static Inbalance <0.1g-em 0.012g-cmflon assembly)

9 Power consumption <33W@6000rpm 12.4~14.6W@6000rpm

10 | Coast down time >10.9 min. >42 min,

4. £&

TR 1 SEREEICEM Lz, A VIR, @R A — L O RARRET,

DRIz SN THRE LT,

RA —VBBIZE L, X7 U T
RR 1 6 4RI
DU T IR B

&E%%&ﬁ°ﬁﬁbk
WCITRRERER, MHRENE &G

&igifﬁﬂn} 7z Iz AT L,

223 Uk
[1]R.ALaskin and S.W.Sirlin,

> AT L, THEEEERREH
IRBIC L AMIEEEHNEL, TV -
R EERTD.

ER[EER A A — VBRI OV TIE, AR 1 BRI EARRFH T = — X & 5E T L.
SEMERE, WEETAORE, EERBREERTD.

2N TN EAURRRNER L,
Y 27 Al

“Future Payload Isolation and Pointing System Technology”,

Journal of Guidance, Control and Dynamics, Vol.8, No.4, July-August1986,pp.469-477.

[2] A,
HEES

HFoM TE vy VT 73 a v iRkA —VORFTE],

BN, #Ex A, AM%®@f%ﬁ@%§@F?4ﬁﬂy~%T

I FEAER R AR R

H A

frzep i e RS 34 S

ZEATBHFE), K1 5 ARG
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Research on Mechanical Parts

MBI O b T A A D — RIS 2858

Study on Tribological Characteristics of Oil-Lubricated Bearings

T VT BRI V-7 SN ER xR E O EEE NEHE BT EER
VAT NHEHIR I v—7 WA R

Mechanical and Materials Engineering Group

Kichiro Imagawa, Akira Sasaki, Hiroshi Miyaba, Shingo Obara and Yasuo Tanaka
Spacecraft Guidance, Control and Dynamics Engineering Group

Shinichro Ichikawa and Katsuhiko Izawa

Abstract

This paper describes three topics for the study on oil-lubricated ball bearings and a space
lubricant. Firstly, in-situ measurement of oil film thickness during bearing operation was
achieved by LIF method. The film thickness on the raceway was decreased by continuous ball
passing, and, finally, very thin film of just 0.1 - 0.2 uy m contributed to bearing lubrication.
Secondly, a clouding phenomenon of MAC oil by UV and low-temperature exposure was
investigated. Combination of antioxidants and extreme-pressure additives affected the color
stability of MAC. Lastly, we studied the influence of oil-wettability on bearing performance
using contact electric resistance method. It was confirmed that the dewetted bearing could
form sufficient EHL film and operate under hydrodynamic lubrication.

1. IZC®»IZ
IEEORRIZ, BET 27 & EI0MESBRIALRE GRIREEIRE) 2B\ T, 0.001
TEORBEPNE L., BELBOD TR R itbbd, TNHLORENS, FHOBTICE
WTHRA =RV v A 2R EORFENODRFMZBERINOEZ 2 EICHEHA I TV D,
RA—Ib s VA v il b —REEREY b ORRKOMESIL, FIENHEICER L TRD
TR CIEEMEREZMHERF L 202 o 20V RIZH D, &A1 — - Ux A o fllsols
I, BEERLFEGLEONT VARZEZEE LU TRESNLIN, MEMINTZHO I L0 EORENE
CEER & OBICEHES LT D00 ST - Tz, S8R N SLE & 7o
TWD, S HITE, BRI OBEE M vy FRIZET 2 RESMITICEN T, RERAMER
BEHER S NTH, EOREENRZNTZOICERWLREEEZ  OBAEARETHD, ZDLED
W2, Bon-HE CRERM - BRENERI NS FHHAEGNS VY EISZIZR LTk, Eish O N
EROMOATREICET 28 A & B A D =X LOMPANRBI RO LA TN D,
FHAOMMBEMIZOW T, 1970 EFRMLLHEHINTEZ 7 v FERA M PFPE
( Perfluoropolyethers) LM IV | 1995 £ 7 A LV RILKFE R AEKH MAC
(Multiply-Alkilated Cyclopentane) WEBIZEAINTETEBY, REREFEORHZANX T
WAH0 MAC I, (BAKE T DI 2 el Re 72 Th ¥ . PFPE SR DR E 4 fdEo
MWl E Wz D, BERTOENTEE - BEEAMEIIFER 1 4 FEORIIEIZB N THH LT
2o TRY, SHOEERA —/L, BOEEE, AERHIIN L TE MAC S2idihzime
L7z ) —2E2@EHA LT FETHD, LL, MACIZOWTIL, mailiD R A —/LOBFERE
2B T, MO BEERE S EROFE N A 1L U< S (Dewetting) 72 &, WD TIIRER
LTCWARWHEENBERIN TS, MAC OBFICH 7= L Sl R A2 8R4 5 & L iz,
MAC TR 2 RGOV T, R E IR EIC R L 520\ E OERBLETH D,
ABFFENL, BICEHERA — OB L OMEEMER LICFE ST 5720, @30 Bisz NET oMo 25

This document is provided by JAXA.



14

FEHMEHEMBEEERERAREH JAXA-RM-04-010

BB AN =X LEWLNCTH I &, WIZ, MAC 2.0 & LFH AEEMICET 5 EER
EFEAFEOIBE IS OB IEG - B L WS ZE2AME L TE Y, HERTERFRF
B T2 708 o RO 2 S OV 7 IE 8% & ORI D S L1 4 FELVERL TWD
HLDOTH D,

2. WrEOMEE

Pk 1 5 FEEIZLL T OEBIZOWTHEZIT o 7=,

(1) To¥=7 EWZoOMmEE X284 5% 05

(GEEFZE 5 e s OB O 2E ] B« TR EAFE )

WA L= L— Y 2B S CEORNEELZAET S LIF i (Laser Induced
Fluorescence %, L —HFEEKE) 2@HTHIZ LIcL Y, FEEHOT > F o 7 RS olfinE
mMEESEZ, BL% 0.1lum ORETHET D Z ERAMEE 2oz, ShiiaH L3RRk
R, EERLICEREETI2HECRESIX 0.lpm A—FTHY, BHTHEWRELL-oTND
AREME SRRV Z LR BN o T,

(2) MAC & f|zxtd 5 RKTE & ik

(GEFEIFZE [FHAEEHO N7 48 e o —RtEic B+ 24898 R« LRI FHFEE=)
RILAKFERGREDENRE - FREREBICBWTERT A EWH BB L., EEOZH &

MEORBEEIToTo, BRI EDECORERIIT 2 R IR oBNTH Y, —F., KR
TOEMT, MELZSTBREBHIERE ) VB AT A RBERNFINEGFET -0 THD LR
Dhole, UEDOMEEL LT, #Hi-Ze7 =/ —VRE{LBHIEAZRE L, BaHIEICHEDTHS
ZE AR LTz, AR, BHBPOEESRA — A OMEBIC KBS,

(3) MAC @ Dewetting BLG: OEIZ (253 5 &

A —/V sz (2 Dewetting 2384 L7284 TH, /- WNAMGRICHERER SN TW D 0%,
S NI R] OB B E 25T 5 Z S IC L VD DTz, TORER, KA — OB RNNEE R
IZB VT h, Dewetting 254 L TV 28032 13 IR 2 5 2 L iR &, &5,
THAVIKIBIC & il (Wetting 81%%) & bl L7-354 . Dewetting #5273 £/ PN A i 5] o0 1 T
IC 52 DI/ N SV ERBHALNERoTE,

3. FROBE

(1) 7¥¥ =7 EMZolPEE X 23 52 08t

Bz CH D EiZ O ER EOMBE X 2M5 2 LT, BEIM I LHEMEEZAT LV RALE
REMELZRETHETHEUTDHY, £z, BIZOFBEI I a2 Lb—va vyOE2ELL{MLE
BB ENTED, Tl 4FEEDOMFICE VDT, BESEE MR R 7 A h E#sZTx L,
LIFEZEHT2Z L1280, ZOGMEESFRAIAARETH D Z 2R Lz, Eak 1 5EEIT,
A =IO EH SN AEENEER T X2 T EMZ 448 L L, 2 O3 M m& ol
SNTIEE OMREE X 5l 2 R A4 7=,

(a) WHRE S OFHAIE

LIF Bz —Y & AW T E 2R L,
ZOENIRE NS L —FREFEEANICEET
LHNDEOREWNEST HFETHDL, ToF 3)

Compressed
air

= 7 Bl |cxt9 5 LIF Ex2 AW lmEE S
MR % Fig.1-1 17T, SEHES A HE
WL — LT 5 L MEE X (2 L4
EORNERTDIENS, ZOWHNEDREL

HETDHZLTHBESZRDDZENRTE

Beam sampler H He-Cd laser

Do 2B, MEES Latil X & OIEIT, #
IERBICH M= AmERIH L, L0 ofFeEsn
BEWVWHATWHEZEATAZ LIk 0T, Fig.1-1 LIF measuring system for

angular contact ball bearing

PMT
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(b) HEaREhsE R OB Fluorescence  one rotation of retainer
HEERERZ 1 XN AR 40 mmx7MEE 80 m
m, iR 30°O7 X 25 Ed#E T F
L
[ \
e fl 1 vk\’lkfk ~

-~

=
o
o

HY . TH Y/ TEZ 450N & L7z,
TSR (BREE 20.49 mm2/s
@40C) AW, #HXFELTr=Y
v 6 ZIRE 7x104 mol/l TIEESH7-,
RBEFIX, A =7 5Kk 3
0.06ml/h O HETOHRMEIT-
e

==
=l
|
=
o

positional-signal [mV]

!
“ -
Strength of excitation-light

Strength of fluorescence [mV]

T

= T
Sl
N

Positional-signal
— |

(c) EBFER Time [sec]

Wﬁ@%)ﬁfﬁ 500r/min 5:5”6?1‘ Interrupt due to ball passing
##) %2 Fig.1-2 (Znd, AHEEo Fig.1-2 F luorescence from the raceway

[fluorescence] DM F1H3HMIEE x|z (500r/min)

XIS U OBV ER 4y 254 s 2
EOWMEIS O®KEHEDS 2 7255
Thd, —HEEDENEESIIEDE
BWICEZEONTHEEVBBETE A
Mo T4y Th 5, tndm b o imiEE
SIEEOEL ZBRWTIRIE—EIZh
2TNEI LRI S,

Fig.1-3 |2, W#wE#REEE 500r/min
TDF A I T KRR K O s
1B DOMBRIE X & 759, FA 70 O
BEait 01"‘"02”111 *‘%E@Fﬁq_(‘j(g u—mu -50 1; 5;.\ 100 1;0 1:10 250
< E@j LTL A ZDQ Hji\ %ﬁ(ﬁ{%‘»t?ﬁti Time [min]

O.1lum FIETHMEIL TEY ., 48R Fig.1-3 Oil film thickness before and
PLERE L CHIRIERE L R X after the cut off of oil feed
EHERFLTWAZ LAbM5, 03

P i [ 5 35 2 ot % IR & % ks
Fig.1-4 IZord, ZOHBNZ. #EE
EROEFHRBEEZ 2R L TE
V.1 SMFIZH L 6 B EFEIZT -
TW5, MIRE S, FEEHEE L &b
(2N L. 250~1000r/mnin @ &ifH
TlEBE L 01025 m & #roTh
L ENONE, TOMERESIZ, £
/PR TR & 2 B i A o i 0 ‘ L ' ‘ l
DESLELA—FTHY EER L 0 200 400 600 800 1000 1200

(IR D TIRE DM LAMFETEL T Rotational speed [r/min]
IRV A REME S B, Fig.1-4 Oil film thickness vs rotational speed
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(2) MAC OZEGIZHT 5 FREZCH & ok

WBAFAN A= L VAL MAC MEEHIRTTICABT 3L W I B SRS W, B’
Bt ZHERE L7 L 25, MOEAITHRNRREE LIKEREICE W CHEEL LT 5 2 L 23 LA
Ligofe, ARFFETIL, MAC OEGIZHT 3 REDOREHE & R EORREEZ{To7-,

(a) OB
R@EEZAECMT, 2FEOBEBIER (7 I REBEBL LR RMAl A) | BT =/ —
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VREALBLIER (BSA B) & 1 FEEOMEGMA (U xR 7 0V RMERINA @A T)
Bl MAC Tho, RINFIRREL R TWESARERBSHLZ L6, BEZELH
KEEND LD LRAFEOHMAI A, B, T &, Al B LIZiZRFREFEELZ L bitEEZ & F
RWNT = )=V REBRAEBSIEA] (Al C) 2HEf L. ZhbzEMTHD MAC IZHE» OFAE
HETHEML, ABhmE L,

(b) FEBRFIE

FEBIT, YT ICEEI A AN, 0COEREC—ERECRLEND L L VER
280-315nm DS (UV) &K 1 6 Bl THRHE L, ToRhotaz@ e Lz, £/, 0~6C
WIRETDHILICLY, RIRORBLIMA L,

(c) EBR#ER

U VHEEEE L, fi BIRREER TOMOKRES Fig2-11o7d, UVEHICL VBB ELITA
BT REENHDH I L, EBIC KREATICL VBT ABL EL Z L 23bh5, Table 2-1
IEBEREELDELOTHS, 2LV, BE~OERITFNA ALY, BE(LIZEEMNA
BETEOHAERIZEIVEETHZ EpbN5, 2ok, BELIZOWWTIE, BINA B OEEHM
WCEATHLFERLEZ>TNAZ EBHERERTWS,

ARFFE T, Hih & BERMAOEE LR T 5720, Table 2-1 DMAHLSICEH, MAC &
FEREDfaFuRb A E ZEREEHTH S PAO (Poly-Alpha-Olefin) =2, o> J T 25 /L ZfR
FEFMAIEZHO L ER L T, ZO/RE. 2 b0l EBERNIFEZHW-EETH
Table 2-1 & [E#EARZE(LDRD B, MOZEEN MAC L iRINAI T O8FE OB TIXRwvwZ & 3H
HnkloTNNE,

RA —VEOFEHER~SEAT I 20T, EENZEE L BETEEROEN L, B
LAWHBLETHD, AFTEOFRE L 0 BEBL LA C & ERMAI T OMEEBRHEE xRS,

(a) After 3 h of UV irradiation (Oil Temp. 40°C) (b) After cold storage at 5°C for 12 h
Fig.2-1 01l color change after UV irradiation and cold storage

Table 2-1 Results of UV irradiation experiments

i Al c'litiv? Change in oil color STl
combination Transparent Transparent
— Brown — White

1 A+B O A

2 A+C O =—

3 A+T O =

4 B+T = 3]

5 C+T — = Recommendable
6 A+C+T @, =

B A+BAT O o Con;mercia]ly

available

O :Changed, —: Unchanged, A: Not clear

A ! Amic antioxidant

B ! Phenolic antioxidant with sulfur

C ! Phenolic antioxidant without sulfur

T : Phosphoric ester extreme-pressure additive
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The development of High-reliable Inertial Reference Unit

B
RBEEIRRFAL Y AT LFEHH TN —
Makoto Sato

Spacecraft Guidance, Control and Dynamics Engineering Group

Institute of Space Technology and Aeronautics

Abstract

Japan Aerospace Exploration Agency(JAXA), formerly named as National Space
Development Agency( NASDA), developed Tuned Dry Gyroscope(TDG), as supreme
precision rate sensor for satellite attitude control. JAXA also developed Inertial
Reference Unit(IRU) using TDG. This IRU is used on almost every JAXA satellite. It
has passed about fifteen years since the development. It is difficult to purchase some
kind of electronics parts nowadays. Meanwhile, satellite system requires higher
accuracy, more operation flexibility and so on. So, we decided to redesign IRU. Aiming
is high-reliability and high-accuracy. The study has started in FY 2001. In FY 2003
IRU redesign was completed. We prepared every document needed. In FY 2004, we
build a engineering model and qualify its function and performance. In FY 2005, we

will complete this study.
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NEETERFERHTOEIZE (A Study on Disturbance Reduction Management)
HEFES VL RB ZEEEYDO IR

(MR Fluid Damper for Vibration Suppression of Large Flexible Structure)

BERWTHRAR LATFLBEEMI LT & B
Spacecraft Guidance, Control and Dynamics Engineering Group, Hyun-Ung OH

Abstract

A low-powsr—-consumption Magneto—Rheological (MR) fluid damper has bsen designed and fabricated to
suppress the vibration of a space flexible structure. The MR damper fabricated in this study has advantages of
both semi~active and optimal passive dampers, unlike the conventional MR and Electro—Rheological (ER) fluid
semi—active damper. The vibration is thus damped quickly when the damper is controlled semi—actively, and the
vibration energy is dissipated by an optimal passive damper in the absence of control. To implement the
aforementioned damper, we fabricated an slectromagnet combined with a permanent magnet. Its performance
and the charactsristics of the damper with the newly developed electromagnet were subsequently measured.
The performance of the damper has been confirmed by vibration suppression experiments using 10-bay truss

structures.
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Table 1 Values of electric—current inputs to the coil to cancel magnetic—flux density at point O formed by

permanent magnet combined with blocks of various gap sizes.

Magnetic—flux density (mT) | 10 15 20 25 30 35 40
Gap (mm) [Fig. 2] 08 063 05 041 018 01 0
Electric—current (A) 019 024 032 041 048 057 081
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Figure 5 Block diagram for vibration suppress

experiments
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Figure. 6 (a) 10-bay truss structure,

(b) MR damper installed on the root of truss
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A Study on Satellite communication system using adaptive modulation techniques
TLAMOZ S REEH Y IL—F (Spacecraft Electrical Engineering Group)
HERE. ABEE. 8 EHE
Masahi Shirakura, Masanobu Yajima, Noboru Takata

(Abstract)
In order to achieve the advancement of satellite communication, a high speed and high quality
communication system is required. Therefore we propose a new satellite communication system using
adaptive modulation techniques. The proposed system adaptively controls the symbol rate and modulation
level of up-link and down-link signals according to the communication channel conditions. This paper

describes a study result of the system concept and configuration.
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S-Tune &L AT LMEEE(Z)EHBEL Table— 1., Table— 2[RI EREREL -,
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Table—1 S-Tune Systems Specifications
Item Uplink Downlink Note
Modulation (DQPSK (DQPSK., 16QAM USB .~ QPSK
(2)PCM-PSK/PM (USB) (2)PCM-PSK/PM(USB) Automatic select
Coding N/A Convolutional Coding
Coding Rate:1/2. 3/4
Symbol Rate | 1kbps(USB) 40ksps (USB) It fixes at the time of
269kbps~4.3Mbps 269ksps~ 8.6Msps USB
Dynamic +15dB
range —20dB
Ranging «USB Tone ., UW turnover
GPSR
Number of 8
Mode
Transponder Specifications
Mass <6. OKg
Power <BAW@7W TX
Consumption
Dimension < 230%285%122. 5(mm)
Table—2 Modulation Parameter List
Ttem Symbol rate Modulation Coding Data rate
Command 4.3Mbps QPSK 4.3Mbps
2.15Mbps QPSK 2.15Mbps
(2.15/2)Mbps | QPSK N/A (2.15/2)Mbps—1075kbps
(2.15/4)Mbps | QPSK (2.15/4)Mbps—538kbps
(2.15/8)Mbps | QPSK (2.15/8)Mbps—269kbps
Telemetry 8.6Msps 16QAM 8.6Mbps
8.6Msps 16QAM 3/4 6.45Mbps
8.6Msps 16QAM 1/2 4.3Mbps
4.3Msps QPSK 1/2 2.15Mbps
2.15Msps QPSK 1/2 1.075Mbps
(2.15/2)Msps | QPSK 1/2 538kbps
(2.15/4)Msps | QPSK 1/2 269kbps
(2.15/8)Msps | QPSK 1/2 134kbps
3.2 LRTFLIEE

TR 15 EEOMEMBEZLUTICIRT .
DATLEREL

3.2. 1
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Study of the Next Generation On-Board Data Handling (Network) System
NEEIRRIZEAR =17 hn=2 AFKIFI7—7

Institute of Space Technology and Aeronautics  Spacecraft Electrical Engineering Group

EH A, Wil Bh, rB  IEE, HE BE
N. Takata, H. Anegawa, M. Yajima, M. Shirakura

Abstract
This paper shows the future target images of on-board DH(Data Handling) system, and shows

some subjects should be considered from now on.
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Discharging test of electric power harness

Ty b= s AR V—7 (Bxpert Group for Electrical Engineering)
JIAESRER, WBEA, MoZRGE, 25

Shirou Kawakita, Masato Takahashi, Hiroaki Kusawake, Saburo Kuwajima

Abstract

We have been researching the mechanism of electric power failure of a satellite. There are many
reasons of loss of electric power of a satellite. We investigated the power loss due to the sustained arc
between primary power cables. The heat though arc tracking between the hot and return cables by
secondary arc discharge made them burn out. If the phenomenon were occurred in space, the satellite

would suffer great damage.
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Research on Lithium-ion Cells for Space Applications

Tl 7 b= AFER I —T
Spacecraft Electrical Engineering Group

FOEREL. BRREE. LEEE, B B ZE=N

Xianming Wang, Yoshitsugu Sone, Chisa Yamada, Hitoshi Naito, Saburo Kuwajima

Abstract

To develop lithium-ion batteries for space applications, we are performing long-term evaluation on 10-100
Ah-class lithium-ion cells by simulating spacecraft’s operation. So far, 23,000 cycles for LEO and 1,350 cycles for
GEO satellite simulation testing have been completed. These results respectively correspond to about 4- and
15-year LEO and GEO satellite operations, indicating good applicability of lithium-ion cells as satellite power.
The simulation testing of H-IIA transfer vehicle (HTV) operation disclosed that lithium-ion cells were applicable
for this short-term mission even with a strict operation condition of high charge rate and high taper voltage. The
commercial laminated lithium-ion polymer cells (0.65 Ah) exhibited good performance in both cycle-life testing
and space-environment endurance.

1. FC®IZ

KT, ATHEEROCTHEBOT CER - REE CTORENRKEL, ELENLOFEMELEAT D
EBAEEA A YT Y —lzonT, N BREL RUEEELEZBEEL. 100 Whkg AEOZRLF—
R A ORI E(10-100 Ah) U F 7 5 A 4B TE L, ATEERCTHEOBISHEFRRERZ
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ST M L, T R— RREE Y T AL AR Y = —BH(0.6 AhRRE)E S LFM B 2 AT
U F7 hA F U EBMOBEBAETMEETFT D,
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Figure 1. Voltage trend of 100 Ah-class LiCoO,/graphite lithium-ion cells simulated LEO operation (25% DOD).
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Figure 2. Voltage trend of a 100 Ah-class LiCoOy/graphite lithium-ion battery with 10 cells in series simulated

GEO operation with a maximum DOD of 70%.
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Figure 3. Voltage trend of 100 Ah-class LiCoQO,/graphite lithium-ion cells simulated HT'V operation
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Figure 4. Voltage trend of laminated lithium-ion polymer cells (0.65 A) simulated LEO operation (40% DOD)
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Fundamental study of Fuel Cells for Space Applications

Tl bu=J AEERIN—T
Spacecraft Electrical Engineering Group,
WiE B, LB=7., &=

Hitoshi Naito, Mitsushi Ueno and Saburo Kuwajima

FHBEAE THEFER (FEHB SRR
Department of Spacecraft Engineering (ISAS)
2 12 ¥ il Yoshitsugu Sone

Abstract

The fuel cell(FC) for space applications has special system requirements, such
as operational conditions and designs due to its isolated low gravitational and
closed environment, which is much different from that for terrestrial use. Polymer
electrolyte fuel cell (PEFC) system for space applications has been studying in our
group and several subsystems and operating methods were developed such as the
closed gas operation subsystem, the counter flow methodology of working gases,
and gas/water separation subsystem using wicking material, which enabled the
simplification of the FC system under such environment. We manufactured the 18
cell stack and assembled fuel cell system including the components mentioned
above. It showed stable performance for 1,100 hours under various operational
conditions.

These results could realize the simple and practical PEFC system for space

application.
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RIREREFZ—FTF v OHRE
The Development of Next Generation Star Tracker

AT ABEEEN SV — 7 (Expert Group for Guidance, Control, and Dynamics)
Bo & JiHEE B R’ s HBE &K FA
Takeshi Sekiguchi, Hiroshi Kawai, Mitsugu Asanc ,Noriyasu Inaba and Hideto Suzuki

Abstract

JAXA has been developing Next Generation Star Tracker. Star Tracker (STT) is an attitude
sensor, which consists of hood, lenses, CCD, and some electric circuits. In acquisition mode, images
of the stars detected by CCD are compared with a star catalogue to determine its absolute
orientation of a spacecraft without a-priori attitude information. STT can be more accurate attitude
sensor than earth sensor plus sun sensor system.

Advanced Land Observation Satellite (ALOS) mounts STT of large size to fulfill its high attitude
accuracy requirement. On the other hand, we have been developing an autonomous STT whose size,
power and mass is smaller than ALOS/STT. It is named Next Generation Star Tracker.

I XU ®IC

TETIE, Yy v a Y OERFBEEERICICHED, THEORE YL LTAZ— T v 7B (STT)
WCEENEE-TND, STTIEI AT THEZRE L, COEEPLIRY HLUZEE Y -y
BENRLOEED X v /& Ed 5 2 & T, BEREMICKT 20 A FHRREE Y 0OLB 2T 5, i
ENSLFHEEOEE Y L LU Eb TV A HiIERE VI OREE T2 & STTIZ 1A
T3HILBAENTRETH Y . £z, BRELESRHPTERKE, 7/ XLARMPRES VA
TLANBEHETH DD THBERNPREV,

1 NASDA 2 TIIBEEENENEE (ADEOS-II), EEEEREMNEE (ALOS) I STT A## s
NTW5, o, ALOS #8725 STT ek LWEIRIRERE 2L T 57201, BLWIRE=Y
O ARKETHY | KEEAEEIC 2o TnD, 22T, WHERA STT IXmBER I v a VITH
IRTEDBELRFRE LoD, B oEME - NIBRELE FEL LR STT & LTHREZED
ISAE

2. WFELOMEE
WAL STT O BFEA A~ 7 % Tablel 12777,
Table 1 Specification of Star Tracker
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Figure 2 Star Tracker Data Flow
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Stray Light
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Figure 7 Experimental Configuration of Stray Light
Reduction Filter
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I ERE IR B > 2 T L DATSE
Study of High Performance Satellite Attitude Control System
EARE T 7 A =T ¥ 4 1 IRU OHF5E
Study of High Performance Fiber Optic Gyro Inertial Reference Unit

¥ AT LB G
BABN, TR, IS
Spacecraft Guidance, Control and Dynamics Engineering Group
Hideto SUZUKI, Kenichiro NIGO, Hiroshi KAWAI

Abstract

Aiming for the application to the future spacecraft attitude control system, we are studying the
high performance Fiber Optic Gyro Inertial Reference Unit (FOG-IRU). To fulfill the requirements
of low noise, stable bias and stable scale factor, we adopt the high power Fiber Light Source, a long
fiber coil (several kilo-meters) and the digital serrodyne closed loop configuration. This paper
outlines the result of our FOG-IRU development during FY15 such as improvement of 15t FOG
experimental model, radiation test of high power light source, design and manufacturing of 20d FOG
experimental models, implementation of light source noize compensation cirucuit and component
system design of FOG-IRU.

1. L®IZ

AMFEO BEE, kXY b EkSE D FOG(Fiber Optical Gyro : 7 7 A 73— v A nll)|z X A5
## 1 IRU(Inertial Reference Unit : [EPEREMEEE) 2HR T L L THD, 774 13—V v A 1k
ZHIr A0V EOTH Y, BEXOBELEHH ¥ 14 2 21X, TDG : Tuned Dry Gyro, FRIG :
Floated Rate Integrating Gyro)iZtb~T, FEIEEAE S FHEMICHGEMEEZA L, BEIUIRE), L7 1
FIv s Ly, RERE L EORFREEE RO, FHEAM G H DR, FEEEAHR R TIER
WMADHDIZRA TR, £ZTAMIETCIERmEELZER L TV5,

BRH 72 B AELLRE 2 Table L2285, fFROBIRE 2 COESRKEEBREEREEB L THE L,
#1- Random Walk & IZAEEHAEICEEIND TV F L) A ARGORESERTIHEETHY . BE
RERELEATBLOT, hEWVWZ EREE LY, IRU &EE® 572 DM R EEPE R
RizBWT, 554X larcsec(l o )DIEEE LV OEEE2 7 /L Z W LT 0.1arcsec(l ¢ ) D
B TERELERTEAZ LA BEIC, &5BE FOGIRU @ Random Walk DfEAFRE L7,

Table 1 : Target Specifications of High Performance Fiber Optic Gyro Inertial Reference Unit

HE PERE
Random Walk (Angular) 0.0005 [deg/y h] (10)
Bias Stability (Short Term) | 0.002 [deg/h] (10)

Scale Factor Stability 10 [ppm] (10)

Maximum Range Rate 10 [deg/s]

Life Time in Orbit 5 [years] (LEO) (immediate specification)

Mass (of an IRU) Should be less, but not specified explicitly in this study.

Electric Power (of an IRU) Should be smaller, but not specified explicitly in this study.

BEEICD VEE SN TV D ARHROFELEBAEEZ L TICSNET D,

This document is provided by JAXA.



56 T AR iR SRR JAXA-RM-04-010

D BBELZEBTLI Vv A 2T EINERZRVIAA T =Ry =TT oZ L
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1) EDFER : BHIEEO 72 S/N lasE E L. Random Walk {5, AT #IER L,

2) VI NE—ROET 7 A 3= ERERICES EEm b, @EH TR TATFES,

3) AU HZR—NEE T A NOYHE - RO RIEZ T B LT, AT RLEVEE R,

4) RIN #HIERIE : SR/ A X&KL, Random Walk KL,

5) FUXNta LA R EATE D OMMEEESMET HMAEREZIT OIREICILD . BEFQRA
T 7 BRI IREA TR v 7 b VTR,

6) Jt IC, VA VTRT T4 F— ki 60ldBILL EORNEFORELZ LN L WKERETEY 71
NTHLHVEZE L, ZlMTAFESIC,

FY13 K UEFE2Bth L. R KPEOR R RER(FEER AT e 7 v A FOGIRU(Fiber
Optic Gyro Inertial Reference Unit) ZBRF)ICE R & LTS 2 HEX D0, FHEAHIO Z=iE
B, BASEHBhEEE, FHEMB TS & EFE TR A O T O WFEBRMG Y 1], 3 BREIETIE L L
T, JAXA FETILITHERENAL R CHEM), AR T —EOPERIED 5 5 FY15 ORI OV TR~ D,
2. WIEEOME

FY15 12 %k L2 B 2 DL F I 21T 5,

D EORIMEET VEY14 B8R O EHRE
LEIBE%ET 5 FOGIRU OHEMIFFE A2/ — Ry = 7 CEET 572012, FY ITHRIEET v
ZVERR L7-, FY15 Cik, ZORMEZEG L, BEEROITRIIE D, REITRHEZIT o1,

2) FOG EM #ahe7 /(4 ) osksh & e
HRMEET L TIBIB SNCRIEA L LT, S HI0E DT = — X2 T 7 L & 4 3Gk
e BEL, EEEOEmMEZ#ER L, 4580 FOG 25 10 IRU 23 DI HT 5, 6
7 7 A NZET HEEEK A L8 L C. Random Walk, Bias Stability(Short Term)?® HiZiE
DT DT 24T\, FOG OEARNRT AL ChHDHY =% v JREERE Lz, £72. #iE - [
B HFERICHOWTHRE AT o2,

3) RIN(Relative Intensity Noise : FH 5%/ 58 & HE2) 4l 1E B 5% 51 8L (EREAT
WD ) A ARINIET v F by 4— 7 OFEFRE RV 2508, ThEERET 55 LTERM
Lz, 7277 4 7HFRERIN £=4 - WEEREER T «— RNy 2NN ERHIERE 2 8ELZ,

4) T R
T 7 A N3 LD ERRBRIRE Y 7 3 A RYE L7, EDF SCIROM S BRa v
TNOEWE 3 RNERIEL, BB RBE LT,

5 EAEE FOGIRU v A7 LfaF!
FOG BCE(3 Wh, 4 #f Skew) & E&E - B - BEETEL. Ny 277 v TSCIROMER, M AEHES
O AT > 72,
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Study on High Efficiency Triple-Junction Solar Cells

L rha= 2B V—7 (Space Electrical Engineering Group)
AR T, EERE, ZBE=R

Mitsuru tmaizumi, Taishi Sumita and Saburou Kuwajima

Abstract

The radiation responses of InGaP, (In)GaAs and Ge single-junction sub-cells in a
triple-junction space solar cell are studied in order to develop a device simulator which predicts the EOL
performance of space solar cells. InGaP top-cells exhibit no significant difference in radiation
degradation trends between AMO light and dark conditions during irradiation. The radiation tolerance of
(In)GaAs middle-cells degrades with increasing indium content. However, the absolute value of Isc for a
higher In content cell still exceeds that of a GaAs (In=0%) cell after irradiation. Ge botiom-cells exhibit
good radiation tolerance as expected. This study is the first to reveal precise radiation response of the
sub-cells.

1. 38z

4R, InGaP,/GaAs,//GefiE3H A AL EM (3] /) PNEH A KB EROTRERVD20HD. 3]V
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BT, HV T RIS IEEEZIER LS tormed on the surface.
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BHTRVITHL, | MeV BFRBIUS, 10 MeV B8 % IBE U7, BRENIET IR & IR 7RIS
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Fig. 2 Degradation trend of Isc and Voc of InGaP single-junction cells under different condition.
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Fig. 3 Degradation trend of InGaAs single-junction cells with different indium content.
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Fig. 4 Radiation response of Ge cells by 10 MseV
proton irradiation.
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Study of Thin-Film Solar Cells for Space Application
=1L/ hr=y A A—7 (Expert Group for Electrical Engineering)

JIALEEEA, Bild—Ad, SRIE. k=

Shirou Kawakita, Kazunori Shimazaki, Mitsuru Imaizumi, Saburo Kuwajima

Abstract

To analize spectral response of solar cells before and after radiation test, the information of defects
in the solar cells can be introduced. We haves studied radiation effect of Cu(In,Ga)Se, thin-film solar
cells using by spectral response measurement. Damage constant of minority carrier diffusion length (Kg)
of the solar cells irradiated with 1MeV protons was 4.7%107. The defect introduction rate of proton

irradiated CIGS solar cells using the same method was obtained.
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VAR, AR LN R BN E RS, B RSB OFH~OE MR EZL LS.
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KIS EMDFUR B ENREIZ L > TEIE T 2880 E &NURHE, 2) MDS-11248% CIGS KI5
DOEE LFHERE OZ O E LR TE. AR LIRS RIS mIT 72 KRB SR DV AT
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B E & FIV = B f CulnSe, O E T B LU HR RN LD ¥ U T ILELR OZAIC D
WCRRES, MBE 1R CYEBRIL7- 55 dh CIGS MO iSRRG T2 CO PL IZ LD, (IR T/
FHRRBSIC LA BRI OB LG DOMRAT, /— T3 ab— & VW CIGS KBS T
HRRBER R K DREAT, WS A7 AN AT RO B 7 BB BRI AT I LD B 7 AR R ORFI 21T~ 7.
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Research on polarization characteristics of optical sensor

WBABINRARE —v7 hu=s AER I —7
Spacecraft Electrical Engineering Group

Institute of Space Technology and Aeronautics

il s AT ER

Hircko Matsuyama, Yoshio Tange

Abstract
Measurement and analysis on polarization phenomena of optical sensor were carried
out. These results could be utilized for the design and caribration of polarization

characteristics on optical sensor.
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Fig.3.2.1-1 Polarization measurement system
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Fig. 3.2.1-2 Measuring equipment
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FOREFEZRE Lz, 7 ARET & LTa—= 7#H8o Polarcor ({RYEH LM
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AFlifE % Fig 3.2.2-1, Table .3.2.2-1 IZ;R 7,

Table 3.2.2-1 Polarization performance @ 834nm(LD)

“ 800nm_Polarcor

- ——Polaxa0iR Transmittance(%) Extinction ratio
0.8
3 Glass Polarizer 96.8 (parallel) 1% 105
EME Py ] (900nm_Polarcor) 0000086 (perpendicular)
oo lt) i o L £
2 \ /‘ \ f ; =
/ \ / Film Polarizer 53.4 (parallel)
02 - / 7x104
\J_w \._/"/ (Polax30IR) 0.0000078 (perpendicular)
0.0 Pk & " L A

0 60 120 180 240 300 360
Angle of polarization direction (deg)

Fig 3.2.2-1 RNT D HN A5
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DARSERRME D A A BRI 2 S L7z, ASHOMRAIT M AR T 0@ @ LE
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Fig.3.2.2-2 Polarization transmittance dependent on incident angle
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Table 3.2.2-3a Polarization performance @ 670nm(Ll.D}

Transmittance(%)  Extinction ratio

89.3 (parallel)
633nm_Polarcor ) 7 X104
N . 0.0012 (perpendicular)

68.8 (parallel) '
900nm_Polarcor . 2% 103
0.038 (perpendicular)

Table 3.2.2-3b Polarization performance @ 834nm(LD)

Transmittance(%)  Extinction ratio

95.3 (parallel)
633nm_Polarcor ] 80
1.05 (perpendicular)

96.8 (parallel)
900nm_Polarcor . 1%x10°
0.00086 (perpendicular)
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BEREENPRVEL . BV RTOR—mEFOFZMTEL Y, S EOHE T
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K e LA T AMEETFNEERRETH D | TR AT > TS BER D D,

323 a9—< U v7 RAOHE

R 1 5EEIL. B EERTANERTOI 2T —~ M) v 7 AREICEF L
REH 2GS 2AE BK 7 (AR ~VFa2—5 478K,/ 72 L). BPF
(SPF/WAMS_VNIR678nm ), RUOH T ARHAIZONT, EAFICBITSI27
—< FU v 7 ADRIELRER LI, EE% Table .3.2.3-11T7R7,

AELH 2 BN 7= Polarcor/633nm 13, 3.2.2 THOFHEAER L V. 670nm (KRBT 538
ORI AN, 89.3 (FBifa=R, parallel), 7X101 (JHJE) THLHOT, H
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Table 3.2.3-1 Measurement of Muller Matrix
(@ 670nm(LD), 6=0deg)

material Muller Matrix

Glass Polari ((0.448 0450 -0.013)
ass rolarizer 0.441 0.444 -0.007

(Polarcor/33nm) L-0.002 -0.004 -0.003)

71.010  0.005 0.005)
-0.005 0.992 -0.008
\_0.013 0.004 1.004)

BK7
(AR multi coated)

(0.958 -0.016 -0.011
BK7 L-omz 0.962 0.004
-0.005 -0.011 0.957

0.896 -0.008 -0.002
BPF(678nm) 0.004 0.896 0.003

(for SPF/ WAMS) 0.008 -0.017 0.888
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Radiometric Calibration Facility for Optical Sensors
TVT bn=g AT =7
Electrical Engineering Group
Az &

Yasuji Yamamoto

Abstract: A radiometric calibration facility for optical sensors was developed using wavelength-tunable lasers as the
light sources and a silicon photodiode as the standard detector of radiometric responsivities. This facility enabled us to
calibrate the responsivities that were previously impossible to measure, such as the relative spectral responsivity of an
optical sensor with a large aperture, and the linearity continuously over four orders of dynamic range. This paper

describes an overview of this facility and its characteristics.

1.  HU®IZ

HIBRELHIE (b DS LIS K ABIHEER, By VORI TR, BrE2 EhEZTRERS
RIE - HRETMETE 2O S LICERY 2T AT L - THbRED, Fz, HbOSLICHEE
D RAHT AURTORET, -2V TV AL DS LI EEIR LI — RITENTEZ DT D
%), REGAT%RHOTT, BESIKETSLENS D, WIE - HREFMERBREINL, BH7T—2 25 H
T570I, A — FOBRRICBITAREADER « WO TEDICAR T RBREANENRTH D, A0
2T, BAERRRENZTITOT 2 WEEZ RN S L 92T H(ER, REED TN E L BT, B
LTARIE » MERERTR R BRERAIN DR L 21T 72 5,

2. PHROBE
2.1 EEREEEOMFEELERNSIUHER

BERETINFEL V52 DOEENLORETHIE R AN L L, MEREFELEERITRE
ZeET L 4R ICBES LT, FOBEERIEEBOMEFEH L ER 2TV, BEESE 2 OREEARICH
WHH B o EORIERBREER L T 5, YA 15 FE1E, SELENE ## LISM OFE - MEeEs!
ERBE DM, S L TERTO® U 2RET A0 0E U ORIERRZ £ LTz,

F7-, R 15 EEE, BEREORENSERO I HbRERBERIZOWTEHMRMEEZT 72, &
SYER DAY YEHURIEEE DRI LB OS2 TR 21T 72V, RN E 2/ S T2 EAFEDORTE21T-
77

2.2 FARRABEIT O

THVE TICERESEY Y ORI MR E L CE T THL MR o L EREUGET
Zi=olz, WEAZEV—F 2 AV IR 2 R L T 5, 1SRRI Tt EE &
BETAHZ L L, BIRMEE 4 MOFXAF I v 7 LU D TEENICIET 2 Z R HEE RoTe, R,

This document is provided by JAXA.



80 FH TR BB FTERER JAXA-RM-04-010

BERE- 75 MEEABERSBET D 2 ENTREL o7, T, mEERARZRREL TBY,
FOEFHNE LTOTFa JEE, RAMRHEOREEINE DR 217722 T\ D,

3. FERDHE
3.1 BEAZ V—V & AWV OB 5
3.1.1 ZEDOHE

AEERET, BHEOURLEERINBOLRE, KFE VO T U4 A My 2B, BEERNGE
EWICHESND, Fig 1ICRKEBOMEL T,

HR 1 WREDERFIEOHEAEL—VENRELE L, L— P HEER 60 cn OFESRICAS L,
FEAIREE I K0 — B BRI IEOE 2155, BEAE L —IL, NEYVO: L—V D% "l 532
nm CTHBEISNEZAZEL—FBIOFZ ¥ 7747 L—F T, 536 15 1100 nm F TEEFREHNTFHIER
T5, BB, L—¥PRo—EE~A r Y TR L THRENOEREZRET S, £, EO %
Tal—FEA, L—PROREREEEISESZEICEoT, LoV REDZELET D, R
BHBEOT Y a0 74 A A — ROSNREEQDE, BIEEASE FEBIIREENLTVWS, 2
B, R 16~17EFEI, BEL—F L L T2 U7 b—F &2, 38005 536 nm bRHRSED
ZEETELTVD,

ARIEBORME, KEET, P15, ZEMC—8, EBEEREAEEAEONDZLTHS,
SSERE O CORURIEE DR RIEIE, 3 Wim¥sr LETHY, 13EA LD/ RTHIREEEOFKE L
D LBV, FEEE LWL, AU EDF AT I v 7 LU VEREERICEZ D ENTE DS, B
RO COBETLHIX05%U T THY, WHEX0I%UTTHSH, £, BINEEOZEEIL, V—
PIIEROT FA AL FRELAED >y FORRICEE 219 2 L T, 0.1%rms FE F TRELI AT
BEThH2, EBIT, BOEY21—2%AWVT, 0.01%rms ANE TEENFIRETH D,

Cryogenic Radiometer = Standard Detector
with precise aperture

g \\ v
Integrating
Spher R E Sensor

D Michelson Interferometer
Wavelength Tunable Laser
Fig. 1. Schematic diagram of the Radiometric Calibration Facility (RCF). Wavelength-tunable lasers were the light sources and an
integrating sphere made the light sources spatially uniform and depolarized. An optical sensor was calibrated against a standard

detector that was calibrated traceable to the cryogenic radiometer.
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Fig. 2. Spectral responsivity of a filter radiometer with a center wavelength of 764 nm was calibrated using both the laser-based

(RCF) and monochromator-based facilities, and the results were compared.
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Fig. 3. Linearity of a filter radiometer calibrated against the standard detector continuously over four orders of dynamic range. The

laser intensity was changed by ND filters and a polarizer.
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Fig. 4. Radiance uniformity at the laser integrating sphere aperture. The aperture of 20 cm diameter was measured at each 2 cm grid

with a wavelength of 565 nm. The radiance was normalized with that of the aperture center.
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SELENE #£#t5 & o O3B D FE i
Optical performance tests of the LISM
L7 b= AFHIN—7
Electrical Engineering Group
AR

Yasuji Yamamoto

Abstract: Lunar Imager / Spectrometer (LISM) is one of the mission instruments of the SELENE lunar exploration
satellite. A radiometric optical performance tests of the LISM were carried out using the radaiometric calibration

facirity of the JAXA. This paper describes an overview of the test results
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Fig. 1 Lunar Imager / Spectrometer (LISM)
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Fig. 2 Radiometric performance test of the LISM using the 1 m ¢ integrating sphere.
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MDS-1 /3 A% 7 U O#GE _EFF
Orbital Performance of MDS-1 Ni-MH Battery

TV hr=7 AR IN—TF

Spacecraft Electrical Engineering Group

e\ FfE, wyoy ZE. & =B

Chisa YAMADA, Hiroaki KUSAWAKE and Saburo KUWAJIMA

Abstract

The Mission Demonstration Test Satellite-1 (MDS-1 or Tsubasa) has 2 batteries, which consist of 32 series of
20 Ah Ni-MH cells. These batteries showed good performance as the main power source of the satellite during
esclipse, which solar power isn’t available. The satellite, which was launched by H-1IA Launch Vehicle No. 2
(H-TIA F2) on February 4, 2002, has ended its one year and eight months onorbit mission, which was much longer
than the scheduled mission period of a year, and acquired various data. On September 25, 2003, the command
signal were sent to stop radio frequency (RF) emission from the satellite. In this paper, we report orbital
performance of these Ni-MH batteries on MDS-1.

1. XU HIC
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(MDS-1)) (R1)i%. 200282 4R IcEFRFiEE 7 —05, HUARY v F2ERIZEVITH EFbh
7=. FEUIMDS- 1D FEHTE =T

Table 1 Configurations of MDS-1.

Weight 475 kg
Required electrical power About 900 W
Attitude control Spin stabilized

Scheduled mission period 1 year

Launch Vehicle H-IIA

Launch site TNSC

Launched date 4 Feb. 2002
Orbit Geostationary Transfer Orbit

Fig. | Image of MDS-1.
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Fig.2 Photos of Ni-MH batteries for space utilization. ~ Fig. 3 Stack of 20 Ah Ni-MH battery for MDS-1.

Table 2 Configurations of Ni-MH battery of Table 3 Eclipse condition on the MDS-1orbit.
MDS-1. Period Eclipse time
Capacity 20 Ah Feb. 4~Mar.11, 2002 @
Weight <570¢g Mar.12~Apr.10, 2002 | @, max: 98 min.
Energy Density > 42 Whikg Apr.11~July 26, 2002 @
coi&tffif ]sltsack 2 cells (16 allsina) A @, max: 44 min
~May 10, 2003 ; :
May 11, 2003~ @, max:122 min.
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JEDENZ LD 1 HA 2 LHhDEE - BROHR &/
{

*V_ave (eod)

Fig. 8 Cycle performances of EOC/EOD voltages
simulating the high DOD operation.

L7z, DOD BERL 231220, EERFIEHA

AL, E%Eﬁ%ﬁﬁﬁﬁ‘ﬁyj—é{ﬁrﬁm‘ﬁ it :;ggggg-cm) i:ggggim)

SNBH, WTRbEBEREEEATA TS fred Sl

TeEDh, RIS ABEINTNE Z Lbhb. . v {DoDsmG. 150)  1(Do0aE 130 =
Bt b 3 MERROB RN, o |,

MDS-1 #£ifi 20 Ah Ni-MH E#lL, 14F¥#TH,

TERED 80%LL LD AEELAZA L, WMEICKEAR Fig. 9  Charge/discharge current and voltage

HEEMET DI &b, EHAETHSZ

performannces simulating the high DOD operation.

LB TE .

(2) #uE EEH~0#H

ATEOER R EHEERBR ORI 5, Ni-MH Eifdi ERBRICEBWV TiE, DOD80% & W 5 BV RE
DHETHIBREEREZATAHI LBbhok. LaL, EBEOUE LERATIEI—Y 5 E2EL,
DOD70% &5 X H9ERAZITI>IZ L EL, B, S v ia BROERZEIETAZLICXY, Ak
BT HHELIR 7. ZOXH720KREMAZ LICLY, DODI0%EBZ DI ERL, SEE-T
BKREBEEVEDLZLNTE.

L L, MDS-1 [ IR HERE T, + I TPHUELORERN SO TEY, BRZEOREICMNZ, &
b7 D REBEA LGS ITHIBEARRICH S FTREME 2 8& L, 2003 49 A 25 HiZEKa~ > RE%E
L, EHZEIELT.

4. £L&

U NUIRTRIZE L2 FHAEM E LT, Ni-MH EfiZBE L, MDS-1 [Z##i+5Z Licky,
Eiro7-. HEMIE, FRERBEOFR THE LIRS, HREEL~LO/NFE L BB AER L T
WA, MDS-1 IZH# S -EiiE, 1 FR L BB TR 5, B MEERL, o, 28H 1A
P TERL R, BREZITOLI 2282V ELWESFICLZ, SV EEEL2R L. Y8
OICETS U SELENE IZb{FHH SN HFHBEITH Y, FHMiEHkEL L T\ HFEHTH S.
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Evaluation and Analysis of Material Degradation for ADEOS-II Failure Cause Investigation

=T U TV - BT 7 —7
(Mechanical and Materials Engineering Group)
T EER B M. oAb =—Ta B A &)1 EER
Jumichiro Tshizawa, Naoko Baba, Michael J. Neish, Shintaro Minami, Kichiro Imagawa

FEHAAHEEARLT ADEOSII 7u = FF—A
(Office of Space Applications ADEOS-TI Project Team)
Hiey BEA, B LR NG =
Tadaaki Kurosaki, Hironort Maejima, Yasushi Kojima

Abstract

ADEOS-TI{(Advanced Earth Observing Satellite-II) stopped supplying observation data due to reduction of
electric power supply. FTA (Fault Tree Analysis) suggested that breakage or short circuit of the power
supply harness between PDL (Solar Array Paddle Subsystem) and the electric power subsystem was the
most possible cause. Each phase of the failure scenario was evaluated with tests and analyses. This
paper reports evaluation of material degradation for the failure case verification.

1. 1ZC®IZ

2003 4E 10 AIceA L= 80 T1(ADEOS-TI) AR < RARAEAE T ORI T, FIABIEOA
ST DREE. KB S RADET A v FOKEERY S RV —R AN [REIED S 2 SR & L THEE S
N, Z0O5b, L AEEEOBE S L E X B/ FAAN—RIROB - ffgr — A&, #EST Y
T ORSIEE RIS 5 7= O BB B ORI 21T o T2,

2. FHEARNTOBER
2. 1 EHBEEIENOBESES Table 1 Power supply harness configuration

10 B 24 H 16 17 13 450EN O 3 4o TR4AE Harness (Large) Harness (Small)
BSIIGKN D HFI KW ME T L7z, 2D b, | Cable Total 106 Cable Total 90
H R KW RRE OB 3AE L T e, B | Power line 104(52Circuit) Power line 24(12Circuit)
BEAERE BRIV OMER MR Signal line 2 Signal line 60

EN, TUARNYT—HEOMPIZLY, Z | MLI(Multi Layered Insulator)
O & XEA L= B0, K& S Fv Polyester film(Thick, Thin)
T DA A IFEE LT A T & Polyester net

BINTz, Polyimide film

2. 2 KIGEMS B~ A

IR AOKEEE R Table 1 10RT, BEAVETFTELY , HEMFESOIRE ] —FRAREHE SN, N
AL 106 ROBMAE ZRBUTEST VLD TEV, TR LI TH D,

T DON—R AT STV BERIL, LA 472555 AWG22 B (AFRIME 1. 09m) TH Y | Figure 1 DL D
123 UEMROSEA » 4R L . BIE 0. 15mn OB T-25E ETFE (U7 wibxF Lo« =5 L U 3EEAHIR) 408
&THER STV D,

MBI, BSOS, FEMIZRY A 2 RRPY v RREO THEEERT2 2 L%
W ETFEIAER72 7 v BRED TR THAPTRE (R Y M7 vib=T Lo (RERFERA T 7 2 2) SRR L,
BLESOTI 7 — 7 MR B3, B B < 3T « SHHIETEASTTRE R T2, RERHIED/NT o 20N L\ VEERREEEM &
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Corducior
LTELEREN T D, S BITGHREN (L& |
FHEAMER S B) BB L > TAMER S 0 =Ny
WA LT L. SRR AR BT S, %% )\
o
L8 I

e
T

TADE S IR A RS T LR TE S, THITEY.
EIR TOMRISENSRE SRS, Y/ y
LA 2 NEEROBAE, FIHETRIC & 0 R |

Y2y Ry AWk N %%Wz‘g% LT TN D, insubstion -

ADEOS=TT OO ELE SRR D . ek A IR A Rsdistion Crosslired, Moded ETFE
YA 7 NP TEE230°C (HHTEEZE10~15C) £ T Figure 1 Structure of Raychem #55(Single wall)
BELZZ RS TWA, ZOREIL. LA 7 A wire
SO BRI FTREIREE Th D200°CEE A TEY | (From Raychem Corporation website)

DSC CrrsrE ARERIEEERE) CHIE L7 fs@is (F1236°0) e Th -7

2. 3 MHEINEETVA
N RARPERIZE D ETOUF Y AL, FIANFRIZESZLTO L S ITBE SN,
[EERAEDRIOES]
O MLI OFE : BT, 72 —n IHEERIC, EHESTORWIMLL 2AEFET 5,
@ N—RAOEE T T BERRERA T TOMUNORR T, BEICEENRAE L,
® MLI & —R RO b U TR B N —F A OHEIHME - FE LML &~ AT - U THEN
RAETH, T, BE R AR REN AT D,
[ B R AR RS
@ N—RREOEEHE | —HOBE R AR TTHISED DRREICRET D,
® B AN—RZA~DOWR  —HOEE N AN, FEREICE Y BENC LD BYRE L, BFACUTERICE
%, Ein, BGBEICEE D BN L Y B R R R L, BHEERKES )R AR T D,
LR COESITH FRERC LV BEE S, WO A—T Tl FROOWEERE, RUSEZOIIED BB
B - WER LD EERGET A58 kLT,

3. RO
3. 1 EHEMOBREHE

FHEO B ERSOFIE TEL ORAFEEE T 2 Enbh, #ull RICBIT 5 EREEM O X7- 5L E
& LT, ADEOS-1T CHHSHI 2B BE T o T, TSI £ CEd S SRR (B 7 /WITE R Lz, 72k,
ADEOS-1I D@ IE, 104RDBIHEATHREL TWD Z L2k Y| BWo 7 Wz X A BRI L OEESCER D
DIRE L 72D,

FIT UFORTERICEA L @) ~ () OREAR, £, EEEMEMERBEEsEs @ 77
&2 L A BETH A FEl U7, SRR ORENIS LTI CODD A T R ON— VIR & AV - RIRBIES,
XPS CHEREEBEF0Eo0H) 12 & BHIRR OIS SIRRE T, W ONZEVY A 7 VAR AT - 2B S RS AR %
GRS CEHIE AT - T2,

(a) BEZNMETEHS

10cm B LA 471 55 BRI L, B 250°C, BZE T (1kPa £ W SEZ9) 12T, 850 R0 E Rz a 2
L7, ,

EEZHRERSABI O Tld, FEIMBAICER U, BERECIIBIER SN2 EAK L. 7un
DRA RRRIZES U OO BEEFNEER ST, XPS I LA ITLR T OREER%E Table 2 1277

TEEOMTIEIRE (R0 HEL nm P E LAN) R OWER (B0 DI um RSP &RE A B E T ITHOWTE
M U7z, FORER, BEZAREIC X AMBE LIMEREICR O, BRENBD L, 7 RIS 5 2 E0350h
ST, B, BEEIORBHIRBW TS, MERED DEEENZ RSN T\ D, 2815 ETFE g8 CId, #PHiak
FERFDOENRIC X - TREICEMUB IR S, Z OB EGE L TEERMED HF (7 vk 2T 2 2 &
D> TNWD, SRIOERTY, BEZEBEREIC LY | AOPROBR{UB OBRIES., £, MR E
DEXTZLDLHHTE D,
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. o
K51, REEOUTBI TR L ASTM E505 |HEILL CE Table 2 XPS elemental analysis result [at%]

ME L7277 N AHERERE % Table 312 . T
Tt WY A BARY THLCERER) Thied B &, # | Blement |- e
E§H§§§§ﬁ%ﬁ?&@%ﬁ%$j®ﬁﬁl7 vk A %ﬁ%b R C 72.07 83.12 45.18 83. 87
3B, ZTHUL, ERRLE A ABESERRIR S o o - - -
Rk, MBS TR @R R T b = - - — —
HAFFEL RS <120t LB DID, BIFE DRSHEHR F 17. 65 15.71 40.12 14. 84
[CIVEE CGERSNSEA, 207 U AR . o o — -
HAGEMED S 1) | ADROS-11 OFREAFR & S A B aiE - O- = & - -
C T DIMEREZEE O TR RS 015, : :

(b) ETRUHEGER 0 6.87 - 8.2 -

B TMBNT T HEE Eo T s v EER S LT, Sk.) - 0.26 - 0.28
BEETH . SR RTRERNHE, Bbmass 5 116 - 5.95 -
S T B EE T I O S TN A T2 0D RO Sn - - 0. 02 -
TIRBEROEENTZIFIZ W, F2TC, EREOE TG Zn 0.29 - - 0.09

FOREIER LB TR A S L7, BRI
I A OIUImIL. IS A 7 L COBDIACHE Table 3 Outgassing data of ETFE jacket

BTBHZE L L, RBHRRIIENE I O EE TE 2R Virgin Thermal vacuum

B E Uiz, SBOESNEOIERIE, ADEOS-TITHEEMRRE | LY 0. 098 0.164

THRbBE LIRS L, CVOM[%) 0. 002 0. 014
Table 4DZH1~ARTEBAFHIRE Z1T o 72BN WRI%] 0. 025 0. 095

L., —65~200°COEA 7 NVEERZTIEIEN LT, £ O TWL:Total Mass Loss

B, BRI SR, D OBFHEE D RS Th D414 gk’g“*“aigil@g;gﬁ gg;ﬁéﬁ Condensable Materials

DOFREHTINT, Figure 21~ 3 i8] 0 o> Z Z3EHTC

B s WEEMOL(HODIET) B3MELD Z 225

Inkigotz, —MINC, BRI LD @0 B~ OREIT, RERUME 2 LS W50 FHUIBOBE
THHN, ENOHEHROMFITERIE SIEES LD,

Table 4 Conditions of electron beam irradiation

Condition 1 2 3 4 5 6 7 8
Equivalent time in ADEQOS-II
orbit for electron beam 10 30 100 1000 3 10 30 100

fluence [month]

Electron beam fluence [e/cm?] | 3X10% | 9X10% | 3x 10" | 3X10% | 9x10% | 3x10"® | 9X10® | 3x10"

Energy of electron beam [keV] 120 120 120 500 120 120 120 120

Absorbed dose [kGy] 14.3 42.9 143. 0 1430. 0 4. 29 14.3 42.9 143.0

Temperature during
irradiation [*C]

RT, 100 | RT, 100 | RT, 100 230 230 230 230 230

T, [FRROMEE SRR DB MOE IR 2, &F4 &R CREHRE & 725 Table 4 DA
5~8 THT o7z, & HIT, PRI & PTZRIRIC L D MRV R LRI 7200 | FE TR BIELZER R,
PSR AR DIERE 2 2 TR R B U e, BUEZERERAR I, L1 7 A 65 iRoOFFan (TN 50%
[EF) oA 2w 7fE200C, 1 HREIZK L, ISR B8 HAETH 57 L= Al (BT
WHEND Z OBV 2.5 ZiA) ZRIILT, Table 5 (G B~D 23%5adHY) OLSIZHH L, 72
B, WUl EORESHL. FfkOT L=0 ZRITHEE S5 & 260°CTIE 167 Riffj & 720 | Table 5 DR{AFL VL
B D & 720 TND, fDFFEZ LD FIREME D 0 2 23, BITRSEN & A7 5 [ BRAABRE I T 260 COTREESRIF Tl
16 [efif], 167 B OBk LEFRIC L D HUDE N SN2 &350 T D,

TR R OFNELAR IR 24T - T8 BB X LT, 0~130°C KU 115~255°C 0 2 SfF DR A 7 VK
Bja S L7z, 0~130°CTIE ADBOS-TT 23521J 72 4000 Y 7 /L 282 % 6000 3o 77 /1, 115~255°C T 750 1
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7 v GREEEB ORFIDT=, A 7 kEZL TERDTE)
DOEfE D, SROBEZIR LN -T2, —H T, KEITHER
A FHRER COREIHER SN2 LD, HRIRERE O
MEHREGER R H LD EEZZ B,

(c) HHEELOR S

BIFABRIZ L U, B A 7 AR CHEED RS S - RN
i, HEIRE B L DM O RA L) F0E 5 SR E TRIEL
ErHER SNz, iU, BEBREEZ LGoROEN A
UBIZEE o720, M OMERFAESFOSIC X 0 K 5
£ L, FOBNHTEM I EDVE Ul DUV ORI RAE
LTWetEZbND, #EEH L BEDBRIZ OV TLY ) 3 Vi
MBS EETH DN, IE TCICEm SRR T, Figure 2 Cracks appeared in electron beam

HoE EOERIMICHY LY kit d ., ERegEI o7 irradiated cable
MR R T 5 LV ORBERELN TN D, 2078, 78
MITHEEEZ LEAERREEL-EEL, o )20 Table 5 Thermal ‘vacuum conditions
BRI OR B B L b, 08 OO fREIE 21T -7,

BIEOEER, KRE<BED LEEXE s Th D gD Condition A B C D
BEi37enaot-, £/, Figure 3 @ (a) 13RO HA M, (b)ITE Temperature [(C] | 260 | 260 | 280 | 300
BORSHEICEIER L TWD, BT (b) OEIT 3m L &<, Time [Hour] 15 | 41 7 1

RS BRO LTEHEY . FOREITHNE R E IREGELDEL
A I NFEERTHRE S LIIB 2L, — B eEr THED
MRERAED G ITRBC& eV, £ 2 C, ZOBEREIZ OV T,
FHEE OMER R b D L L TERT S,

FPELAE TH DA, T, TADEIREE Lo
fli S FERLL T D, T AOFE I  I2ERS S TR L
TUNB AN, T F-HRGEHE S 47 ETFE #88h b isdamt somfELl_ ko
RS CAMEN TR e E L An ) . A L AR iR R 2
LOLDEELLND, TOLD, SERLAEL, A ()
SOELL EOIRECRAE LD LRI ND,

EBIT, ETHAME L-an THECIE, feuisExs
BRZRIERIDIGIRIZERES 5 & T HRARENEBISIE U D, B
TIE~DOE ARG OR LK E I = —7 Th
D, ZhUuL, AJERRCIERAINZ THREIL ., FO%ESRLELL
EIiThe2 Z L2 X D eOBRICEAEEZFIA LT 5,
SEIOBERHTEM TIL R EHEICHHN TR S TS 728,
TERRLSOTEE A 2 B LR & AR, PR RES sE0 A
DRAL, BEHAFE LR HRICERMER L3 < e
Do Fl-, B THMERCIE, SRS EICEE T EICELS A2 Y
LIV, THOOHERDT=8, S#%MEGMCOs iR T
I TIETHD,

BRI L AEENE ENA A S BN, FHITICK
LM IEGERI BV VT h, Figure 4 \RT L 57, RO
RBEHREEL < 3o HmlcERT A e clE ok 2ED
RBAEPHEEE T,

72, FEREROERAERBITITE, BB L Bk L 72 RRE Aol
T A ZAPAMSNIEZ LItk b0 & Bbh 3 BHER (b)
(B BRON, &5z, 230°CIiciV TR 2 Syt
WEET D LARIORB THERRSN TS Z Lhh, Bl

Figure 3 Cracks appeared in tie-up
cable
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BRI EOEAERN L, BETOZ LICL VBT 7
RRIISORGER & UTE < fil, BEEH ORERCH
FAEDIFIR L2 DEFEEEZ LIS,

VLEZRE L TERXD L. ERZEM OEAENTI R
WT, BEEMOBERE. WERDDRAE, S HIRWA 7
JURATHARHORZR, IR A 5 Mk LIGT) & AR
EVEC DI SD Z LT, Bgek, R
2bDEEZLND, MAT, Yol LOB, HZE, &
PR L DB L E L, B 71T

Figure 4 Cracks appeared in soldering iron
test

E D EFEEAE LV ESIC LTV rTRE S EY Y,

d) 7V, XIATA A ROEZ L HIREH

FRICRT LR L D #EZET 57 7 U KOATA A ROBEEAHTIZ L ‘O:k&b Bedia My 7 1 — 77 Ll

LT, N—RAHEEORREM AR LTz, 7 —b—F AR ERT 56 CKEEE S Kz LT~ 9%0° )
DRIEERIBEE S Table 6 (T, MTRERLD, B 1m U EOT 7Y « AFA4us FOEENESL, BT
B A[REMED RO TRV Z L 233,

Table 6 Space debris and micrometeoroid impact flux [/m’/year]

Inclination of +90 degrees from the solar array paddles Inclination of -90 degrees from the solar array paddles
Diameter Debris Meteoroid Total Debris Meteoroid Total
>1 pm 2, 263 1,001 3, 264 1, 139 938 2,677
>0.01 mm 952 216 1, 168 572 21 789
>0. 1 mm 9.04 3. 62 12. 66 8.8 3. 63 12. 43
>1 mm 1. 849102 4, 78x10% 2. BT X107 1. 715X 107 3.886 %107 2.104 <107
>1 cm 4.481xX10° 5. 72X 10°® 5.053 X107 4. 067 X 107 4. 567X 10°® 4. 52410
>10 cm e 5 TIT R0 7.987 X107 2.082x 10 4. 567 X 10°® 6.649x10°

WL OEEE R R A S E L 2 A, LI 28

BLTH—RAZHEE UBHRIZ 400 g m A5 500 pm 2 Table 7 Probability of impact on the harness

EETChot-, RBEERELY, —RRAZHBEY5 25D Particle Flux Probability of
DS, 2R ASRORMT I B 7o\ EZE R ORI T diameter [ pm] [m? yr'] |impact in one year
100 zm 235 1om OEPAR, H> >R RABTIZ AT 5 Z & 100 11.5 42. 3%
DloTz, YT DRIBEORA-DIKES ) —H A ITESE 200 233 10. 6%
T HHER (BB 2 Table 7234, EZEMAE - (B 300 0.61 2. 90%
IZ L DEEREERE L THEE 300 um~800 um OfElZ 7 400 0.32 1. 52%

&L 1 FRICHIF DR T DHEFRIL 6. ThTH Y | 500 0.20 0. 98%
ADEOS-T1 EEARETEI(f A 34 S w7 mRetE bR T &
foun, 600 0.18 0. 64%

700 8. 23E-02 0. 39%

3. 2 B —R RO (5D 800 5. 87TE-02 0. 28%

SR T S T SR R UM %, FF Y i i
RO D ERETRN D DIET AT LD HD LK 1000 & 16k 02 0. 10%

mL PoE S IRNENS OFEAE A A B O RS RAER % 0 L 7=, iR I CB A3RiE L. b A <7
FHK TN L=, BRI ARV T 7 Uiz, BRETAOGINL, BERSICTA7a<w s 77k

ﬁZ&HVF?77Egﬁ%Jﬁ_@Hﬁéi&ﬁﬁbfﬁotoﬁ%ﬁ%%hmeaufh

HEEGREEAS 500°CLL F DA — A Tl HEBEDY L FUTFIEAZ D T2, 600°CLLED 7 —A TRk E

1p o7, EREFEIT400°CH 5 500°CORM TR F5A- L. 800°C TIZ99%LL EAYGR A & 70 - Thit &7z, 400°C

DI —AZREx . FEHTAOERSIIHF ThoT-,
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Table 8 High temperature offgassing test summary

Sample temperature o 400 500 600 800
Sample mass (Pre-test) mg 25.111 25. 188 25. 085 2b. 757
Mass loss % 17. 94 79. 07 95.99 99, 32

Post test sample

Offgassed products

HF ppm = 4 6. 8 8
Mehtane ppm = = = 0.189
Co ppm 0.24 3.05 1. 34 22.1
Co2 ppm = = = 83.6
Ethyl alcohol pp 0.041 = = =
Acrolein ppm 5 0. 046 = =
C5—C7 Fluorinated hydrocarbon ppm = 0.076 = =
Difluorobenzene ppm = 0.015 = =
Tetrafluorobenzene ppm = 0. 026 = =
Trifluorobenzene ppm = 0. 027 = =
C4 alkene ppm 0. 023 0. 033 = =
Ethylene ppm = 0.092 = =
Propylene ppm = 0.028 = =

R S IAERG O FEIL. Wb 300 BELIT Chole, AR TII2—NA RY 7Y 7 %410k
7280, FNROY 7Y o T RA~DRE LY @A OMERMME T LI b DL B2 bb, Ttotr
WX AT E O TR AR 2R L & 2 A AT ADFEE -8 500°CHEA — 2 T 20~47,
800°CTC 11~49 Th-o7=,

REFRARCHE SN BRI LR LD, BRI 4 oM M2 MEHL, o—L /By F a—kil
~1. ONms/+0. 6Nms/—2. ONms FREEDAIFEBEVBERMINI- Z LA > TD, FBET ZADOPEy T BNR UWROH
ERRERNT, YT M7 Z24EL S DN —RAROPEBRR S EHEE L7 L 25, 3en~1len F2EL -
12, ZAARREDHER KEREORRNG, ZOREO N —F AR PEET 5 Rethdm < . BIZEFRIIAR
EILLVHATE D LD EEZERZDND,

4. £&9

ADEOS-T1 FEMRBTEM OIS, RUBMBE L1/ —F AL OH ARHICOWT, #ABRIC L AMGEA 50 L7,
BT RRIESERCIT, Wl HERE L~ L2 KBS Z DRI, BE A 7 VG EBRTITERREAE LT, ool
A IR T, FRMKE T ENE LD 00, EkE (Bl IRETORBR TIHEOREIT 2L .
HHRIRRE, Ay ofEimla T £ TOEGW A 7 VERES)S, ADEOS-TT OWFBMZRESHT-bn L EZz N5, 77
VRAT A A FOFFRIZOWNTS, RESEE E 72 0 152 FTREMA RS Xz,

E7o. ERRETRIBNEORET AGHNC LD | ~—FRAOBYREC L AFAE AT A ML ORRCEYEEIC L -
TAEUT-BHEEFT OEH U, SRR B SN - B8 R UWEZ LA Z L D 2 Z L 0sed bz,

ok, [FFEOEMIT, 5% EFFEOERICOLMHA SN RIALTH L, BEMN >R ZMEREM
FHEAZ AL T, T— X EEML, 7uY =y FOBFELHEEICERL TV EV,

AFHERABROEREZ BHT= ) BR) =1 « A — » TR, BANFTHIAT L) LOE 7 INOESAD IR 1%
[V, G2 LT 2,
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FHAEES M (HEE 5
Development of Strategic Mechanical Parts for Space-Use
TTFUTIL-BEEW T IL—T
(Mechanical and Materials Engineering Group)

EE & MR HE EAK E Sl &8
Hiroshi Miyaba, Shingo Obara, Akira Sasaki and Kichiro Imagawa

Abstract
JAXA selected 19 strategic items in the field of mechanical parts and materials. And, preferential
4 items in them are Thruster Valve , Shut-off Valve , Resolver and Harmonic Drive for the first
development generation. Development of Resolver and Harmonic Drive started in FY 2003.
This paper reports development of Resolver and Harmonic Drive which are used for the antenna
pointing or paddle driving mechanism.

1.3z

£ FE R R L R OB S il EE L OE A BEL ORI B ELVE FE T,

R FEA LR O T2 Bl L CHEAN SR DR A ML TRY, S ERA +aBmShanizd,
M AT I R EE R IS D, ZORERIRINZ 21T JAXANE, TG iR, B, @ EO@ERE
AEELT. EEEOE BN ME9MB) 2B EL, BIZZohbE I HEEERMS S LT, HERETP,
WEWTIR ., AR R, BOR R o4 B A2®ELT,

K TIL, 7T TR0 SROVBREN RS |2 S IL A B I RS, % OVBGH o s O BR R R ILZ DV TRl
4%, 72k Table 1 [CEESRML1I9MEE2TRT,

Table 1 19 items of strategic mechanical parts and materials

Item Parts and materials name
. G
Components Attitude control system S{;’/%S:;)f £

Thruster valve
Shut-off valve
Pressure regulator
Check valve

Pressure sensor

Valve

Sensor -
Temperature sensor

Pump seal
Pump bearing
Resclver

Parts

Engine parts

Harmonic Drive

Antenna pointing

. DC brushless motor
mechanism parts

Step motor
Bearing

Thermal control material
Paint
Hydrazine
NTO (di nitrogen tetra oxide)

Materials
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2. st OME

ERR15EE T LL FOE BICOWTHFEZRTTo7,
(1) AERHS

AERHBIT. A AT O 1B SREBIZHDZ L DEEICL D BEM L EEEORRE D50
BT OB MMEERZEE L >>7 7 HHEmEHE A/, &0 e A KR OB D TV A,

BRDRALMNL, T/ F 2 —FLOBEEMEOIREEL TR OMIEER—R LT 2L E5EH
EEEE — R EL CE S RREEZEBTAILICHD, 2B, Fra—F FR O IR LT, BreL
N RERAT AL IC L0 AR EL B TES,
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(1) ABERHE Rotor and state; |

Table 2 Principal dimensions of Resolver

A ER NSO IR ZFig. 110, FE# T4 Table2(Z 77, : ﬁ

[tem Specification Foreign product R/D Converter
Sensing method Resolver type | Optical encoder type
Angle accuracy +5 arc-sec +5 are-sec =
Resolution 21bit 18bit Bearing | -
Mass <2.2kg <2.2kg
Power consump. <2.6W <5W Fig.1 Resolver

E# (TEFR) oY BrEL T, BRITEFROEHEN TV ART —F B LY WS AT —H %R
{EL., BEEREE AN/ oo MR Uiz, 7o, [MIRFHEOHR, & O Rt OB O 7= OR/ERBR I
e E R OB TS EE KT 5,

D&

B SO ELL TR (T ALY W) BT EERE LTZ, 20720, [BlEsh T AR L/ v
NOIT ATy MNIZERETUE R OBRET R COBIHRNIEZ AT L ERH D, RIELT &R EFig. 210K
&}

rotor rotor coil
Fig. 2 Prototype Coil of stator and rotor

R 74 ¥ 2L —ar®Fig 310, LY AASORSERIER B2 Fig. 4171,
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Angle [deg]
Fig.4 Accuracy of prototype Resolver

Resolver stator
Resolver rotor

notary ansio

Accuracy [sec |
o

360

v A

Fig.3 Test Configuration of Resolver

(2) i ol o
BEAGR A R &L TR E LI BOE i DA E R % Fig. 512, T2k cwTable 317
Long life type Light weight type

Fig.5 Outershape of Harmonic Drive

Table 3 Principal dimensions of Harmonic Drive

Ttem Long life type Light weight type Existing product
Dimension 82 ¢ X 30.4L 70 ¢ X 14.0L 70 ¢ X 35.0L
Mass 221g 103g 370~300g
Lifetime 106 rev. 100 rev. app.10% rev.
Lubricant Synthetic Hydro-Carbon oil, grease Solid lubricant
trar?s?egiiate < 30arc-sec < 60arc-sec < 30arc-sec
tfnfsgiirﬁe - 10~ +80C - 30~ +80C - 10~ +80C

FERAFERBELUTEM L7 — R BAA 8 ONNEEFR R O BB, I 0Nl THmERAS RE2LLTIC
R I
D&Y — A A B0 28T :
RHIROZ ) —ARFFEFERROKBE B EL T, 7V —2ABHEO 5ol E Rt Li,
DE—TF VR —BR_T VT TP AT G B —FaFR T I ~DF)— A MIKEZFig. 61,
EE R LY OB(LEFig. TR, KIBAICREIN 2 OB HERINEZN, TI/F a2z —EDE—2ATME
LCHIBEEZ DL~ TR, P EERLFHCEAENR RO T, RLZZY —RBEO#H Tl R IT7R

R ThoT,
rease

Circular spline

Wave generator Flexspline

Fig.6 Grease quantity of test sample
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Starting torque at minimum

grease condition
(W/B=0.1g , F/S=0.4g C/S=0.6g)

Temp:-10°€- - -
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1
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Grease quantity on the wavebearing [ g]
Fig.7 Effect of grease quantity on the wavebearing
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73\%025 EMFERENT, T, RO BB mHESOEME B b, BEREENHEWVIZE, hLiE
WICBWC, V= —T VR —F TV T DEHPLVE PR IR | B OR A1
MELECTHBIENHED, ZRHOFRERNE, I L AI#ARRIT, EREELRAEEMS RN EDT
. ZEEHLE OFHARE A Tablebiz,

B E Al

B2 L, ZEfo

fEEE % Fig. 8121,

Table.4 Test condition

Tl 72 A REME N D, I E . B4 Tabled|Z

Grease quantity (g) Input Wear
Specimen W/B F/S C/S Rotational particle
inside gear Speed (rmp) (Wt%)
No. 1 0.2 0.8 = 2 50 0.1
No. 2 0.2 0.8 2 100 0.2
No. 3 0. 2 0.8 1 2 500 1.7
Table.5 Specimen surface roughness
Surface roughness Ra(um)
Specimen Before Lower Central Upper
festing side part side
No. 1 0. 036 (. 135 0. 055
No. 2 0. 215 = 0. 201 0. 029
No. 3 = 0. 191 0,018
@I THEORERS

Fig.8 Wear Track of Flexspline
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Evaluation of Tribological Characteristics of Space Lubricants

EHEERRFR I V—7 THEBF T —7 SKES . RAREA. A &
Mineo Suzuki, Koji Matsumoto and Takashi Nogi

Advanced Space Technology Research Group, Space Tribology Subgroup

Abstract

In order to provide reliable, long-term performance of moving mechanical assemblies for space
mechanisms, it is very important to accumulate data on tribological characteristics of conventional
space lubricants as well as to enhance their performance. Basic research on new lubricants and
lubrication methods, which will be needed in advanced space systems such as future reusable
spacecraft and lunar/planetary exploration vehicle, is also important. In this paper, triborogical
characteristics of some (conventional and new) lubricants, materials (substrates) and lubrication
methods are evaluated under various conditions. Contents include: tribological characteristics of
bonded MoSs films on a titanium alloy substrate, performance evaluation of bonded PTFE films,
adhesion measurement of space materials, friction and wear of bonded MoS: films exposed to the

space environment, Effectiveness of transfer film lubrication at 800 degC in low-vacuum.

1. XU ®IZ

TSSO L 5 B 0E@ENE £, Efafk, B R M, HEREm LA EHRT D0, &
TR DS L 2D P I A R V—Rtho T — & OFEME, RBRIEOMHSL, BITIEOMELE L bz, FH
R - oM EANETH D, . FHHEOSELICHED, BEATFER - 17> b
o« BREEE R COBERE - B v v VISHETE AL AT A OHATIIRER KD 5T
WA, ORI RERESEZTEL LI, FHAMEEBAO N7 A4 R o U—REORN - AT, &iEE
TEEAI DR, SRR OB Y A7 JMCET DB ET> T D,

2. WROME

YR 1 SEEERLLFTOEBIZOWTHIERIT 272,

(1) MoSelERRE T4 &4 THO FT A Ru U—RHE

TG, BEOEDIEEM L LTF X280 ENs561d5, vy bz

DUOME) AVEBEHETIE, FALUAEDOR—RL, V=T A4 ROEARBRFEN TS, F
AR OEABEERE LTI MoSe (THALEY 75 0) ML HERHEN TSR, MoSz D b7 A4 R
0 OB O T, TNETAF UL AE FHE LEBAE LT —FRNERESh, F4 U6
b THIE LESAOMRERHSCThI TR, KUFETH, AT v VAR THIOGEIT KM
NEBNTE MoSe BERIEIZ DN T, FA LA Tl L, F T4 R U—Biokx BT IRE
LS (EE) 283 RCHEMRBRET-7 (1, £/, R—nnl, V=71 F~D#EH%Z
BEL, BB TROEICBOTEMIRITTEE, T3 BoEE8EH~L 2l Sbic, BEAUE

This document is provided by JAXA.



102 FEHIM SRR RSB R R ER JAXA-RM-04-010
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3. AUROBE
(1) MoS: BERKIE,F4 &4 FTHD b7 A Ao P—Fkeik

HAEMORLRD 2D MoSs BERUIE % #Br L /-, — —
MoSs BRIEE IS (2 71c, BIELOE EM ] yos e meY o0,
LT TT ¢ A7 #EEREH, BEREN 0.3 28415
FCOEEEEEHEME Lz, ErET 0 27 OMEBHT
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REOREBIIAE TRV, M, BERFEASHM OGS Fig. 1 Life map of a bonded MoS; film.
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EiEd % 2 A4 FORERIZ L »CH Fig. 2 Relation between life of a bonded MoS: film and
computed von Mises stress at the film/substrate interface.
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— S 02 T I T
O“T‘Tﬂ%xi/fz % | Bonded PTFE film A | TH6AL4V |
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Fig. 3 Life test results of bonded PTFE films on various substrates.
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Table 1 Measured adhesion force.
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Fig. 4 Coefficient of friction during reciprocation.
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Study on Space Mechanisms
FHABESATLIZBITAHEERFENI XI5 E (PRA)
Study on Probabilistic Risk Assessment (PRA) for Space Mechanism Systems

TTFUTIV s BEHEEI LT

(Mechanical and Materials Engineering Group)
Ea/R B BE & SNl &
Akira Sasaki, Hiroshi Miyaba and Kichiro Imagawa

Abstract

Purpose of this report is to summarize the result of study on the applicability of Probabilistic Risk
Assessment (PRA) for space mechanism systems. This study aims the improvement of reliability
design for space mechanism systems. We demonstrated the feasibility study of one process of PRA,
which is Hazard and Operability study (HAZOP), for the model of space rotating mechanism
system. The results of HAZOP show that can be used to help identify risks.
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Fig. 1 Space Rotating Mechanism System
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Fruitful Results of MicroLabSat and Ambitious Development of MicroLabSat I

FHRIAAREE 22—
Space Technology Demonstration Research Center

QiR #7. 88 B#E. SR =M. BX £—
OHiroshi Tachihara, Nobuhiro Takahashi, Keisuke Yoshihara, Hidekazu Hashimoto

The Space Technology Demonstration Research Center in JAXA has researched on the
development of 50 ~ 100kg class small satellites which is used to carry newly-developed
components and devices into space and to check their normal work. We have a plan to develop
several types of such small ‘space demonstration satellites’ as a series.

MicroLabSat, the first one of the series, is a 50kg class of spin stabilized satellite launched in
December 2002 as a piggy back satellite on H-ITA rocket. It has successfully completed all the
planned experiments and continues healthy operation. Following MicroLabSat, we are developing
MicroLabSat II with the three axis stabilized attitude control system. The results of two satellites
will be brought into the following space demonstration satellites of the series.

We will express the fruitful results of MicroLabSat and the recent status of developing
MicroLabSat II in this paper.
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3. 740574k 1 S
31, B=E
1 SHIE, M /NEEE (FedSat) iR 4 REBUAIRTE (WEOS) &E—#E(2, BIBRR BT A2 (ADEOS-1) D
EX—/\vPELTH-TA O M &> TIT Lif bz, SMR%E Fig2 (2, D RTLFETTE Table 1 12RY
Table 1 Main Characteristics of MicroLabSat
667(x) X 688(y) X 678(z) [mm]

Size (Including 143mm height of separation
mechanisms)

Shape Octagonal prism

Mass 54 [ke]

MOI ratio over 1.05

Power 55 [W] over

A Spin (nominal operation)

Three—axis (experiment mode)

Frequency: S—band

Communication | Command:500[bps]

Telemetry: 1024(HK)/4096(mission)[bps]
Operation span | Over 1 [year] (accomplished in Dec., 2003)
Sun Synchronous Orbit

Fig.2 Outlook of MicroLabSat Orbit Altitude: 800 [km]
Inclination : 99 [deg.]
1 EBOFTELRIVLIVELUTICRT, Launch H-IIA rocket No.4 (piggyback)

December 14, 2002
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Fig.3 Transition of Terminal Voltage of Discharge (Ni-MH batteries)
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Fig.5s Acquired Picture in the NAL Experiment Fig.6 Acquired Picture in the UT Experiment
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Fig.11 Stage of u—-LabSat Workshop
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#MEBEEELT=, 2003 EMNSBMERLBEBEBBOREICASTEY ITLFOSYMNIRETHAHA. 2008
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212/ Y,
Table 2 Main Characteristics of MicroLabSat Il
Approx. 600(W) x 600(D) X 500(H)mm

Size Approx. 200(W) X 200(D) X 150(H)mm(Nano-Sat.)
Mass Approx. 60 kg(total), 5 kg(Nano—Sat.)

Power Over 100 W

Attitude Earth oriented 3-axis control

MicroLabSat [ & Grond Station
S-band, 4kbps(Up), 1.6Mbps(Down)
Communication | Nano—Satellite < Grond Station

S—band
MicroLabSat Il <& Nano-Satellite : TBD
Orbit LEO, Sun synchronous (TBD)
Launch TBD (completion of development < 2008)

Fig.12 Outlook of MicroLabSat II
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Fig.13 Experiment Image in Collaboration with Nano—Satellite
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Research on the instruments for future micro-satellite

FHEIMF AR Z—
OFR =Er, BAZE—

Space Technology Demonstration Research Center

Keisuke YOSHIHARA. Hidekazu Hashimoto

The Space Technology Demonstration Research Center has conducted the research on a
next-generation technology for micro-satellite since 2002. As a part of this research, an
experimental manufacture of small satellites instruments was implemented in 2003. This paper
shows the status of research about the S-band QPSK communication instruments, the Small Sun
Sensor (88S), the Micro Star Tracker (MSTT), the GPS receiver, the micro thruster valve and the
Damping Adapter Ring (DAR).
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? I ND filter
Cross—shape Slit l Green filter
Es

Evaporated
cross—shape Slit

: . ™~ cwmos
= : image sensor
2 - ] :;\ Circuit
board
sy
(H, V) (8, ¢)
Transfer function
calculation
Fig.1 Measurement method of the SSS Fig.2 Internal configuration of the SSS

2. 3 IMBREI—FTVYHOBWRE

{EHRE TR L& —, VAT AFEHT IV —TOW O F, NERRAAY— 7w OWFFE %
WU, SERR154EEE L, MSTT O tAERa, 3L, Fillfactory 4BOFHH CMOS A A—T & 4%
We R F ORI E L7,

2. 4 NEGPSZEHOTE

VAT LHEE W I —T OO T, NEREHGPSZ e =y NI BT A EEABRGLZ. ERk15
FET, REFEHGPSZERO 77— LU =T DEFEIMWZ HTV, [KPEICRIT RN EIZAVWAIERN
TEBHRIZHIE L.

2. 5 IMNURSZAANLTOHE
HEHEET -0 0T, NREERBEEZROMED —RLLT, BARER ALV T ORE,
AR AL U N AT 25 37 O ER R A E R L.
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2. 6 HEHESYVIOWME

fﬁf%&:ﬂmwym@mﬁ@)\ﬁm&ﬁ T /jf &
ERBILICLY, MEMKOBEIAN T Ounigger /jf// , 7
5ﬁﬁ%éj/ﬁ D FRERML THD. 'y ﬁﬂkgdass il teite

s S //
';’f/f / %/f/-

LS, BB 7 OBSRRFEDT- ' / 7 ,,//
/ / ,,;,,//// '

DO REERE 7 /L (BBM)D A ERBR % 22 Hi L
2. iz, BBM OB O RER L,
P=T VT AEM)DFR FHHRHT 2 i L Toint adapter ring

7,_:. F]g?, G:ﬁﬁ%ﬁﬂyﬁm}ﬁﬁ:@%ﬁ:f Damping Adapter Ring ASSY DAR with satellite

Fig.3 Conceptual drawing of Damping Adapter Ring
2. 7 FEMENGEOHE
WOE EIZBW T, HBEOFEBES AT ABSMET AT AICBWT, A RETTERKL 27 ABOE
A, BBV, T—HEEEEIL 0D, SHERHTT R &2 O 55K T AR % 5.2 2o\ JE g
ik )7 U L DAGTE - 7—HBE L AT AOBF AT > TS, ERISEREE, MG EEE B LOT — 2
AR E ORI A L=

3. HROHWME
3. 1 S/AUFOPSKBIEBOHE
ABFFED S /K QPSK IEEHETR)DHARA Table.1 12737 7285, BEEHLL T 1 —LabSat ki@
oL DT TURT.
Table.1 Specifications of S-band TRX

S-band QPSK TRX( x -LabSatII) u -LabSat
Frequency S-band S-band
Transmitter Low Power Mode: 17dBm 17dBm
Power Normal: 29dBm
Downlink Low Power Mode: 4096bps(PCM/PM) House Keeping: 1024bps(PCm/PM)
Rate Normal: 1.638Mbps(QPSK) Mission: 4096bps(PCM-PSK/PM)

(1) QPSK ZE3A%8 BBM U4F - SF(

Fig.4 12, QPSK &R OBRERRRE T /L (BEMZRT. 20
BBM (ZXfLTEL FIZRd 4 DOIEA | _ou\—c#{ﬁg&gﬁ%%m
L, &AM RIEO D LR LT-.

(a) MR P b

(b) £FE 5 RiE, fHATT—
(c) 54 HHRiE .
(d)4EED Fig4 QPSK modulator BBM
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(2) {3 A& O BETHRET M

AN B CIIRF OB A 2 A D) —ICFH~EH T 5700, HEIZSCTRARMEFRAL TS, S8
R QPSK iB{EHIC 2V T, QPSK EFAEMCMHEH T3 IC B3eREHIRERA /0 e 52 B2, CF-252 %
T i B B B AT o7, 20%EER, 4%, A% TEL T2 IC i, SEL MPESFEVZE 3 B L7
fodh, RGO R EZITV, BBM ORI BEAEROE BA IR LIz, ERLOM S U faRBRIL, 57 FH &k B
RO DT, ERLT.

3. 2 MEXEECYOHRE

(1) BAMTE T OB Bl

2. 2T R LI LT, AKBE Y CIHEaAMEZIES T, BAALZEFORAZBRIL TS,
FR1BEEAEE, B CMOS AA—TUkt, BENT, HEET 4L ZOMEHERER (7~ SRR, 15T
MRS RER) 2 ML, BUR B DD RS BIC DUV ToRF i SR L 7=
Fig:5 12 CMOS -2 -~ ~ SIS A, Fig 6 IS T HIRIRORRETT . B/ F71250)
T, HAHZED CMOS B I ) DHIANNE, MM LB 3R F-ORPES (775, IRHIBA R IA A
Bz & 5 LTI O LR TH LT LR TE .

Shift in dark current (Gamma irradiation test) Shift in dark current (Proton irradiation test)
| 10 T 10
[ —&—Sample 1] I =i S =
2] ~
|8 8 ssuuiesl NG B 8 [ —e—Skrad |
H | —+—Sample 3| by / \ P - - - 25krad| T Tt
2 5k = NS 2§ 2
-3 | F = =]
o . \ o
5 5
§ . \ . E g |
= e \‘ = |
g 2 = 2 2 |
I o i
0 ; 0
Before Irradiation#1 Anneal#i Irradiation#2  Anneal#2 Before Irradiation Anneal
irradiation (bkrad) (20krad) irradiation
Fig.5 Result of Gamma irradiation test Fig.6 Result of Proton irradiation test

(2) Hi E3RBRET L DRIE
ARV O/NRYEREEE, FEMMRERE AT /20, # EREBRE T A(GTMEZBYEL . Fig.7 12K
Btz GTM OFMEK %, Table.2 IZfEERGE w7~ 3. RHPOHEITRFHETHS, GEMMEREAEBARERK)
Table.2 Specifications of Small Sun Sensor (GTM)

Ttem Specifications
Dimension 64mm (W) X 64mm (D) X 57mm{H}
Mass < 300g
Power consumption < 1.5W
FOV +46deg X =53deg
Bias error <0.1deg (30) *target value
Random error <0.0ldeg (30) *target value

Fig.7 Small Sun Sensor (GTM)
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3. 3 MERE—FSVHOHE
INIR B — T F DGR BRI DICHTY, R N—2 U MRJE Eoa 27 s ORI, 224, FEE) &
BTE., SR RE AN R DR E LY, SRBOW RO R —RT A E7ed (BEE) Mt ERE L
(Table.3).
Table.3 Preliminary specification of Micro-STT (MSTT)

Ttem Specifications

> Star Position <0.016 deg (30)

% Attitude Determination | <0.01 deg(30) {yaw, pitch)

:ﬁd : Angular rate @ 0.5deg/s
Sun Exclusion > 2B8deg
Dimension < 100%x100%230 mm(Include baffle)
Mass < 1.5kg
Power Consumption <10W

FANRIRE — T hE, AR Oz R— 3 b LT, /N RSB B 205720, ITENMERED M F
LTW% CMOS A A= T AT AL A0 7 MU TSR A RS C0A, k1541, Fillfactory
HILOFH H CMOS A A— 4 STAR 250 O FAZREL, AR O BEMEREMERO EBIEIZ SV TR
Uiz, &BIZ, EBRIZSTAR250 ZEHL, 7 T0 7 32— MRfl, RUANE— 4718, BTN, S BEm o
Bg7 —#SRBAEL, FFORMIHIE EfRL.

T, BBEETOVrua LTI, Fa— i — R en—U ey Z RN B D, Fa—
Ny B —Ji K CIIEEZ TERMBAFRBIL TY, CCD TlEZm— vy &— HFEREHAINLZE
MEVN. —J7, STAR250 258, CMOS B ASNAZENZ Ve — T ey 25T, BEE 1 74
VEIEBELTRGE M TN AT, FILEEN TOEEHEA T LII25. BEIT 2B
e 5 AU LA BT EREEE L 2L — T a RO TEZA, U T w2 FRIZBW T, 8
FEAMOTIUTER T DB ERHFRAED, BEMEEICH LB TEXRWI R hode. Fiz, ZOfRRE
MEET 2720, —=RT —7 V&V T STAR250 FEMEREICREL — M 5.2, B2 Ry 7287 h%
FRL, valb—lal O REIZIEEET ORI REGTZ. ZORERDD, STAR250 ZAWTHTIE D B LR
EEERT D201, CMOS A A=V B OREBRIFEO— D> ThHI 7 HiA H UgREZ VT —D 7
L BT RO BRI BUERDHHZEN 0Tz |

3. 4 DECPSTEEOTE

FA: I, GPS ZEMO T 7— 2027 OESMZEIT, Ry 77— B —TEOE R, HBLIEEE-
BB (LR EOAT — 2 HUTHRED B, BMH I ORARMELESLL. 2k, 2055, Kv7'7
— R —TROEFIZOWTIE, Tk 14 FITTH B o FET IR EO&A BB RSO
GPS ZE#TH Ehi X CRY, EERITEE ECRIN T — 258 TV D LRSIV TS, TR 16 T,
HE U G R SRR DS B INE R A, A2 ¥ T = —AEIRLERED N—R Y =7 OSEIZ L0 FE A~
OEEFZEFELZ# LT T LV ERIETHEETHA.
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3. 5 MRZRSRHENNLT

BAMBRE SN T X —RE LT /INURZREZ LT ORMERERL, EABRERARRAFHIHERE E
FL7z. ERRL64EENT, EZ2RCOHRIE, 2V 7 (EBAGRER, MR ARE ERL, HEErEEDT
FRER A D H3HE T D, Fig.8 ITRIELIZ/ AT AZ LT HRT.

3. 6 WEBEULIOWK

(1) HAEEERTE 7L GBI OBUEHER

WA DYESRIED T, BBM ORIEE(TV, SHEERROREBRRET /. RBORKE,
EEREO BB R BN DI LM TH, BEOH CRIBAIHE LI, T V=T Yy EF A
(EMYDREF 7 = — R R B EE LT,

(2) TUOZTFUTETILEN OBEHERT
BBM RAMERBROFERERML, WER GV 7 OBERET o702, BT SO B (Fig.9), &Lt
TIOVHIIREE < { M - R O ER A S T T o AR L.

3. 7 FEMBIMZEOHR

HEMAROBNREER, BLY, 72 EREEORERBEER L. ENERERICOVTI,
PWM Il L2 EMEAE F AR AL, 10W OFE A%, 2mm ORIBREEL TRE T 61%DORTEETHD
ENTELILEMERRLIZ. 4%12, H EOEHaADEBILICEA TR EED DEEDHIT, FHHMML~
DEZHZLZBE LAY [IC ZH W2V AT AORRE 2 #ED LT ETHS.

T —HEEEEL, fOf SUICA S0IEREAD —RICBRASH TWAS/ NI —F T 5 F %2 FVz, fRdT
BN DF AL NEZEFRERA L. RMELZEICENTR 156MHz, 16MHz Ok % vy, 9600bps
DIEEHRE T, R2EHFRON G FHBENFTRETHD. EBRTIE, 2mm OB TIXRIERURETE, 4~
Smm TIREFHEICIVBEERT Lo, ZOZENS, BT — kL AT AREEHIL THTH, AW
DOF —HoRERILRE TS, Tl ~OBERKNEEL/NENEEZBRS.

Fig.8 Micro thruster valve Fig.9 Structural analysis of DAR

4. FEO

FRR 1 5 R, AFEEICT & ki, WitVNVUER HEEH#GRO 7 ) 7 0 IV EREORERREE
fe L7z, “FRR L 6 5FEIY, R ORMERBRE M U, fRElicmi 7= 2T B iR 2 Em
L2 EEHNE LTHEZEDD TETHD.
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Research on light weight sandwich panels

<7 U TN - EERIN I —7
FiE E—ER. &)l HER, B KE, BHETF. F —Z

Mechanical and Materials Engineering Group
J.Ishizawa, K.Imagawa, S.Minami, N.Baba, K.Mori

Abstract

Since spacecraft structures constitute a high proportion of total satellite mass, sandwich panels
are commonly used which consist of a honeycomb core and either a CFRP or aluminum skin.
Sandwich panels have a high specific rigidity, but are expensive to manufacture. JAXA has
developed light weight sandwich panels using integral molding of CFRP-prepreg and light weight
plastic foam. This material has good workability, design flexibility and a low cost of manufacture.
Research on the material’'s applicability to space structures is almost completed. In this paper, we
report the results of vibration testing of a 50-kg class satellite assembly using these light weight
sandwich panels.

1. ZL®HIT

ANT#E &1 &+ 5 HEOREAIZIL, CFRP (Carbon Fiber Reinforced Plastics) FE7zid7 /b
I=wAEE (M) BRAX UM A NS AEATHETETAINSA LY A v FRNFNBEEL
ERSNTWE, TAIN=HLF Y FA v FARVIENEE, HAEEZHET 223, —hThuE
IZBES B3R MBEV,

FZTHxI1Z, ERE 12 EENS, FTHEOBRR(, K2 XA Mz HIE LT, AFHIC CFRP, =
THICRBESSTRIAM CTh L ELe (R A FZ 7 A I FEAM) ZHEHLCEERE 3
AOFEEEERERL TW5, BEOY Y FA v F_AFARRL I ZBEENZAF UM B2 T Z2 8
ETAHZ LI LV BESRADICH L, REEMA ST VIE, AFMERD CFRP 7 FL7ITEE
NABIERZAE CHARAITHICERTAZ LI L —KARERARETH S, T, BEEMLK
PRV, FEROV L FA v F R B L, B Tk, AR ORE, M SEHE RO IE
SRTHEDM, I THOUEERE L, INTHIZENRD LW IR EZ D (Figure 1 2), 4nds, H-2A
24y OBRE (Figure 2 M) X, ABEMEAR/ R EFROMENKE2->TEY, H2A vy v b
ORBLICHEBRL, O EIFEREZER TV S,

INFETOMEICBNT, ZAF U, a7 HEEROTE OES RE OMERE, SRV #EEHA
— N OHERPEE, B, BN, ERRERES T MR RSO, SR A— g T o
 ZAOE R, & OIEEMERED - O OEWERE HIEORE & T ORMLBRFMEZER L THY .,
BRERA SR OFEHBERICHT, MLV TEERREELZRT TS,

Sandwich structure consists of
CFRP skin and Rohacel| core

CFRP skin Light weight plastic foam core
S (Rohacel |® Polymetacry!limide)

Figure 1 Schematic of the light weight Figure 2 Interstage of H-2A
sandwich panel launch vehicle
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2. WFsEOBE
TR 15 X, ULFOEBE IOV THIREEITo 72,

(1) p-Labsat 2 SHH R L DRUYE K OMEE RS
BB R L OFRGER RN, IREFHES 2B T 5720, u Labsat 2 BHZEFE L-ER ST
(BT T BERR & DFE G/ 1 /v) ERUE, thoOBEES LA TOEERSR % 6 L=,

(2) REHFEEIESTM
B2TONSFIVPBBEEBIE AR NLNE D b0kg /B EETVICH L CHEGREBRS Ef L. Z0E
R A RE L7,

(3) A > ¥ — b O RETEAR
BEBAEARLELOES, FEEEMBE SR L ~DS 00— FOBEEICHAVS A P — hog L.,
ALY E— F COBMRAERERE MRS 2 L 7=,

3. BEOHE

(1) p-Labsat 2 ZHH /< F /L OBER OMEERER

MEERLALENRE L2 E TOMETIL, BEBEASFILVOFHERAMENEE L OERLE
TWd, £IT, AMEEOHE T, FHEBMEER~OBREBE KL OBEAMMEZ HAE LT, u
~Labsat 2 SEERKE AR ERIEL, ZORENEER 2 30 L /-,

Figure 3 (ZBFEL 7= u-Labsat 2 BH$FEHE SR/ DXHEI%Z, Figure 4 [IZBERONBTEE =,

Figure 3 Drawing of u-Labsat 2 Figure 4 Visual appearance of u-Labsat 2
bottom panel bottom panel

EREE ATV OREEITANVD A o — M, BOEEAREZ G T 558 A 9 — | (= THIiC
A= b EHORB TRV EHET S0 0) &, FHEOMEEER TCORFEEICHRICHET
ELHHREDA s — b (RNFRARERICA Y — R E2HAL L D) O2BOFHEEE LERBEIT-T
WD, WHEOBBIPRER T HENS, Bl A 3 — NI R xLELOfE I, BilbhA
P—hIN"RZNERM B—FLDORBEICHWAZ L2 E 2 TEBY, u-Labsat 2 BB/ SFLICEBWNT
b, ZOHFIZIHR>TA »H— FE2BIR LT,

BUELZEm SR T, KBS RASOMORESETT L LS TRE CIESRBR 2T 7=, 1R
FaERIE, ADEIREH -2 = — ¥ — X~ =2 7 /1 (NASDA-HDBK-1014) |z 3-3< &4 T, u -Labsat 2
ERORREEZIT O FHEMRMELER T ¥ —BE B L, EELIZFOXEZITOETEMLE,

RERBR O, QT RER L~ COEKENIER T > & DIMRIC R LIBEORRA 1T/ < | BERE(K
IR RMIRERH 2 Z L dbholz, £, BEBE S ZLOX L EU kit L3230 &
A B ADIRBSE OREFB SR R L7,
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(2) fREVRFERTM

AIEORERE T, EC L 2BWIRAKERDERER  SHR/LDDH
PEEBEASRIAETIEETAEERH LTSRN, REHTIE, £T
DFFEASFINEBREEE AR L LEEET AT 2 IREESEE
Bz Tih 3,

R 14 S OHFRIZBW T, BRERE RV AL T 50kg #%
IR ET VEBYEL, ZhicadaiRBRABREEKL-, TO
R, FREIRRICER ASARALO Y o kA v — Mo a7
OEENRFBAE LT, HERLEEIIRICLISANBREKRERD,
Ry b EFREOKEAEDEESTH DN, RREOHEITIZED, /<%
VOBHT—ZIZEOBHD, BB TholzA 3 — Ml X RE
EHEZDHDAEMBA Y — MIlbolzZ ERBELMNE -T2, .
BEHOFMBERRICBN TS, 41— FlERBR TR O
Lo LREEER, 2 T7TH O AWBERES RS,

ZFI T, KEEOHETIE, BESBE LZER/ SR AMITONT
REtZRALE ECoOBRREEZITV., BEORBRRA Eii L7,
IREVFABRICH W/ N R E 7 NV OB#EIX % Figure 5 12737, HRE)
AT, EHREBEOHH, 74 LNiR, EXENEROIEIC,
REEA R OZL 2B L 2N b Em LT,

& A E R T, ERMEAAETE X 0 SEEACEZ DT,
fEMTIC AW IREFEELHE LT (RBBEODRERELTH)
ET XY, ZEOWThOBEARMEICH LT, FElEE 24
e LT ER,

EhiZ, ZUyF LARHRBREERL, SRXVEEREWVWZEE
T F N — o BRI L D A, ERERERBRICBIT LIz &
A5, X FMTOMRRICEENHA L, ERE L., BIEERT
ABEL/-L 2 A, Figure 6 [T d K 9 A F D MHRIBED
Al DR T X, Rk 14 FEOIRIAR THRA L a T o
AR L IZRB R LD THLEZ LB ShoT-, ZORKFAED -
W, 2y B TR NOYE, SBMBEEIToEZ A, EHFH
BECEATIX, R/ SRADHX ANRAFEEEOEHEDE A o — T
v 7 DEMETH> 7,

BEEBAASRVIZBIT S AXZ M TOEHRFBEL, 77y FUA
A (@shm) 5lERER (Figure 7 28) ZBWTHBEIh TV
oo ZOETE, aTHMOBEMEIZ L SWEE—FRBARGATY
foiosh, ABEHE (A1 &) L AF 4 (CFRP ) oJnBMeEasiFiz,
FNOMEIOBIEZRERZEIC LV RAT IR N RA LA, R
EHELOE LT, RBFECHAELEZLOTHE LE X, HiBE
bR OBEERZRAWEFERBRICK Y, ToEREIT>TWVS, L
L. SEOEREFRBRICBWTAX U EBRITORBENEE LI27-D,
RricERHBEORAEIZER L6, slikFREATA 3 — R
DA R R R BR 2 £ L 7=, £ O REREICRT,

(8) A »¥— | OB ARHERF A

Figure 5 50kg-class satellite
model for vibration test

Delamination

Figure 6 Delamination of CFRP skin

Load

- Skin (CFRP)

(Plastic Foam)

I Light weight

dwich panel
Adhesive — e ek

for test
jig (Al

Load

Figure 7 Schematic of flat-width
tensile test

FEHRBRICEB W TR EBER I ALOIEEDELS o — MNEICHEERBAE Lz, FOREBERC
HIREHMIZ, A P — MR D8Rl ER 2 e U 7=, fifiTIC X 2 RAEFMEORKMEIZA
v— FOEABIERE ThH 72720, BERBHERE T ISR, SIHRELEREL Uit 2 E
L, REto Bl A ¥ — s s HBEORIEEZ £ L7 (Figure 8 ), 7ok, mssI1tkGmT
DOISEREIL, £ T A — B L a7HOBAMNBEREL, ZOBAZUMBPHETAILO
Tholz, SHIOIRERER COWEREILZ, AP —PLELTWARAFMOBHEFHBETHY ., T

SR ERTOREIZ L DHHERRE L B> TN D,
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FIT, AFXUMORBHREEZE CHAEENH DR LN T— FTOA »— FEEM AR A5k
HERE LU, fEEREICE, P — MUE O = THEMBEREN /N <. 2 TH~OISH5 8RS
FIRER DD A o — N B TRIR L 7=,

Figure 9 [CHERKICRHT D E A & AR TRAE L2 2EET%2. Figure 10 ICB BT E-E)r
B &R,

Load Delamination
\\\ Skin
- s

Core Insert block

Figure 8 Pul l-out test of an insert block Figure 9 Torsion test of an insert block
ARBRICLOBELUZHEET—FIZ. £2CA % —FE

HOAX U MERZBEECHY ., REBREBRTRAELEZLD L ”
FIERDEETH -7z, ALY E— FTOREMEITASED '
ERED S 1240N ERE D | [R—FROA H— b5l 12 :
H 2720N DB T Thote, 728, RERBRMEKROK 1 -\
SHENTT — Z 6| IRENEABR COMUERAFEATIC 12408 % // \

A SEAMMEBMbD > TWeZ LA LN LR T, 08 \
LI EDOFRERM D, IRENEER THA L2 BEIL, Wil

BNl Y — b EEAINTEAF DB, TAKTRE

WIHZ DN PTICHBEL 72 b D LTS5, 04| 7
SEIEA LA X M OREHEEESS L, SEHeIciE,

AP — P EAXVREOHESHBEZEL L, MbSHE

0.6

Load (kN)

0.2}

EOBMEIRBRNREBRAZ LN TE LN, 2 L2EOE 0¢ — :

RGBT 570, MER ORI 0t 2 COMRER - R e P S
TV, BE, DA — bk, 7ryZEAX» g _

DORINZZ 4 W LEERZFEH L TWA0, FOMERUGR igure 10 Foad—dlsplacementlcurve of
B OB A A L. BB EE S e insert block torsion test

DOEFERHE, deE2ER L T,

4. £&9

TRk 15 GEEE DR RARIR SV O Tid, u-Labsat 2 SHFEH /%L 2 BUE L TIRER5 %2 £
L7, ZOFHERAMEC DWW THERKRRENGE B, UL, 50k O/ NIEERET VICHT S
RENFAER TIL, AF o MOBRFBESREAE Ui, BEROMREKROBE L O 3 — MR
ARBOMERI G, EE/ SR MREIZRE LioA 3 — FORBICBW T, A% 8 0 & MR Bk 4 48
ROMBERML>TZ EBRRRTHD Z LN T,

S, A= ROEFDRAF UM EDESITONT, MEIRORFE ot 208 EES Efi L, &
B L OFHEA ST 25 E2RBREEMERE L T,
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Research of Solid State Recorder on Spacecraft

V) by AR v-7" (Spacecraft Electrical Engineering Group)
. BA BAR, E RS

Satoshi Ichikawa, Masashi Shirakura, Takeshi Sasada

Abstract
This research is to develop advanced, small, light-weight and low power consumption solid state recorder (SSR) on
spacecraft utilizing the newest commercial semi-conductor memory device. We have manufactured, tested and
evaluated next generation solid state recorder, researched high-efficient error detection and correction code (EDAC),

and also experimented and analyzed mission data of SSR on Mission Demonstration Satellite-1 (MDS-1) on orbit.

1. 1ZC®IC
KT, EMEORARETARAEAETYETFEAMA L, SleE, N BE, REEENRTER

B FEER A VEBOBEREITI bOTH D, PER AT RAIEL. BHFORERLOTEAZR D
LI BT, ATEYHFEREICEET A AT Y EY 2 — VRIS S BRASBICEIT 5 LR E R B R
WrERL, MBI ERE, TR EERT LD, KRS AT ) EBORYE - 3Bk - 5
. EAERA2HEY HIEG B0, WDS-1 HHEASEAR L o — X ERIEE (SSR) 12 X 280 L3R - FHE
AT, SR SRR ORE AT o T,

2. HEOBE

RIS T T OE BRI OW TR EIT > 72,

(1) ##EAREAREEE 2 T Y EFEOPIR
B A IAEE R A U EB O L LT, IBEEE L0 ZOBFH O, BB
EF LS - RAE. 200MIPSERMPUZ FHVNZCPUR — RO BR%E, S8 & EREEAGDET
=7 YT A (BM) BRI (BRIEERR, FRERE, E2eER) 2ER L,

(2) RY GRS O
MR AT VRO D OB FIEA S ERLT 270, FR LR L HFAMEEZIT 7,

(3) MDS-1 KL o—F EBREROHIE [ER
EAERS « o B—Ry NEIFEE (MDS-1: DIFE) ICBEE L pER L o — X ERIEE O

HLUE FERB LOT — I 21T o7

(4) I3RS EROMRET
DRAMGR A B U %48 5 JE B sb bk oMt & LT, RS (N RF 4 22) BLTBT 5 v

Tm oo AE Y BIREREERE I oW THFH B L O TR - R E1T o T

3. FRROPE

3. 1 HEEAKRMEACEER ATV EBEOUSE

VR HEARER 2 £ U BB, ERR 14 FEORERBR TR, MR EEEEAHE L 00, HE
BLIOWEE LN BESERCE ot AL 16 EMEIE, AZ a7 EROBAFEICLVERD /N
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TX49 (NASDA BEZEDFHH 64bitsMPU) AR & L7- CPU R— ROBIEER R T, AHEE I IFH AL
FEAb[E 2 —T TR D 200MIPS #% 64bitMPU & VM= CPU AR— R &2 BH¥E » 314 L 7=,
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29D L EHERTE I,

@ LLEDFER, FTEOERY A XKL EREBELZ I TE D2 EBBFES 1L, BMOBERY X 71K
BWRTER, £/, —EORHICONTHE, WEEFRI LV EBEERSRKE VLI & LIMEIZR
V. BEREBET HEIVBRHTE 2,

® 200MIPSH%64bitMPURICPUR— R&EBER L., T EHWTMPU eV V) O E1T -T2,
VPUIZBE LTI, A4 2RBEORHIIN T & | BREICITEER A T Y 8 TEIET 2R ERGN
HR#eL 72 o7-, F£7-. 0SZEVxWorks? & u ITRONIZEI D B % . BEMHOE WY 7 v = THEE,
TTVr—rar )7 NN TE T,

W, SHRERTAREUTOHREND L,

O REFRBRICAWT, FBROPCIaxy & L U THER L7ZAIRBORNAE 2 % 7 Z D Y — RIERIZAEET A5
BAE LT, TORR, B2 EREICELEHEEE LA CICERTA A MR EHB L,
ax 7 ZOERBEEZITV, BRBEERT 5,

@ 7uar bR NVIHEBET BB EHLEOT A M= 2RI E 2 A, BERBR TITEIC

BEREL, FBRORBELEIT,

BMREREZPIE L THAIRASL, ENCREREZ ET 5,

FEE R ORI % 58T USRS R 2 0E L 72TV > 7 AMPUIZ DWW T, CPUR — RIZELY AT &

AT 9,

® e

F1 RERFEEATVEE ERMAR L AERER

HH TLRAAER 15 FEAERE
. 206.2Gbyte
LA E 200Gbyte (512MbitSDRAM fitf F
IMbit=1024Kbit, 1kbit=1024bit #5)
1F % RS D O REE
Fok © 640Mbps
= N 2.5Gbps BA . 640Mbps
AR AR (640Mbps/1h) N
2.56Gbps = FL#K 320Mbps X 6¢ch
+ 4 320Mbps X 2ch
ST v Rk VL | 6¢h (3ch, Control Slice) [l
BAF v x| 2¢h (Ich,/ Control Slice) A
Memory Bus Compact-PCI compatible [Fl /2
EE 25kg LLF 24.3kg
HEE 65W~120W 118W  (BIHIE 82%HIHE)
SVESTE 256 X 460 X 250 (mm) 355X 415X 250.8 (mm)
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Bl AEYEV2— A b RBERBEELTEOLP HUE ECHEAICHA S 200 THD Z ENEIESN
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R@seafch of high performance on-board type computer

200MIPS#R64 E v FMPUD BEEIFE
200MIPS class High-Speed 64bit MPU for space use

BERMFARATS FEABMRMEELREYZ—
Space Component Engineering Center, Institute of Space Technology and Aeronautics

k&2, SR FET, LEEF, AR FE, 08 #k, EREX
Hiroyuki Shindo, Yoshiya Iide, Noriko Yamada, Satoshi Kuboyama, Sumio Matsuda, Toshio Doura

Abstract
In recent years, many space projects require high-speed computer in order to construct small and high-
performance electronics for spacecrafts. We started the research and development about 200MIPS class
high-speed 64bit microprocessor in fiscal year 2001. This year, we manufactured Engineering Sample and
evaluated the electrical performance. We also developed In-circuit emulator (ICE), Real-time Operating
System (RTOS) and the development board.

1. IU®IT
%%@ﬂiﬁi%iﬁﬁéfmyxﬁkmﬁmf\:hi?ﬁﬁmﬁﬁ%wkﬁ%mk \ZALER
S5 7 LN REESEIROBEER RO O TV D, ZTOEREHZT I LN HRER,
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ZEK oRy NEEA Y oy P REE TRIANTEE L 220 . BHEO/NEKEEL - 8
FAALICKE S FET AL AHES, AR, REBHI V2 —F OFEEM S MPUIL
LTI, FEHE LTk e Y= NEREZRSICHEZTHREZAE TS b0, BURTHE
AL EICIE L . BREFROSENMEZMETARERER L R->TWVD, £, KEOD
ﬁ%ﬂ/747Aﬁ%7uy:ﬁkwk%éMéio_ywmi it 4 XTA@&T%EE
THMBE S & LTEMEANTHY . BROEERNORELEED, MAEEHF IO
i\ﬁﬁﬁwiﬁ%@mmm@%% M BRI RRICETTOINERD S,

PLEDZ vt AEFFRTIEVRIZEE L D . 200MIPS (Million Instructions Per Second) 27 7 A D
BB ER FIRE R T 64y NMPUDERICAY . BERBEANTONIFEFHIE 24 Lz,

2. BrEoE
WEesEoh T, WEEFE CICEBELAOEE & ARERICER LZEH (FRTRT) 2EH
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OFHAFEET A R (FH) DOB%E
» COTH AT B D MBS RIERLR D 72 D O F IR
* TR SR B O B EREAL

ORMEY 7L 0Bl - BEEEFTE (S SEHE)
OB TIEBEE DK L BlH (BSEEFER (s )
OMPU D SRk 71 (5 ESEhE)

3. REEORE

3.1 200MIPSHL64bitMPU D148

LU, BAEWFSEER %S 2 & 8 TV 5 200MIPSHL64bitMPU DALARIZ DWW Tk R 5, MPU= T
DT —FT 7 F % & LTiL, MIPS Technologies Inc. 2323 5 64bitMPU (MIPS64 SkZE:A L
Tns, £, HAOICEMA SN2 & TERSNDFAIBIBICELTE, a7L bty vy Fy
HMe LB zM->TWa, T ORI T 5 IS 2 Table 1SR, T b OBERIT,
AMPUZREERIICHIAT 2 2 L2 ZA TV 2—FOERLEY AL, RELEZLDOTH D,
[BIEE R EHT & 72 o THL, MIPSH DR IP DO HEHG THRIRD & 5 Bureka Technologythd v 2 7
Loy bu—JPERRATLZ & THREEZEH L,

Table 1 Specification of the MPU peripheral system

Function block name Specification
CPU Bus Slave Compliant to the EC interface of the MIPS CPU family.
Memory Controller Supports FLASH, burst SRAM and asynchronous SRAM
Single bit Error Correction and Double bit Error Detection.
DMA Controller 2 independent DMA channels. (Memory < Memory, Memory < 1/O)
PCI Controller Compliant with PCI spec. 2.2. 32bit bus, 33MHz / 66MHz.
UART Functionally compatible with 16550. Supports Character / FIFO mode.
Timer 2 channels of 32 bit timers (interval timer mode / pulse generator mode)
Interrupt Controller Supports multiple internal (18ch.) and external (6¢h.) interrupt sources.
8 levels of interrupt priority.

3.2 BEV v 0BLE - BSREEE N

WEEEE CORFRERELZT, BETFMHORET A E2RIE L AMPUNFTEOMERENRE T
B{ETD L ORRREEE LZ, BIELEY IV OMEB 2 Fig lIRT, Fv 7EEIL D T+
BB R TE D TmmX I0mm & R > TW5h, Ty viad A4 X EF—ZF ¥ v ia/MmaF
¥ v b blI32kBTH D, BB, R VIIHBERR L ZEHRE LTWA 7%, LatchX°Flip-
Flop[RIBE S ITIT BRI R E i L T2V, 774 METIEEHRRIR 2 L2 BIRICE T 35729,
IOGOEFEFOF y FTEENEMT S L TRIND, BEFMICY 2o TiX, LSITAX EAWET
NA ZOBEKWIRVERETME . BICTBRNDICER K URTOSE AW EEHEIZ L 2 RRBOWEE %
Ehu L7,

BEREREAAS I LV 200MHz T O EARBY R EMEIIFIEER W ST S /=28, B SEERICEE I 51
RO RPTHRREF I AN L, £, Frv v =203 7 ¢ B0 EmE{L-CPLLO 47 & b
BN, AA v TF U7 A ZOEEE, e - VB TREEZIR EIERIEIRRVEHBr S R
AV ERENH SN, ZADOEFRITTAT, FEk L 6 FEICHET 5 WERERRBRAD
YTV UBIIRBEND TETH D,
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VL IBEER A BINFI eI T

Fig.1 Engineering Sample of 200MIPS 64bit MPU

3.3 BRXBEREORT & #H

MPURER LTV AT L& BT A8, ICE (In-Circuit Emulator), U 7/V & A A0S, 2%
ATIT Ny H, FHIAR— RE Vo —HOBRBEIEBRENNAEL 2D, SFEINLRIEIE
BRIBEIZHOWT, 2=V OBREEE AN ORELFER L 72, ICEIL, BATD64bitMPU & [l — D
WRETHHMTT « 2 2 VAEBADVICEplusZ TR H L. & TMPURFi A DIRET X h AR —
REEMELE (Fig2) . Y7 M u=TICBELTL, EANR 07T L28ERIETH52 %
BAJE L. U7 %A 508 (pITRON) BLIUgeet 314 T EAMPURICHREL., 771V
VAT ANDT JRARLY TN AT A NE, MEREET S Z L 2R Lz (Figl) .

Fig.3 Real-time Operating system for 200MIPS 64bit MPU
Development System: eBinder (eSOL)
Kernel: pfITRON 4.0
Compiler: GCC for MIPS

Fig.2 ICE and Test board
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3.4 MPUDBERHBRIEM:TH

AMPUCIE. BURRSEERIC OV T, BB 294 £ 5 Latch OFlip-Flop® O Z& A
EFOLAT Y MIFEEMNZ 52 & TREBIMEZA ST REFEALTVD, ZNUHER
G5 & 358 U 7= 2R o 7 L DR R R B L L 0 . ARMPUIZEA L TV 2 B KRR O
TEHRTE &R FRA0 72 BE L COSEUSRSASEE 2B I L2 £ 2 Table 210777, AR THNIE
MPUT» 7125t U CHER BN 2 2/ L CGilMli2 T2 DO RER TH LN, MPUIZAT U RFHL
PRl U CHERE AL LRI & REVEL L TV B DT, MPUZ DL O %2 U 7z B R s Al
WIEEICHEE L, ZO7DATHLEL OFEEICL - TEESETRTE/BESNTNDD, #
— L RERESL SN TV WO REIR TH D, SEUDREAMEIZ OV TIE, CREME6TT /L&
FERLTEH L (attps://creme96.nrlnavy.mil/) .

SRAMEIEEIZ B U CIE Rk 84 L T e Wiz, Z O ESMOERIZIE~TERS 2>
T %, SRAMIZEBEMENRD HILAMPUDF ¥ v ¥ 2 [ZEA SN TV AR TH D, Z D
SSICE L TCIEBIC LA BAEBRMEA B L CLE ) CIHEFICRBEEL 2D HEENDBEARLT
LE D, AMPUTIREIEE ZIZI3dEa289, U7 s BRAEERICL > T I — 2kl - 5T
T4 55858 L Tn5, SEOFRHy—2A THELEWVEZR L TV A FLHE (RBTEER
JNEE) G, . SEU ZASEE N 3.96E-01[SEUs/device/day] (2.5H 1Z1bit }HR) BELZ2->TED, Z
DLRLTHNITERLMERLL 7 —TERBE LS, SELIZEL T,
LET=64[MeV/(mg/ecm2)|F TMfEZA L TWA Z L BEER S, b—F NV F—XZE LTIy 7
— DR R b A D TIKGy(SHDOMHERHSHERE SN TVD Z L 2 BERBIC KL DR LT,

Table 2 Irradiation result of basic circuit and predicted SEU rate on orbit

Circuit name SRAM-PW| SRAM-HS | RH-Latch | PLL-8211 PLL-8511
Number of use in MPU 594944 73728 34551 i i
Cross Section [cm?/bit] 3.16E-07 3.28E-07 <1.05E-8 4.88E-07 4.36E-07
LETth [MeV/(mg/cm’)] 0.46 0.46 >40.3 >6.54 >3.56

Predicted SEU rate (ALCS orbit)

Solar Min. [SEUs/bit/day] | 2.28E-07 2.33e-07 1.24E-15 5.70E-07 1.96E-086
[SEUs/device/day] || 1.36E-01 1.72E-02 4.28E-11 5.70E-07 1.96E-06
Solar Max. [SEUs/bit/day] | 9.54E-08 9.77E-08 2.76E-16 1.32E-07 7.76E-07
[SEUs/device/day] || 5.68E-02 7.20E-03 9.54E-12 1.32E-07 7.76E-07

Predicted SFU rate (geosynchronous orbit)

Solar Min. [SEUs/bit/day] || 6.66E-07 6.80E-07 3.68E-15 2.00E-08 5.88E-06
[SEUs/device/day] || 3.96E-01 5.01E-02 1.27E-10 2.00E-06 5.88E—06
Solar Max. [SEUs/bit/day] | 2.36E-07 2.41E-07 8.26E-16 6.80E-07 1.89E-06
[SEUs/device/day] || 1.40E-01 1.78E-02 2.85E-11 6.80E-07 1.85E-06

4. F&o

AIFFEClE, EEERD L Yo — 2 OPEEE S RIEEMPUD EFUC AT, BEEETO
BEHE RS 2 CERICREY e lE L EEMECOBEETMA ER Lz, £o, RN
12 AT ABIRICHE L 70 AICE, FHMEAR— R, U7 L2 A LOSEOBRRBIBEREAEHETLZ &
RHSET . HEBAEREIC OV TE, ERFHFFICHARAENIERRFOLAT U MIFE
Mz 5L THREBIMELZM ES 2 REFEAL, FOEIMEPHERTETND,
FEROLBY . BT ARIEFREEIREETICOL BN 7 U THEREE X, BOLERE
WA EHT T T T4 R OBYEILE N TIRE L 22 B, BE, MERBERAOY T Ok
R E R LB A E) OBLER L UMEHRHRBICET L TR, Tl 1 6 FEITRE
HERRBREERL, 774 MaOBEIEA~ L BT THEHETH D,

This document is provided by JAXA.



SRS R A BN S A T AT S R (R R] 133

B s AR BT OB IR
()

Research on basic part technologies

== F AR L B % 2[Rl o # —(Space Component Engineering Center)

(L T AL B IS YR RS & B o O T ) 3 RS I, AR L R RS R BT RER
Noriko Yamada, Hiroaki Asai, Yoshiya Iide, Hiroyuki Shindo, Katsumi Oka,

Takeshi Matsuoka, Yukio Sato, Satoshi Kuboyama, Sumio Matsuda, and Toshio Doura

Abstracts
A Committee for space part/component technologies has been set up since 2002 in JAXA (NASDA
in those days). The committee was established to discuss about how we can acquire and maintain
the world's most advanced technology with independence and flexibility in the area of space
parts/components. After thrashing out problems with space parts, some parts were selected by

the committee from a strategical standpoint. We started the development of the parts last year.

1. U

WAEOTEHIEBE M LA SR HRT 22 L2 B L LT IFEAMABINER S 3Pk 14
ERE 10 BICBRE SN, ZOEBATHERKIELEE L) b P REIE SIS o 7258 & 0 BB HI
DAL EFR B 720, 5% OFHAEHOISIZ DN T2 RERP RSN TN D,

FOREER, EARGEE LT B0y | EEEORE | BERAS XOERSS O
B LV HEEND, ARENTHEE TR BERLAREI N, 200 BESEEMLOENEDITD
WTERL IBFEE L VBERICETF LR,

¥-FUCERAOBETHA HBEIMERENOM E bRLEERHPEEO—DOTH L, MHDOEE
T b TR - DB HERE R b DT, AT, SAEEREFTE I AL EX R
AERTFT —FN— 2R RESE, WMEFMEL oM EEXKD,

2. B OBE
YeRg 15 EEEII L T OB BIZ DWW TR 21T o T,
2.1 EIIREBRERO-DOEENLERE
2.1.1 FHA/SN—2 » SRAM(Static Random Access Memory) DB %

A ERS RT ARBETAEOORAEY L LT, RAEBR CIERERENENES LW OB
A D IEEIEET SRAM AW BTV AR, 100MHz L EDF —F SRR X AE®ET 7 & A ITiT#E M
TE RV, Z AT A - O RER D SRAM (23— 2 ~ SRAM) OB %2 Rk 15 FE L VBRI LT,
W=y 2 o ) LIRS T 0O 200MIPS #% 64bitMPU OMEEER | & T ETHREARFRTH D,

TR 15 R A E U OAEERE - BE RO kO MPU L—? 0.18 p m 7' & X & AWV 7=HoH
TEZ SR LTz,

2.1.2 “H A FeRAM,FPGA OB%

FeRAM(Ferroelectric Random Access Memory) I3 B O BRBICHEFEEREE > TWVD D, K
EHRIZH LTV EEZ SR TE 7, L LEBICEBEIIRORBEOREN L, X5 &EIKR>T
BELSNAD LI TX LI ATHY ., THAOTERE AT Y (FeRAM) IXE7EFE LR,
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1, LEE A FeRAM AEHTE T, MPU BE~0HANYFENS, £z FPGA(Field
Programmable Gate Array) D3 LW AR TR & LT FeRAM MME 2 D /8N & 5, FPGA 114
SEOEIGED bR EA RO SIRENEE X R AT N BRI LTV D,

R 15 B R R A ZEB LR ERE AT Y B OFE 2 F i L, 13mm IR E T 100MHz,
1Mbit 2 EHTXARBELAEB LN, $7- FPCA OB FEIZ DWW TR L, HERTHARIZ LT,
2.1.3 FHEHET A NI T T OMRE

BE, BRI T, SEEENOTBEREE2ET2 74 b T Z IR EAEFEELRY, 72
N TIE, BEMICERE DT D Z ERTEERT AN ATH A S LTUIEASFA SN TN DA,
FEHBIZH R R TH D, FFICHEREZ B0 B FHAGREREIC L 2 ZEREMmRBE L 2> T D
. FHAT A M TS OBRRBEEBENOEEAIIT O LERH D, £ I TRAERMN Z HBRRICHEA
THZLICL VB TFREEDRVWEET + NI T T OEBREERT,

SRR 15 EEEIIRTHNC 7 4 M T IORER & LTI L TV A RERY AR D LED I8 LT
7k UBERBR A ER L. GaAlAs, GaP #ko LED NMEICEND = L 2HER LTz, EiBHlIC
L BTEAIC BN LT R A R A RICS R ETF RO DI ER D SRR S B 2 IR D ARG
EZEZ EM LTz,

2.1.4 o T UV OR%E
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YR 15 EEIRX T 4V AT Y OSTERNI D RIER ORI 2 £ L7,

2.2 COT(Customer Owned Tooling)4 P& H DR

MEIRF N, ZADEFEITHTZY | {ER L TIT o T ERE - S - R ME - WEREZ.
COT AEFRITBVTIREFNFNE . DEEERHEE L T2EMNLRICHEIE D, ZOHFRORA
itk 3R, RHFVa—/b, EEERECBOTEEILERY | LERESHEREE T m0OK ¥
EHN—TERAVATAREETS, s AF7Fal=r N0 Ty 708 Ea X N
SDOIITEDZ ENLERGOBEOERPYH TE 5, kit E WERTEI W TEMZE
EERERTAILICIVEPHERTREL RV, IR AEREIN AR T2 2 L8 gL 2D,

Wik 15 4EFEIT COT AFEHFRIT L 2 7 U 75l RE S O BB IRH OEET A - DDAk
EHEABBEL, 7= X THFICOWTHRE L,

2.8 RAMSBENOFHEH
2.3.1 BAWS @A EHESR T2 FHREZEN

(1) BAWSOFHEAEO M

B, @E - EEA, BEEA, MSBAORER, Bt av7 o Y NER xR o X
BICOWTH AR BA L, FHEA~O TR L EE L, BIREOFELZEET 5, FFi
B SITEEE RS THERASND 2 E R OEWEEENER SN Z b FHAS M IEL
TRV, FHERIHFTE S,

PR 15 EEITHEEAMMSEOEEEEZRE L, FHAOBEAEIC OV THRE LT,
(2) 7ot AW OTE A

TR 15 B, ZAVE TIZEUS L7z 8 R oo LST 7 v & R Wi & (BB O /8 A MEiS
BEPHAICKBTAZ LICLY e RBHoREfER S,
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2.3.2 RARBOFHEHALEEOERS

RAERHMEZFTHICEAT 2720100, MHENOICHIE EEIEE21TO L L bic, BohEEIF— 204
LETORBRT -2 2 RICH L OFHEAREZER T2 LERD S,

FT [0S OEBRBRLEIC, RABHZFHAICER T2 -00RERER L, [0 ERS
WEEE MM ORI EDE N N—TEB VAT LAEMET S, 2OV AT AL INTRABORAT RS
FUMICFHGcE, BFRENMEZFHICEAT S EBNAEERS,

PR 16 EEETOIXEOT—# 2 EH L, F—F 31— 2{bExR-1,

2.4 %%%ﬁVX?Aﬁﬁﬁ

WEARDOTBERIEIZH UWBREHIEZMZ 5 L3ic, — L LEMAER Y A7 A0REZTS, 25
s DE ST — & QPL LA DI BRLSADEHRBICIERERS LT, BABRLEHLND)
DAFERRL 220, BaAEEEZEAEIRE B TX 3, FOFER, HehFAEE A OB e &
%, X, MERE - TS SHROCERTE B,

TR 15 FFEITRIER Y AT AOBEOTLHDOT —F X— 2 DEE T 7,

3. RROHE
3.1 HEfFEBEEO- DO EE LB
3.1.1 FHEA/Y—2  SRAM D%
(1) FHMA/S—2Z  SRAM Ok

FH A=A ~ SRAM O EEAMHR - EREREL M L, —MFEEH/S—2 b SRAM O HEAHHEE
TARTIRD IALBIRATRER R L L, T—# Ey MEICBRIRMICEXAD 5 1IRW /S— 3+ L SRAM
~ 7Bz, POE—TU—RFHEOF—FEy hEFRFREIO SRAM w7 alcg 04T m bick
V. bA47 0 b EICHHEBERER L TOARVL—BREAR SRAM v 27 o 2Ff|HLTH, AT £k
L Ti% MBU(Multiple Bit Upset)% % & Ee it f st i 4 H7- 45 = L Ma[fe: 72 5,

BERIE R L OEREE S 100MHz 1.8V L Lz, =7 00T — K/ By b /55 AERICHL
THA X HBREN " BEAE— R/ LA T 7 b EBET570, ERORE S =50 SRAM <~
REFERLEZ0 T 77 OO0 TEHBAT A R 2RELEBT A2 L L L (Figl 21) .

1macro=1024w32h(4col) 1macro=2048w32b(4col) 1macro=4096w32b(4col)

Fig.1 SRAM Macro

(2) FHHM/S—A b SRAM D%
FHHA/I—Z I SRAM OEE#HFHR P LA T 7 PR £2{T-7-(Fig. 2), REL—NiZT7 77 KU
? 0.18u mCMOS 7t 2% Hv, HiEMEEITREKZ o v 7 B 100MHz & L7,
RANEROEBEE RTL L~b, REAREOF—FL-~UL, LA TP MEDBIE(T — h L~L)
TTAMRCFIREDLGIA IV TREORIEEZ R LTz, 2 b—a VI X VRO R 5 =/
OFHMS—A b SRAM (2T 2 EfEEER BB ZMIE LT, 5% Table 1 1077,
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Table 1 Simulation results of individual SRAM macro

Macro Size (1 m) Power consumption Access time (ns)
X-axis | Y-axis (mW) Flow-through | Pipeline
1kw x 32b 322 691 106 10.2 6.3
2kw x 16b 579 360 103 10.3 6.1
4kw x 16b 583 676 99 10.3 6.1

(3) F=HHA/N—RA F SRAM ORAE

Q)DERFHFERICL VFEHH/ N—R  SRAM OFFl T /1 AZRMEL, AN ENEMR % i L
72o FET-HFHRBERBRZ 1TV, LET=64MeV/(mg/cm?2) £ T® SEL(Single Event Latch-up)iift 2> i
it b

4096w16h(16cal)

2048w16b(16c01)

1024w32h(4cal)

oo JOOOY

Fig.2 Layout of prototype device

FAETIE~ 7 nicitiBttenr (ZoF /70 vy7F 7o) ZEHL T2V, SEU(Single
Event Upset) % RIZIZMHHBRBEARVETH D, 5%, RAF L ¥—FEL (FuvF 7V 770
v 7)) EMBHABEEVICEE R TREEZERT S, 5l XEESRIEETV. FHA/Y—2Z b SRAM

DORFHEREEL., 2EREELERT S,

3.1.2 i FeRAM, FPGA DBE %
(1) FeRAM Of%Ft » VA4 7 v MMaFEt
a B4R
It FeRAM 7t A2 L 0 KER « @bz HiET,
—100MHz Bh{E
—1Mb, 32-bit x 32k-word(TBD)
—23—Z R —FF4 bEifE
—64bitMPU (ZEFEFTHE
b. AR R
Tt AEERE LRV THABARET I DU TOREZER L,
TID: it S 7 — L DA
SEL: FAGR G — /1 T>64MeV/(mg/cm?2) & 2k
SEU:SEU fitth: 7 v F+ A € U &L

R R B R BR O FE B 6T4C =/ TiE SEU fitEMENZ L3 L, £ Z TR/ — F & 2 i
2 12T8C ENMZHRHER Lz, TEHENRF v 7V A4 XT3 0RFHA—11320.18um & Lz,

FOERBEVOCLA 7o P FELED TR LIZER, BEELICETREORMITIEEDH B3,
13mm &£ T 100MHz, 1Mbit # EH CEARBLABG LN, FL28y b—floa=—2lEL
WEICLY, SEURIET B0 ) — FHEMAIA LV RROEEERDD LN TE,
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(2) FPGA OEBLAIaEM: (¥t - BRPES) [T 2B

BEAE FPGA N % 2 fL & OFfitREE AR EIC DWW TR Lz,

FPGA _UEZhbHs s, FHH FPGA OT BTN S < REREHICH LA LRV E W IR
HChhotr, FEREFHATRAILTVS 018 m 7t RZRAM T TSN 2 CFH
LN REREAEETHY BEr— Ry FTEDI Ay T RELTLE) O ETHST,
PILE X DEEfED FPGA N & L ORBEITUR CIIRE L 0 RB LR LTS,

EHAEEMROH D FEE LTI, Tu 77 VHEF0 IP 235 EHEERER S CHREL, ThIZ
FeRAM S5 7 Ju kA LERT LD TH D,

A0 FeRAM OSESEM (HSRE - HURTHETEM) o K v MERBpER 2 95 & & bIZ, FPGA D
LY — VeI F o Ratafks L, REHEE~LEDD
3.1.3 FEAETA NI T T D%

) =ZHEOEARFE

T4 h I T T OBV OEARE L LT, SHEMOEELT 4 NE A A — FOZHERERE, B8
WL SRR SIC oW TR R T o, EEHEERT 5 ENEE, EBERKEOEET 2
7 DREEIToT, SBIT. T4 T T OREEEEN—RTE T 1y 7 ~OWRRES . B
EEDEEL. & CMR(Common Mode Rejection){b DFEET ©1T o 7,

(2) TSR DORRES

EEET 4 h ST O U C BRI T A RE R T o, T4 b T T ENE L
LTl LT A RFEI RO LED ot LT e b o BsREE EE L. GaAlAs, GaP
Bt o> LED RlHEICENS = L MR Lz, GaAlAs IX GaP L 0 005 LR E WY, JHEHEL NN
| BEHALIZ RN LD GaAlAs LED ZEE LT,

FF LV INARY R F TV xy MSET) HEICOWTHRE L. ZXEORBRFHCRB S &
7
(8) ZhEpME A —H ORE - WA

e BYELA I SN T, EBINEEIT o7, BIRT 4 FF A A — FOER, &E, RUEELE
R 19 v P CER LTS A—7 @R o, FEL BN D A —FITOWTIELLIC
& R TR 21T o Tr, KED A — A TRBAEBELNRDP-TZb 00, 2 #HTI W TRIERR
OB O EERLNS BB LN o7, 209 BRI 1R EROLH 22T T 1 F v TZHEHOBR
BICBERERL TV D,

(4) FEHEAED)OFZICET 5

ST SR - 50 AL EFT o 7 LED OFRIZ OV TR 2TV, ZOfREY (73 b 77 EEA
LED F v 7HEEEE (8) | LWIHIRTELOE,

(BY 7x bATT7EEMAEOREL

AR OB EE L TEFEEN S, FHA T+ b 7T RBICET 2 EEREE ML, 74 b
B 7SO EEMEED B LR To T, ISR & AT 22 0 FEHRIC BANE LT

LRI e DR E - Pl A EH T D,

314 avTUVOR%E

SRIEIC N T VT LA — 2 OFE RO D T o ORIETF A I LT RYE LI T
LD B N AR (NASDA-QTS 555 A AT LTV A Z R T& e 2 Lt kv, FHafllc
X ABMINAREL 7207,

TRk 16 AT RARKEAIC L AEEY T I vy a v F o ORBICETT 5, EREEEAMGIC
2O Y= F . FRy S ERT S I LI L FEER Y BB, RAERTOBEMH, FAE ORI
F . BUESE O ERERIR Y OASE A X B EEER E, REERRBROSELEX D,
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3.2 COTAEFADREST
Z D BENEAROFERAE G, FFIOBERRGRE 7 LR TS AEE T E DG IERH 2 LT D,
SRR 15 4RI COT AEFRIC L2 7 L U7 AR E IS O A 28T 5 = RS
HEBEE L, T U &M ERF L CEBICT v r— 2 28HE L, A7 ron
VR UTEBRE U, N RMREE (156~35C) | B 30%LL T, EREFHER. & L
ST LR I EEHIICGEMR L TR U SV AT AORES E XD, £ COT AEFRIT X
A LSIDEBEIZBER LT A TS5 U 52018 um 7 v XA 2R e UTHEF L AR EH 214 5,

3.3 RAEMERINOFHER
3.3.1 BRAHMIIKT 2 FHEREZEFNM
(1) RAESBSOFEHEAEORS

H BRSO B2 ERAFIC O THE L, ZOBLREMIET 2 Z &3 ik,

- BHEABROTEESRS~OERAET2AV Yy b T ATy MZOWTRF LIz, AUy hEL
TIHEERRHA, BRE - B, . BE¥cb-ofaaiERrz s (10 8) | 2724V Y
FELTIHECEDORTRHIBRO - OWMMBER A TAFTTEAFERID 2V & FEEEOTGHRED
INEWEDEDBE R P EEETOILERDD 2 L, FUEAERICETAEERNAAB I &
RERBETOND, LUEXVSBOBREEHEBEICT D2 LRIk,

AR (BBEAmS) OFHERICY =TI, —E—EXDHY., EHICERBILETH S,
(2) 7' ABWHEAT OTE

WFE O BRA R E AT S OFMERBRIZBNT LSI e A2 L ) REK LHE S HEs
B L LT, WETAHRIBEREZEIC, REBMOPLICEEET Z2A M- AFRBREEHRL, —5HET
—Z R BB L,

3.3.2 RAHMOFHEMAEEOIER

MDS' 1D v aryTHELNET—FEEEL, 7 —F_X—RtxEK -7z, F£7z CNES & DT

AR E R E L, BARROTHBERICRDILEDITE - T4 NIV ERETIERE 207,

3.4 HWHEBVAT LAOEBE
(1 eyl MRERROT — & ~X— 2 DEAE

ETS-VIII, ADEQOS-II, DRTS, ALOS, WINDS, X U'SELENE O e V=7 MEERDT —F X
—XEVERL LTe,
(2) BFERLOMEHRIEICE T 57— & N — R
INETIAXARNTRBRT —F2EHELT — =L L TWizb 00U EE EE LT,
(8) F—H&_X—Z2DAE

FEARST —FN—X (QPLE&) OF —FX—2 &2/ LT,
(4) EELT — & =R DPEF

NASA/ESA L O TF =4 _R—=2D V) 7 {bEK -T2,

4. £&®

E-EIEEMML ThH /N — A FSRAM, FeRAM FPGA, RU'Z#+ MU 7 7 DRRBIZEF LTZ, %
TR DL O TR DEMSEOTH A 2 /G T 2 406HH (COTEETX) TN T
LD DOBE R Zixol, RARSREROFTHEM, HROFESN, LUEHAT —& X—2 D
FZOVWTHF|ESmEMRE LT T,

RIS P EEMMOMELT S REICED D L3kic, BHRRHEREERET 5,
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Study of space environment measurement equipment

N B BB OB, AR BT, Bia R xR OER
Haruhisa Matsumoto, Kiyokazu Koga, Yugo Kimoto, Hideki Koshiishi, and Tateo Goka

BB 2 v — 7 (Bxpert Group for Space Environment Engineering)

Abstract

The space environment which must be considered in the spacecraft design can be classified
into five categories: vacuum, neutral gas, plasma, radiation, and micrometeoroid/orbital debris.
The radiation is placed in it as the important environment because it has a large effect on the
lifetime of the satellite and affects health of crewmember. With a focus on small lightweight
light particles detector, neutron monitor and space borne magnetometer with picotesla
sensitivity have been developed. This paper describes the summary of the result in the 16FY.

L Ui
A A TE VA M7 3 —< U ATHA LTV DI, FHEROMESEEICEEL S

2 A FEBEEAGEICEE L, FHEBOEEER LICET 2 ERBEETH D, Fr D7 L—T7 T,
FPHEEHEREOMER F2 X5 & HICHEREBER IR T 2l oM - BRELEZRRLT
Wh, HLERBIET —< & LT, /N - SR TSR P RET = 2 ROV - mifERE
ST DRI B Do

2. Mo
2.1 /NE - EVERRERKI TR

2.1.1 ERELEH

SIHE CREBEEEHINL. ETHAICL - & bEEE 52 DET R X R & TULICEHE & e
LT, LL, BFHRUAOEE HEHSSLMZ D L BETNE =R F—#iHIE, B
0.01~20MeV, BETI1% 0. 1~500MeV & 725, HiT, BA D3k 10keV, BT DOE 100keV [T, 7T A~5HH
HEEO EBMEI L B0, FHIREELO L0 LBBIFNIIEE I 2 VY, BIREL T x VT —%
1 BOEETERTLORESELOT, BTI1L, 0.03~1.3MeV (fK), 0.28~20MeV (F) D2 ODTR
gD 2 EEOE LY TENAIT S, F7-. BT, 0.4~3TMeV (K). 1.5~250MeV (1),
100~500MeV (&) @ 3 >OTXAXF—#HMIZH 3SEEOE YTl 5, B, oI BT
PEIBEZENEIL, mRAX—HHIE, 2 OB TRV TRRIITE 28l & T 5,
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2.1.2 R

AGEREY . MEEEBR LGSR X—ETEHEEE (FLS-B) ORHARERLFH T 5 & LK -
TR =TT 7 - BFERE Y (APS-A,B) RUNG6 vV EETAETHY v TFASMEBIHIEER
B L (SEIZ. BMEROTEO 8T ORN, 3EVTIEAI—),

1) BoRAX—ETERIZEE (ELS-B) DREFERER

BLS-B I Brr B =R F—DEF (300keV~1. 6MeV) & MAE LR, AT RAXF—IIXT 5%

=T DR NF—RE (6. 1keV/ch) BEEIHEL, #4173 /7V/V&Lf¢%MVifﬁﬂfgé;
FEBR LU, TRAE SR 10%E BEL LTV, SEOREIE, FHlEE 0K R L F—H
DI TH D720, SIRREIL 15%~30% & 72 o 72, SFRRED A F K OVE == RV — SR D #ERR D 72 80 ARk
1 6HFEEITIT, VAP THALTWARFMORAE LECHRBHNRREZER TS, £, REREME
(0.3¢h/C (@ 1. 6 MeV)) PHEREINZDOT, HHEAETIE, BV HREILIY 74 b /L OEEER
Zarvia—aL, BREOEELR ZLE2HFIT S,

Relative Counts
=
o

100

50

ELS-B  Incident Energy: 500keV 270
. 265
[ . S 3
fo)
Peak Channel : 0.520(MeV) 5
FWHM 1 159.2(KeV) |’ O 280 —
X
— c§ y = -0.3098x + 272.78
255 — T B S
250
i , . 20 30 40 50 60
0 10 20 30 Temp(°C)
Energy(MeV)

Fig.

Fig. 2. Temperature characteristic of the ELS-B sensor

1. Pulse-height distribution for 500 keV electrons. output (@ 1.6 MeV electrons).

2) R RNX—=T N7 7 - BTEREEE (APS-A) ORSREAER

o

TN —T OBEIMEIEE AV TEF  350keV~1. 6MeV D REEER., BILFMIEATITIB VT He

135MeV/n DIBEAZRER AT oo, T RIAE—SEEEIZ, ADC 28 8bit TH AT VX VIR fEREN X
B Y FWHM T 17keV BL T (0. 5digit #8Y ) ThoTr, Ho XX —T V7 7 - G %L E (APS-B)
b EIREDMERE 2 577,

Relative Counts

900

12000

800

10000 B — Peak Energy: 143(keV) T 700
FWHM : <17(keV)

600 [
£

3
8000 & 500

°
3 400 -
=

6000

5}
@300 |
4000 200 b

100

2000 T

Charge & Mass

0 20 40 Y 8.0 - -
Energy (MeV) Fig. 4. Charge histogram of elements from H to He

produced by 135 MeV/nuc He beam.
Fig. 3. Pulse-height distribution for 350keV protons.
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3) BYHY Y FANMEIHILZERE O RERBH R

AEET (100keV~1. 3MeV) 12X D Z4RH N2/ LN TE, By 1 L3z xL
X RAE (FWHM) 13, 22keV~32keV ThH o7z, LivL., Br P 21%, 2EEESMHENEVER L2
Sty ERE LT, BEOME (B3 L7V 7072 Tos&ELE) Tl < BERR COERE
DOEREBLE, BV 2R/MUObLDE Y E—AT 4 I L TAEBRENRELS, 2 A—=ZZ2T>TA
WY B4 M3&noklzo B2 biD, Fall 6 FEOHERR THRRAT LT ETH D,

2.2 HETRET=H

2.2.1 HrRECHM

I S SIZHEHE L7z BBND T 0. 026eV~15MeV OHWPET- U 7 /L& A AFHANCEE) L7223, 16MeV LI EDIE
e B RHAI NS S Tz EIRICRTT 2R OF SR B0 L 2o Ty,
K7D BE9IE, B FRey bR LT, KV BEEICTHEF (MeV Bl E) DHOBEFRGZK
HEHEPEFRET =Y (3 RTREMRHES 2HETLZLThD, AEEIT, RRBERFEIHIE L
HEE D) A _N— R IN OSSP CEHAIRTREIC 9~ D 7= o/ ML, End LB 2 EB T 5, =3 L F—HHD L
FRIZ., —RICHRHBORE SICEoTIRESNTLE I B, BRI 2EEIL, FETORLF—ER
B L L7y (LET 0D 720, MEFHH EO ERIZFELRY, TALD b= F—TREE &
CECHRBETELINNEREE D, '

2.2.2 B

MRS CloE v OHRLES ThEV T L — a7y A RN—AX v 7R L TWD, 5FE
I3, R OTRMREN E LCHWD 7omm A 7 v 7 7 A ¥ ERE LHERE R R L7z,

1) AVFrv7r A4 vORME

BT - EORREE (512X512) TR T ORI A BT 572 DI KRAED Tomn A VT2 7 7 A ¥
RIELT, ZREDA L= T 7 AR —E, YT Lb—Tal Ty A N—R¥ v 7 DRNEREEZHBRE
L. SFO47AS-13 pm, FEARELIETIS. EEEED P46 ZFEA L7z, £/, MCP Zid. BE%R EIF 5709
Chevron # A 7 &M L T\ 5,

2) AT UV T A Y DIREE

B30um, EwF 3mm OB LRI - T LA DR 450mm OXE RS LA T VT v A v — O
EEFHAT, LY XOBIL., X—AA 0L T @ EE DR REBOLEZRE LT, T L— hAT—
JAF 30 un/ B BATH S, B LEEBEND 200 um LR OSEZHTH Z L3 oz (M5),
3) FFEMN

¥ 6 |3 OFF COMMBERTEMBGEE R~T, 0.4 sec « em™ & IEFITDRVIFERFMENED
iz, £/, K 7TIOEEERZONIC LIz BB EREEZ TR T, 2 sec »em® LIFFITDRNT T
v NRRFERBENE O, TN ETRE LSO TS 25m Galileo MCP Plate [ZJLHEIT 5,

4) 799 b T 4V RA A=Y

Tx b ATT 4T R EMCP A T s E— R BMC P A 7 rrE—F (X

X
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9) T7TF v ;74— N A A—VERELE, BBERIRVIZRAMh-7=0, 3EEOEE SN
ZHHRICPRERSTEABR LY 2052 W EEOH 5 O8RS b, T, AEERENT—D
MIBNZ EER LTV A0S LW, BAOES—HOTREELTETE RV, 20%E, o4
PEREICERE L 5 X P OETIER Y,
5) EH
TPy » LU XEX—ALT 7 MZLT 75mm HEEOLELZRZALHICLTYY v ko3
F—rZRELZ (K10), LAk ETI120um (0.16%) OB ERE, bbAA. Zhiz
B, TrEV R w7 LV ADERLEEND D, ZORKEBDIIARBLHABEDA P L—F 77 A 23
DEAEROND, AT T7AXECD DI TV TN T 7 A N—F— R —FHTEHEZFD
BRI %EBRIBI LR TFHRINBEIDOT, T TCOERIFEEENTE L,

Fig. 5. Photograph of the Image Intensifier.

Fig. 7. Dark current with photocathode OFF. Fig. 8. Dark current with photocathode ON.

Fig. 10. Distortion map Flat Field in photon
Fig. 9. Flat Field analog mode low MCP gain. counting.
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2.3 /N - mERERE )3

2.3.1 HREEMW

BT, AROR DB L BHICIMR L, FHREZEFT 2 FICBW TR Z LT AR
NI A—=ED12ThHD, BRINZBWTIL, BBERBMETEL7 7 2E84% AW/ MVICEMEER =
Y EBELTVWD, ZhbOBNEOBNF LA EICHEY &2 280/ - BB AH OB S
HfsLTW3,

2.3.2 RRB

AR 16 RS, R 73T B L, AR - EMERERED R L OMIE, B R M LT,
1) HEMEY T ar

7Iv I A= D) I a A GE0E, EBEEOBEN- T ) ERIEAEICEE L, U
YT AT DR A ZMbER T, RIEGOEREIZ, RO S—<a 1 LK 100 fHE ) 4 2D

2.0pTrms/vHz @1Hz B354, F/ ek @2 WY v 7 a7 Otk b BtEm Lo gt

B TE T, SHOBEBMAET 1pT U TFEBHT.

Nano crystal alloy layer

Fig. 11. Trial manufacture ring core Base ring

2) B VHRME

Uo7 a7 ORESXOEE (Vo727 3@>2M) RO) > Za7o iz k), MS-1 (o
WLUIEAR L D ERIZB WV 1/3 TH B 52, 4g TTONRIBRENEER Lz, £7-. 57— & QUBREKE
Dixat - FIEEEBL, FHIF AT v 7 L PEEkD 96db L b 120db £ THLA L7,

Fig 11. The photograph of the data processing division of the

Fig.12. Photograph of the magnetometer sensor,
magnetometer.
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3. £&0

3.1 /N - EREReh LA E

A& - Fm R =T N7 7 - B TBIEERE (APS-A, APS-B) R UVE T O &y F M BLIHIEEE (ELS-A
Bl oY) ORREERL, HE BE, HWEENZHELTOEBEZHRET LI LN TER, &
2 BEFOE y FASHEBREREIL BN ETOTEThHoNEEHRE CEMT S LN TE
2) EmTINAX—ETEMEERE (ELS-B), APS-A (N APS-B OFHfiAERZ K L. HIEEL L7-MEREZ TN
BT DI EPRERTET,

3) FRk1 6 FEIX, GO S A THERRIC T THEREIRET 5 & IS O BT miT,
E B ICRIERIC & B IR ER 2 T 5,

3.2 T RET=X
75mm A VT YT 7 A Y, RIS TERIZZ O LVERZEATHED, 2TDHR
HIch D ERAERTAER L7, T, VAT ARFOBE TROMEAZERE T2 RELEE

72
O/hEYE

KA T A Ty 774 %— OLFHEEE 100 FELE) HOTHEEOERIT 6kg LT R
T2 5,
=gyt

500X500E 27BN 4@OCCD T 7 ERBHIHAVT, 4.20Mz T LEITH> 2L T
50 HE /M & FEHT D,

QAT T A —
BREL LEMEEEET A RO m A Ty 7 7 A Y — %R THTERTE T,

3.3 /NI . EMERERE S 3

gL LR, £ Oe (<A hEEh 600g BUF) #FHTEE, ¥, 27 OE/
A RARIZBE L CIX BAZ (10pT BUF) & LA 545 R (207) 24572, 2. 0pT 13 B EE 7T #FF ; SQUID (Super
Conducting Quantum Interference Device) ZF|H L= IEt O <1pT IZHEDLH D TH Y | EFHEEF~
OEMEEHALRETH D, £72. SHROBEETHE T T L FEFERTENUL, 77 v 7 27— MITIE
RNy T L UL e 5,

BEIER

1)Winningham, J.D, Sharber, J.R., Frahm, J.A., Burch, J.L., Baker, N., et al.: 1993, The UARS Particle Environment
Monitor, J. Geophys. Res. 98, 10, 649-10, 666

2) Belian, R.D., Gisler, G.R., Cayton, T., and Christensen, R.: High-Z Energetic Particles at Geosynchronous
Orbit During the Great Solar Proton Event of October 1989, J. Geophys. Res. 97, All, 16,897-16, 906
3)Terasawa, K., Doke, T., Hara, K., Hasebe, H., et al.:2001, A Small Scinillating Fiber Camera Consisting of 0.25

mmSquare Fibers for Space Dosimetry, IEEE Trans. Nucl. Sci., 48, 4, 1, 118-1,121
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Project support works in the expert group for space environment engineering

SenmuEsa BERERaTIL—2
Expert group for space environment engineering

REHE, BEER, 5EE— UEEH. hilk, EEE-R ARER
Y, Kimoto, H. Matsumoto, K, Koga, H. Koshiishi, M. Nakamura, K. Ueno, T. Goka

Abstract
Damage and errors caused by high-energy particles in space have been of prime concern for use of
modern electronics in space application. We have researched and developed space environment
monitors for spacecraft and analyzed the data. We support the satellite operation by using these
measurement data and provide information on critical space environment condition. In addition, we
support to figure out the satellite anomaly. In this report, we present the space environment

analysis report for ADEOS-II (MIDORI-II) and an over view of the satellite operation alert system.

1. LI

B SN 7 L — T TR A TEEOHECEER O PERMT LI TR EE 52 DRt /¥ —
FREHRE DT & T OB LT A BB O - R EITo TV D, 0L OFHEIT — X Z AW,
WERAAHAOME, THBEOLEIE > EEEMR LOREE, EREOBERIBER L, HEDOEM
RXBELETA TV VNEIAToTO D, £, ALFEREMEICEWT, ALHEIZEEEE X
AEHBEY THEFVEROTHE, #EMEERRET IR EOT 0V =y M iEIT> T D,

2. Tav=s NHIOBE
(1) ADEOSII (& &V 2%5) EARERFAICHRLE
(2) BEBERAERL AT L0 - EH
(3) AMSR-EY 7 +=7—IZHT LA
(4) ISS v TH—ERAE Y2 — VA EHEBEERFOREHE (ML, RTIRER)
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b Yes MEAEEON, B (1), (2) ZOWTHET D,

3. FRAME

(1) ADEOS-II (XY 2 5) EHEEREEHIREDXE
EADEOS-TLEM A% Y B OFHEHOME

2003 4F 10 A 23 [ 08:19 (UT) [10 A 23 A 17:19 (IST)] i, RIS L7 554 LTS
LR SN TS CRERIES SR GOES10 SR UM 12 5 WO FH RS SOHO f2IC L V8L,
SIOTUTIZE D RA L KBRS SIT. 24 B 15:25 (UT) (25 A 00: 25 (JST) ] ICHIBRBESENC
BHE L.~ TR DR R O 50 A% DEM RIS B b b Lk, 728, R
11 BRIIC & 7= GOES 12 B, BEBBEROSMUIC H B MITREDH) 3 BRREORIEE T7,
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B, TOXKBT VT, Ta b rOBRIIZES TN ERRER SN TS (NCAA LT — & &
D). ADEOS-II OFER FORAERIL, = 0 XKIGHEEWREIC L o TE UK O LB 02857225
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T, EBRERER3ITRT,

Bz O AEE L FHRE L OMEERE
WHEIZ ADEOS-I TRAE LEAES HF(HLIZET 5 ADEOS- I #48; TEDA OF —# ZFR&E LT,
BRI L 2 OB T O EREMMITR 6o Tz,

(2) BEERERY AT L0 - EH
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Thb, EERBTVTERI AT MIKRG T LT AR MEERL, XGBMOLLHRLE, v 7n
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TRNF—FBFTH - BRI AT A, 12003 F 10 AEK1D 11 AFEIZHIT TOFERE L F OB
22T B#]),

4. £¢&¥

ADEOS-II (A& 2 %) ERAFEKREAEHO L LT, FHREEONENLZELZT> 7, EM
RENH TG OFHRET — 7 O, BERAE STV AREERBRO—ME2ITV. FREHICHER®R
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EROND LI LI, I OEEEZEL T, SROMEORG, ERAROMEEMN LICE$ 2 5
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Fig. 1 DOM data around in the operational anomaly event
NOAA-17, Oct 24 2003
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2 Electron flux data (Energy>30KeV) from NOAA-17
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Fig. 3 Experimental result of the electrostatic charge in the MLI

R %5 Em(GOES-10)

No.128 2003 4% 11 A 05 H 16 I 50 43 JST
RFD7 T v 7 AMEBPHEEZBEA LA~ FBABEELE L
BTicr—2UA pRrLET

77 —#]

# Label: P> 1 = Particles at > 1Mev

# Label: P> 5 = Particles at > 5Mev

# Label: P> 10 = Particles at > 10Mev
# Label: P> 30 = Particles at > 30Mev
# Label: P > 50 = Particles at > 50Mev
# Label: P > 100 = Particles at > 100Mev
# Label: E > 0.6 = Electrons at > 0.6Mev
# Label: E > 2.0 = Electrons at > 2.0Mev
# Label: E > 4.0 = Electrons at > 4.0Mev
# Units: Particles = Protons/cm2-s-sr

# Units: Electrons = Electrons/cm2-s-sr

#

# 5-minute GOES-10 Solar Particle and Electron Flux
#

# Modified Seconds

# UTC Date Time Julian of the

#YRMO DA HHMM Day Day P>1 P>5 P=>10 P=>30 P>50 P=>100 E=>06 E>20 E>4.0

# ........................................ i, i il G A e s e e s e Lo S

2003 11 05 0750 52948 28200 7.55e+02 2.57e+02 1.44e+02 2.85e+01 7.86e+00 8.65e-01 5.01e+03 1.33e-01 -1.00e+05

X#g7—2#]

# Label: Short = 0.05- 0.4 nanometer

# Label: Long =0.1 - 0.8 nanometer

# Units: Short = Watts per meter squared
ﬁ Units: Long = Watts per meter squared

Fig. 4 Example of the satellite operation alert mail
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Space radiation environment and its effect in from October to November 2003

HeRnuRsl BREERRTIL—7Z

Expert group for space environment engineering

HFWE, BB, SHE—, WEEH. PRER. LR ERER
Y Kimoto, H. Matsumoto, K. Koga, H. Koshiishi, M. Nakamura, K, Ueno, T. Goka

Abstract
Extremely huge solar storms happened in from 19 October to 6 November 2003. It affected some
satellite operation and some satellite was killed by this event. We surveyed satellite anomalies and
preparations and action for satellite during this event. This information will contribute to the
satellite design and operation in the future. We also sent some users Satellite Environment Alert
messages in this period. We present the survey results and the release status of the Satellite
Environment Alert messages.

1. Uiz

2003 4E (CER 154) 10 A 19 Bb 11 A 6 Bz T, BRIE ERNBROKE 7 V7 BSHERIE
OFHBHBBEICREREELRIT U, ZOBBPIZ JAXAEHD 2 >OBEICEENKLE L,
ADEOS-TI B NETOEEIZ OV, FHERZES - AEAEHSTREFTHY, X7 L7 RE
BOEREEBEISNAICES>TVRWA, DRTS DEEIIKE 7 LT OEETHD, TR EEE
2. ABROEEERICETAEDIC, SRIOKE T LTI L AERNSOEREREE K OERES Lo XS
7 U7 REICET A AR L ARHIBRICRE LEKE T LT ERIZ OV TR S,

2. WL - PEOEE

(1) 20034 (PR 154) 10H 19 5 11 A 6 BT COXRE 7 L7 ORERE
(2) JAXAEREE., I v a r~Oxi

(3) EWIOEmEREERUEREH EOXE 7 L7 3R OFHERE

(4) K7 VTERYRT AONEKLUFERNR

3. RRAE

(1) 20034 (R 154E) 10 H 19 S 11 A 6 HIZNT TOXBEZ L TIZ20nT
AEAPICBE ERIEROXE 7 V7 (XBRERICE VT 11 A 8 BIZERI S X28 DREG T
LT RINETOREKR, 108 28 HIZBRI SN X1TOKXKBE 7 VTIE3&EB) BEELE, ZHUX 10
HA1SHICHOU AIENF-EEE 484 & $T 10 H 23 BICHN B AR 486 WREFT, bl
FEEE BIERTH o7, M1 XBTERASNZRE 7 LTIZOWTRT, ZhbXE7 L7 BNRET
NOAA NED AMZEIEE G2 (G2 : 0VER, G175 G5 £ T 5B, G5 28D TIES) L EOR
SEMN 4E, 10MeV UL FOTRAXE—2ESBTF DT T v 7 AME (Blcm/sec/str) 7310 #2571
hBER S EE I o7,

X1i0 X8X2 X3

10/19 10/20 10/21 10/22 10/23 10/24 10/25 10/26 10/27 10/28 10/29 10/3G 10/31 11/1 11/2 i1/3 11/4 11/5 11/6

N —

Fig.1 Solar activity in in from 19 October to 6 November 2003 (X-ray flux data from GOES-12)
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High energy electron prediction on geostationary orbit and alarm system

EErEdgk o v —7
Expert group for space environment engineering
W, AREA, RARHES ., B, LEE B, EER
K. Koga, H. Matsumoto, Y. Kimoto, H. Koshiishi, K. Ueno, T. Goka

Abstract

We analyze those aspects of space environment that can cause satellite anomalies or failures,
and are of critical importance to astronaut safety; at our laboratory we also develop
instrumentation that measures the space environment. Using these measured data, we support
satellite operations by both providing information on critical space environment conditions, and
elucidating satellite anomalies.

In addition to alarm systems for high-energy protons in solar flares, an alarm system for
high-energy electrons at geostationary orbit, which is activated when predicted flux levels exceed a
certain threshold, has also been developed, and began to operate in 2003. This system contributes
to electrostatic charging analysis, and the operation of DRTS, and is also accessible by the outside

user.
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Figure 3 High-energy electron alarm system
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Reliability Improvement of Catalytic Monopropellant Thrusters
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Abstract

Catalytic monopropellant thrusters have been loaded in many satellites for reaction control system, because of
the reliable simple structure and about 200 sec moderate specific impulse. Nowadays, satellites mass and
lifetimes have been increasing, however, Japanese monopropellant thrusters designs were not improved
basically. It is therefore thrusters lifetimes have little margin for satellite demand especially in the IN thruster.
During qualification firing test, some malfunctions (ex. misfiring } occurred.

We have been conducted activities for improving thruster reliability since FY12. The results of FY15 is
presented here. ‘
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Table.2 Targets and Results of 4N thruster firing tests

Targets

Results

Thrust (Beginning of Life) 5.7~432N @2.41MPa | Demonstrated

Isp (Beginning of Life) >214 @2.41MPa Demonstrated

Total Impulse [Ns] > 300,000

282.884 Shell-1
346,674 Shell-2
369,689 KCI12GA-1
368,786 KC12GA-2

Total number of pulses > 600,000

783,435 Shell-1
785,382 Shell-2
802,224 KC12GA-1
802,224 KC12GA-2

On time 0.015 ~ 3600 sec Demonstrated

Firing mode

Pulse widthi 0.1 ~ 3600 sec Demonstrated
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720 of Japanese design 1N thruster.
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Fig.9 Schematic of hydrazine decomposition model
of improved design IN thruster.

Table.4 Results of IN class catalyst bed firing using
S405 catalyst

(Type-Ta)

Design Catalyst Reduction
Ordinary Mass -2.0% Volume <-1%
Improved

Mass -1.10% Volume <-1%

Improved
(Type-IIc)

Mass

-0.88% Volume <-1%

Fig.{i

Ciyst Fig.1l Honeycomb type

reaction column

catalyst

Fig.12 Schematic of a experimental thruster for
honeycomb type catalyst
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Table 5. Activities for improving thruster reliability (FY15~)

FY15 FY16 EY17LIEE

BIFASRE
IZDTHR
B

EFRSRE E
EEMRRAE |
DibOHRE | |

INCZHLEE
BEOWE

This document is provided by JAXA.



TRISEEREHFH AR THERM AR AR EE [HER] 165

BN ABEARCELELHEDDOE
Measurement of the thrust due to the gases generate from burned electric power cable harness
BEHRERHIIL—T
EHE—. 2BAR. BRE—
Spacecraft propulsion engineering group

Taiichi NAGATA, Daisuke GOTO, Kenichi KAJIWARA

ABSTRUCT
As the investigation into the cause of the defect on ADEOS-II, the thrust due to the gases generated from burned
electric power cable harness were measured by laboratory experiments. The specific impulse was also estimated.

These results showed that the burned cable harness in the container with an orifice could generate the thrust.

1. [ZLCHIC
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BB EREADER & LT, BAN—F AT SO FE THEG BRI EBERbRT
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BetEiFlo ge e Um0 A (W ORME S 2 45) 28 MLI (Multilayer Insulator, ZBEIEH) 122807 b
BB FEICENT 52 LIt L VWEARRAELEBDEEZ BN TWA, Ll EEO N N—R AR
T HBEDIRAENT AN L BHES EHIE LIzlidia | BEOESBEE Z O N—F ABEBRIC L HHENIT L
BHDOThD I EREMT B DI LERHES LS EOBFRIIR S ThD L EX 5, T,
N—F AP BB L TR LIS, ABRRETDONE S PDEERT DLERS 5,

7D AR TR, BRARNICRESNEERCEECTHEASK TV BBENr—TAN—F 2%,
Bl OB GRS - ES A T LT L) HARRESE, REOBEICET Y 7 4 Ak
EHT B BN BIE Lz, 7235, N — R ARG - PERICE 2RI L CIRBFE O fFS & T,

Shotrcircuit/‘ \
burned

Figure 1 Schematics of the thrust due to burned electric power harness.
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; -2 Cable harness
o Grmmmm——— X twist

Figure 2 Semp of electric power harness

short-circuits and picture.

22 EEHR(CEAHEIOER
\—zxwﬁ%a%%mw AL, 2. 1HEOFEZEIVER RESEDHZEICE D T AERES
. BERBEMICZET 724 ) 7 4 AL OB I Z LIl CRET AN EZRIE LT,

150mm 375mm

40mm (height) Orifice
®2.0mm

Gap sensor

Figure 3 Experimental setup.
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Figure 4 Pictures of burned out harness.
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Figure 5 Time evolutions of thrust and current.
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FERERLIORT, BRECOWTHNSENT, FEORME, >EVEEBLIUON—FRAOFE
FUCILTCHBEER L, MO 2XREREVWLOD, LHENIFEY ISBETHD Z LB DD,

Table 1 Specific impulse

Test No. Speoific Impulse Ispls] Burn out harness mass Amlg]
O] 9.535 0.084
3572 0.071
12.809 0.153
5544 0.092
6.800 0.064
Ave. 7.652 0.093

4 FEEH

SN R AN RN TEREET ABRICHE IR AT 5 = L SRR ST,

S, ZOF—ZEY L2, ADEOS-II 8UE EREAFRKEORFDO =D OFMET> TV FETH
50
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WA A=V DR

The Research on the Next-Generation Ion Engine
g SRR AT SE & L — 7 (Advanced Space Technology Research Group)

BN EE
Hayakawa Yukio

Abstract

This paper describes the status of the next-generation xenon-ion-engine research at ISTA (The Institute of Space

Technology and Aeronautics). A thruster worked stably from 80 to 200 mN at a beam voltage of 1030 V. Iis

jon-extraction-system vibration testing was conducted independently and the ion-extraction system was

strengthened after that. Graphite-orificed hollow cathodes are under study and have been operated at an emission

current of 20 A. The power consumption, specific impulse and thruster efficiency at a thrust of 150 mN were

about 3.4kW, 3,500s, and 77%. A laboratory-model power processor was manufactured and tested. Certain

components of the test facility were renewed.

1. LI

AFZeIE, KA IEESCHEERICER S LD R
Fi e BEGOA A AT AFEEYNCAF Y
VERBRERIR O & B, B ICER LT,
INETCIHEAETCEE SN AT ER
A o V([ DOFERERER 1 & 2108
T, HRBEEINMETS IOA 4 VUi
L EBREETHY . FMIIOVTIEFICERINT
WV, T AU B TR B B VIAUETS- VD HIZ T
TIX HEERINE T S b & ILITHE A 12.5 fFICH5R
Eh., EBICHEMLREIND LWV I RERELRNR
biLd, 0% ETS-VIA TIEEMPRBICLER S
TWBR, PERER I L TR Y, EEMICKEE
HFixrew, WA Ao, BERT
HREIC RAVUTE = VBT D TH D, TBEITHA
WCEERITCA Ao Dk A "R e LT ETS-VI
CHEEH LIS L b bT, TOH L TG 10 F
BBV TR, KESCERMICRIT 587772 E
FXEO T TONERRICLY  BETS-VIEIHD A Z

T IRHESL L FEIF EIEE A, DO HRT
AL RL Y 0T 5 H D Zfio’(biof:k%iéo

AGY—LEEEEY
IE R BEREE —=
280 mm m§

450

BEY—L %/

X 1

35cm RHERFA Aoz Pv

This document is provided by JAXA.



170 FHMZEHT IR REIT AR AR JAXA-RM-04-010
FARTHDZ b, BOERGBROBEOHEIZOWTHE

A G NIE BB IEEESIC
LZEH SRR FEAE DN P & 7o TR A o= O DRSS

i
[5%“3%%7‘7 ERELRT B 7= I, Eﬁﬂ%?
EEBLTOMERD S,

F=1 ?ﬁ%ﬁﬁn%%%%@MSﬁﬁO BIFAA AP

BHEAL ¥/, mN | F HetEA 2 Fi2IN 15 B4
ETS-II ) HE 7R N 7= CRIGEEHA) | 1982
ETS-VI 25 6,500 Xt /v | AT oROEER) | 1994
COMETS |25 6,500 Xy | AT~ oBEGEEHA) | 1998
ETS-VI 25 16,000 Xv/y | Iy TeoBEEAD) | 2005 TE
K AEAR) 150(200) | 30,000(3,000) | *&/ v | AATHE
F2 BE . FTENEHRHABEEISASICBS T A A=V

BEES | HH mN | F6.h HEHER ST o RiTE
ess |8 18,000 ¥t/ | ECR &R 2003

TRV, BRI AT & IHE T HEATR AP E = E 2k E

BT, #8lA A= VO EBRERENT-Z b H D, A—
HDOXEETDHICEE T, ETS-VIH 75 ETS-VIAE TOBRRBENS, AT AXZIZE L CIEHER
ERMET BRNC T2 %2 L TRV e o7z a2 hOBIIIRWEERTERNENI Z &
PRGNl o7, ZOREZEEE 2, AMEFHFINFRT & BFHARFER O b B
RENIEREE LB LR S, WA Ao D DRI & BTN IR LT X 72, AL 13 4EFE 2L
FITREE D BVE LT b OO, AL 14 FE E TICHRERIBEZ RV CEMBEEONRERET L, FAL 15
LEZE, ZNETIIWE L TWEFE E T X TORMBIZHR O B L3 iz,

ETS-TIOA F ooy BE
ZEELUEN, ETS-VIEOBERIZ

2. WoRoBE
Rk 15 FREEIIEL T OB IZOWTHIE 21T > 72,

(1)%ﬁ%§ﬁ%

O RIZIBT DRFHET) 150N DA A AT RAER, POREFETCORMNERETE HNER
ﬁko%ﬁm%m\%ﬁa%%\%%?ﬁﬁwu?&w9@%@ﬁ%ﬁ4ﬁ/z///@gﬁﬁ%%
Wi NEIDERBDHZ ERTRENTH -, b UERHEAEE TOT -2 LA L,

(2) BEBRERR

FEFFFAEZEA LT B4 4 U ER O BB RER 2 5 Uiz, &%, 715 RIFRROIRER
EMEIZ OV T BM BREHRICERTIER W EEZ DD N, A A HHE ﬂz@%é F DO

BN A A SRR RS S BT A0 T, EMBRHFIZKESREEET DTy, £2
TRUNELFECHEE & THEEINEO TS O A REE A FER T AMNER H -~ 77,
MO TEEBERIT ARSI Z b AN, —HEFT AR RERT SN H 0 | ERE L EER

TS5 LIIRETH o7z, £ TRERRIC LV ROIABEBE LRI LT, HRREE21T)

This document is provided by JAXA.



TR SR AT AR FHEA AR EE AR] 171

EWVWIHFEERAWDSZ LI LT,

BIRE T iﬁ@®ﬁgi%)77/fhéﬂ W@ﬁﬁkﬁ%$ﬁuowTiH%i@%§Tmﬁ
EOFX2 IERTLIEbHVED, TRICL D EBRIEHE~OREERMEN SN D, HLERRR
TIETF & BB O BERINHESTIC i%ofwﬁwo_@t@ﬁ@iOEEﬂ%§OTMéO

1. F&2 BB T 532 2l S8 5,

2. 1OBBRTEZMREREID, TV 77 CHBRICHINT 2 e 5wl ST 5,
TR BRSO ERE LT, AT UHHBEZE LTSI ERANAEATHY , REFEBREMBE LTI
HHERER A i LT,

BRENE TN EMIESM L LT, COMETS @ QT LV EEA Lz, ZHUC N TRI L 412FLs
@ko:@ﬁﬁiﬁf’%wfiﬁbﬁﬁéi5ﬁ®% ERIZREEND LD EEZTND, BRI

EEEEFR RO T, BERET 1 (EN) & AU EE O ST R (EP) I DWW TR 21T - 72,

# 3 EREImEE L~
JEE B2 IGEE, m/s? e i=E5
5-100 2452 x 10? 2.00ct/min | 25G

Fd T ANEIMEELL

JE I E, He NS, m/s® R.MLS.
20-70 +6 dB/oct

70-270 48.02 (m?/s*/Hz) (0.5G*/Hz)

270-400 -6 dB/oct 19.7G
400-1000 22.09 (m?/s*/Hz) (0.5G*/Hz)
1000-2000 -8 dB/oct

(3) FzEfatk

EHEMEOED, FERITEEL CWESREHNE ST 7 74 MBS BRI hERErREL, B
Wﬁﬁ%%ﬁbko:hif@ﬁ?ﬁﬁ@ﬁ%@%%\ﬁ%@?%%ﬁ%hiﬁok$ﬂéﬂtﬂ\%
FEIC L D VERE L OB O RN 2 R T D I EL E 21T 7,

(4) BEIREERE

BEHAER L BER USRS L OREFROERE AT A2 LASGDOETRREER L, 1
FETIFEATFTRAZRLDFETHY, A A2 VP TVAT AL LTOMRIZEFLIZENWS LT
B, ASBIEIEDCIOOV & Lz,

(5) ABRRE

HHL L RSFE S OAFEREIZL Y, EFREERRETH > 7o~ U 7 AMBERE 70 /iInEEEOR
BAEER L, ZNE TREEROER OO, HBRRENERE LT OMERELT TV,

3. HEOWE
(1) WAL FERR

This document is provided by JAXA.



172 SRR B R AR AR JAXA-RM-04-010

RBEREESICE LD, E—AEBELINEERELEIZZNEI 1,000V & 200V DFEET, &
T D —LBRDELNTNS, ZOLEOHTIN 210mN £ 72> TWAHD, E—AERY & {1
FUDFIEER L TWRWD T, EERIZIL % RE FAA Y . 200aN FRE & 725, #77 L BT 5 HEERD=R
CHHENLRETH D, HEFIFIADRIIBEBEERZILOVWTOLRER L TVLR, HEHITERET

BHLTWS, E—LBENEDORS TADAT AL LS TRIETHY, A A HHEBORID
BEEBHRLTWS, #IZIFE—ABEE L2106V ETLTFTCHLO LEEWEIEFEARWR, T2y
THAZ 10WEMEEE 2R TES, HHEADIZOWTHIZIERETH Y, HESDEL FFT5, 18
BBEHILEN 20720 FEI->TRY, InbOFERPL, 5% OBMRIC L DREEEICL D ZDMEEDR
BT LAEE LTS, #77200mN &IHEES 5kW ML FOBHFRX+HSCEInd EEZOND, IELTD
ORBEAE R T2 T, #77 2000N 128 2 FEMITONWTIIARHATH L Z L 2> TEL,

1% 80mN £ TR T X 2GBTS, HERZROMFTIXEE TR, > TIDAT
RAE—HT, %ﬁmmﬁ%ﬂ%mif@%@:ﬁm?%é AT ABZ X AP RE W ERE MR
I ADT, ZOWFETEEFEZRAET 2 2k, EBITIEHES 8ouN LT O A T A & & lEd
LHZEBELHTHD,

5 35emA A ART AR OPEEE

C— NER | — AEE | MIEEAE | EEEET BB NS EEMIT ) |
A Vv mA vV A Vv mPa |
1.543 1005 6.3 -200 8.27 29.2 0.26
2.880 1008 13.6 -200 13.94 30.0 0.46
3.452 1006 17.4 -200 16.39 30.3 0.56
3.842 1009 20.5 -200 16.69 32.3 0.63
4.004 1609 22.2 -200 17.8 32.6 0.67
Wt | R 2 | HEERIRI R R E S ERE

mN WIA % W % s

80.7 132 90.2 1825 74.5 3440

150.9 : 117 90.0 33585 76.7 3480
© 180.7 115 90.1 4003 7.2 3490
201.4 110 90.0 4450 77.5 3480
209.9 110 90.2 4639 7.7 3500

W, REBEN OV IZR2D L) ICMENEAEE L2, E—AERARE W & EITITHMEEE 30V
TIKENRELE L 22D T, BEEZ LT, BEEBED LFEIHFMORTEE LI R2VDOT, *E
ZHLDOTETH D,

(2) BHEEHRE
FH BB ONWT, ATFOREEZE,

This document is provided by JAXA.



SERR BB AR e AR T I R A E [HEX] 173

o EWMEAILIZT & A 1/1 IRV-VIEFRRKT

o TAMERZIE 1/1 MHE L~V TIERRKT

o TEHNTERER 1/2 MR L UL TEFK T, 3/4 M L~ TR
STOEERREID. Y TFVEBRMCEDHRRBICHAOND X S I LI e 8YEL. oA
A UMMHBREER AT 2 L RER LT

(3) e

BRIRER 2 M L. FHETE 204 [0 2EEE T, BMICERSRELRVWI LR LI, AU
T 4 RAROMEEEERIZHAE L BAEIC L0 AAETO e — & MERSAERT 28I, €0’
ORIERDEE L, TR U, Lo LREBEEICSAE LS 5 — 2O W TE, & bICLER
TH D, BEEATHEMREOBRPNL - TNDED, LEFAECBEND, J 2 THMCE~2 2 tid
ZLEEZD,

(4) BERIEE

2T AK L OMBEDERROMELE 6 1T7T, YHOBETH > H#ET) 160N TOEE? T
CHETH B D L AR LT, DRICONWTIEFOER L B LRV R, ZOBREFEE SN
DR 1997~98 ETHBH I L E2EETHE, ZLIIENEETTREE R, SDITHERILY 7 bR
~F%ﬁ%bﬁﬁﬂﬁ$ﬂ%k%i%ﬂfbt\%Egﬁmmﬁ\:@%ﬁﬁi@y7bx&whﬁb
CHETH D - L AR TR, ALY BEEEOFIENEREND, B L IR FTEEROEHE
HREB LF 180N ETT, 2P FOBAICIREROBERORERBOBGRT, LIV YT PAZ—
FNRMELIRD,

HBADERBIZ LY FER ST LMo T, =D/ A AL_SAREREICENZETHY,
BMI OFAIT LB AA, SHIRNEZLENZVITEELH D, b —20E, b —FRTned <o
ol Thy, E—HEBEDTL ERYRETEDLDNBAINR,

EEENEIEE 2 2R L2, & REAIEE U2 o T, M. FEEGR, FEOWTRIZ
BOTHBEXHICHORBEEF LTI EEZDND,

LB | HH | ERHRES | RS
A mN W %o
2.869 152.0 3393 88.1
3.085 161.9 3606 88.1

(5) ABEx(s

TRETEBEAE L EFRLETH- FBBON, BRICESNIEZAD U AGREREE 7 7 i
MAPEH LD LICkY, YAIREEL TRRE TES L9 10RoTk, HL T v mEix, URiob
DEAL BHERRZNLOTH Y, & & PEMERRAT D, ERICHENRT 5 E TSR #
DY ZHITHD,

4. &

This document is provided by JAXA.



174 FHZEH R R R ER JAXA-RM-04-010

AT ABZVIMERERICH Lay/al | EREHEHA AV =0 DV OERAFELBIHZ L TWE Z &
BHLMNZ o7, TN EOMWER EOT»OZENITEERTHY . S8BT A UEERO = —
v RERERE R & LB o X FHIEe, B L BEEOERICIEREL I LRNBEETHL EE
2%,

RIETIET v F AEINERBROL TS BT T aAHsH 5 L5 Th b, FEdiul, 7788
BO LT, BEREIFFTIIZER L TN EE XD, 9 TRWVWERICBWTY, KFOSH R
BV 7T UVEBEIFTEHI IR INTEY, bLEIEROEDOERHRBLEETOALTH D,
7 TF & BB MO BERIHEL S BT,

FRZERRMRIIPERERIIC B Lp 72 < D RIBEDMRICE 1T 5, EHEERBRE X T XX ITHAAA
EHae DREMEDERZ /NS T D720 %%$%T%ot%m% WA 23R E LT BRI TR
T2, SEOMBERMRTIIE, F0F ERFERBRIC

BIREBIIERENETETTHY, %®%ﬁmtﬁfiﬁiwf%6%@1%oto SBIT I AR
VUL DR A B U, £ O BN BEE I T 72 B oR B b0 E BT,

HEFR I OZHLOMEIZIZ—KE Y BTz, 2T 2 & OHEERBRICENE, RIERA 4>
Uy OB A ARETH AN, MARBRICEWTIES =57y FhbDARy AYERERESEDZ &
DUHET, ZORDDOFEE RT3, \

BB, WL~V TORBEOFE EIEBEICHER S L, W SRR E DRI O B3> T
LD Th D, BERDLERNZRAROTEL VN, SIIHEEBIEOHEES X5,

This document is provided by JAXA.



SRS R SRR B R e (R ] 175
WELBBGIET A 2 DOBRERBEBRD

Development of Heat Transfer Devices for Thermal Control of Satellites

AT LaHli il 7 v — 7
A 18
Space Systems Evaluation Engineering Group

Atsushi Okamot

Abstract
Recently oscillating heat pipe (OHP) is desired for the thermal management system for future spacecraft. The

principle of heat transfer of OHP is quite different from that of conventional heat pipe and its heat transfer ability is

much higher than that of conventional one. To apply OHP to the spacecraft, the effect of gravity on the heat transfer of

OHP should be examined. This paper describes the result of in-orbit experiment of p-LabSat’s onboard OHP.
Keyword : OHP, space craft, heat pipe, u -LabSat
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Study for reliability improvement of spacecraft’s RCS valve
/ Development of 20N Thruster valve and Latching valve

BIEHERITY )L—T  (Spacecraft Propulsion Engineering Group)
ERE— HAE— Kenichi Kajiwara , Kenichi Kushiki

Abstract: Spacecraft’s valves are important and key components for the mission success. But it is an
undeniable fact that there are lots of failures in valves. So these valves are required to be reliable and robust
at all times. This paper describes the outline of our study for reliability improvement of spacecraft’s valves and
the development status of 20N-class thruster valve and Latching valve.
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Study on Solar Thermal Propulsion
SRR AT SE 7 v — 7 (Advanced Space Technology Research Group)
TR 2L, vEk B4, B =E

Hironori Sahara, Morio Shimizu and Yukio Hayakawa

Abstract

This paper shows the achievements of study on solar thermal propulsion in the Advanced Space Technology
Research Group, where solar thermal propulsion for microsatellites has been developed since FY2002, by
integrating the results in a previous decade. The study on solar thermal propulsion includes thruster,
concentrator and system. The thruster of 6mm in outer diameter was made of single crystal molybdenum and
it was validly attainable to the target temperature, 1,500 K by solar heating in space. The single shell
polymer concentrator of 400 mm in diameter suitable for the thruster was established, and its solar power
concentration ratio was improved to be over’l()?OOO. A bread board model of solar thermal propulsion system

for microsatellites was designed and fabricated, and it functioned very well.
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ENTVWA4] BN TREBHEEDHIZEEN R HEA TN D L BN 5 KEDORGEHEER 7 A& T
I, EEICEMTNLOBLWL=Y AR, BEMELTOZ VT RAT UVEEBAVLATND.
X, BIERRE BAE M OTIEIITEIRR H DN, EEDLDRATAF TIEAT AL 2 ERERIC
NEIL, FNENOERFEESM CREL THARDLESZEEITREBLTVD Z & HHEH
Th D P ZITEEERTE Y 7T L TIEE KR T 20mm O UXE A 20mm OIENPRF THLHD T,
AT AK UL EE 2 VE T 20mm E@ TRV IC L ERERETSHLT, INDbERY
FEATHZ LT, Figl WRTEIRATAZBREBTCND. EoT, HEFERITAESREERGE
RS AL T EHAME M OER &3 - BERROTRICE T, R THEE RARVIERITHEFD
HD Lo TND.

EH T 1995 FEHL Y, BERLZ VAT U UREKERTY 7T EHOT, AME 8mm 5
65mm ETORBEAR S 2 7 2BUWEL, HKiER DR L ERIEOY T A BERBENE TRBEME L
TAEE, 2,000K BAEOIMBURE A5, £ b LR UHEE (Fig 1) - BEFEZ VT, KET
1AM 6mm OIEYERIFE/ NI R 5 2 42 et Uiz, TOEEREEME, M6 AT X ZHME 6mm, F
Y BF o B (R T A Z ) 4mm, HEERIHUEE SR dmm, KEGIMBUCZ X5 BEA T X ZRE 1,500K
CEX, MERTY T TEOEERIZ S A ORER{Tols. AT AZRNE, AN, BE
EIIRVREELR-oTEY, #HBOY— LR, RURTAZMEOEREZ FTORELMR
BEI, BREICEZ T ATF L CVDa—T 47 &L (Fig2). Z0Oa—7 4 7K D KK
BOITAEYET 2 5 X Z HME 6.5mm, AT AN NFE34mm, HEERIHEEE 44mm L2 o Tz,

TDAGAFFEZEF = NI, KB BERERREBRICETY 1T b ZER 640mm U T A
Bk Ees (Fig. 3) OEGMEICAT AZWEN KT 2 L O ICRE L7z, KBMESERT O
F% Fig. 4 1R, AT AZRERER, Fig 1 ORTNE, T LT oaR, #HERREREOS
NBTITo7r. EREORKBLEIZHICL > TETIEH2R2VOT, JIE LICRER2TTHETO
BA CREEEBEEE 1,400W/m2, YA FRE) [CHRE L TR —ICEHME Lz, MEERBRR RO —
Bil% Fig, 510RT. F OSSR, EW¥AIX T 2 Z TIE, FMEE LIS3K, 77T A 1L159K, #EERIHEE
R K Thotlr. ZHITRERXTAFEETH D 1,500 ICidiE Ridevy. Zhid, Fig.2 %
RTHLARE I, RTAZOHEE R U THEERIBURE 2N LR R WA 1T, R KEEIE A
SRAZEMBLTHEBITHE D D AT A LHEEAGE ~DOBRE OB AR KR E <,
FILEREN D OBIEHIC Lo THEREGR L TLEI) ZLBRRERTH L EBEXDND. ZTNEHEHE
LCEBRELED 5512013, OHEERIMGRE~OBREZMZ 5, Q8REN L OFRIEN 21
L, TEREDTHLEBZLND.

FICEELT, BHERER AT RE (Fig. 6) Bt LE. HID, HEERIMHEE ML ERS
MTeOMTRRISGE 24mm & L, X, REBOEKEZHEITEBICF Y TAT L CVDa—7 4
ZEFEILEL, ROVIZ RuMo A IFTIZ Lo TRERDO D — VR OHREIT 72, TORE, =
5 A ZHMEIX 6.0mm, AT AFZALIL 3.6mm &2V, IZFEERGHE L oo, BUERKERI R
S A CRBIMEBRBREIT o 12558, SMEE 1,316K, 7 L7 A 1,361K, HEEAMUEERE 926K & 72
S, ERLEEZEF = U A\AWNIREENK Pa BEROT, BMEEOHRBERIRRVNEEZDL
N5, 20, BMEEEREMR S ZZ I —R 7 2 b EEWSE LU TERE M TRBINEER
EIT o T RE R, SMEE 1,581K, LT A 1,331K, HERIMRERE 963K Lxo7. FHTIIEILH

This document is provided by JAXA.



W 154 AR & R IR 0 A P E R e p R R 5 E (R R] 185

BETHDZ Loz, #HERZENT25AITIE, 1,700K LA ELHE SN D AT R Z inmmilrfEs»
LMNAEERBEE S LT AIBETHI LY, TORE, AT AZIIFEHTOEDEE
B 1,500K 2+ ERTTRETHD LY Lz, BlZ, AT VL ADOBMRERITIEY 77O
FHELTVIORBETHLDOT, HERBEEEZRITNOAT V VAICERET S Z LT, HEEAI
BE~DBGELFICEB S LAHELLEBEZOND. TOBIIVERETI TT AT
LADESIZOVWTHBRE EREZIT, BREGT IV 7T VB L AT VL ABELORVREEROM
Bx&5 9ok o THTR- > —L 152 L T, 1L,000K BEIZ+H0M 2 5 2BEaFIELHL L.

S

S RIE

Fx 23

Fig. 1: Thruster structure

Fig. 3 Concentrator and vacuum chamber
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Fig. 5 Example of solar heating result

Fig. 6 Heat loss reduction type thruster
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3. KEBEE

KBBHEETIE, 77—V zy MELRARVHERMBOZOBERNFTETHHDT, VAT A
EEEBICTLIENHED. L ZABRBEDRVKBENSEZ BRI E-CEE TERT S Z LT,
VAT ALAERBERERKIVLDOTELL AV, 2 CABELEBEE CEET ARERLS. £
DT, FEEETIIA 7 L—F T AR L IFTh 2 KAERELES EICHE STV B[6]. A
YT = T NVETIER BV E S S FIERH B, FORE, 77 U EEIZHEY, HRELE M
COEHABENRARFTR THD, BLBMEIZ VS LEENERTS, 2072 ) v b5, #2
THEEDLIL, B/NVEEERAXGEEROLDBRERGENHEL LT, fMIETE~EZZTF X
ZIEAT D ER 400mm H—5 5 TEE S (Single Shell Polymer Concentrator) ZAFZEL TUN 5
(Fig. 7). SSPC i, FEXIIME%Z 7 /v I WIERERE SNES 27um OESFEEZ A FL— b
B (Fig. 8) CX - THREMILL TRBES D, RBRIC T T A8y EELEAL, MTE
BE 100~150°C, INTREME] 3 BEfl2 5 5 BRI CRUER 1T o712 & 25, BONABRIIFERER TH
L L B L TRRER P b oTe. ZORRERIL, MEROES FHEOBMGE L, SHER
DARFELICHKTDHEEZONS. BIFRICEA L CXEGRNICTRIFTRETH 58, IS HEMOR
M- BEFEEZIEETAZZLIIRETHD. CORRERICL > TABEXERZLIETTS.
RGP TI3/R T — L THELE 10,000 BENERINH 2, IR L LTRHW- I T 28 YE
SR TIXEOLEE 10,000 iTZFERR S Db DD, HMIRZEREZETe SSPC TIX 7200 BEICE I -7
ZZTEELIL, ETHYERREE T DRI TSSPC #8EL, REELEICHITHIEED
TERERZRE L. RICHFEEOKYED CRERGTZHESEY T -HRBR 2 8EL -
ZLTCZDOHMFEE T SSPC 2B8UETHZ & T, TOMFR LECEYERELEZE T 5 ERE(
SSPC B {E oD Z LIt/ d. BRBEEREITo1-L 25, EFE(L SSPC (New Product) 13,
135 SSPC (Conventional Product) % S8/E4 2% BRI V-l ERY (Conveﬁtional Mold) OF¥mE I
B<—%L7% (Fig.9). X, KBEXHBR (Fig. 10) 2{To7/- L 25, RU—HKTOENLE 10,400
B HTZ. SSPC 1IBEE TH LMD TEVD T, T EEOMHEBSM 2R <5 510, AT
HEVZ—DORBAEBBICLY, HIIA 7 v b F—T 2 —RAI2BIT 5 QT LV DOEFEERE K
VBT Z NRERBREZIT o1/ R, SSPC OHEIRY LR, HEZSII TR ORI -7, B
{E SSPC ZEMThiL, V7 AEWAHOERERHOND EIC, ZOEEIT20gBEL, 8RO
H - BEDOEAED 1/100 BEIEBEINS. @4 LA SSPC Iz Th, () BAFEHE 7 +—7
LOXE (AFHFE “KGBHEREDO O OFHHABRERGEXLEORIENE") OT, 5
£ 500mm AEEAFE(LES LB SSPC Z8UEL, U —HEHE 5000 BEDOLOBELN TS,

Polyester Film

Mold
(Paraboloidal Glass Mirror)

b Temperature Controlled Chamber
Evacuation V Vacuum Pump
= ]

After Temp. Raising
to Softening Point

Fig. 7 SSPC Fig. 8 Straight Formation Method
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New Mald
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Fig. 9 Shape measurement resut Fig. 10 Solar focal image
4, VAT A

Vbl _7= A5 24, E£HEICHEET 5/ G2 EE A KRR D Bread Board Model
ZERE L, BUE L (Fig 11) SR T a0 /T ¥ VIRE T AIIERE O H ADMERHE,
ARG IZE D EIEBEESRIC L > TITo T 5. SSPC 1T C/C BEREICL > TRRESNDS. X
T AKX SSPC HLHOR A EBRT HHEAREE I L - TXFshd. AT A EBIIETKT
—HIZLo>TAIEE L, IUWERIZIL SSPC DFMBEE CTIT5Z L b FiEL L7z, 2@ BBM %
BWT, Zany /78 REHAIIERT AOENHMEERRR, X7 2% EBRIGHRR 1T
S>TEBEERZITo=. X, REFTRATRAZMARBREToT2 L 25, HERE 1,361K %iEK
L. PHCHEEZECTHADT, ZTOVAT AL DR TR ZMEUI+45, BEERETSH D 1,500K
PERHES EHEESNS. HiZ, BEZP TOEERER% 1172 5 Bread Board Model (PostBBM)
LEMEL (Fig. 12).
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Fig. 11 Bread Board Model of solar thermal propulsion system for microsatellites
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Fig. 12 PostBBM

5. =2%

HARGTFRG SN BARMBEENE L CHBRT Y 7TV TRBRA T 272 2 8EL, BUBR(E
BFEEZRE LD LICX > TFEEHTO BEEEIEE 1,500K 2+ ERHED AT A ¥ 25K L.
N, BEERGENCEL L CEBESSPC #8UYEL, 7 ABITIGEHT2EXEZB-. b
RAIAR, BICHAETR, B - SR 2 M AR A 72 N B A R KPR B e S X 7 A D BBM
ERUEL, +onEBRBRERLEL. Cho0RBREREZ LIS, EM LYLORY AT ACKE
S, RHEAITIT2007~8 FEHOFHEMLY BHE L TV HEEMEICKA LT, BAME HHFE AW
T REGFAHEEE T & p-LabSat #d /NG R ICHE L, RGO KEEHEE R OFHEEENTHOIS Z
LEEEFLIFBSAFEL TS,

ZZ 3R
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BEERT V7 T OBE LBGERH & R 5T BN

Evaluation Techniques for Thermal Distortion of Antenna Subsystem

SR LEHMEE S —T NHEZE, NRBOR
Space Systems Evaluation Engineering Group,
Hideki UCHIDA, Masaki KOTANI

Abstract

Multidisciplinary techniques for evaluation of thermal distortion and radio frequency
analysis on a satellite antenna subsystem development have been investigated. The
techniques are based on iSIGHT ™ optimization software that integrates automatically
standard design tools for thermal, structural and antenna pattern analysis for space
structure development. As a result, the worst case of the radio frequency performance
as the subsystem spec can be obtained numerically as an optimal solution by the

software.
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Thermal Desktop (TD)
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