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NOTE 1) TLM BER=10E-5

Bl
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#2-2 L0 S-BAND TLM LINK at UDSC
PARAMETER DOWN LINK REMARKS
TRANSMIT. POWER dBm. 16.00 50mw+-1dB
TRANSMIT. FEEDER LOSS dB -.80
TRANSMIT. ANT. GAIN  dBi -10.00 LGA
EIRP dBm 5.20
TRANSMIT. POINT. LOSS dB 0.00
POLALIZATION LOSS dB 0.00
SPACE LOSS d8 -211.58 MHz, 400000km
ABSORB. & RAIN LOSS dB -.60
RECEIV. POINT. LOSS dB -.10
RECEIV. ANT. GAIN dBi 62.30 64m :
RECEIV. FEEDER LOSS dB 0.00 INCLUDED IN ANT GAIN
RECEIV. SIGNAL POWER dBm -144.78
- NOISE POWER DENSITY  dBm/Hz -180.15 Ts=70K
G/T dB/K 43.85
C/NO dB-Hz 35.37
MODEM PARAMETER PCM CARRIER
64bps
MOD. INDEX rad .900~1.200 .-
MOD. LOSS d8 3.03 8.82
HARDWARE LOSS dB 1.60 0.00
BAND WIDTH dB-Hz 18.06 10.00
REQUIRED S/N dB 9.60 13.50
REQUIRED C/NO dB‘Hz 32.30 32.32
MARGIN dB8 " 3.08 3.05



®2-3 L0 s-BAND

CMD LINK at UDSC

PARAMETER UP LINK REMARKS
TRANSMIT. POWER dBm 73.00 20kw
TRANSMIT. FEEDER LOSS dB -1.00
TRANSMIT. ANT. GAIN  dBi 61.30 64m
EIRP dBm 133.30
TRANSMIT. POINT. LOSS dB -.10
POLALIZATION LOSS dB 0.00
SPACE LOSS dB -210.86 MHZz,400000km
ABSORB. & RAIN LOSS dB -.60 .
RECEIV. POINT. LOSS dB 0.00 .
RECEIV. ANT. GAIN dBi -10.00 LGA
RECEIV. FEEDER LOSS dB -.80
RECEIV. SIGNAL POWER dBm -89.06
NOISE POWER DENSITY = dBm/Hz -163.96 Ta=300K,NF=10dB
G/T dB/K -45.44
C/NO dB-Hz 74.90
MODEM PARAMETER cMD CARRIER
8kHz
MOD. INDEX rad .60 --—-
MOD. LOSS dB 4.96 1.67
HARDWARE LOSS - dB . 1.00 0.00
BAND WIDTH dBHz 42.04 30.00
REQUIRED S/N dB 12.00 13.50
REQUIRED C/NO dB-Hz 60.01 45.17
MARGIN dB 14.90 29.73
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R2-4 L0 S/S-BAND RANGE LINK at UDSC

DOWN LINK REMARKS

PARAMETER UP LINK
TRANSMIT. POWER dBm 73.00 16.00 GS:20kW,L0:50mW+-1dB
TRANSMIT. FEEDER LOSS dB -1.00 -.80
TRANSMIT. ANT. GAIN  dBi 61.30  -10.00 GS:64m,L0:LGA
EIRP dBm 133.30 5.20
TRANSMIT. POINT. LOSS dB -.10 0.00
POLALIZATION LOSS  dB 0.00 0.00 -
SPACE LOSS dB -210.86 -211.58 GHz, 400000k
ABSORB. & RAIN LOSS  dB -.60 -.60
RECEIV. POINT. LOSS  dB 0.00 -.10
RECEIV. ANT. GAIN  dBi -10.00 62.30
RECEIV. FEEDER LOSS  dB -.80 ——-
RECEIV. SIGNAL POWER dBm -89.06 -144.78 :
NOISE POWER DENSITY . dBm/Hz -163.96 -180.15 ' LO:Ta=300K,NF=10dB
G/T dB/K  -45.44 43.85
C/NO dB-Hz  74.90 35.37
'MODEM PARAMETER RARR REMARKS
: UP LINK DOWN LINK
MOD. INDEX rad .60 .40~ .60 RARR COMP:.364rad
MOD. LOSS dB 4.96 9.01 .
BAND WIDTH dB-Hz  63.01 0.00 TRP BW=2MHz
REQUIRED S/N dB e 9.00
REQUIRED C/NO dB-Hz ---- 18.01
MARGIN dB ——-- 17.36
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KM-DTERBOS572~2 b FMEPDMARBEBHEEIRAL TV 3,
RES#. KM-L— | UARBABREARZEL L, RBEFORK S>> 5 2%
BLTHRELLKM-L -2 RKESHHLT, vF—F—EF—~Dk—}+V—7
Ny ) DOREELTREI 0.5mTF>MALSDELT WS, KM—L— 2
BZREAMICOVTORNEER, LIT0EL,

O©. BYHKRE 1.0 nn B2l E

@. VY =77 —=vERVILEIOR/NMIE 1.0 mn

® YY—77—VKE 1.0 mn

1.3 {fEEHEI VA
MR, FHEROBP - 111 J2RAL TV 2, AHEREKM— L O

RNBE—s c@BATAHIEEZEMNE L. Al OBBWROE ERCE 1 » 7R
X BHIIENEEEENE LTHR AL, 12%6HTPBa Yy XYy MEERTH 2

ruvA ik, EERARFRBEE T 5L EERE LTRROBERT RV,
FREMARBICEVWEDO~y Fxry Fy = 7REZRAL .

E—sh—Z2REH, MIBREPSET-~s4 1 KB LTHEVERNEE-TH

D - A OBESERCKE T BH. HERMERTOWRIS £ 1 7S
TERVWEL o, MERBRFEALTVIZN,
BT s XAMRREOB S PR Y Y= 7 T — ik, HEETEREOTE
Ue— 5 ERAIRGE -10~40°C (BB LA, £ - kD COBBCERET ¥ b
B—AERNTVWS) ZEZERBLT, -T0CORBEZERNT2ELEN 2. 0LLLERE X
SICESEREL 1o

1.4 77X
T~y 2RICHT AHMBMBECLRS, HEHROMLEEENE LT, IEOL
9&5¥Eﬁwwbmﬁ/1w%ﬁmL\Alm%%%ﬁiwﬁk#@&ﬁttto

zn—h4y#—b‘/Iw54%\/XW$wiw\%ﬁ€nKM—M&ﬁ—®
ATJ¢5774F\?—7977ﬁ%®CP—FRP\m%ﬁwéhl¥mﬁf9
Y(TB—49)2fRALTVA3, o '

AN A FRERHR VF—A—EF—~De— bV =2y 7 EMABH,
PERBY KM — L — 1 HigkBs 0 iRAL - BARREERAEE ~— 2 & LTRESHORE
%ﬁot&‘r77u—9-/1wﬁwﬁfnﬁaAJ%EmL‘/%»ﬂﬁﬁmﬁ
BETROSHTORE LRBAMBE 600CHUTMA 5 &> CREEELFT>Hik
& DEEL T,
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1.5 4 7F+47%

FREARONEBRFEKERA 7+ 1 9 2HH LT W53,

A0F49r—2, 4

7F45 /7 ZNVIETB-49, ERBAAANNERLE L1 > O TP -22EHLT
B, B-2 cRIHRLEFHMROERHEI/ NS =2 — s 2RALTC. HKO
LEHR LR U2ETEO/NEEER > TV 3,

BATFL S EBBEAFHICO VTR, 2EOEEREZAARICL ., BEE

W EEHR LTS,

zels (17 8.6
M14X1-2 9 10.5 9 '
NAB-1G, -1
150mg \ \§ 14‘
— | .
Q\ l_4=n /\
of - J (AN
§ 8 8 \ \@%ZU
_ \§§§§~:;;§7/
FAROHB(DB11) NI 7 7 MMIIZ9P
(SuUSs304L, (SUS304) J15560
to. 1)
H—2 EBISUWNEAAMNZD 1 -PETR

1.6 TIEMBEEGE

KM— L OFEHIHERN IR, 5% EHKEE, 5% HERME T, 291.5+2. 1sec (X — x4
Yval—va YEFEHRKER0.035kg% ., SEMCHERBERICIMBELE) &

EBENTW3,

o T ERHEHRE r vsov=T. bnn/secic X4 B HE AR, BT/ ¢ MBS

FRRZERN F

IR BRI EE P

TR B8 Fal T

£ R Iy ] to
&35,

66. 9
50.5
12.2
-16. 4

kgf
kgf/cm?
sec
sec

K-3ic. M—3ST-5SBAKM-L ®— % DHFRLHES - BREBHNThE %

Yo
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(kgf/cm?)

A E

(kgf)

HZEND

rosox=1. 6mm/s

resox=1. Imm/s

0% [} (sec)

-3 M—-3Ss0-5 KM-L HERRAT - BEH kg
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2.

KM-Lic&k3 L. O#ERS

KM—LOFPELMES I seid. FIROBRIC291. 522, lsecEHEFEINT VWS,
—h. KM—-LR#doL. OE§RERicthif, 2—=vrickdsvrv2viox
KD, BR 3LINDOEEe ZBRATHh TV S, '

Fr. KM-LIZXBL. 0ODEEHY AV, 1 Yy 2BHUEHVWTTFRICLDHE
Hahs,
Wi.o
Wi.o— (Wp)e—Wx

AV = (1 —-AVyioss) -g-Tsp’+In

s

c

AViess 3 I—=r ik 3EEe R (0~3.9%)
g i EAERE 9.80665 m/s?
Wi.o i KM-LACKESL. OHE 11.954 kg (1/22REHEEED
(We)e | HHHERER 2.796 kg (HEEFE+BERAVY2V-Y2Y)
S Wa i/ XVBKER 0.000 kg  (HMiR# 2 &b OHEM)
Ise’ ; EHHHES =1se- —(‘—Np—)e— U3 VR EER)
(We)e+Wn

Thbo

LlEDHEGE2ZRBLCAVEFELERE, £-21cT D TRT,
RELO, Tso;, PRIA, EF o, 0%0B%, 170 ELT, L.ODHEERDIZ,
AV = 1763.338:% n/s tfEEah B,

£—-2 KM-LickaL.0EEHS

Isp i A Vioss 0 % 3.9 %
293.6 289. 46 768.8 (B K) 738.8

291.5 287. 39 763.3 (Jitw) | 733.5

289.4 285. 32 757.8 - 128.2 (®/N)
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1. 2 JesesienisE (ONS)

ZE. I, NEC
1. & H

HEAIEZEE  OPTICAL NAVIGATION SENSOR (ON'S) . 3%
ODEFEHEEFEECUBY IR ENZOLODEREEBEL UTCMUE SE -
ARE#HEh. BRU2EEDLOBRDERF—YEMBUT «
S F-YREBRULE. LBHBRAEEXTEIE2ENEY
Z, ONSUABXOFERRITERD»D N'7—F#Bs; (ONS
—H). CCD (CHARGE-COUPLED DEVICES) RUL ~ X% m &
X3 THREH (ONS—-0) RU. CCDHI>OEEF—¥
EF4VINOVYTLESREHULBHPIRANEZET S TER
EPEE1 (ONS—-E) O32ohsmMEh 3, -

MUSES-AWRAEVHETH SR, CCDOEBHHRE.
TD I A3 (TIME DELAY AND INTEGRATION) %2R L. BEACC
DRUESHCCDERZhFABYRAELTHY. MBLLEE

F—SRRT 7 ANCTEBHBRDAOCP AEXSh 3,
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2. B BE . OB F

ONSOREHEH— 1KY,
ONSWTD I AREHAUTV S 2®. AEYL—PEREUE
V.CLOCKA.2AOCP»BANUL. BHEF—-FYEWMBELTL S
CCDUEAZHRUEZSHD2OMH V. Fh¥ERBIULFS
AN LY, ABEAHE. ARBRCEHIATVLS, ChiIZkVEA
OCCDLYVHEANETLhRETFAESWE. AOCPH»SORA/EYY
BAXESTHEMOON/STARESLLVERY L 3,
COCCDHNCUEBERNERIATVEED., 1342121
BV 78O07 VT8, BERECHET 347y P EEERD
. BEERS EBRELTCVL S, '
BBERMAOBRESNECCDHEAMESWE. €V LLELT
4bi tOA/DEHEITY. AENY -2 R2FWULTY Y7 LF
—YEFRERK. XT-9 (ONS-DATA) LUTAOCP
ANHHEh B,

¥k ONS-DATARBRRYAIVIEBELT AWY
vy (ONS=CLK) 2BHAIU. ZhELAMIDONKT 7 4 NI
KVAOCPAEZERET 3,
ONSWEBRNT-AIOTHELEL. AOCPHODE—
FUIOBAESRKLOLERUARBRELA 7R (STBY 1%
—FK) &U. £ DPU»SOHHESRLYV+5 VEEFYL—
EHEEZON/OFF &Y. HABHOKBILER TV 3,
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P GE 4 5 1R B2
HEEBN (E—F3D
' OP (ONS-0N)
STBY2 (ONS-0N)
STBY1 (ONS-0N)
STBY.-1 (ONS-OFF
£
ONS -0
EE
iR (58D
LyxER

- bk

CCD

)

69

VHm:
HAM: 1

°o N
- W
R

H(-12.7 mag) oDi#E#
E(2.0mag HE)DKRH

-20C~+45<T

12. 18 W (TyP)
10. 66 W (TYP)
1. 58 W (TyP)
0. 01 W (TyP)

3. 394k g(TYP)

1. 02 kg(TYyP)

B-2w&Rd

40 mm
50 mm

A®EACCD: 1AMk

CEWEACCD: 1 RH



ONS-H

EE 0. 64 kg (TYP)
R e B—21xRd,
| KB EA BOELLE (Vi)
CER S 1O BT (U3th)
ONS-E
g _ ‘ 1. 734k g(Typ)
| R (08D B— 3R,
ONS-DATAMKHAE 1 6B (4bit/e°oen)
B T B O 6 ABF (6bit/E st)
BETEERE VL — b wE 10. 0~20. 5 rpm

ONS-DATAEwbFL—=} 14. 960597 Mbops
(ONS—-AOCP)
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1r. 3 FroAHRN— Ko refa— 22 (OB C)
EEO(R) oM (5B) . EEE. BaFEIYER

1. BUaic

AYKR—KFa2vEa—4 (BUFOBC) BMUSES-ADEREBEBO1OTHY.
EDEREMI

O HBBHIF—VRRLSYRaYEa—20RHE
@ RNryRrFUANYER

THb,

OBCH. HESHOE S ARV ANEIER IA—~NVRRLVSY ROV Ea1—4T
BY. WAL, WSS VERBAEYRD LESAI S, Shick 5 BB RN
RICHDTUBERTT WEEFOEALBELT VS,

MUSES-A®/Syy h7UA LU, NASA, ESA%HLELACCSDS
(Consultative Committee for Space Data Systems) K HBWTRKOBHMHRFT L X K
DARELTHEZATVAHACEBULELOTH Y, Ko 2l FEOF-2 %
M ERBICERT . H—WiER. REBETFV. BEE. HEESMEE: 0 0
ABR—-rDBZUDOHEKRER LD THS.

OBCTRHENDF— S NHEBETCHLF -2 oy v Ja=y r (DPU)
MRELEY TV AFLADF VAR L, 3yvavilBF*—¥4 (LO) OF L
ARUEEREFLANL., CCSDSOBEH>ERFr Y RFUARNY =%y k
LHEHEELT. DPUKHEAHLTWS,

BB

B =
1
1. 1 264485

2.
2.
2.

B2, 1-1KOBCOME¥R3. OBCHCELL:#HTAIRGIYE2—43
MLCELLENOEBMRETIVOTER, YOouvlav v ROBEA®E—FKIck U H

HEGURXDHHYBBRUABLOARNA VB -T2 —ABHSMBEh 2, 2
DM EATICRT .
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2.

® B#MOCELLW. N"—K9z7. VI RhY o 7# I A—BRT. Weicioy
Oy TMILT. 70y 2 URNVTHRIERBCH®T 3,

@ CELLR. EWGEMEGVWEREELTI /0L AVTORMEL Y. am
HEORAETW. HCELLOREYRMT 5,

@ YVIRYTR—F A VITFEEHCTVWEED. BEHOH ZF — 3 WA KT
x5,

1. 2 CELL®O#RK

2. 1-21KCEL L@ﬁﬁ&&f‘i'ﬂ'o CEL L. B P U (Basic Processing Unit)
CRABRFICBFOOFF /ONRITRIAVY R I v I YRS,

BPURR/27070ty¥% (68000) . x®Y. REREAL (<. BEAO
DMAC (Direct Memory Access Controller), CELLAYAHAL YA —T x—AN

77 TCHBEEh, RAMICH., V7P S5—iiH T 3882 UT. 1bitxTS5—IE.

2.2 Ix—IWKRPVSYFRER

2bitzs5—RRHEBESREDEDAC (Error Detection and Correction) I1— K %
ML Twa., Fk. /7bv17®§ikﬁ?éﬁﬁabr WD T (Watch Dog
Timer) %ffMLTW3,

CELLRRDEIREXAT. YAFAORERE. HEOHEESS.

® CELLIBO2FARALILET-TVwA0KHL. BHETARIBES
TVW3K. BAAMB-> TWALHKLT. MO2F ICBRE E4bES. ¥,
BRLWBETHSMCAL KRB LB S L 288, %nkﬂbfﬁETéo

@ MCELLORBOBBIHLTRATHELTS.

® CELLuiﬁtRbn6CELL&mw16 adﬁf i#CELL&ﬁ&
Mkﬁﬁﬁﬁkbt E#CELLM£#CELL@ﬁm&ﬁ3°_

® E®CELLRRE¥CELL%$MHE. R RIREEME . —BNICER
PEEZETERRBR T -3 52 F 2903 3, ERLRE-TVWB L HKT 2 L.
ﬁ#@ﬁﬁkﬁméﬁa,

*ﬂwkgﬁufOBcwﬁ%&&&U%wﬁmawklz 4-11RY. BER
HABEF VA RURTHECREENS.
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| i ] |
C E L L CE L L C EL L
| I l I
— —
VOTER
1
ooy s
{
A # #n 1 / F
T §
ABF—4 WHF—4
' ¥
B2.1-1 O B C ® R
-
521 i
c P U R O M R A M DMAC TIMER
L
i EDAC
TO/ : '
FROM T1INPUT ;
EXTERNAL 1/F ’
ouT %ﬁ : : S
OUTPUT ceLL I1/F|[]lceELL 1/F|[}]] w.D.T. § CURRENT
1/F IN ouT i]LIMITER
|
L |
Iy |
A
TO FROM TO L ¢
VOTER/ OTHER OTHER
SELECTOR CELLs CELLs

@2.1-2 C E L L #® &
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2.8 NEyRFUARY

REYRFUANY 74—y b B4 -1KRT. Xy hFVA MY, B
BBTOF—ABYRTET HEDCCSDSHE - EROBSEMMT 5.

@ Y—RKRvyoEs#5 .
2234 RDF—HHLTI32AL FOBRYTET—2%FMTEAXTH
Y. 25584 RO 1 64 FOBYKITET 2N EET S, TERESOA
VA——TEBTFEZ LKLY, BYTEERHIEBONSL MIETHDT WS,
@ BHAXBE :
WEBET. BEEL/208HABBSEETD

OBCHFUANIDLOILU—ALKMOIBIC. DPURKLOKYANLEF—
BEYTURAT AR E LTHEL, FERLKETVWY ARy FEERT 5. £
LTZhiAy ¥ —RUEROOHS LAMLEEK. AMa—-REMFTHDESTS. £
HOOBZIDVWTRIDEN—FYzTREYAMT 5.

2.4 YE—HFrO—Fa4Y

M EXWOBCIKAWEShEEED OIS A (U—F4vI7uT54) 22
L. chEABYIHBMLENTS., 0— K70y 227 KOB 1S FEIB Y
s hOFOTSAT-FERELEBT Bz L& YTDNE, TuT S5 ARREL Kk
RARTHD, : S
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2.5 awyKk

OBCKEMTAIYUKIE. FARAIY—F10%EHE. TOv 2 a2y K244 ki
Hd. CheR2. 5-1~3 1L FL D5,

§2.5—1v?4190—F3?yF

av VKA I-FXY =] 2
OBC ON 54 OBCOEBEIBA. ¥ AF LRE
0BC OFF 64 | OBCORIF Y MY
CELL-A ON 55 | CELL-X ON :

CELL-A OFF 65 | = CELL-XOREHZA. BB
CELL-B ON 56 CELL-X OFF :

CELL-B OFF 66 CELL-X 0) 15 5] 7
CELL-C ON 57 .

CELL-C OFF 67

'| 0BC RESET 74 0BCY A7 A2kt y b, BE
I/F RESET 58 A8 Tx—AYty k|

2. 56—-2 Foyrawy K

BO | B1 | B2 'l‘.BV-3J B4 | 55 I'BAG"I.,‘,B 7

- BAP AN O B C ® # ® — K
BO |B1|B2|B3[B4][B5 [B6[B7.
» Conv. : S . . -
24K [Code | CELLY2s+ |  # # = — K
T—K : '

79




#£2.5-3 oy razy BT (1 /2)

(1) OBCHBEE—F (8bits)

awy K& p-F(HEX) 2] b4 fi# £
REobFUA MRS TT 00 PRyl R RFT 5.
Wy b 7-39b 1 01  PrybsUiMIDIT-T9hENo 12T 3.
0z g b7Vt b A
~ BREAR - BEITRO S
OF : : %)
JE-bo-FoUIRT 10 PE-ro-Frre LT3 5.
U ETA R 11 [ofa%ko-f3 3,
-3 M4 12 Fasmauds.
ATE £50 13 -5 f50 % E£53 3.
7oy af 1k 14 p-FuffefnsBikxg 5, NE-ho-F127
ETLATY W) 15 PFrodtba-F5 BT 3, RITRO A
16 pREEA %)
Joy36507 17 p=-F4yf70dia & ¥973 5,
18
~ pREA
1D
ECC{47a)540-F 1E  [ofjhn-Fi%, BCCIC X AMYTTER{TD .
ECCh L fu340-K IF  ECC{t7ulian-F % RERT 5.
20
~ DREER
FF
(2) Conv. Code ®—F (1bit)
av v RA#H  p-F(BIN) 5] 24 i -
JPL 0 BAAAIBGTRIPLARET S,
GSFC 1 BHRABHES ECSFCHRET 3,
(3) CELLU®y k (3bits)
aw v RAH p-F(BIN) A B gL ] %
Deg bl L 000 | YeshL 22w,
CELL-A Ytsh 100 | CELL-A%Y%s}3 3,
CELL-B J%sbh 101 CELL-B%Uts+ 3 3,
CELL-C Ugyh 110 | CELL-C% %y} 3 3,
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(4)

R2.5-3

HAHE—K (4bits)

ToyZavy REKMT (2/2)

aw v KR

O-K (BIN)

2 &

VOTER(A) i

0000

HAE—K (SEL. MODE) % 4% 3.
REyh7usb): VOTEREH
OBCFUAM) ¢ VOTERH
»u49C168K: BPU-AHL AN

VOTER(B) i

0001

#AHE'—K (SEL. MODE) %4153,
Ry9h#V3Ys VOTERHE
OBCFVAM) ¢ VOTERH: A
J099C168K: BPU-BHH A1

VOTER(C) 4 7

0010

WA E—K (SEL. MODE) %4)% 3. .

AEshFUAN: VOTERHLS -
OBCFUAM) ¢ VOTERH A
Jn49C168K: BPU-CHI

MV-AHh

0100

HHE— K (SEL. MODE) % §J# 5.
RE9b3VAM): Modified Voter-AH{
OBC7V4M) : BPU-AH
Ju9)C168K: BPU-AHIH

MV-Bi

0101

HAHe—K (SEL. MODE) ¥ 4)# 5.
REyh5UAb): Modified Voter-BHiJ)
OBCFVikY : BPU-BH: AT
219)C168K: BPU-BHi )

MV-CHi B

0110

H € — K (SEL. MODE) % 41% 5.
R¥9r5VikIs Modified Voter-CHif)
OBC7VAM) ¢ BPU-CHI S
‘Ja99C168K: BPU-CHY

MVOTER &, 7J

1000

#AHE—FK (OUT MODE) %413,
Rryb7Viby: Modified Voter 4/

BPU-AHY

. 1100

HHe—FK (OUT MODE) %1% 3.
REybVAM): BPU-AHS T

BPU-BH /1

1101

#HE—K (OUT MODE) %41¥ 3.
RrgbsUsRY: BPU-BH A

BPU-CH: /1

1110

HAHe—K (OUT MODE) %1853,
Rryb3UibYe BPU-CH /I
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2.6 FULARY

OBCIHTAF VALY —KER2. 6 -1RT. AEFUARNYHEPCELL
M5DF—2” BPU-X DATA” BCELLOKRMICEY ETOANRLEERXZ, =
DCELLORMLCELLAMSDTF—2OHNBOMBER2. 6 -21RT. Tk,
CELLD»SDF—2OFMABRLR2. 6 —31tiRY.

R2.6~-1 FUARY (1 /2)

FLARYAK

Tu=4, Eyh

&) =

OBC ON/OFF

F4n ,¥26,B0

0BCAK BRI A /) M

CELL-A .ON/OFF

F4n ,¥27,B0

CELL-X ON/OFF :

CELL-B ON/OFF | F4n+1,¥27,B0 CELL-X ON/OFFa =¥ K%
CELL-C ON/OFF | F4n+2,W27,B0

CELL-A RES F4n ,U27,B2 CELL-X RES :

CELL-B RES F4n+1,¥27,B2 CELL-XitU v FMBERLEERT .
CELL-C RES F4n+2,¥27,B2

CELL-A STOP Fan ,¥27,B1 CELL-X STOP :

CELL-B 'STOP F4n+1,¥27,B1 CELL-XD S v F7 v Flc &k 3
CELL-C STOP F4n+2,%¥27,B1 CELL-XB il ¥ =3 .

1/F STOP F4n+1,W26,80 AVEIT2—ADS59F7 v TRELRRT.
BPU-A MODE F4n ,¥27,B5~B7 | BPU-X MODE :

BPU-B MODE F4n+1,W27,B5~B7 BPU-XD EjfER — K

BPU-C MODE F4n+2,W27,B5~B7 EITFLTWB IR 0RBIERT.

BPU-A 1BIT ERR
BPU-A 2BIT ERR
BPU-B 1BIT ERR
BPU-B ZBIT ERR
BPU-C 1BIT ERR
BPU-C 2BIT ERR

F4n ,¥27,B3
F4n ,W27,B4
F4n+1,%¥27,B3
F4n+1,W27,B4
F4n+2,¥27,B3
F4n+2,927,B4

BPU-X 1BIT ERR : _
BPU-XDRAMT1bit DY B4 %
~Y .

BPU-X 2BIT ERR :
BPU-XDRAMT2bit DAL Y B4 %
~Y.

BPU-A FAULT
BPU-B FAULT
BPU-C FAULT

‘| F4n ,¥26,B4
-| F4n+1,¥26,B4

F4n+2,V26,B4

BPYU-X FAULT :
‘BPU-XA' Wt R CH B L 2 RT.

‘BPU-XDREFERBERRT .
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#2.6-1 FURARY (2/2)

TV=h, €y}

FUARNUKH . 2] , B

OUT MODE FAn ,U26,B1~B3 [ X5 v N HE—K %R,

SELECTOR MODE | F4n+1,W26,B1~B3 | i H B O BIN & i3 .

A DISAGR F4n+2,¥26,B0 X DISAGR : _ .

B DISAGR F4n+2,W26,B1 OBCH 1 DF — B LCELL-XD F— & O
C DISAGR F4n+2,V26,B2 F—HRBEERT.

A/B DISCON F4n ,W26,B5 X/Y DISCON :

A/C DISCON F4n  ,¥26,B6 CELL-XACELL-Y2 SR L 2 L 25T,
B/C DISCON F4n+1,¥26,B5

B/A DISCON F4n+1,¥26,B6

C/A DISCON F4n+2,¥26,B5

C/B DISCON F4n+2,V26,B6

BPU-A. DATA F4n ,W28,B0~B7 | BPU-X DATA : _

BPU-B DATA F4n+1,V28,B0~B7 ‘BPU-XD B RV DF—H

BPU-C DATA cCELLYMEHI—K

F4n+2,¥28,B0~B7

CELLBEERANEI—K

R2. 6—2 CELLORBLCELLASDF— X OB

BPU-X FAULT | X/Y DISCON . BPU-X DATA DATANZ =
YES YES CELLEFERAENE | £2.6-3(4). B)BW
YES NO _
NO YES CELL%) B th #2.6-3(C) B8R #1
NO NO FAIDF—-32 | R2LE-IDBR :

7 1) DISCONZE4 & SLICCELLA REM M A L Eh 5 X, —EEM#% (Lsh-}
8k, 2kbps T it #y2sectR, 256bps Cld#y16sect) B AV DF—F HHIc
GyEDb2. ‘ :
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#£2.6~-3 BPU—X DATAZEWKAMT (1/2)

(A) CELLMEB4EABZI—K (CELL-X&%)
B7 |B6 | B5|B4 | B3 |B2|B1|BO
BPU-X iRVARVARVARVARVARY; LR%
DATA O[O ]o |0 [0 J0 [0 |0 0:ER
| CPU/ROM/RAMBRHE (A57h7VsMIMR4RILTE)
CPU/ROM/RAMSRH (V&-bo-F/uys038)
CPU/ROM/RAMBLH (CELLFH:HEf545)
CPU/ROM/RAMRH (E0Dt)
DMACR %
flin-FRE
7%)
(CELL-XR# 2 xRT. )
* BO~BTETLRTINDEHA. CELLO#HHER CHE L ¥R T .
(B) CELLMERENAI—K (Input/OutputIfVRHE)
B7 | B6 | B5 | B4 | B3 |B2|Bl|BO
BPU-X VARVARVARY 1:R%
"pata J1]ololo]o |o|o o 0O:ER
]_ TRV A BTV RE
HWRIVIMADIRR
LOFUARYA S35V RRE
A FUaM IV R
(7%)
(7%)
7% ,
(Input/Output {YREE*RT. )

(C) CELLu4BEBa—K
B7|B6|B5|B4|B3|B2|Bl]|B0O :
S S RVARVARVARVABVARVARVA RV, AR
pataA o0 o o |o |o |0 |0 o 0:IEH
I__CELL-YME\%
CELL- YA W%
CELL-Y7-3 RH
CELL-YZ O fth SR8
CELL-ZfE &%
CELL-Z:A % it %
CELL-Z7-3 RH
CELL-ZZ DL R %
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#2.6-3 BPU—X DATARKMY (2/2)

(D) BPU-XDIRIDT—2

HE 1-F (HEX) HNE
00 KA
Rrgb7t-39h1 01 AygbsUARY72~T2No. 1
02
~ P3|
10
Fuf3h0-F 11 - | 7u¥34n-Kep
T e 12 F-3EHh
JuiInEsT 13 TusIasE TR R H
Y 14 JE-ho-F1uIA3 AR AR
N ETLALY: P 15 Frod¥at IR
16 E3d: .
Jus365v7 17 SIVETS Py EEPIE 4]
18
~ KA
1D
ECCAst 7ud3an—F 1E ECCAPFul7an-FavyK S8
ECC%: L uf3A0-F 1F ECC7e L 7nY3An-K1RuR 32 8
Juf3an-Kz5-& L 20 BCCAFus3An-Kra, O-KF-3Dbit1i-BL
Juf7A0-F1bitLi- 21 ECCAt7nsan-Fep, 1-F7-3D1bitri-Rifi. TE
Fn¥3A0-K2bit1i- 22 ECCAF7oY5An-Kep, o-F7-3 D 2bitri-RH
23 K& H .
REIRUF 24 BEXATVWREVWIRIEFADZ .
25 '
~ | keEm
FF
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3. x

(1) EBRetEE
oy Y AR :8 MH:z
c ARURR
ROM :2 Mbits
RAM :512 Kbits+EDAC (256Kbits)
cAHAES tBW3-11xRY.
*AJd5 (DPU) : . .
E58 :DPURSHABESN NRZ-L YUZNF—4
F— 3 B\ : 8 bits/word, 128 words/frame, 256 frames/major frame

¥y hb—hk :18192/2048/256 bps
c ANEE (LO)

IER=E: WA —-EHRAHKF—&
F— 3 R : 8 bits/vord, 1 6 ‘words/frame
v hb—Fk 164 bps
c HHES _
e :CCSDST7h—7uh MEroRFUARY
Ey hb—k $:8192/2048 bps
(2) #HAHEE _ ' ‘
- HREH :1. 85+0.5 W
- B 12,484 K
- s CiE3-2iRT.

‘HEMSEEEE :-10C ~ +50%C
- REBRIFEERE :-20TC ~ +50C
- AR RN H :-80C ~ +60%C"

FUAMURS (NRZ-L)

O B C AryhiUARYEE (NRZ-S,Bid)

FUAMIEE (NRZ-L) L O

B3—-1 AHHBESHAH

86



EB®4od0 2 tHE

(w75 ETRE)
TR Rl E
oge

)
tee

€l

_ b
ﬁ

2597

.

GULT L-=Lecyeiy

259
CozpS

seb€

gLl L
BW4TT

o/

zr01Z

1 — |

nen,

IO

bzz

27 V€2
>V

xé‘m

ﬂolle,

-87



4

. BhiE
(1) OBC Power On EHfE

(2)

(3)

B4-14c 0BC % S UK CELL @ Power On Ik Z2RBEBETRY.

CELL BhfFE— K ‘

X4-2ic CELL BifFE— FORBEBR2RT . A1 =>¥54X1i32H CELL @
N—FEoz7onHit,. SRLHFEOLDDILI IV TEdDLYE, T-AH—F%
F9, 4A=2>%F34 X285y bFLAMIBEBLLBYE—bO—FT 4>
TEEFTI20CBERIMEETI. Iyy bFLAMVEHR, VE—- PO
FA4YIORBMICOWTIR22A, 2.30TEREBY TH S,

Ky hFULANYRH .

NREYRFPFUAMIBRBE—DORBIBIETTHY ., By bFL A
MY ZRBLETS., R bPFLAN)OFEMTI A -7y b ERLE-ICTRT .
RrobFULAMIBRCSOWTHEERT -2 THIHBTLVAMY, LOFL A
FYIAD#AVIRELEBSR, FULAMNVORMa-RiICEURELLI UL
—LHDFUVAMNITF— 22 HREETS, COMBBIBERGIKAILEFLV ALY
F—Risnidsh D,

Ky hFUARMNYVOREMS A YBRA-AICRT LD, FEH L 2B 0Voter,
Selector Kk Y HKZh, 3D2DE—-FK2HD, TN HConv. Code Modeld FF

CBLAHRA (JPL or GSFC) % EH 3, Out Mode IXCELLA S D17 — & Packet

(4)

(5)

Telelemetry® % Modified Voter, BPU-A, BPU-B,BPU-COWT hDF— R LT 5 H
*EH 5. Selector ModeiZ0BCAH 5 o it J15F — Z Packet Telemetry@ % Voter,
MV-A MV-BMV-COWThOF— R L350 %EHD, BE—-FOBREHERLS
HTRREAYTHS,

VE—bO—-F4 Y

H4-5KVE—bO—F4 v 7OoBFORBEBE2RT., SHFRBoNEIR2.
JJATRREBAVTH D, N

FAULT , DISCON #h{E
Bl4-61c FAULT BfFORMBEB 2R ¥ . H4-Tic DISCON BifFORBEB %R
o . ' .

MWL S TICH CELL ORE, ALNEBROREERE UERICR /-y
FFLAMNYOREEENH ST 228 FAULT RBELDd, REOREVWIEL,
ERBEAORBFIEATAL WBAKRY £y bASD B, T L THMENR
TLE®, BULLKRBREWBEARBLEHRIC FAILT RBIMERZH S,

HE CELL oRFEE2RLLEBCIBES 2T 5725 DISCON RBEL LY,
MBS V2 LTS, DISCON RMBIX 1 0~2 OsecBAKE., TO®RBRZh
5, TLTEEHE CELL ORBERZMET . REEZRBLEBESCRTE
DISCON KRB & 3,
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[CELL-A on] [CELL-B on [CELL-C on]
smGLEﬁB CELL CELL
| L¢3 ZQ%M# IBHBIE
) LL—A OFF] [CELL'B OFFJ [CELL—C 0FF],¢

R

[ J:a=wvRk
( ) :a<wvEmM
«1 CELL ON/OFFIZ0BC OFF U 7=F3 D iRMR % (R¥% LTWwWA=, 0BC ONIc &Y

4-50WThHrORBICBITT 3.
*2  CELLOON/OFFIZA%ICA,B,COMTIT ) B A,

u4—1pwm0N3kat;§*ggﬁ

Ui-bq;zi\!éﬁ?il

o

O HRERSREAT)
(BC) R
\ o
(00) (o)
{CELL-X OFF] [CELL-X OFF]
(o0) '
[CELL—X ON]

*]  HCELLASEICBMIRMICH Y, BiEE—KAUE—ho—F 4+ Y TOB4A.
MbHE CELL BRYB—hO—F 4 »TE—KEBITT 3. T74IVRE
Ryo hTFUARIRBRE—KTHS, .

14 —2 CELLE#®—KIRBEB
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TRANSFER FRAME PRIMARY HEADER : TRANSFER FRAME DATA FIELD—I ;
SYNC | FRAME NASTER NIRTUAL FRAME ’souncs}souncagsounctz;souncaguDLE Rezn-sownowén
MARK | IDENTIFICATION CHANNELCHANNEL DATA FIELD STATUS PACKETPACKETiPACKETiPACKETiPACKETCﬂECK CODE :
Ver.S/CNirt.Dper .FRAME FRAME Gec. Bync.PacketBSegmentFirst #1 : #2 : #3 : #4 ; :
# (D Chan,Ctrl.COUNT COUNT HeaderFlag Drder Length lleader . : : : : :
ID Field Flag Flag ID Pointer = : ‘l : ;
Flas L z
Byt 6Bytes 11098y tes 160Bytos——i 1Byte
1280Bytes
TRANSFER FRAME PRIMARY HEADER SYNC MARK .
. s ®m 8 bigF-slhws [ g B [ ;8 bR F - 5 |w#
Ver. # 2| 00(e) SYNC MARK az[1a, cr, Fe, 0 W) [ |
FRAME B/C 1D 10 01 (H),
[IDENTIFICATION Virt, Chan. ID 3l 000(8)
. Pper. Ctrl. Field Flag 1 0(8)
MASTER CHANNEL 8 [0~255(D)
FRAME COUNT
VIRTUAL CHANNEY 8 0(D)|
FRAME COUNT
Kec. Header Flag 1 0(B),
FRAME Bync. Flag 1 0(B))
DATA FIELD Packet Order Flag 1 0(B)
STATUS Begment Length ID 2 11(B))
First Header Pointer 11 0(D)
F4-3 KAyobFUARY - IA—%w k
Sg:;' Out : Selector
imwode | cpui-A node node
i Packet
e [T ety Do I
: : -A (=Modified” |Sel i Packet
Pt | B |
HCELLA S 0 YO e oTER d | SELECTOR)
Packet Telemetry® : i Packet
(=8PU-B, BPYU-C) > : _é__‘l'elenetry@
CELL-B,
JCELL-A kA L) EE
CELL-C
(CELL-AK A L) (=rv§cm71)

*1 Selector-A I3 Modified Voter-A DBEO—DTH 3.

Ba-4_ A0y hF LA RYBEHR
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Jay5a0-F PLVETY 2 AN B TETY 54 $19984
(ECCz L) ' Hh
(BC) (8C) (BC) “(BC) - (BC)
[7073540-F] [F-35%1) (fo7585%17] [R23231Y: 5] (707508071

: k\ - (WA j)

(BC)
[Ye-bo-FooIRT1 -

sl JUS5A3M(ECCH V) DRBICBITF B &M L LTt 120k
[727540~F] % 3% DRI [ECCAE Tul3A0-R] D Tns) 32k Ak S h T
WAL SBETH D, .

B4-5 YE—hro—F4 v IHERBEB

o Amm(ins : 8
Xif RH#SE HECLRR
RERBLE ' N
1% [CELL-X -RES] (BC) ARAR

*1 DIS-CONNECTBSMW = 10 ~ 20 sec
B14-7 DISCON RARME

: )
[CELL-X ON)
| FAULTAMIMHEIC K20, RBICXZLDON
: REB»H 3L 7UAMTBPU-X DATAJDRETIFS. .

A0 2 SHIE, non OBRETH 5.
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5. £RHEA (RV)
OBCTHIIERIUTOLBBICKYTEZS,

(i) o hFLARNUER
(i) Z#—IWW KRRV RER
(i) VeE—bha—F4 v JTER

BERICODVWTUATILRAS,

(1) 74 9 hF U A RUER

(a) CCSDSI7a—Tw kv hTUAKNUERAER

OBCIVYEZELBZ Ay hFUARY R EBBETHS Rro hFL R
rUNEEE) C, XE/ABETD.

(b)) ZEMZ o A4 H—HER .

NED (DSNBEE) TRRBULEAYF Yy MF VAR EBYREEICEEL.
BAICEBRALT, HERKCHS2 Ny hFUXA RYREEE C. BadL/
MHET.

(c) Reed—SolomonBSER

AEMTEBMYBEC Y FL—Kk (8192bps) TRy hFLURARIE
%&ﬁb\f Reed—Solomon®BE0HELRET S,

(2) Zx—Wh L3V AER

(a) ABHTF—KR
1CellXi¥2Cel IKABMTIIF—(4LLEE. OBCOI+—NIE

VS VARBRT 3. ABARITS— 2B XE34HBE LT, UTFTD2o0%

(i) a=YKFik&k3dHh#%k
HEDCell DBHELXOFFLEY, Reseti#its,
(i) YE—hO—F4 ¥ T kB4
JE—RO—FAVTREY, BEDCel 1 IKTS—2REZHES
TadSLEANT S,
(b) 24 —WEREF—-3BWBER
OBCOFUVARIBBIVATD 74 —IKEF—20WB/ERETD. &
2. TALDARYNDOBEFHELMUSES-ADKE (BE) rtoHBs*®R

~R5,

(i) RAMOD1EY R/ 2y hT5—R4EHE
(i) SvF7v TRESE
(ii) Cel l DM EBAHE
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1. 4 HX - B — (MDC)

1. HISTORY OF MDC

The MDC project started during a visit by Prof. Igenbergs to
ISAS in 1987. Prof. Hayashi of ISAS offered Prof. Igenbergs
the opportunity to fly a scientific experiment developed at
the Lehrstuhl fir Raumfahrttechnik (LRT) of the Technische
Universitdt Miinchen on the MUSES-A satellite.

The following structure to manage this project was

subsequently established:

Promoter Technische Universitdt Miinchen
Lehrstuhl fir Raumfahrttechnik ISAS
Industry
(BMW, Prof. Igenbergs Dr. Hidepohl
MBB,
IABG)
BMFT MPI LPR " |pr.nide| |Dr.Hide| |Dr.Hide
Griin Koller pohl/ pohl pohl
ESA Kessler
MEZ
& 3

|
| | F l
|ZARM I ESTEC Kayser [}ABG l IMBB . 41
Svedhem Threde

Contractors

Fig. 1. Management structure

MPI: Max Planck Institut fiir Kernphysik, Heidelberg

LPR: Lehrstuhl fir Prozefrechner, TU Miinchen

MEZ: Mikroelektronik-Zentrum, Ruhr-Universitidt Bochum

ZARM: Zentrum fir angewandte Raumfahrttechnologie und Mikro-
gravitation, Universitdt Bremen

BMFT: Bundesministerium fiir Forschung und Technologie
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The experiment aims to detect and count dust particles in
space. ' ‘

There are several methods to measure small dust. particles in
space. After an evaluation of different methods the decision
was made to use an impact charge measurement, as this method
allows the measurement of the velocity, mass and approximate

flight direction of small dust particles in space.

In summer 1987 the engineering model {(prototype) was don—
structed, and, after several tests and calibrations, the
first flight model was built in June 1988.

After environmental and mechanical tests at IABG and Kayser
Threde, electrical tests at the European Space and Technology
Centre (ESTEC) and calibration tests at the Electrostatiq
Dust Accelerator of MPI, the first compatibility tests were
made at ISAS.

‘A second flight model was built as a flight spareﬁiand the

same tests were performed as on the first one.

2. THE MEASUREMENT PRINCIPLE OF THE MDC

The MDC measures the electrical charge generated by the im-

7g to 10_159) at velocities between

pact of small masses (10
1.0 and 70 km/s. » i ) v
If the impact velocity of a particle is higher than the sound
velocity of the particle and the ‘target, the. impact will
generate shock waves in both objects which will induce a very
high pressure and temperature. At high pfessure and high
temperature the particle and the target material start to
melt, vaporise and the vapour is ionised into a plasma. -

The basic setup of the MDC consists of a target and two
charge collectors which are biased by positive and negative
high voltage respectively, building up an ‘electric field.
This electric field seperates the impact plasma into posi-

tively and negatively charged components.
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The negatively charged components of the plasma (electrons,
negative ions) are then accelerated towards the positively
biased collector and the positive ions are accelerated to-
wards the negatively biased collector.

Connected to the charge coliectors are the charge sensitive
amplifiers which convert the input charge into an output vol-
tage.

DUST PARTICLE

CHARGE CCLLEUCR\L- EHARGE COLLECTOR
+ 200 V o— | ——o0 - 208 V

Y' |

CHARGE SENSITIVE AAPLIFIERS

—_—

L ———o L ———e

Ness. neg. 1mpoct chorges Neos. pos. Impoct chorges
Fig. 2. MDC Measurement Principle

For each charge signal amplitude and risetime are evaluated.
The mass and velocity of the dust paricles have to be cal-
culated by the following empirical formulae, first found by
Friichtenicht:

|
Q
EJ
<

b~
2
R
iy

Qmax 2.3 < p <13.7
Qmax/m = Cp Vp; t =C, Vq

therefore for the ion channel (I: ion):
leax/ml = Crl ' lel: tl = Cgl ’ vlql
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and the electron channel (E: electron):

Qemax/My = Crp V=p=7 tg = Coe qua
Cerr Crer P1+ Pe: 01, Ny determined by calibration.

Qnax: Maximum charge in ion/electron channel
t: rise time of the signals in ‘ion/electron channels,
determined as the time between a 10% value and a 90%

value of Q... in microseconds.

'The mass m and velocity v of the impacting particle ‘are
determined by the following two equations. Since we have two
sets of t and Q,., Vvalues for the positive and negative
charges, two sets of particle parameters can be derived.
(tl/ch)l/rh My = Qrmax/(Cqr * prx)

(tg/Cyq) /e , Me = Qemen/(Cyr * veF®)

Vi

Vg

By comparing the two values m; and mg, and also vy and vg,
further information may be gained and the accuracy may be in-

creased.

Average values for mass m and velocity v can be calcuiated:

v =21 Ve I: Ion.

E: Electron

This method also provides a redundant measurement system, we
still get impact data from one channel, if the other channel
fails. "

The MDC has been calibrated by using the Electrostatic Dust
Accelerator of the Max-Planck-Institut fir EKernphysik in
Heidelberg (MPI) with masses between 10-15g to 10_10g and
velocities between 2 km/s and. 45 km/s, and by using the

Plasma Accelerator of the Lehrstuhl fiir Raumfahrttechnik of
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the Technische Universitat Miinchen with masses between 10—7g
to 10_10 g and velocities up to 20 km/s.

Charge of impact No.: 32 BE S Inpact Status:
IHj i EH| L. . .
Charge (% 1e-12 Cb) S h Vi &%

-6V i =6.37
+300v:  209.2
-200v: -210.6

lon dath  Elpctron data i Stand. Fal.
; ; : ; : : H

r}_.,—"" ilts : nextsprev in
: ; H {|SF1: Togale Help
: : ; JE 1% lones

F 6
F 78 ry dump
F 8: HDC Quality
HRH luse
o

'@'ij’ lé‘limlus!

! Main menua

Fig. 3. Impact measured at MPI, v = 32 km/s, m = 6.75-10 Og

The accuracy of the calculation of the mass is at a factor of
#5, since the MDC is able to measure 8 decades (10 'g to
19—;5g), the accuracy is about 12%.

Thé accuracy of the calculation of the velocity at a factor
of *#3 for slow particles and *1.5 for fast parficles.

The scatter of these calculated values is dependent on the
shape of the impact particles, also the caiibration was made
by irregulér shaped particles. It is also related to the
relation between the density of the particle and the target.
The shape of the charge signal may change by oblique inci-
dence or impact in a corner of the sensor box. This influence
can be recognized because we get two signals, one from the
ion and one from the electron channel and can compare the
shape. '

The impact of charged particles has no influence on the
measurement, this was tested during the calibrations of the
MDC.
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3. DESIGN OF THE EXPERIMENT

The design of the MDC was constrained with the following

items:

:qéize and mass of the experiment
- power consumption

. - measurement principle

- interface to the satellite.

SENSOR -BOX
Ultre low-weight
Alu-NOMREX-Honeycomb
Inside Gold ploted

Pos. Cherge [{on) ’ .
~"Col lector A

7 .
-H- ? Protecting
| Nesh
44 | Terget Ares

Neg. Chorge
lElectron}
Collector

ELECTRONICS-BOX
Low-weight
Alu-Alu-Honeycomb
Rod. -shielding

Fig. 4. Outline of MDC mechanical design
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3.1 MECHANICAL DESIGN

The mechanical design of the MDC meets the requirement of
size and mass of the MUSES-A satellite, the wéight of the
instrument should be less than 800g. The material used for
the structure of the MDC is Ultra low weight Aluminum -
Honeycomb, which is also used for many spacecraft.

The MDC has a 50um gold-plated target on the rearside and a
20pm gold-plated target on the other sides.

160.0nn

160.0mn

L]

100.0mn 110.0nn

Fig. 5. Dimensions of the MDC box
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3.2 ELECTRONICS DESIGN

The design of the MDC electronics is related to the measure-
ment principle of the MDC and the interface with the MUSES-A
satellite. It also depends on the power consumption of the
experiment which should be less than 2.5 W. A ' '

The charge signals from the charge collectors are converted
into a voltage signal in the charge sensitive amplifiers. The
amplifiers consist of charge amplifiers and logarithmic
amplifiers, switching two ranges.

The charge4signals.of both channels-(electron and " ion) are
digitised and stored in the transient recorder. Theltransient
recorder consists of two 8 bit A/D convefters (Type MT 7684),
clocked with 5 MHz each, sforing the data in a FIFO memory
(Type IDT 7202A, 1k x 9bit). ' B

A microprocessof system, 'éonsisting of a 80C85 raéiation
hardened CPU from HARRIS running_at a clock frequencyiof 1.8
MHz with 2kByte ROM and 32kByte RAM, controls the measurement
process, classifies the data and sends them to the spacecraft
interface for telemetry.

The housekeeping system uses the ZN 437 chip from Ferranti to
monitor the +5 V, #6 V and *200 V voltages and the tempera-
tures of the sensorbox and the electronics. The temperature
sensors (PT 1000) are located at the bottom of the sensorbox
and on the housekeeping board inéide the electronics. '
The switching power supply Bf the MDC uses 29 V input to
generate a *6 V output for the charge sensitive ampiifiers
and %200 V for bias voltage of the charge colléctors. It runs
at a frequency of about 100 kHz. .

The satellite interface uses CMOS buffers (40 - series) for
all input lines from MUSES-A. It generates a 2byte MDC status
output. ' '
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CHARGE COLLECTOR - - "1 CHARGE COLLECTOR
v 208 V o—— ) ——o - 208 V

| | TARGET
— T »
CHARGE SENSITIVE CHARGE SENSITIVE RaGE: 1073 . 10700
ARPLIFIER AMPLIFIER LOGARI THAIC
ELECTRON CHANNEL 10N CHANNEL SVITCHING 2 RANGES

TV0 B-bit A/D CONVERTERS
2 CHANNEL TRANSIENT RECORDER SAHz SAAPLING RATE / CHAN.
’ AEACRY: 1k x Sbit
CPU: BBCBS RAD.HARD
MICROPROCESSOR - SYSTEM ROA:  2hbyte
RAA: 32kbyle
HK AONITORING:
L HOUSEKEEP ING TEAP.: BOX + ELECTRONICS
VOLT.: «SV. +/-6V. +/-200V

ANALOG VOLT,
/- 6V O— )
waivor, | POVER - SUPPLY [ SAT. - INTERFACE
. +/- 288V O—j N
7
< < é_ [0 g
S sl o] 2 =
g 8 sz
> ~ <
& z 2| 8|4 3
MUSES - A

Fig. 6. MDC electronics design

3.3 SOFTWARE DESIGN
The software design depends on the interface with the satel

lite and the measurement functions:

- check of the MDC, after switch on or CPU reset,
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- block command handling, -

- telemetfy handling,

- control of the transient recorder,

- evaluation of measured charge signals
- housekeeping data and time handling

- 4. REVIEW OF THE TEST RESULTS

Before the MDC is launched on the MUSES-A satellite, it has
to pass several environmental .simulation tests to make sure

that it can survive the launch and the space environment.
4.1 COMPONENT TESTS

The MDC flight model (FM) and the flight spare (FS) were sub-
jected to a thermal test with the temperature varied from
-40% to +60% C. The FS passed also a thermal vacuum test-at a
pressure of 7-10_5 Torr and the temperature varied from --_250
to +50° C at Kayser Threde in Munich. -

The MDC ehgineering model with dummy electronics performed a
solar vacuum test in the space simulation chamber at. IABG in
Munich to confirm the design of the sensorbox.

Both MDC models (FM and FS) passed a vibration test according
to the specification of ISAS: )

Random test at 19.78'ngS for X- énd Y-axis and 14.78 gRmsS
for Z-axis lasting for 30 seconds and two shock tests with 25
G each, lasting for 10 seconds.

4.2 SYSTEM LEVEL TESTS

The MDC FM passed all system environmental tests‘inciuding a
thermal test, a thermal vacuum test, a vibration test for
each axis and two shock tests . {one simulating the launch and
one simulating the separation of the lunar orbiter), inte-
grated on the MUSES-A satellite.
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5. MANUFACTURE AND DELIVERY

The MDC box was designed by the LRT in cooperation with MBB

and manufactured by MBB. The electronics was designed by LPR

and MEZ in cooperation with ESTEC and manufactured by ESTEC.
The integration of box and electronics was done by Kayser
Threde in Munich. After the environmental tests on component

level, the MDC FM was delivered to ISAS in September 1989.

6. OPERATION OF THE MDC
6.1 MDC STATUS INFORMATION

A two byte status information is generated by the MDC based
on the following timing diagram:

2 —
FormaT. 8 —d . .
e T B U W B W W B
MOC OATA (ENA)
4T ckomoe) MG - — - - ~ - - = —-=—=--———-f§- -~ Il
(.
. FRAME mO™ N A ETITE N ST ST G G Y

Mac OATA our ‘ [Tz _ 777 7777 @S YZ] F7777:

S F-a (2°) Jvkﬁ}\fuuwwmmu\mnmnmmm
Frane idotion

,,au] Frd () L — b e L

F-h Q)

Fig. 7 : Status and Telemetry timing

The first status byte, word 30, is always valid, the second
status byte, word 31, is valid only when MDC is switched ON.
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The contents of the two status bytes are as follows :
WORD 30 Bit 0 Not used, connected to ground

1 Not used, connected to +5V

2 Not used, connected to +5V

3 Not used, connected to +5V

4 Not used, connected to ground

5 Not used, connected to ground :

6 MDC HV ON (Bit 6 = 1) / OFF (Bit 6 = 0)
7 MDC ON (Bit 7 = 1) / OFF (Bit 7 = 0)

WORD 31 Bit 0 Temperature out of range, if Bit 0 =1
High Voltage out of range, if Bit 1 =
Analog Voltage out of range, if Bit 2
MSB of '

1
=1

Impact Count

NoOO W

LSB of

Bit 0 is defined as the first bit in the serial data trahs—

mission and is also defined as MSB side.

The range of the impact count is 0 ... 31. As the MDC can
store a maximum of 23 impacts, the other impact count numbers
are -used for several messages giving additional status in-

formation about the MDC as follows:

Inmpact count 0 .
. 1 :}— number of stored impacts

24 Continous interrupts,noise alarm

25 Telemetry synchronization error

26 Block Command synchronization error

27 Block Command enabled )

28 Block Command correctly received, waiting
for BC EXE

29 Test pulse handling in progress

.30 Time sync handling in progress

31 MDC CPU reset

Message 24 (Noise Alarm) is showing, when the MDC is recei-
ving continously charge signals, indicating that the trigger
‘ level is set to a too low value, being within the noise
level.

Messages 25 to 31 are reset after approximately 10 seconds,

then the number of stored impacts is given again.
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6.2 MDC TELEMETRY

The MDC generates a serial data output when receiving the
FORMAT_8 signal. Output is controlled by the F_H and the
MDC_DATA_ENA signals. MDC continues to output data as long as
FORMAT_8 and MDC_DATA_ENA signals are high. In one frame MDC
data is output in words 30 and 31 (status information) and
words 32 until 127 (data). MDC sends a copy of its internal
memory starting normally at address 8000h. If there is a
memory fault or if the telemetry start address has been
changed by block command, this address may change.

To avoid transmission errors the address of the sent data is

also transmitted in each frame:

Word 32 : MSB of address of data
33 : LSB of address of data
34 :

. :}— data (contents of MDC memory)
126 :

_ i=127
127 : Checksum : [ z 4 ] MOD 256 = 0
' i=32

6.3 BLOCK COMMANDS

The MDC accepts Block Commands as serial data input:

_ Dl u__(__2_§‘_1|?_m5 Minimum

r—DC (BC tnA-8)

sc - | o
o250 ms M;hg .

03
-

MsB
B¢ CODE (HDC) B2 !:[Bx B, |B4Ps] b:le [Ba]B[B,]8;5]84]|85]|B4[69]
] 4

Masec

BC LK (hpC) I l ' ‘ I ” I I ” l ”
4 s . f T
Slavee  M-Spsec Y

I
BC AT Hoe) 'l:lL_,, ) R

psec '

P L
g

PR P37

L
o

Fig. 8 : BC Timing
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Block commands sent to the MDC must be in a format similar to
INTEL-Hex-Format. The general layout of a MDC block command
is as follows:

Byte 0 : Length of .data n

1 : Address MSB

2 Address LSB

3 : Type : 0 = data ; 1 = address

4 :

.. :} Data (if type 0)

n+3:
i=n+4

n+4: Checksum : [ 2 di ] MOD 256 = 0
i=0

MDC stores block command data in a buffer at memory locéfion
FDOOh. Block commands are executed, if the signal BC_EXE is
received and if there is no checksum error in thé received
data. )

Execution of a block command by the MDC means thaé'fhé data
{bytes 4 until n+3) is stored at the ‘given address (bytes 1

and 2).

6.4 COMMAND INPUT TO THE MDC

The following commands are used to check the condition of the
MDC:

Discrete commands:

- MDC ON

- HV ON

- RESET: resets the MDC CPU
MDC
HV
IMPACT 31/0
TEMP OK
HV OK
AV : OK
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TEST:
generates two test pulses which are stored in the me-
mory 1like a real impact. The test pulses are only
stored, if the trigger level is lower than 34HEX, else
the impact count is 29/0.

MDC
HV
IMPACT 29/2
TEMP ' OK
HV OK
AV OK

SYNC:
synchronizes the time of the housekeeping time stamp
with the MDC actual time.

MDC

HV

IMPACT 30/0
TEMP OK
HV ‘ OK
AV OK

TELEMETRY READOUT (FORMAT 8):
sends the Data from the MDC memory to the operation
terminal. Data transmission starts with the address
8000 HEX. After the Format 8 data transmission the im-
pact count is set to O but the impact data is still
kept in memory until it is overwritten by new impact
data.

MDC
HV
IMPACT 23/0
TEMP OK
HV OK
AV OK
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Block commands:

- CH.TEMP.LIM: ) .
~change temperature limit, sets upper and lower tempera-
ture limit to the same value so that every temperature
is out of range and the temperature-out-of-range-alarm
(AL) has to be turned on

MDC

HV

IMPACT 28/0

TEMP AL

HV OK

AV OK
-  CH.HV.LIM:

change high voltage 1imit, sets upper andvlower high
voltage limit tb the same value sb that évery high vo-
ltage is out of rangeb and the high-voltage-out-of--
range—-alarm (AL) has to be turned on '

MDC

HV

IMPACT 28/0

TEMP OK

HV AL

AV OK

. L3

- CH.AV.LIM:

change analog VOltége-iimit, sé;s dpper>and lower ana-
log voltage limit to the same value so that every ana-
log voltage ‘is out ofirange and éhq anélog-voltage—-
out-of-range—-alarm (AL) has to be turned on

MDC
HV
IMPACT . 28/0
TEMP OK
HV OK
AV AL
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BC-ERR-1/2/3:
check block
ber 26), if

the impact count has to be 26.

command error indicator

a wrong block command is sent to

(impact count num-
the MDC,

BC-ERR-1: wrong checksum

*BC<ERR-2: wrong number of data bytes

BC-ERR-3: wrong number of data bytes

MDC
HV

IMPACT
TEMP
HV

AV

CLEAR MEMORY:
loads

which sets all values in

a MDC executable

reset of the CPU.

MDC
HV

IMPACT
TEMP
HV

AV

31/0
OK
OK
OK

TR-XX:

program into the MDC memory
the MDC memory to 0 and does a

This block command is used to set the trigger level of
the MDC transient recorder. XX is a HEX value, the
actual trigger level can be;calculated by the following
4 + 10HEX.

XX fanges from 00 to 3C in steps of 4.

formula: XX

MDC
HV

IMPACT
TEMP
HV

AV

0-23/24
OK
OK
OK




7. CONCLUSION

ﬁy measuring dust particles in a high-elliptical Earth orbit
-and in the vicinity of the Moon, interesting information
about the mass, momentum and the flight direction of the
micrometeoroids which strike the spacecraft can be obtained.
The observation of micrometeoroids in the region from near
Earth to the vicinity of the Moon and _beyond will give valu-
able environmental data for the future ~space station and/or
Moon exploration programmes.

This experiment may also provide interesting data for
astrophysical theories.

Estimating from data by HEOS 2 satellite, which flew a simi-
lar orbit to the MUSES-A (but in a polar around the Earth),
the expected amount, mass and velocity of dust particles in

Moon and Earth orbit per year and 100 cm? sensor area is:

a-meteorites 15 - -20
p-meteorites 150 - 200
swarms and debris 100 - 150

(Data from the Max—Planck Instltut far Kernphy51k 1n Heldel-
berqg) .

-10_

-13 10 gp‘cruising

g<m

I

a—meteofites are particles with 10
around the sun in elliptical orbits. ) ) o
A-meteorites are particles with m <tiohl3g, which are ieaving
the solar system on hyperbolic orbits caused by the radlatlon
pressure of the sun. ’

Particle from swarms and’ debrls are expected to be bigger

than 10 10

155 < m <-1077g and the

sensor area of 'the MDC is about 100 cm?, a meteoroid impact

Since the MDC measurement range is 10

every 1 or 2 days on this one-year mission may be expected,

depending on the position of the satellite.
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8| C |5 HODOFF | SMOD OF |TMS Z3§ OFF »oo=0
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% 1 v v FIgHE (2/9)
22y KB B S T v v K B B FUA L) HREH
<TMX>
4D |THK ON THX ON | THX & ON ,0-A9- Fdn+3 W10 B2B3 = 10
5| D | T OFF THX OF | TNX BB OFF Fdn+3 W10 B2 = 0
4 | E | THX HIGH PHR | THX HI | TNX n{iy- Fdn+3 W10 B3 = 1
6| D |XCOHENA | X-COH EN | TNX #-RIb-LUME-F F4n+3 W10 B7 = 1
7 | D | X COH DIS | X-COH DS | TNX Jyat-LyME-F y o =0
5| E | X RNG-A X RNG-A | SBR-A —TMX LYS % U &Li-K Fdn+3 W10 B4BS = 11
6 | E | X RNG-B X RNG-B | SBR-B —TMX LS 3 D& L E-F » = 01
71 E|xTLN X TLN | TNK TLM {Z3%E-F F4n+3 W10 B5 = 0
8| D |X oD ON XMOD ON | TMX Z538 ON F4n+3 W10 B6 = 1
8 | E | X NOD OFF | XMOD OF | TNX Z8¥ OFF »o =0
<SSW>
A | O | MGA SELECT | MGA SEL | TMS % MGAGN~EESE Fdn+2 W10 B3 = 0
B | O | LGA SELECT | LGA SEL | TNS % LGABI~IEHE o=
<HK>
c|o|Hkow HK ON | HK 284 ON Fan+2 W10 B2 = 1
C| 1 |HK OFF HK OF | WK @& OFF » o =0
<INS-SA>
6| 8 | INSI ON INS1 ON | INS-2 LASHREE ON W64n+31 BI = 1
7| 8 | Ins2 oN INS2 ON | B3, KN BIE&EVY,V6~8 77 ON W64n+31 B2 = |
5| 9| INS OFF INS OF | INS-SAZRH# OFF We4n+31 B1B2 = 00
6 | 9 | KM NODE KM MODE | V6~8,Y4Z4tli7],B3tY% OFF, P3->PKM We4n+31 B3B4 = 10
7| 9 | sA MODE SA MODE | KMtv$ OFF » o =0l
6 | A | INS CAL ON | INS CLON | 7v7$+y7L-53y W64n+31 B5 = |
7 | A | INS CAL OFF | INS CLOF | 7v74+97y-3ay OFF » =0
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x 1 a2y KEEHE  (3/9)

aw v PG| BS a2 v v F B FUAFVERHEE|
<DPU> '
1 | O | FORMAT 1 FORMAT 1| 7ua-372-79k 1 ( T LFE-F ) F4n W10 BO = 1
2 | O | FORMAT 2 FORMAT 2| 7LA-974-79b 2 ( ACME-F ) F4n ¥10 B1 = 1
3|0 |FoRMAT 3 | FORMAT 3 | 7La-374-29b 3 ( OPf1y7E-F ) - | F4n W10 B2 = 1
4 | O | FORMAT 4 FORMAT 4 | 7uA-971-37b 4 ( AEYFI99E-F ) " | Fan W10 B3 = 1
5 | O | FORMAT 5 FORMAT 5 | 7LA-372-%7+ 5 ( ONSE-F ) F4n W10 B4 = 1
6| O | FORMAT 6 FORMAT 6 | 7U2-372-27b 6 ( ONSAEUSUTE-E ) F4n W10 B5 = 1
17| O | FORMAT 7 FORMAT 7 | 7bA-372-29k 7 ( N33-59278-F ) FAn W10 B6 = 1
8 | O | FORMAT 8 FORMAT 8 | 7bA-972-%7k 8 ( MDC¥-F ) FAn W10 B7 = 1
O|3|BCENAO BC ENA O | BCA%-74 O ( OPYFLR ) ' Fdn+2 W11 BO = 1
1t | 3|BCENAT | BCENA 1|BC{3-78 1 ( OPF-% ) F4n+2 ¥11 B1 = 1
2| 3 |BCENA2 BC ENA 2| BCA#-74 2 ( OGTFLR ) Fdn+2 ¥11 B2 = 1
3| 3 |BCENAS BC ENA 3| BC{#-74 8 ( 0GF-% ) ' F4n+2 W11 B3 = 1
4|3 |BCENAA4 . |BCENA4|BC{#-7h 4 ( SSC) F4n+2 W11 B4 = 1
5|3 |BCENAS BC ENA 5 | BCA3-74 5 ( SHCI ) . | F4n+2 Wi1 B5 = |
6| 3 |BCENAG BC ENA 6 | BC{3-74 6 ( RCS 88 ) Fdn+2 W11 B6 = 1
7| 3 |BCENAT BC ENA 7| BCA#-78 7 ( AOCPIVUF ) . F4n+2 Wil B7 = 1
8| 3 |BCENAB BC ENA 8 | BCA%-74 8 ( AOCPTELZ ) F4n+3 W11 BO = 1
9|3 |BCENAS BC ENA S| BCA#-78 9 ( AOCP/U574 ) F4n+3 W11 Bl = 1
A | 3 |BCENA A BC ENA A | BC43-74 A ( OBC ) F4n+3 W11 B2 = 1
B | 3 |BCENAB BC ENA B | BC{#-71 B ( MDC ) FAn+3 Wil B3 = 1
A | 2 | BC EXECUTE | BC EXE | BCEfLT —
9|2 |8CDIS BC DIS | BCA#-71 #eB% N
8 | 1 |TI RESET T1 RESET | TIveyh (ALLO | ===~
0| 2 |BIT HIGH BIT HI | EvbL-b 8132 bps F4n W11 BO = 1
1|2 |BIT MEDIUN | BIT MED | EvhL-F 2048 bps FAn W11 B1 =1
2| 2 |BIT LOW BIT LOW | Eyhu-b 256 bps Fd4n W11 B2 = 1
9 | 1 |ALL CLR ALL CLR | OP,0G 8y Eg~THF |
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% 1 vy KEHE  (4/9)
X|Y|a=vFEg g5 I <2 v F B f FUL A M)RBEA
<DPU>
3|2 |op cLR opCLR |oPwyT |
4|2 |op START | o STRT |oPseiveuta F2n+1 W7 BO = 1
5|2 | op stop OP STOP | OPSZATH L =0
6 | 2 | 0P CONTINUE | OP CNTI | OPMkAEL T noo=1
5|1 |CORRENA | CORR ENA | 13- ETIE43-73 Fan+1 W11 BO = |
6| 1 |CORR DIS | CORR DIS | 13- ETEFA1-7H » =0
7| 1 | ERR RESET | ERR RST |z3-wesr |
O | 1 | SK-REAL DPU | SX-RL DP | THS,THX TDPU UTHI-5% {5k Fan W11 B3~B6= 1111
11 |S-REALLO | S-RL LO | THS TLOD#-§ iRk Fan W11 B3B4 = 10
2 1 | X-REAL 0BC | X-RL 0B | TMX <TOBC F-5 %{zi ‘[ F4n W11 B5BS = 10
3|1 |sREP |SREP | THS TRRAF HiE F4n W11 B3 = 0
4|1 |X-REP X REP | TMX CR&F-5 RERE F4n WI1 B5 = 0
7 | 2 | REC START | DR REC | -5 AoiRbAEs Fan+1 W11 B6 = 1
8 | 2 | REC/REP STOP | DR STOP | #-5 BRSR% & ORI O BHER I o =0
B |2 |RD I/F OFF |RDIF OF | RDSEEHIVVKZ U EIRAOEH OFF F2n+1 W6 B7 = 0
<OBC>
5| 4 | 0BC ON 0BC ON | 0BC “G#& ON F4n %26 BO = |
6 | 4 | 0BC OFF 0BC OF | OBC TR OFF » o =0
5|5 |CELL-A ON |CELA ON | CELL-A B3 ON F4n W26 BI = I
6 | 5 | CELL-A OFF | CELA OF | CELL-A &l OFF » o =0
5|6 |CELL-B ON |CELB ON | CELL-B 7&#i ON F4n W26 B2 = |
6 | 6 | CELL-B OFF | CELB OF | CELL-B % OFF » =0
5|7 |CELL-C ON |CELC ON |CELL-C G ON F4n %26 B3 = 1
6 | 7 | CELL-C OFF | CELC OF |CELL-C %R# OFF » =0
7 | 5 | CELL-A RESET | CELA RST | CELL-A Yth Fan+3 W26 BO = |
7 | 6 | CELL-B RESET | CELB RST | CELL-B vth F4n+3 W26 Bl = |
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2wy FEHAK (5/9)

X|Y|a=vF4& 227 2 v v F B f FULAPYEREHAE
<0BC> ’
7 | 7 | CELL-C RESET | CELC RST | CELL-C Ytsh FAn+3 W26 B2 = 1
7|4 |o0Bc RESET | oOBCRST [oBCYF |
5| 8| 1/0°F RESET | IF RST | 1/0 4vs-yrfz vt |~
<AOC>
9 | 8 | AOCE ON AOCE ON | AOCEQZ&H# ON F32n W13 80 = |
A | 8 | AOCE OFF AOCE OF | AOCEQ @ OFF noo=0
9| 9 | AocP ON AOCP ON | AOCPOEH ON F32n+1 ¥13 BO =
A | 9 | AOCP OFF AOCP OF | AOCPDEF OFF - » =
B | 9 | AOC NORMAL | NRM MODE | /-7hE-F T 4B F8n+d W17 B6 = 1 -
C | © | SW STANDBY | SW STNB | 779y-yay)7h ORATIIN F8n+4 W17 B5 = 1.
O | A |sWRCS GO | SHRCS GO | AOCPR: & HRCS 1404 BaK F32n+17 W13 B6 =
A A|HRCS GO | HHRCS GO | BC i< & BRCS HIEH% bk F32n+17 W13 B7 =
B | A | RCS STOP RCS STOP | RCS il 2 3.k F32n+17 W13 B6B7 =00
C | A | AT-STOP ENA | A-STP EN | 6 s=80° TRCS ##H% B®FEFL - F3gn+17 W13 BS =
D | A | AT-STOP DIS | A-STP DS | LIZtRfE%MRER " =
O | B | SUNAC ENA | SUNAC EN | EIEARRHESZEHAE ON F32n+18 W13-Bl.=
A | B |'SUNAC DIS | SUNAC DS | BIEnARR IR iAE OFF o =
B | B | SUNAC AXIAL | SUNAC AX | EIBYKRSHEIRICAXIALTZY &R F32n+18 W13 B2 =
C | B | SUNAC RADIAL | SUNAC RD | EBHAREHHE I RADIALRT2Y % (2R ” =
D | B | SUN AUTO ENA | SUN ATEN | AOCPI5- o & D BEIKISMIRE-F ~B4T | F32n+18 W13 B3 =
E | B | SUN AUTO DIS | SUN ATDS | LicHae % #ekx ” z
B | C | SW RCS ENA | SWRCS EN | AOCPTRCS % i F32n+18 W13 BO =
C | C | HW RCS ENA | HURCS EN | BC TRCS %88 ” =
g | C | SSC AUTO SSC AUTO | SSC DBETEM % HENRNICRE F32n %14 BS = |
A | C | SSC MANU SSC MANU | SSC DB§FER % BCTHIE v =0
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#£ 1 avv VIEEER (8/9)
X|Y|awvFs& B®s a = v F B # FVAMIHEREAE
<AOC> '
D | C | INTEG ENA INTEG EN | AV Bi53R{THARE F2n+6 W14 BO = 1
C | INTEG DIS INTEG DS | AV IR ETEIE ” =0
(n=0~4, FORMATI D 5.)
<SHCI :AOCTUME>
D | 7 | SHCI ON SHCI ON | SHCIDZEH ON F32n W13 B3 = 1
E | 7 | SHCI OFF SHCI OF | SHCIO@H# OFF » =0
E | 6 | SHCI CAL SHCI CAL | SHCI%ZCALE-FicF B F32n W14 B2 = 1
D | 8 | SHCI HI RATE | HI RATE | SHCIZMAEWL-M-F 23 3 F32n W14 B1 = 1
E | 8 | SHCI LO RATE | LO RATE | SHCI&u-2EsL-ME-F 19 3 » o =0
D | 9 | SHCI SUN SHCI SUN | SHC I SUNF -5 igk 5 (i % 55 F32n W14 BO = 1
E | 9 | SHCI EARTH | SHCI EAR | SHCIQDEARTHF -5 ik &5l % (£ no=0
E | A | STEER STOP | STER STP | FOV 2mo/l@% @it F32n W13 B4 = 0
<SSC:AOCTHE>
8|8 |SSCON SSC ON | SSC D& ON F32n+1 W14 BT = 1
8 SSC OFF SSC OF | SSC DT OFF » =0
8 | A {SSC CAL SSC CAL | SSC %CALE-Fi ¥ % F32n+1 W14 B6 = 1
<SAS:AOCTHmE>
D | 4 | SAS-A ON SASA ON | SAS-A DEBH ON . SAS-A D7-9 %ER | F32n ¥13 Bl = |
E | 4 | SAS-A OFF | SASA OF | SAS-A Di#i OFF o =0
D | 5 | SAS-B ON SASB ON | SAS-B DB ON . SAS-B d7-% %@ | F32n W13 B2 = |
E | 5 |SAS-B OFF | SASB OF | SAS-B OEG# OFF . » o =0
D! 6 | SAS CAL SAS CAL | AOCETHEEMISVIAR 2 R4 F32n W14 B3B4 = 11
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% 1

2wy FIAE (7/9)

B®s

X|Y|2a2=vrg a2 v ¥ B FLVALM)VEREE
<RCS :AOCTHE>

B | 4 |LV-A OPEN | LV-A OPN | RCS @Ivsviinia %B1< F320+17 W13 BO = 1

C | 4 |LV-A CLOSE | LV-A CLS [ RCS @39#v5iniA £EAL 3 »o =0

B |5 |LV-B OPEN | LV-B OPN | RCS ®39#23in7B %5 < F32n+17 W13 B1 = |

C | 5 | Lv-B CLOSE | LV-B CLS | RCS 39575i7B £EAL 3 »o =0

B | 6 |LV-COPEN | LV-C OPN|RCS @393uiinic £BI< F32n+17 W13 B2 = 1

C | 6 | LV-C CLOSE | LV-C CLS | RCS ®395v5iMRIC 2EIL % no =0

B |7 |LV-D OPEN | LV-D OPN | RCS 3»#4iniD %Bd< F32n+17 W13 B3 = 1

C | 7 | Lv-D CLOSE | LV-D CLS | RCS 3»3u5in7D %EAL » o =0

B | 8 |LV-G OPEN | LV-G OPN | RCS ®395v5M7G %68 < F32n+17 W13 B4 = 1|

C | 8 | LV-G CLOSE | LV-G CLS | RCS d3v#u4iniGc %BAL % »o =0
<ACM:AOCTHRIE>

9|4 |ACM-BON | ACMB ON | ACH-B OO ON F32n W13 B5 = 1

9 | 5 | AcM-C ON ACMC ON | ACH-C DH ON F32n W13 B6 = 1

9 | 6 | ACH-D ON ACMD ON | ACM-D DZRH ON F32n W13 B7 = 1

A | 7 | ACH ALL OFF | ACH OF | ACM-B,C.D O®¥ OFF F32n W13 BS5BEB7 =000
<ONS : AOC T (ONS ON/OFF 2K <) >

D| 1 |oNs ON ONS ON | ONS DEEH ON , 32 | R1E W25 B2 = 1

D | 2 | ONS OFF ONS OF | ONS % OFF , »o=0

8 | 4 | ONS STANDBYZ | ONS STB2 | 2 EREOBHE ON , HWRTALRLE #25 BOBI = 01

8 | 5 | ONS STANDBY1 | ONS STB1 | /¥7 — & — ZiRfE W25 Bl = 0

8 | 6 | PROCI START | PROCI ST | #f&5-7v21% Baka F8n W17 B3 = 1

8 | 7 | PROC2 START | PROC2 ST | #&5-7va2% (s F8n W17 B4 = |

g | 7 | PROC END PROC END | $@&5-702 #T F8n W17 B3B4 = 00
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% 1 vy FHHE (8/9)

22V K4 [ =) a2 = v F B fE FUAFYEBIER
<HCE>

2| 4 | TNK-A HT ON | TNA HTON | RCS D%s9Ak-% %22374 T ON F4n %29 BOB1 = 10
3 | 4 | TNK-A HT OFF [ TNA HTOF | RCS Dy s9Ak-% %72174 T OFF F4n W29 » =00
4| 4 | TNK-A HT AT | TNA HTAT | RCS DouoAL-3 % EI@HFM F4n %29 Bl =1
2 [ 5 | TNK-B HT ON | TNB HTON | RCS D¥r9Bt-4 %7174 T ON F4n %29 B2B3 = 10
3 | 5 | TNK-B HT OFF | TNB HTOF | RCS D% "Bk-% %7374 T OFF Fdn 4\V29 N =00
4 | 5 | TNK-B HT AT | TNB HTAT | RCS @%»9Bk-5 % HENHIE Fan %29 B3 = |
2| 6 | PIP HT ON PIP HTON | RCS DEZEL-9 %272174 T ON F4n W29 B4B5 = 10
3 | 6 | PIP HT OFF PIP HTOF | RCS OEEL-Y %727k T OFF Fan W29 » =00
4| 6 | PIP HT AT PIP HTAT | RCS OECEL-% £ BENHMW F4n W29 B5 = |
2 {7 | LAV HT ON LAV HTON | RCS @ 3y#uinnit-5 %£3217F T ON Fdn W29 B6B7 = 10
3 | 7 | LAV HT OFF LAV HTOF | RCS @3vfs49int-5 %732178 T OFF F4n W29 » =00
4 | 7 | LAV HT AT LAV HTAT | RCS D3vssimit-4 % BEHHE F4n %29 B7 = 1
21 8 | THY HT ON THV HTON | RCS ODHEZESE-5 272178 T ON F4n+1 W29 BOBI = 10
3 | 8 | THV HT OFF THV HTOF | RCS DMERESL-Y 272174 T OFF F4n+] W29 » =00
4 | 8 | THV HT AT THV HTAT | RCS OHEZESE-5 2 BB ) F4n+1 W29 Bl = 1
2| 9 | KM-L HT ON KML HTON | KM-Lt-% %9Z:74 T ON Fan+2 W29 B1B2 = 10
3 | 9 | KM-L HT OFF | KML HTOF | KM-Lt-% %72374 T OFF ’ F4n+2 W29 » =00
4 | 9 | KN-L HT AT KML HTAT | KM-Lt-% 2 EHEHI6 F4n+2 W29 B2 = 1
3 | A | KM-L HT LOW | KML HTLO | KM-Lt-% ZLOWLRMC I B F4n+2 W29 B3 = 0
2 1 A | KM-L HT HIGH | KML HTHI | KN-Lt-% ZHIGHLN 29 5 " =1
O | 4 | TN-TH HT ON | TTH HTON | 4V710vRRTR5<9FL-4% ON F4n+1 W29 B2 = 1
1 { 4 | IN-TH HT OFF | TTH HTOF | v5170¢R2529%9Fk-5% OFF n =0

5 | AX-TH HT ON | ATH HTON | 747¥B2525yFt-9 % ON F4n+1 W29 B3 = 1

5 | AX-TH HT OFF | ATH HTOF | 7#¥A2329%yKk-5 % OFF n =0

6 | RD-TH HT ON | RTH HTON | 557R2528%9FE-5% ON F4n+1 W29 B4 = 1

6 | RD-TH HT OFF | RTH HTOF | 3578A72589Fk-4% OFF n =0

7 | EM1 HT ON EM! HTON | 1097%52-pt-91 (L) % ON F4n+1 W29 B5 = 1
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£ 1

Towv FHEEE (8/9)

X|Y|azwvrs 173 2 2 v F B ft FUrAbPU@BHEA
<HCE>
1 | 7 | ENI HT OFF | EM1 HTOF | 1v5v€52-Rt-31 % OFF Fn+1 29 B5 =
0| 8 | Lo HT ON LO HTON | B#-1-Es-t-5 % ON Fdn+1 %29 B6 =
1| 8110 HT OFF | LO HTOF | A3-1-E5-t-3 % OFF no =
0| 9 | SHCI HT ON | SHC HTON | SHCIt-5 % ON Fan+1 W29 BT =
1 | 9 | SHCI HT OFF | SHC HTOF | SHCIt-3 % OFF o=
0| A|EM2 HT ON | EM2 HTON | Tv5vEsa-Bb-52 (TF) % ON Fan+2 W29 BO =
1 | A | EM2 HT OFF | EM2 HTOF | 10J2¥52-E-52 % OFF y o=
<EPT-SA> |
E | 0 | EPT STOP EPT STOP | 547 #1k, EPT-SAREH OFF -
E | 1 | EST-L ENA | LOCM ENA | EST-L ~I12vKihi /(6184 ON F4n+3 W11 B6 =
E | 2 | EST-L START | LO START | KN-LAUK547 25-b e ;.
E|3|L0SEP  |LOSEP |Mi-1-E5-5)d F4n W11 BT =1
<MDC>
9 | E | ¥DC ON MDC ON | MDC OEH ON W0 BO =1 -
9 | D | MDC OFF MDC OFF | NDC O OFF »oo=0
A | E | MDCHV ON | MDC HVON | NDC OEFE# ON #30 B1 = 1
A | D | MDC HV OFF | MDC HVOF | NDC ORFERE OFF »o=0
B | D | WC RESET | MDC RST |MDC owowjmessver | -
B | E | MDC TEST MDC TEST | MOC 7AM-HvABERE | T
C | D | MDC CAL MDC CAL | MDC $vyJv-yavs-yuzBHés | 77T
c | E | Mpc syne NDC SYNC | MDC MR 0 . |
<LO:DPUTmE>

1 | LO SCON LOSC ON | mi-t-E-OkRe®iutin ov |

Bl 1|L0SCOFF |LOSC OF | W-#-E3-OABEadin OFF | -~
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5 TJuyzazv PR (1/4)

DPU:QOP7FLvxEy b+t (BC ENA-0)

BO B1 B2 B3 B4 B5 B6 B7

LN LSB

i iz}
CE7Frax (0~127)

DPU:0G7Fvatyt (BC ENA-2)

BO B1 B2 B3 B4 B5 B6 B7

NSB LSB
Dr | HE | - -

OGTFLza (0~127)

DPU:0P#iis (BC ENA-1)

BO B1 B2 B3 B4 | B5S B6 B7

MSB ) LSB
e | SR “ - -

OG7Fvzx (0~127)

NSB » LSB

¥

214
A hL v y—1)

DPU:0G#®is .(BC ENA-3)

B O B1 B2 B3 B4 B5 B6 B7
var| DC BC - 2
X l Y
214 b DC '-I-"“ F
HSB BC a—F LSB

OBC #®fre—F®E (BC ENA-A)

BO B1 B2 B3 B4 BS B6 B7
b OBCHEifie—VF

Conv.
2i4b | -Code CELLYEy b HheE—VF

£—F
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M 5 oy 73wy Pl (2/4)
SSC:/3xA—%%vt+ (BC ENA-4)
BO B1 B2 B3 B4 | BG5S B6 B7
CIRCUIT GAIN LEVEL CELL TIME CONST
00.11 : 1,2 11 : HIGH 1:B 000~111 : 0~7
5B {01 @ 1 (A+B) 10 : MIDDLE HICH | O : A | SPIN RATE RANGE : 10~30rpm
10 : 2 (A+B) 01 : MIDDLE LOW (NOMINAL 20rpm)
00 : LOW
AOCE:RCSH#® (BC ENA-8)
<#@EgEE—-F>
BO B1 B2 B3 B4 B5 B6 B7
qr” 1 ® n «
HiEE-F
214 25 R ¥BER -
b | - e (0~1024sec)
454k o /)]
54k i W (Cox4 P BIALCLE)
<NV AE—FD>
B_O B1l B2 B3 B4 B5 B6 B7
irm ”O" i3] AV %Y -
NRAE-F
24 275 R ¥iER -
RYCH . 3] -« EaER (0~2047)
4Mh - |« '
5K4k g pAtafidl (0~8sec)
AOCE: V7t .7##@ (BC ENA-7)
BO B1 B2 B3 B4 B5 B6 B7
I B M 2 - F
254
I W H 2 - F
614k
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K 5 Zoy,2a3<vv il (3/4)

AOCE:v7 v -7H# (BC ENA-7) Rila-—F

B a—F A =

11 ACM—-BOD/4 7 R HERE

1 ACM—-CoO,4 7 25

1 ACM-D®D/4 7 Z{EHRE

KMAVAB®#ETHERAY 3 B

—

N=F9 274 A=Y RCSHE (NN ABICEREPT +—< v b)

RAD I AL % #e

AXTALFGE#uHBEH

2By REEHE

Zl|Z|Z|Z]Z|&|W]|N

RCSH@EAE )V BIR e 7 2 VIEE

BV ab—vavi-—HEE

—

EBV—PEY2V—VavL— MEE

RAD I AL #E HEtazts

BBV Yo v
1 IDY 4 v FOYRE
2 SSCH®m
1 NI A—FHE
1 ON S8 € — FigE

2 ONS®RE Y —7 v 2&E

>l NlN]INiojoa|siw]| 0
olwi|mm

3 ON SRIE/NF A — I HTE
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® 5 oy rav s P (4/4)
AOCP:!7Fv 2z, 7ur324 (BC ENA-8)
BO B1 B2 B3 B 4 B5 B6 B7
D4k
24 % B 7 OF Vv o2
34k .
AOCP:7¥vz, YuZ54 (BC ENA-9)
BO B1 B2 B3 B4 B5 B6 B7
Dk
~ % B N 4 F B O D AT A
SHCI :#ffe—F#HE (BC ENA-5)
<FIX #F #E>
BO Bl B2 B3 B4 B5 B6 B7
i1 % 2 O 1
it | MSB LSB
2Mh] M%) | 1:CCW |« . -
0:CW 27y 7 (0~63)
<STEER ¥-F #E>
BO B1 B2 B3 B4 BS Be6 B7
1qp % RB 1 O
: Hee [ MSB \ LSB
b | My | 1090y | e -
0: 481 STEEREE#E A I09 I DIBE O Iy (N/16+2 sec  (N=0~63))

KAV oy Y alVFVvRLVBE>

BO

B1

B2

B3

B4

B5

B6

B7

1k

%

214p

MSB

LSB

WEWAME (0~T)
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<¥y bL—=1+2048bp sD&&OEMDRIE>

<fIfpb LFE—F>

188

«ACM-D = 2383. Ams (500ms 64EID%TVy57-% £ 3EIIC 1 @HESITS)
eM3B/KM-MRE = 15. 6Bms
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NOTES: -

1. [:::] = Single bit delay

2. For every input bit, two
symbols are generated by
completion of a cycle for

. SI: Position 1, Position 2.

3. Sl is in the position
shown (1) for the first
symbol associated with an
incoming bit. ’

. @
s Do

"~ 8. Connection vector pairs
are identical.

Modulo-2 adder.

-inverter.
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Zv—2E 128words/frame

AV —TV—LE 256frames/major frame

3) PCHF—F L —} . 8192bps/2048bps/256bps(real time)
- n (reproduce)

4) PCMAK ' High Rate:

NRZ-L/NRZ-S/Bi &

Medium Rate: .
NRZ-L/NRZ-S/Convol ENC/Bi ®

Low Rate: ‘
NRZ-L/NRZ-S/Convol ENC/PSK

* Convolutional Encoder: K=7, R=1/2

Code Generator 133oct, 17loct.

5) A/DE®R AHBE 0~+5.1V
A4 vE—Sv 2 200k Q Xk
B 7 : 8bit
ok BT 25 usec
EHRE CX0.8% IARy—
6) Discretea v r(0C)EES| BA224 5 H
7) Blocka =¥ F(BC)HE M ZWA L bobit/FHAXSBEEK
8) BBYEH vy sa1vU (Discrete v FIHE# +Blockr < v F
HEA®) OBE

19) Organizedz2 = v ¥ (0G) 40GE(0G Element)/0G 250nsecfIlB T B

10) Operation Program(OP) 128CE(Control Element) #/INSZ4TE¢RRME32sec

11) BEE RN 32EXNX1281EE
N: 1~256 nmax 12H26%[843
BHEM3ZE—FRIBUTHET 3

12) F=%va—¥ C-M0S RAM 1M bits

13) HEEH 0.568(/ 3 )

14) % 270(W) X270(D) X 170(H) (mm)
15) B8 5.4ksg
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B3 E BRBEatilsiE

S. 1 INTF X . e P 2 (}{I{)
k. BmFEE
1. 3o

ATHERIFEFEHOPTABOYNL2EEEOBATIBEENSH Y, EREER
BOFMRERLIVEEOHABEILLTL 3.

SERBOBELHET 3EE, FEBROHERERMABUEA» VTR, BFFAZL
T4—FNRwIEh, SOVEHRRRIHTRITOAOEERT - IR RBIIFLRS. '

SERBEOEHRUABEHRIVREEINT—HEBHIIFLONAIE LD, L
Fal- YR LORFLITHh TEREBHRBINTVS. COBHFOHF - REBEER
TEEUGERPEATI LBV CHLRLEERETHY, HUBLSLTHFREER
DEEVHUREORELLE YT 3ENHAT - VOB LELBERR>TL 3.

ZhoDBE, EE%X2To Y T2ERHEREERE (HK) 0BHWTHS.

HKOF+ Y 2L KITEES 24, BRERI12A, HEREHETZ2HOKEERE2
HDHO9GF+ R NLTHS.

EBEOWNEUELEEEYYEAL, EERR2 LI VCHBUT, BEEMLRLLSE
HEOXEIL*EEOEILEUVTHOHE LTV S.

ERIBELUVUTANLTNAS.

HKUEATT (ZYyF2—-%) &8, YIVEXEARR, FaA-YR, #BERBIUESE
EHL VBRI Hh, ESRATTHBTEREUEANLALEREEOES. Fa2-58TD
PHro@ay ba—ANLA7b i t 2RBGHKABODIY PO -LNLARE>TY
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3. tEhE

3.

3.

1

102

EREIEGE
1.1 BREATH
(1) QEeEwH
(2) WETE
(3) HNEERE

(4) BEEF

BB E F
(1) WEEEA
(2) WET
(3) HRiidF

(4) BRHBRE

(5) HABERE

. 1. 3 g8

(1) RFsEEtt

(2) BABEEEFYT b
(3) HABEERFY T b
(4) HA4E-FVR
(5) ayipa-ANLARG
(8) HAxb LMW VERREEL
(7)) aRYFENLAZG
(8) KIEBE

(9) ANEE, BAER

(10) avVFHEHE

(11) 79185

3. 2 BIEEEGE

(1) Stk
A&
BERVY
(2) &&
r: 373
BELYY
r—-AHHE

(3)
(4) r—-AREALE
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HEEHEBRBE

o

OV+0. 06V (23°C)
5V£0. 09V (23°0C)
MFM10KQ

MFM100KQ
MFM300KQ
MFM500KQ

HEEERSE
BemEtrY

Bt 4 (560Qx1%)
TL 0. 33mV%1%/C
TH 0. 15mV+1%/C
OVx0. 06V (23%7C)
5Vx0. 09V (23%10C)

DC~200Hz

+30mV (-30~+60%C)
+10mV (1005 >=>7)
100QUTF

CMOS

100usecldTF

CMOS -

CAL1 +0.5V£3%(-30~+60°C)
CAL2 42.5V+3%(-30~460°C)

+12V;, 20mA
-12V, 20mA
+ 5V, 160mA
HK-ON (XC-YO0)

HK~-OFF (XC-Y1)
HK-ON (F4nt2,W10)
HK—OFF (F4nt2,W10)

185+ 2X 148+ 2X 109+ 2(mm)
30X 10(mm)

1.6Kkg+10% -
0.1g

A5052pP
BRRAR
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HKIEH (1./5)

+20~+1000°C .

F B 5 #IEEE MEL >y TEX
32n BATV BATERE 0~+30V |0.125X-0.85
32n+ 1 BATI | BATE® -7~+5A |0.0403X-5.038
32n+ 2 ScPl SCPER O~+7A 0.0367X
32n+ 3 LODI B USHMER 0~+7A 0.0367X
32n+ 4 BUSV BUSER 0~+35V |0.1438X-0.30
32n+ 5 +29V +29VRER 0~+35V |0.1438X-0.33
32n+ 6 +H12V +12VRER O~+15V |0.06X+0.05
32n+ 7 +5V +5VREBE O~+7. 5V |0.03X+0.05
32n+ 8 -12v -12VREE 0~-15V |-0.06X
32n+ 9 +15V +15VRER 0~+20V |o0.08X
32n+10 TNKPRS | RCSH YU EN 0~ 2 5kg/cnf | 0.08421X+0.07
32n+11 SHCI-H | SHC I &y¥ Ay FiEE | -50~+70C -
32n+12 7 %
'32n+13 LO-SEP | A4 ~ & ¥ HEEaBiRRE -135~+135°C | 1.1563X-137.0
32n+14 SHNT SHN TIRE -135~+135°C 1.1563X-147.5
32n+15 KN-TS5 | KM—-TS-T GiRE -135~+135°C | 1.1563X-137.0
32n+16 scpl SCP (1) B -135~+135°C | 1.1563X-145.5
32n+17 SCP2 SCP (2) iBE -135~+135C | 1.1563X-147.0
32n+18 SCP3 SCP (3) B -135~+135°C | 1.1563X-145.0
3an+19| 8 | scpa SCP (4) K -135~+135°C | 1.1563X-143.0
32n+20 THB-T1 | R C SA5R9TIN"vb "B & +20~+41000°C | 4.1686X+11.0
32n+21 THB-T2 | RC SA329T20 v iBEE | 420~+1000°C | 4.1686X+11.0
32n+22 THB-T3 | RC SZ529T3" v} "B 4.1686X+11.0
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HKIHE (2/5)

F BE % BWEHEH WEL > Y SHER
32n+23 THB-T4 | RC SZ529T4N"vh B | +20~+1000C .1686X+11.
32n+24 THB-A1 | RC SN v iR E +20~+1000°C .1686X+11.
32n+25 THB-A2 | RC SZ529A2°" v iR | +20~+1000°C .1686X+11.
32n+26 THB-A3 | RC S2529A3\"»h iR | +20~+1000°C :1686X+11.

1 320427 THB-A4 | RC SA529ANvh R | +20~+1000°C -1686X+11.
32n+28 THB-RI | RC SZ5MRIN9MIEE | #20~+1000°C -1686X+11.
32n+29 THB-R2 | RC SZ5RR2N"vh B | #20~+1000°C -1686X+11.
32n+30 THB-R3 | RC SZ3AIR3N"vh IR | +20~+1000°C .1686X+11.
32n+31 THB-R4 | RC SZ525R4N"yMIBEE | +20~+1000°C .1686X+11.
64n  CALI HK CAL 1
64nt 1 CAL2 HK CAL 2
64n+ 2 CNV CNViggE -40~+70°C .5478X-65.
64n+ 3 SBR-A SBR-AIRE -40~+70°C .5478X-55.
Ban+ 4 SBR-B SBR-Bigk& -40~+70°C .5478X-55.
64n+ 5 ™S TMSigE -40~+70°C .5478X-55.
B4n+ 6 ™X TMXigE -40~+70°C .5478X-55.
Ban+ 7 DPU DPURE -40~+70°C -5478X-63.
64n+ 8 SSC SSCiggk -50~+70°C .5478X-56.
6an+ 9 SHCI-S | SHC [ — SEXfTREIRE | -40~+70C -5478X-52.
64n+10 BAT-P BATNRNIBE -40~+70°C .5478X-67.
Ban+11 MOC MD CiaE -40~+70°C .5478X-52.
6An+12 BAT-CL | BAT LB -50~+60°C .5478X-76.
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HKIEE (3/5)

F g5 WEEE #EL Y FTER
64n+13 BAT-CS | BAT» - RigE -50~+60°C .5478X-74.5
64n+14 7% .
64n+15 ONS-E | ONS-EiEg -40~+70°C .5478X-62.0
64n+16 ONS-S | ONS-SEE -30~+70°C .5478X-53.5
84n+17 ND NDiEgE -40~+70°C -5478X-68.5
64n+18 7 %
64n+19 7 %
64n+20 TNK-A | RCSH Y7 AIRE -40~+70°C .6386X-44.0
64n+21 T™NK-B | RCS¥>7BifEK -00~+70°C .6386X-40.0
64n+22 PIP-A | RCSAYTABE -00~+70°C 0.5478X-51.5
64n+23 PIP-B | RCSNATBEE -40~+70°C .5478X-53.0
64n+24 PIP-C | RCSNATCiEE -80~+70°C .5478X-53.5
84n+25 PIP-CT | RC SNA TRl -40~+70°C .5478X-54.0
64n+26 LAV-A | RC S n I NEEE | -10~+70C :5478X-52.5
64n+27 LAV-B | RC S3wsvrniorsiEg | -20~+70C 5478X-55.5
64n+28 LAV-C | RCS3930 N 09 CiBEE | -40~+70C 5478X-55.0
64n+29 LAV-D | RC S5932 N7 DB | -40~+70°C .5478X-52.5
64n+30 THV-RI | RCSR1#tEHEE -50~+150°C .1911X-76.5
64n+31 THV-A2 | RCSA 2R -50~+150°C 1911X-77.5
6ant32| 9 | THV-A3 | RC SABMEEHIEBE | -50~+150C .1911X-80.0
84n+33 THV-RE | RCSRAWEHEE -50~+150°C .1911X-80.0
64n+34 MODA-C | RC SE/ a-#AMEE - | -135~+135°C .1563X-132.5
64n+35 MODB-C | RC SE a-IBIN B 135~ +135°C .1563X-130.5

231




HKIEEB (4./5)

F Bg 5 HIEEE WEL Y FHEX
64n+36 _MODA-B RC S/ a-BAETERIREE | -135~+135C .1563X-131.
64n+37 MODB-B RC SV a-IBEXTERIREE | -135~+135°C .1563X-130.
64n+38 TUBE A5AMFa-TIRE -135~‘+135°C .1563X-142.
64n+39 PAF PAFYUYJIRE -135~+135°C .1563X-145.
64n+40 STLG-P SHNT/LGAN 2B BE -135~+135°C - 1563X-137.
64n+41 SHNT-P SHNTNRILIBE -135~+135C .1563X-142.
64n+42 CENT-P Yy -NRILIEE '} -135~+135C .1563X-138.!
64n+43 AOCE-C X EERIEE -135~+135C .1563X-138.
64n+44 SSC-P SSCT7L-MEE -135~+135C .1563X-144.
64n+45 PNL-S 1\'—?\111*7“73;\’—- b iREE -135~+135°C . 1563X-153.
64n+46 Low-p TEN 2 LIBE -135~+135°C .1563X-142.
64n+47 MODA-S RC St 1-METEIBE | -135~+135°C .1563X-136.
64n+48 MODB-S RC St/ a-IBERITEIRE | -135~+135C .1563X-149.
64n+49 MODA-P RCS Ey“n-}lAﬂYi‘fﬁiﬁﬁ -135~+‘135°C .1563X-137.
64n+50 MODB-P R C S/ 2-IBEUTHRIREE | -135~+135C .1563X-149.
64n+51 MooC-P R C S# - ICRTRIBE | -135~+135C .1563X-143.
64n+52 MODD-P R C S/ a-IDEUIRIEE | -135~+135C .1563X-150.
64n+53 KM-L KM-Lig¥ -40~+70°C .5478X-62.0
64n+54 PFM-1 T35 b T+—-L1iRE -40~+70°C .5478X-61.0
64n+55 PFM-2 T59 b Id—-hL2inE -40~+70°C .5478X-63.0
64nt+56 PFM-3 T35y T4+ —-L3RE -40~+70°C .5478X-64.5
64n+57 PFM-4 VAR WE BN %Y -40~+70°C .5478X-68.5
64n+58 PFM-5 TS5 b T+-LORE -40~+70°C .5478X-67.5
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HKIHE (5/5)

F |W| &% MEHEE MEL Y HER
64n+53 19 | PFM-6 | 7w b T+ —LGIBE | -90~+70C | 0.5478X-71.5
64nt60 |8 | PFM-T | 75w F T+~ L TiBE | -40~+70C 0.5478X-69.0
64nt61 [ 9 | PFM-8 | 7T } T4+ — L BIEE | -40~+70C 0.5478X-68.0
6n+62 |9 [ PFM-9 | TS5 b T4 - L QiEE | -40~+70°C 0.5478X-63.0
64n+63 -40~+70°C 0.5478X-66.0

9 | PFM-10 TIvbT74-4L108E

£1: T=(3700.48/(101847-1n((1/R)-1.55X10"4)))-273.15

R=(R1XR2)/(R2-R1)
R1=(V/(8-V))XRO
R0=35.46X10"3
R2=68.10X1073
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