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& 2-2 L0 S-BAND TLM LINK at UDSC

PRRAMETER DOWN LINK ‘ REMARKS
TRANSMIT. POWER dEBm 1€.00 S8ml+-1dB
TRANSMIT. FEEDER LOSS dB -.606
TRANSMIT. ANT. GAIN dBi -18.00 LGA
EIRP dEm 5.20
TRANSMIT. POINT. LOSS dB 6.00
"POLALIZATION LOSS dB 6.00
SPACE LOSS dE -211.323 2.2GHzband, 460660kn
ABSORB. & RAIN LOSS dB -.60 '

RECEIVY. POINT. LOSS dB -.16
RECEIV. ANT. GRIN dBi €2.30 64m
RECEIY. FEEDER LOSS d¢ @ - INCLUDED IN AHMT GRINM
RECEIV. SIGNAL FOWER dEm -144.53
NOISE POWER DENSITY dBmsHz =~ -188.15 Ts=78K
GsT : dB/K . 43.85
c/Ne © " dB-Hz 35.62

MODEM PRRAMETER PCM CARRIER

64bps

MOD. INDEX rad .90~ 20 -——-
MOoD. LOSS dB 3.83 8.82
HARDWARE LOSS dB 1.60 6.00
BAND WIDTH . dB:Hz 18.06 16,606
REQUIRED S~N dB 9.60 13.50
REQUIRED C/N® dEB-Hz 32.30 22,32

MARGIN dB 3.32 3.30

NOTE 1> TLM BER=1BE-S
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Z 2-3 L0 S-BAND CMD LINK

at UDSC
FPARAMETER . UP LINK REMARKS

TRANSMIT. POWER dEm 73.69 20kH
TRANSMIT, FEEDER LOSS dE -1.68 )
TRANSMIT. ANT. GRIN dBi 61,306 €4m
EIRP dBm 133.30
TRANSMIT. POINT. LOSS dB -.18
POLARLIZATION LOSS dB .00
SPRACE LOSS dB -216.93 2.1GHzband, 4006686kn
ABSORB. & RRIN LOSS dB -.60
RECEIV. FOINT. LOSS dE .08
RECEIV. ANT. GAIN dBi -16.00 LGR
RECEIY. FEEDER LOSS dB -.58
RECEIV. SIGNAL POWER dEBm -89.13
NOISE POWER DENSITY dBm/Hz - ~-163.96 Ta=3068K,NF=18dB
G/T dB-K -45,44
CsNe dBsHz 74.84

MODEM FRARRMETER CMD CARRIER

: : 8kHz

MOD. INDEX rad .68 -———
MOD, LOSS dB 4,96 1.67
HARDWARE LOSS dB 1.08 8,608
BAND WIDTH dB:Hz 36.82 306.06
REQUIRED S/N dB 12.00 13.58
REQUIRED Cs/N8® dB-Hz 53.99 45.17
MARGIN dB 29.67

20.85
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Z 2-4 L0 S/S5-BAND RRNGE

LINK at UDSC .

PARAMETER UP LINK DOWN LINK REMARKS
TRANSMIT. POMWER dBm 72.00 16.00 GS:20kM,L0: SEmW+-1dE
TRANSMIT. FEEDER LOSS dB -1.66 -.86
TRANSMIT. ANT. GARIN  dEi 61.36 -10.66 GS:64m,L0:LGA
EIRP dEm 133.30 5.20
TRANSMIT. POINT. LOSS dB -.18 B.00
POLALIZATION LOSS dB 0.0 9.90
SPRCE LQSS dB -216.93 ~211.33 2.1&2.2GHzband, 400006kmn
ABSORB. & RAIN LOSS  dB -.60 -.¢0
RECEIV. POINT. LOSS  dB ©.00 -.10
RECEIV. FNT. GAIN dEi -18.60 €2.30
RECEIV. FEEDER LOSS  dE -.580 ——

RECEIY. SIGHAL POWER dEBm -89.13  -144,53
NOISE POWER DENSITY  dBmsHz =-163.96 -18@.15 LO:Ta=306K,NF=10dB
G/T dE/K -45.44 43.85
C/NB dB-Hz 74.84 35.62

MODEM PARAMETER RARR REMARKS

. UP LINK DOWH LINK : ’

MOD. INDEY rad .66 .4B% .68 RARR COMP:.364rad
MOD. LOSS dB 4.96 9. 62
BAND WIDTH dB-Hz 63.01 6.00 TRP EW=2MHz
REQUIRED S/N dB -— 9.0
REQUIRED C-/N@ dB.Hz ——— 18.02
MARGIN dE —— 17.59
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HIKEEEEN (dBW) 4 3 (20KW) 2 3 (200W)
HIRR 7 « — S - (dB) -1 0
HEKR 7~ 7+ il . (dBi) 61. 3 61. 3

2 -183. 0 -144. 1
(=HE%-10log(47R ) (dB- o) (4077 kn) (4500Kkn)
BEE% (dB) -0.7 0
VYT HEATAU5AIR (dB¥/ &) -80. 3 -59. 8
7 v 7 FRIi8 (dBi) -10 +6
10105(12/4 ) (dB-w) -27.9 -27. 9
74— SE% (dB) -0. 8 0
S T T
TRP SIS B () -95 -50
(dBm)
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240/221
300nsecp-pLAF
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K2kmRd,



®p ® K
f [{e)

‘ @ =
® & @ IS
e— [19]

@
®
® ) ® L)
® @ I
— = 5
8 2 ® @ bl 18

50!

0.7

.J*xg

B2 SANYFFSvRRY IHNE e T

2

#E (% . NEC

39



1.1.5 F— Y AHEKE
1. &&=

AEBUMUSES—ALF—F—EFO)DNI AR —E VY + F= Y OINE. Bk
UFL A MY F— Y OEEEERTRHBETS 5,
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LO-TRP. LO-PSC. BLUEST/INS-LIMSODEBEEA VY —Tx— AL &B7F 125
F=FE. FLAM) »Th =Y PRESTIVFTL IV YT XN R HIZA/D
EifEn s,

BAVKR—2 2 P BRUBKNOEE Y HI2L0-0PUR BIEER S h 3, KiBE
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() 71 VI LIESIER _
FtYYNEFGRERE. BY T Y AFADAF— Y ARETNALANIL » F—
YRINET 3,
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T e AF =9 AEBEMDEBRBOF —YREEL. FLA MY OPCMERITR D .
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P = m o .
W
! | MPX T
"
Analog 6ch —f—‘—f—>
GEHVE) v« | IMPX ZEh1EE
R - MP X A/DZE
Analog 6ch : :
(BEIF) .
b — .
Digital 7ch | : (EREER
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(3) PCMEEFER ,
PSKEFEBIL. 7 ¢ ¥ Y WAGFIVERB TS S N2 POE S RNRZ-SIZEEH U X > 12BPSK
EHRMEL TLO-TRPE K UDPUZIEHT B, ¥ 312 MUSE S — AKEDOBCIZ HPCME
FNRZ-L)DEHRITRD o R-IRBYTYAFARBELT 37U X } YOESER. =
2EF L X PYEHERKRY .

F-1 FLA Y « F—YHNHR

¥EBBITLXPPY - F - ¥ ER
LO-TRP BPSK(H 7' % + ) 7 [Eli5¥%2, 048H2)
DPU BPSK( ” )
0BC NRZ-L

#z-2(a) LOFL X P YIHE

W IH B #t
0 |Ea—rF "FA’

1 ” Ry
2 ” ’20°
3 |FYILAF—FR EST-L, LO-TRPAF—% X
4 |SCHENEE 0~20V
5 | SCHiAER 0~1A
8 | +IOVREE 0~15V
7 | TRP AGC 0~5V
8 | KM-LEEA

9 | KM-LiBEE

10 | DEEARIEE

11 | AZAMFa—T(DiEE

12 | A5 A Fa—7(ikE

13 | @GN XL LiBEE

14 | EN R EEEE

15 | EN XA TIBE

L. TIMHEFE E3E167— F OBEI R VR L
2. TL—LAI I HMET BF—Y iR
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F-2(b) LOF L X b VIEE (W3FEH)

BO | EST-L POWER | ON/OFF
Bl © START | RESET/START
B2 SQ1 ON/OFF
B3 SQ2 ON/OFF
B4 SAFETY | FLIGHT/SAFETY
BS 7 *
B6 | TRP SQ ON/OFF
B7 | TRP COH/NON-COH
ORI
HAE SR TU2.097ISMM2DR R AR U BICLERY A 3T EFRIEY
e

BT 1 LT EL0-PSCH S BB X h B +5V. +IOVOBEIHT 3Tt LI TH B
3. %€

F-3IZLO-DPUD EEH T H-212L0-DPUOABIRIZ R T,

2%-3 MUSES-A LO-DPUEEEFTT

H B E ] 7T
1) POMF—% I—FE 8bits/word
_ TL—hE 16words/frame
2) PCMF—F L —} 64bps
3) PCMEERER NRZ-L/NRZ-S/BPSK/PM
9 AMDEH  ANBIE T 0~43.0v
ANA2E—F DR 500k Q LA L
- ol 8bit
R 15 s sec
THHERE +0.8% JILRr—N
5) HAEN 600mw LA T
6) Mtk 167(W) X 130(D) X 42.5(H) (mm)
7 EE 0.72%0.1 (kg) ‘
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RT3 KEE LV E2ELTCHEY. TOREBNEN F—e A —L S~
ERBH B TE L 2HNET S,

NF—eA—Ey—i32 SEAORBKMET, €ON1 6FHEICEL 2D
fF3XF 4= P ARTHY, FEMOABEA/DIEVAED, 1caX 2cad
I nPABEheV2RAL, eV BHERYBRUCERDELHREL, &Y

Z{OREBNZEB/HLIICERINA TV S,

(2)

(3)

X1.1.2-1 RXKBER XV OABEZTRT,

104 :
xggwﬁzwﬁ‘tw7£v70,7uv$vﬁ§4t—Fu#7xb
V= b, A—X2BHORRENE, '

EATEY 7R SHOR—ERONSZNVOZ2HMCER SN, 4T
NREANV 2TV F—e A - —NH LFO N3,

$72br— OOV, BTECERS,

TEBRE
WFr—ezd—bs—KBEER X ALE, ARCHRERARN F— e A—L I —
BEBBBNBHLHBTIRELFLTV S,
NF—eA—EI—d, By Y2 VBEORH/IE « BROBERAEL <.
VD ERICAELHNEZTE, COMONA X LERNTLYSY
DENERESE, LA LIRBEHAS3b0LTEABOIRAMLERN

TWwW3,
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I nPRBEELVZ, BTERZLINELEDOL Y a2, HERTEL
CHREIEEF> TS, X A2 —FEOERADS VA 1 caX 2 cad/hE
TARERATACLRIVEEYUELT D, NREANDBNEBRDELGLEET
V3, '

AN—NFRGE W= A= S —DRETRBI LR — 1 PR
PBE L LI VA, ﬁtﬁ&‘q_@;};{ (BEAVFI Y 7ok 38) RUBS{LOBS
SR ZTV, 50unt BIXAN—# 5 22EAL TV 3,

(4) EEmae
a) i
1) B
O Si, GaAst NV RIERTRHESBHEABR TV 3, 5k, XBEOD
RANC & > THEREERMANES U, BMERE A S 5 L
FHRELV 22— LRBIHFLTVS, (KI1.1.2-2 )
O @HE (16%LUL) T55, (HI.1.2-4 £8)
O #if, HE/ oL AAWECEECEL TV B, (F1.1.2-3 £5)
O BECOBEZMANED, (R1.1.2-1 B8E)
O) Bl . AMF—e -y —KEEi+ i3, B1.1.2-3 /RS RH
() BHIcEBn -pEESELTH S, LADTER L coX 2caT, BiE
RS EBEOHEIRRI.1.2-3 RTED TH 5,
N) EBWSEME AN 0,(1350W/c &) OREHTCOEHED—FlE
B41.1.2-4 &R,
BUSIANS A= EKOEY TH 5.

FHEE Voc = 0.83 v KRB Isc = 70 mA/en?
BAHI) Pm = 48 oW BRKHNEE Vn = 0.73 V
BAHNEFR In = 670A HARA T FF = 83%

EERUBE 7 = 18%
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0.6 ' \
RS
GaAs /v
0.5 = ! ! I ! L
10 -2 S 101 2 H 10¢

1MeV IFAFNE (em?)

B1.1.2-2 Si,GaAs, InPARSZEHD 1 Me VET#H .
(tHs, BRECOBHYEOHR) HaE

k 20mm 3
, | T
E.
Front Surface 5
=]
+
AgiPd  ~ AR coating ( SiO2/ZnS)
| / - x 0.2 0.3
.................. — = 02-03pum
&n‘-layer T
Cross Section o
p- InP Substrate

Ag/ Ag-Zn/

K1.1.2-3 | nPABBiORE

80
z Pm
= 60 AREA=2.0 cm?
‘E -
<
£ o40 -
=
S -k

20 +

1 1 1 L 1 1 L ! '
0.2 0.4 0.6 0.8 1.0
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InP £ OEHEAI T A-70BEHHIIR].1.2-1 DEITH B,
£1.1.2-1  InP KEBHOHN 32— 0BERKEY

NG A—% InP GaAs x Si x
APn /AT (wW/cof/deg) -0.035 -0.045 -0.135
AVoc/AT (V/deg) , -0.0021
Alsc/AT (mA/deg) - 0.038

e AM 0 (SPECTROLAB®Y X-25 Mk. 1)
BIEEEHEHE: 15 ~ 60 C
kBEF—F

b) AN—# 352
A)FHH : AF—ed—Es—KBBit AT 23, HEEGEWEEE
H72 (BDX) KRHEBHIEE (AR) 2F&BF L ~B@NS50 umE H 8~

HIATH 5B,
0) FEREHEE
O HBREAEE
®E (nm) BRAE (%)
300 1 max
400 86 min
450 80 min
500 91 min
600 93 min
hy bEAVIRE 3455 nm
O B

1. 525 Na-D(589.3 nm)icxt 3 3 BH#r
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d)

nT— e F—Uy—KERB@OTey 7RERIL1.2-5 R,

2TEFIX40EFITHAINSGABEBGOREREN (V-1 B %

K1.1.2-8 ITRT,

RETBHIEZ, KEEAHAG s, KELRE, tVEEZTCL-TELT

5h, KR V-1HHR/ IFIVETH 5,

Ed—

NF—e A—E 5 —OKBBHOBRERI.1.2-2 TRT,

Bty g
G & # 2 ¥R h gt
Inp N 0.37 1000 370.0
HoS— I 5 2 0.03 1000 30.0
09455 41-K 0.22 - 40 8.8
4vs—axsy 24.0
BEH 85.0
Ay F 40.0
BT 72.2
ZOH (339%) 121.4
& g 731.4
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1.1.7 EERWRE

(1) @/E=
AEBUR. LF— - Ay REHEEH. kﬁAX%F&4§ﬁ®EF&E
ByaEEdblc. 1G-PS. RL~— PSEmﬁi%o

(2) #se
(a) ANINZABERABHOBE (+5V, —5V. +10V. —10V)
WEBRT 3, '

(b) I1G—=PS. RL—-PS%tihv+3,
(c¢) XREBEBHREBRT-IR2HENT 3,
(d) LF—=+F—EY¥DENL—=YvaYEELrEHT S,
B1. 1. 3-12LO-PS C@ﬁ%?ﬂj9@ETTo

(3) ERWHELE
(a) DC/DCayn—#g
AN%E +11. 7V~27. 5V

Hh&H
% HABEEE | HWAOBGHFESEH
+5V +4.75~45.25 150mA ~200mA
-5V ~ -4.75~-5.25 100mA ~ 150mA
+10V $9.70~+10.3 250mA ~ 340mA
-10V -9.70~-10.3 25mA ~40mA

HAVYTARY 4 X

U 10mVp _p WUT
14X 50mVp_p KT (10MHzUT)
(b) N ZBEEERE

IG-PS
rE 600 uF (/3X+N)
RERTH H2. 78
RL-PS
5E 2160uF (J3X+10)
RBEEH $12. 58
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(c) BHFEEVY
KBBEHLOREEFHFLrE 97 3,
SCP-1 1. A - 3V*60mV

(d) ®BEEx=% B
AEBEEOHENBEERV+ 10O VROHEAEELE- VT 3,

(e) NF—F—Ey¥DENL—variEESrBNta,
(f) KBBHOAY/FT2{FS5,

(3) #HeytEeE
(a) ik 133X180X%X35H

KENZHOT

> 45V
DC/DC > -5V
CNV —> -0V
> +{0V

¥ & 3 >t

B RL-PS
pd

777

AEQNZRTN
F1.1.3-1 LO-PSCREITDY IR

(b)) =X 0. 9K g
(¢) #HE ~ ®1. 1. 3-25MK
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1.1.8 ¥4 2 - ftHlKE

1.8 &

MUSES-AX 0 5B & U A BIE BB S50 SN B A+ — 4 — U 5 CIERk S 1o BE T,
Y4 BB L URHIEN L WIERL S LD,

FATEHEST- LI v 7 = §(KM-L)E R ¥ v 7 - s HEESED L2 ETT 285
T.EST-LA Y — ik, “=F v ZOBEUMFIZHRVETT2, 5. BST-LA Y — b
MUSES-Aflo <> FTIER&ER, REBEELrFH L, EPT-SA®(MUSES-A L2 £ )T
T=327%n3Twd, BIZ, VF = -V 5 eDET I KM-LAS KT 250 %
VEIIEREHHEELT, SMT V2L 0t R4 v FETT -3 7 HNAloRTY
b, F7:, IG-PS(ZKEiF)., RL-PS(HAY L —ERENTiENI T > 7 4 CHEM & h. EST-
Lizftizahd, %6,9 4 722V TORMIGEPT-SAQIAL S s h i v,

BHEIERANS-L)Z % v 7 € — 5 (KM-L)ORUERE €2 5§ 5 b 0T, BE. EH & Hill
T3,

FEMBIZEST-LEINS- LA SBR &N, —RkIBEiihoTwa, 24, B, sHR{LOH
HEERLTY S,

2.4 e
2.1 TR

2.1.1 EST-L

a ¥=rr2 : 2158
(2) R F<EZTEPT RERF RA : Y +2000sec
(3) F&/) B E B ) A 18 1 1 sec
(4) HAHESEO Y v 7 R/) : lsec
(5) HAHESMERL-PSHE) : 34~54msec
’ (C=2160uF,Ro=1Q)
6) 29— PFAHFR : 3% F (from MUSES-A)
() 2 b v 7HK : VP —F -y OFF
(8) HaedHh b=l =Yy OFFiE. ONTHE 2T
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9 FLA-FE=S

(10) Eifa v bo—n

2.1.2 INS-L(PKML)

(1) BEHEER

(2) BIEHE

(3) Bkt

@) EHhEE

(5) REEEHE

6) LPNEEBREFY 7 F
() BHTEEBFY 7 b
(8) HRHI3FRREE

(9) M8 FIERIRIL

(10) HBEBEFIRHEK
a1y FLA—-5E=%

2.1.3 INS-L(TKML)

(1) BEEE

2) BEHE

(3) Ak

(@) EHAE-¥>2
(5) WO BEREFY 7 b
6) HLNEEEHFY 7T
(1) B BEE

@ FLA-YEZS

: 6bit
-POWER
-START
-8Q1
-8Q2
- SAFETY
-TBD ’
. L # =+ — ¥ % ON/OFF

. 0~70kg

. +3% F.S(H &)

. DC~200Hz (+3dBL.M)
: 0~+3V

< +25V10.05V (H i)

.57

. 405V (—10~+50°C)
. +0.05V (100H7 ¥ = ¥ )
. 15mV/V £10%
. 350Q+3.5Q

. 83kHz

L 7rOsF—%

1 0~1000°C (15)

: 3% F.S

: DC~200Hz (%0.5dB)
- 100QLL°F

. 05V (=10~+50°C)

. 4£0.05V (100H7 > =~ )

. 41,269mV/1000°C
c7Fasv—%



214 #HEREH

(1) EST-L +5V : 50mALL T
(2) INS-L +10V : 40mA-
-10V : 20mA

2.2 BKEYIERE
(1) M®TiE

S 1 142+2X136+£2X50+1 (mm)
iz L2 : 21X21X41 (mm)
B : 3.0X2.5 (mm)
@ Ef '

15 : 0.9kg0.1kg
ENtEtis 1 0.12kgl T
BEERL 2 : 0.016kg/m

() y—ARERIE
=15 : BRRE

(4) N#X '

& : @2.22: 88

58



I

!0?)

Lotk

- '
NfamsL. 4
X
'

<= @
d-
NP .
, r @ o 4
L e _/é‘,?.’.'.":\-__.,._.._.__._a. ' 0 i
) ula bk o o 1 )
; v o/ B - Ll — R } - 4’13—
wSEusE ESl 312 EST3 7 A ' )

o| (@ [®

143 %%
r82%%

@
.@.

(22)
Z

¢

2]

T

@ 2.2 ESTANS.L 4+iE

.59



1.1.9 *v 9 «—% (KM-1L)

1. BE
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MUSESHZUDOYVBEIh RBEAKEA L+—F—t s 2 BREH#E

HEASHIORVLEREERS X3 EREMELTL 3,
BERIS50mMmMOKEREURE—-FYT. HEXWL. FAIBRDR. EN 4
DY -RHRORLENI2%HTPBHEE (BP-111J) T 3. 6
3EBP26HLHEROYY P RBBRBVT. BEENALES AL T 518
EE-BERLY IV LB EHERRER (GN2-SSE HATS)
EAVT. E-ERBERBEEER UL B3, T—YORBBECRNTIS OV
EBUTHEBLF A —EIOEFRBECERTIVHW I Y- Ny 7
TARNBEUTRMERAAKEE - INBLBHT B RHELU TS Y.
BRBEBLTHLEOHREWEL .

2. HBK
KM-LOBEKEIR-10DEY TS %,

3. TSR _
BEABRESHBEEH VAT LEZLEAD T2HRET 3R &> T
E—IMHEEREBEITSATETHY. FBRXUIFEERZHEK T 5.
X-20T 7,
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x-1 KM-LERE
T % ¥ =B fi& %
1 ®=9475-2 1 Ti-6A1-4V, MWIE{REE 65kgf/cm?
2 HEE 1 BP-111
3 4valb—-vay 1 EPDM
a J XN 1 A0— bR 10mm, BIOIELT78.1
5 47+45— 1 ERE iP-2, HEFE NAB-1G
B MARTAT—n—22 17
7 AHBHEHERE 13X
8 E-—% 13X
9 BEtLVY- 13X MNIEZ R
10 EAtry— -liﬁ MNEEE
x-2 KM-LtEEG#IT (GHE{E)
H | tEHE T 1] 1
2Kk (mm) . 333 BE2R-1RFRT
RREE (nm) 152
E—-YEE (kgf) 4.3 BED NO.1 5 ODRHTH 3
HEFEE (kgf) 3.05
gEy® 0.710
= ARKPE(kgf/cm?A) 53. 6 WEIN—-TE2R-2KFRYT
s (kgf) - 88. 4 NI -TE2H-3 LR
H#EA (sec) 290 |
EHRBERE (sec) 15. 6 JXFTILRERE
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?V-?Nvﬁﬁ%tbTﬂ%%Tmﬁﬁimf%%ﬂ&T&

6. KM-L#BEFTOLBLRE .

KM-L%&¢®%@§EH\Zﬁyﬁﬁfﬁ%ﬁ\§MQﬁETﬁ
20PrmtEZE>T&Oko%ﬁ¢®x5>ﬁi®§§tb?ﬁ%ﬁmb
TELTARRS CBDTLBRNERT 3L AHEL 5.

6 = 2eF e/ 1y (1=-1/7) we

2T € L HANIZATSA XY MEE  0.002
F ! #75
¢t BOME (JANLESLY)
IxiO-Ll#@EbHVEMEET -2}
Lyl EvF@#znooEEE— XY b
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w I AEYAFEE
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COER. ACEYTVT - FI VR ERRCSHBEIHBTTEZIE NS
t‘(':\ Rt‘.‘/ﬁﬁg(i‘ 120T'p'm t&igﬂf{_’o
REB., HEHERULODLBRENUTOREUEITROEY T 3.

X4V x o va EENRYT P LEE 0.28 degree

XAV varygEgo2R 3.3 %
XMBTBAEEREVAE (EA) 20 degree
AMBMETRAEHENY P LEE 1.5 degree

XBBERTH o2 —F—Vav¥ER 9 degree

M>TKM-LOZEEHEAAVIE., 3.3%0AERITHABEOLTERALLE
»dH B,
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MEASURED CHARGE GENERATION BY:SMALL MASS
IMPACT AT VELOCITIES BETWEEN 1 AND 45 KM/S

.

H. Iglseder, E. Igenbergs

Lehrstuhl fir Rnumfahrttechnik, TU Minchen
D-8000 Miinchen 2, Richard-Wagner-Str. 18, FRG.

ABSTRACT

The electrical charge that is generated by the {mpact of a small mass at velocities between 1 and
45 km/s was Investignted using the Electrostatic Dust Accelerator of -the Max-Planck-Institut in
Heidelberg (MPI) “Ghd"the Plasma Accelerator of the Lehrstuhl fir Reaumfahrttechnik (LRT) of the
Technische Universitéit Minchen (TUM). Glass beads were accelerated, and the targets were of
different materials i.e., (Au, W, Fe, Al). The mass/velocity range of the accelerated small masses

was:

¥
MPI £ 107'%g < m < 10°'°% / 1 ka/s < v < 45 kn/s
TUM/LRT : 107'°g < m < 10"% / 2 kn/s < v < 20 kn/s.
The total yield of the impact charge Q{ota] of both polarities can be described by the empirical
formula: ’
+ a
otar = € B v [Coulomb],
Cp being a function of the density ratio of target/projectile, a is Approximutely unity and 8

between 2.92 and 3.77. The charge detector is described ang.the results that were obtained in test
serfies at both facilities are discussed in relation to the empirical formula.

1. INTRODUCTION

ypervelocity impact (impact jonisation) was experimen-
1963. Subsequently this effect was successfully used
oard of spacecraft (Auer and Sitte, 1988; Dietzel et

The gencration of electrical charges by a h
tally observed by Frifchtennicht and Slattery,
in detectors for micrometeoroid detection on b
al., 1973; McDonnell, 1978; Grlin 1976, 19881).

A schematic drawing of the detector that has been used for these experimentas, 18 shown in Figure 1.

CHARGE SENSITIVE

CHARGE SENSITIVE
AMPLIFIER (CSA)

AMPLIFIER (CSA)

U@

BIAS TARGET BIAS
(+200 V) (=200 v)

Filg.1. Schematics of an impact-ionisation detector.
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An impact charge detector is a combination of a target (semiinfinite or foil) with a set of charge
collectors. The hypervelocity impact on the target generates a plasma and the negatively charged
components of the plasma (electrons, negative fons) are then accelerated towards the positively
biased collector, the positive lons are accelerated towards the negatively biased collector.

Prior to the experiments that are described here, the simulation of the hyberveloclty impact was
performed in electrostatic accelerators (Fechtig, 19878). The mass/velocity range, that can be
simulated in this type of accelerator is m = 107'* g to 107'° gand v = 1 ... 70 km/s.

It was found (Priichtenicht, 1963), that the total charge Q{otal of both the negative and the

‘positive charges that are generated by the impact of a mass m at the velocity v can be described by

the empirical formula:
+ a 8
ontal ° cp tEotY

The parameter %: is a function of the density ratfo of the materfals of the impacting particie and

the target.

The exponent a was found to be very close to unity and the exponent B is a funct!on of the material
combination of the particle and the target.

In Table 1, values of the exponent B are listed together with the impact velocity range from
different publications. The fmpact velocities as well as the mass range from 10°4% g to 10°!° g
indicates that those values have been obtained by experiments at electrostatic accelerators.

The investigations that are described in this paper were performed to extend the mass/velocity
range beyond the regime that can be covered by electrostatic accelerators.

Authors Exponent Velocity range

p v (km/a]
(Friichtenicht 1863) 3.0 2<v<i1s
(Auer, Sittc 1968) 2.6 + 0.6 2<v<io
(Griin et al. 1976) 2.6 - 3.6 1 <v<T0
(Dfetzel ct nl.1973) 3.5 0.2 2 <v <40
2.3 - 3.5 1 <v<io

(McDonnell 1978)

Expenents B, velocity range and combination of materials. The cxponent a = 1.0,
particle mass mecasurement between 107'* and 10°*° g. Iron particles on different

target materials.

Table 1.

CAPACITOR BANK
352 uf, 25 kY

Rl

=3

'R
L

He-GAS-
INJECTIOR —

—

DIFFERENTIAL PUMPING SYSTEM

Fig.2. The plasmadynamic accelerator with compressor coil.
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2. DESCRIPTION OF TﬁE EXPERIMENTS

It was the intention to establish a clear correlation between (1) the experiments in the range
between 10°'° and 10°* g, and at velocities between 2 and 20 km/s that could be performed at the
plasma accelerator of the Lehrstuhl fiir Rauafahrttechnik of the Technische Universitéit MlUnchen, and
(2) the previously mentioned results, that were obtafned in electrostatic accelerators.

The same impact charge detector was therefore used in both ranges. The calibration experiments were
performed with masses between 10°'° and 10°'* g at the electrostatic dust accelerator of the
Max-Planck-Institut fir Kernphysik in Heidelberg (Fechtig et al., 1978).

The plasma acclerator in Miinchen is shown schematically in Pig. 2 (Igenbergs et al., 1073, 1886).
In this accelerator, the particles are exposed to a plasma flow and drag-accelerated. This plasma
flow haod to be eliminated, before it could reach the impact charge detector, in order to obtain
clecan quantitative results.

Skimmers and baffles were }nstalled and o submicron foil in front of the test section was used. The
differential pumping system and the test section of the plasma accelerator are shown in Fig. 3. A
vacuun of 2.307° mbar ond a residual charge in the order of 10™* C could be maintained during the

experiments.

=
3 B
' $ CRYOGENIC HIGH

1 PLASMABAPFLE R VACUUN PUMPE
2 SKIMMER 6 TEST CHAMBER

7 VACUUM MEASURING
3 INSULATION | = | SENSOR
4 VALVES 8 CHARGE DETECTOR

Fig.3. Differential pumping system with test section.

An operational characteristic of the plasma accelerator is that the hot plasma flow (T ~ 10* K,
v~ 50 - 100 'km/s) does ablote thc accelerated particles. The mass ond the velocity of the
particles must therefore be determined prior to the experiment In the impact charge detector.

DETERMINATION OF THE PARTICLE PARAMETERS
AT THE PLASMADYNAMIC-PARTICLE-ACCELERATOR

Mass

The submicron penetration fofl in front of the detector, with a thickness of less than 0.1} pm will
show a penetration hole, If the ratio of the projectilc diameter to the foil thickness lies within
the  range of 100 to 1000, then it can be assumed that the penetration hole diameter equals the
diameter of the particle within 10X, and that the particle fs not destroyed by the interaction with
the foil. The mass of the particle is then determined from this experimentally measured djameter
together with the known density of the particle.

A penetration hole of a particle with a diameter of 36 um and a velocity of 13.0 kn/s is shown In

Fig. 4a. and Fig. 4b shows the impact of the same particle in a gold target. The diameter of the
crater is 130 pym. This type of experiment proved that the submicron foil can be used.

?0



Fig.4a. Penetratfon hole in a 0.08 um sdbnicron film;
36 um; v = 13,0 kn/s.

- 130 pm.

dprojectile' projectile
4b. Impact crater on gold target; D

crater

Velocity . -

The velocity of the particle is obtained through time-of-f1ight measurcment. The launch time is
known to an accuracy of * 20 ps. The distance:to the taorget §s 3350 mm. At a velocity of 10 km/s
this gives a time of flight of 335 us. The occuracy of the velocity data is therefore better than

5% at velocities In the order of 10 km/s. :

Charge .

Charge sensitive amplifiers were especially developed and calibrated for the particle mass charge
between 10°'° g up to 10°* g and a particle speed range from 2 km/s up to 20 km/s. Impact charges
from 10°%° C up to 10°* C were registered. The impact detector is shown in Fig. 5. Typically

registered signals of both polarfties are shown in Fig. 6.

UBMICRONFILM
| (5100 nm)

% b T 108
; COLLECTOR
Z £2 ELECTRON
¥ b el COLLECTOR
A oz I

~E2I < < N %&l'
SENE =2 B0 Ba
N
N [ TARGET
3

I il hid il

% %

Fig.5. Cross section of the impact-ionisatfion detector.

21



v e 13,0 kn/s
LICIR S I L1 B puee
RN N 2 N

rel -

1

IRPACT

o 100 200 300 00
t lpsl]

Fig.6. Impact charge signals measured at the plasmadynamic particle-accelerator.
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3. DISCUSSION OF THE RESULTS

Fig. 7 shows the mass/velocity range covered by the clectrostatic accelerator in Heidelberg and the
plasma accelerator im Miinchen. Only glass beads were used for the cxperiments; 280 fmpucts with a
mass between 10°'° g and 10°%° g and 140 Iimpacts with a mass between 107'° g and 10°° g wers
analyzed. The charge yield varied from 10°'* C to 10-° C. Generally the charge yield decreased with
the target density.

107 AV
o P O PLASNADYNARIC
107 (o=l %00 s 4 5wt~ |\ PARTICLE ACCELERATOR
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1o P P WY
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.
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s
X
w 1]
w o
[S]
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- P "\, (NP1-UEIDELDERG)
oa. \ x. o] &
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RANGE ST \\\
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10" : \‘\i . 5\\
u\{ \
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PROJECTILE VELOCITY v (km/u)

Fig.7. Mass-velocity characteristics of the glass particles
used in these experiments.
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onc of the ‘'cxpccted’ results of the expcr!nents'ln the higher mass range was that the mase expo-
nent was very closc to unity as in the previous experlnents in the lower mass range.

The results in the higher mass range vary froma = 0,96 to a = 1,00: the assumption of a value of
a = 1 0 scems to be as goad as in the lower mass range. .

The peasured values for the churge in units of Coulomb are thercfore presented here divided by the
mass as function of the velocity of the impacting particle and the parameter Cp.

The electron yield is shown in Fig. Ba, and the ion yleld in Pig. 8b, both for glass beads impac-
ting on o gold target. The corresponding values for 8 are 3.54 and 3.47 respectively. _

10° / 10° /
1o’ - /] 10? {— 4
- GLASS - GOLD / . GLASS - GOLD /
o Y. 9 de
St 4 . S to' 3
0/ eperm F 4] . - el ppeln - A
. . . N
10° aie e 10* ~
b Jas/E a
YL <
b Vi , I .
~ 10" - 2 <107
:‘; .3.: . * g :
o o
z 107 YA = 107 1N
o /‘ F . ) 5 10
z / .0 O« 3,67 1074 230 z Q'/n ¢ 2.6 107 V2017
=07 : = 07 -
T | A
w » 21013 s 5 1071% i : a10"% 1 s 10710
10 ] a10"'% ¢ u s 1073 0T a10 % s s |o’§\q
'0” |°-C
10° 10° 10! 10° 10 10?
PROJECTILE VELOCITY v {km/s!

PROJECTILE VELOCITY v [km/al

Fig.8. Charge to mass ratio Q/m plotted against particle velocity
for glass particles impacting a gold target.
a., (left) Negative charge yleld.
b. (right) Positive charge yield.

The cxperimental data in Fig. 8b deviate from the linear fit as shown in the histogram of Fig. 9.
The distribution is approximately gaussian on a logarithmic acnle with a standard deviation 4. For

glass ~+ gold cxperiments the AI is 2.3 and 4 el” 2.2.

It should be noted that no significant contribution of the negative ions to the total yleld of the
positive collector could be found. As the lons need more time to reach the collector than the
electrons, negative ions would have produced a sccond increase of the negative chqrge signal. This

was not observed.
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The results for the impacts of glass beads on tungsten, iron and aluminium are shown In Fig. 10a
and 10b,

a. b.
10° - / / 10°
10 107
- - o'/mcc, .
St Jyo!
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x X
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w w /
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% < /
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g / g / /
S =
g 10°? /] <, [} a =10 . // <, [ [
w 7/ wo | 3.83 8¢ [ 397 |23 / wo s |20 ] 22
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Fig.10. Dependence of the charge yield for the target/projectile density ratfo p,r/pp'.

a. (left) Negative charge yleld
b. (right) Positive charge yield
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The ratio of the collected negative charges and the collected ‘posftive ‘charges §s close to unlty.
as it would be expected from the impact model, which implies the conservation of the charges. It
was observed however, that this ratio tends to exceed the value of 1.0 at high velocitles.

This probably indicates, that not all positive lons can be collected at the hegatlvely biased
collector plate at high impact veloclties.

It should finally be indicated that the transport of charges by the ejecta that are generated by a
hypervelocity impact must be taken into account.

The ejccta does also generatc secondary charges, when they impact on the collector surface. These
must be measured separately from thée charges that were generated by the primary impact on the

target.

4. CONCLUDING REMARKS

The results of the experiments that are described in this paper do indicate that the empirical
formula that had been suggested by Priichtenicht, 1963 can be used to approxlmute the results
beyond the initial mass range (10°'® to 107!° g), up to 10°° g.

The -exponent & of the mass seems to remain very close to un!ty and the charge yield lncreuses with
the density of the tnrget materfal.

A further extensfon of the mass/velocity range in which the inpact charge is measured depends upon
the performance of the hypervelocity accelerators.

Recent theoretical analysis (Krueger, 1984) shows tendencies towards a rather good understanding of
the measured phenomena. There exists, however, at this time probably no theory that would provide a
general derivation of the empirical formula for the charga gencration.

The experiments that are presented in this paper were part of the investigations which have been
conducted within the project GIOTTO, that is the flyby of a spacecraft of the European Space Agency
ESA at the Comet lHalley in March 1986. The authors would like to express their thanks to thelr
colleagues, who were involved in this project, especfally E. Grfin, J. Kissel, J. McDonnell, H.
Kuczera and U. Weishaupt.

This wark was performed at the Lehrstuhl ({ir Raumfahrttechnik of the Technische Universitiit Minchen
(Director ll. 0. Ruppe) and the Kosmophysic Group of the Max-Planck-Institut in Heidelberg (Director
. Fechtig). It was supported by the Bundesministerium-fiir Forschung und Techno]ogle (Forderungs-

nummer WF/A 01 OF 1026G).
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1

.‘J?'JFIEEi 1/79)

XY =R P4 2 = v F # 6 FULAPYRBHAE
<PCU>
O|B|BAT INT |BAT AEB(ON) Fan+1 W10 BO = 0
1|B|BAT EXT |BAT #4&8(OFF), YI20FF ” =1
0| C|MAN FULL | 72270 THHBE-F RBE F4n+1 W10 B1B2 = 01
1 |C|MAN TRIC |77 CHMEBEF BT » = 00
2|C|CHG AT INTL % B RYEED Fan+1 W10 B1 = 1
O|D|BAT H1ON |BATE=Y10N, t-91 E BB IRK F4n+1 W10 B4B5 = 01
1 |D|BAT H1OF |BATE-910FF ,t-51 8 @ %I6AE ” = 00
O|E|BAT HZ2ON |BATL-520N, t-92 E Ry W@ Fan+1 W10 B6B7 = 01
1| E|BAT HZ2OF |BATE-520FF ,t-52E8 RBIRRER " = 00
2|D|BAT HTAT |BATt-51,2 HEy#E F4n+1 W10 B4B6 = 11
8|D|{C/D RST |%x&E/HE»Ht ¥24 BO~B7 = all 0
2 |E|[UVC ENA |UC{-Th , WVCIESHIFFILoL F4n+2 W10 BO = 1
S|EJUVC DIS UVCr421-78 n =0
2|B|RCN ON Y1y ON F4n+1 W10 B3 = 1
3|B|LO ON B-1-B9-~NUSES-A A& DBUS BERHEK | -
3|C|LO OF M-1-E9-~OBUS BRGMBEHELE | 0000 -
<TMS>
4 B|TMS ON TMS |/ ON ,0-/9- F4n+2 W10 B4B5 = 10
5|B|TMS OF NS i OFF F4n+2 W10 B4 = 0
4|C|TMS HI THS MI9- F4n+2 W10 B5 = 1
6|B|S-—COH EN |TMS t-hat-LUbE-F F4n+3 ¥10 Bl = 1
7|B|S—COH DS | NS Jyat-bubE-F ” =0
5|{C|S RNG—A |SBR-A —=TNS LY B VELE-F F4n+2 W10 BBB7 = 11
6|/C|S RNG-B |SBR-B =TS V5 #ViELE-F ” = 01
7{C|S TLM TMS TLM fZ3%E-F F4n+2 W10 B7 = 0
8 |B|SMOD ON |TMS &% ON F4n+3 W10 BO = 1
8|C|SMOD OF |TMS K& OFF " =0
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® I FEHE (2/9)
X|Y| =z2=visa 2w v F O# 8 FVY APV HMBHEAE
<TMX>
4 {D| TMX ON TMX BH ON ,u-i9- F4n+3 W10 B2B3 = 10
5|D|TMX OF THX &E# OFF Fdn+3 W10 B2 = 0
4 | E|TMX HI THX NIi9- F4n+3 W10 B3 = 1
6| D|X—-—COH EN | TMX #-FIt-LUME-F F4n+3 W10 B7 = 1
7|D|X-COH DS | TMX Juat-Lupe-F ” =0
5|E|X RNG-A SBR-A =TMX LvJ HBYELE-F F4n+3 W10 B4BS = 11
6| E|X RNG-B SBR-B —=TMX L2y & VR LE-F n =01
7T|E|{X TLM TMX TLM {£Kt-F F4n+3 W10 BS5 = 0
8| D|XMOD ON THX ZZ3H ON F4n+3 W10 B6 = 1
8 | E| XMOD OF TMX Z3& OFF n =0
<SSW>
A|O0O|MGA SEL TMS % MGA(R] %k F4n+2 %10 B3 = 1
B{O|LGA SEL TMS % LGAEINE:#E ” =0
<HK>
C|O0|HK ON HK ZB& ON F4n+2 W10 B2 = |
C|1|HK OF HK & OFF ” =0
<INS-SA>
68| INS1 ON INS-2 AAER ON ¥64n+31 Bl = 1
7|18 INS2 ON B3.KM BYGREtVY,V4~86 B ON W64n+31 B2 = 1
5|8 INS OF INS-SAE# OFF ¥64n+31 B1B2 = 00
6|9 KM MODE V4~6,Y4Z41H77,B3¢ts% OFF, P3—>PKM W64n+31 B3B4 = 10
719 SA MODE KMts4 OFF n =01
6| A|INS CLON | 7y7%yIL-33y W64n+31 B5 = 1
7|A|INS CLOF | 7/7%+9Jv-23v OFF » o =0
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Jvy FEEHZ (3/9)

2wy V& 2 2 v F ¥ FUVvAPYRBIEH
<DPU>

1| 0| FORMAT 1 |7b-572-%9b 1 (T LEFEF ) F4n ¥10 BO = 1
2| 0| FORMAT 2 |7LbA-974-77h 2 ( ACNE-F ) F4n W10 Bl = 1
3|0| FORMAT 3 |li-37+-79h 3 ( OPFI9)E-F ) Fdn W10 B2 = 1
40| FORMAT 4 |5ba-971-79h 4 ( 3R0F199E-F ) FAn W10 B3 = 1|
5|0 | FORMAT 5 | #bi-474-79h 5 ( ONSE-F ) Fan W10 B4 = 1
6| 0| FORMAT 6 | 7La-971-39b 6 ( ONSAEVSVTE-F ) F4n W10 B5 = 1
7|0 | FORMAT 7 | 7bA-972-19b T ( NGA-5577%-F ) F4n W10 B6 = 1
8|0 | FORMAT 8 |7#L#-472-3sk 8 ( NDCE-F ) Fan W10 B7 = 1
0/3!BC ENA O |BC{4#78 0 ( OPYFL ) F4n+2 W11 BO = 1
1{3|BC ENA 1 |BC{¥76 1 ( OP5=% ) F4n+2 W11 B1 = 1
2|8{BC ENA 2 |BC{¥7% 2 ( OG7FLZ ) Fan+2 W11 B2 = 1
33 |BC ENA 3 |BC{#7% 3 ( 06-5 ) Fan+2 Wil B3 = 1
4|3 |BC ENA 4 [BC{*-76 4 ( SSC) Fan+2 W11 B4 = 1
5|8|BC ENA 5 |BC{+7% 5 ( SHCI ) F4n+2 W11 B5 = 1
6|3|BC ENA 6 |BC{#-7% 6 ( RCS #@ ) F4n+2 W11 B6 = 1
7|18 |BC ENA 7 |BC4*7% 7 ( AOCPATF ) F4n+2 W11 B7 = 1
8|3|BC ENA 8 |BC{#-7x 8 ( AOCPTFLZ ) * F4n+3 W11 BO = 1
9|3|BC ENA 8 |BC{#-7% § ( AOCPYU434 ) F4n+3 W11 B1 = 1
A{3|BC ENA A |BC{#-78 A ( 0BC) F4n+3 W11 B2 = 1
B|3|BC ENA B |BC{#-78 B ( MOC) Fan+3 W11 B3 = 1
A|2|BC EXE BCEST |
9|2|BC DIS BCIR-MoE | -
8|1 |T1 RESET|TIV (L | -
1|2|BIT HI EsbL-F 8192 bps Fan W11 BO = 1
2(2|BIT MED ByblL-k 2048 bps Fdn W11 B1 =1
0|2|BIT LOW Evbb-b 256 bps F4n WI1 B2 = 1
9|1t |ALL CLR |OP0C @x&y 2¥~THO? | ==
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X\ly = 2 v v F B g FVAMYVEBEA

<DPU>
3|]2|0P CLR Py 1 =eee-
412 | 0P STRT |OPE{THE F2n+1 W7 BO = 1
5(2|0P STOP OPETE I ” =0
6|2|0P CNTI OPHkEE L TEfT ” =1
5|1|CORR ENA |15 &IEAT Fdn+1 W11 BO = 1
6|1 | CORR DIS |15 ETiEEF4A1-78 " =0
7|1 ERR RST &3-%¢4 | eeee-
O|1|SX—RL DP |TKS,THX TDPU DYTAF- %45 Fdn W11 B3~B6 = 1111
1|1|S=RL LO |THS TLOD-) %% F4n W11 B3B4 = 10
2|1 |X-RL OBC |TN{ TOBC ®F-§ &% Fan 11 B5B6 = 10
3|/1|S8 REP THS CE4T-) 2EX Fdn W11 B3 = 0
4|1|X REP M TELEF-) BEX F4n W11 B5 = 0
72| DR REC 75 GBI F4n+1 W11 B6 = 1
8 2|DR STOP 7y BRBLUHEOREE L n =0
B|2|RDIF OF ROBHIVAZ I EBEDOBE OFF F2n+1 W6 B7 = 0

<OBC>
5|/4|0BC ON 0BC & ON F4n W26 BO = 1
6|4|0BC OF 0BC |/# OFF »y o =0
5(5|CELA ON |CELL-A %R ON Fdn ¥26 BI = 1
6|5|CELA OF |CELL-A @& OFF no=0
5|6 |CELB ON CELL-B ZE# ON Fan W26 B2 = 1
6|6 |CELB OF |[CELL-B & OFF »oo=0
5|7|CELC ON |CELL-C ¥ ON - F4n W26 B3 = |
6|7|CELC OF CELL-C EB# OFF ” =0
7|5 |CELA RST|CELL-A Ytsb F4n+3 W26 BO = 1
7|6 CELB RST|CELL-B Y¥yb F4n+3 %26 Bl = 1
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XY =R a < v F # fE FLALYVHBEE
<OBC>
7|7|CELC RST |CELL-B ytsh Fdn+3 W26 B2 = 1
7/4|0BC RST |oBCoWor | e
5/8|1F RST 1/0 4v5-7042 Yeob | ee—es
<AOC>
98| AOCE ON |AOCEQZEH ON F32n W13 BO = 1
A|8|AOCE OF |AWCEOBH OFF noo=0
9|9 |AOCP ON |AOCPOZH ON F32n+1 W13 BO = 1
A|9|AOCP OF |AGCPOBHS OFF » = 0
|B| 98| NRM MODE | /-ut-f CcoHlEbBE F8n+4 W17 B6 = 1
C|8|SW STBY |779-y3097h OEFIM F8n+4 W17 BS = 1
9| A|SWRCS GO |AOCPi & BRCS HtH%Bags F32n+17 W13 B6 =
A| A HWRCS GO |BC izX3RCS HiN%5A F32n+17 W13 BT =
B{A|RCS STOP |RCS HmtEi F32n+17 W13 B6B7 = 00
C|A|A-STP EN|6s=90° TRCS %% A@AE L F32n+17 W13 B5 =
D|A|A-STP DS | LitHtesmiK » =
9 |B|SUNAC EN | H&/ABHHIEHEE ON F32n+18 W13 Bl =
A|B|SUNAC DS | B#ARMITHEEE OFF y =
B|B|SUNAC AX | BBARMIICAXIALIIN 2 M F32n+18 W13 B2 =
C|B|SUNAC RD | BEAHMHHEICRADIALIIRY % (£ ” =
D|{B|SUN ATEN |AOCPIF- i & D BRIAIBHIEE-F ~BT F32n+18 W13 B3 =
E|B|SUN ATDS | Lazise:sees ” =
B|C|SWRCS EN |AOCPTRCS %%ty F32n+18 W13 BO =
C|C|HWRCS EN|BC TRCS :#i " =0
9|C|SSC AUTO |SS5C OEEME BRI BRE F32n W14 BS = |
A|{C|SSC MANU |SSC OBEHREBCTRE noo=0
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2w FEHEX (B/9)

X|Y avv K4 2 = v F B FLVALMYBEREE
<AOC>
D|C|INTEG EN/|AV ®2ETHLS F2n+6 W14 BO = |
C|INTEG DS | AV ®aEFEL " =0
(n=0~4, FORMATID &)
<SHCI :AOCTHmE>
D|7|SHCI ON SHCIDEH ON F32n W13 B3 = |
E|7|SHCI OF |SHCID®EH OFF » o =0
E|6|SHCI CAL |SHI%CALE-Fic¥ 5 F32n W14 B2 = 1
D|8|HI RATE SHCI & MAEsL-PE-F 123 5B F32n ¥14 B1 = 1
E|8|LO RATE |SHCIZU-ZEW-MN-F ¥ 5 »oo=0
D|8|SHCI SUN | SHCIDSUNF-50 i B % 5 R F32n W14 BO = 1
E |9 |SHCI EAR /| SHCIDEARTH?-5 i i % (G »oo=0
E|A|STER STP |FOV a5y/$liaseEt F32n W13 B4 = 0
<SSC:AOCTumE>
8[/8|SSC ON SSC DB#: ON F32n+1 W14 B7 = 1
8|9|SsC OF SSC OB OFF " = 0
8|A|SSC CAL SSC %ZCALE-Fiz ¥ 3 F32n+1 W14 B6 = 1
<SAS:AOCT@mE>
D|{4]|SASA ON SAS-A DEH ON . SAS-A D7y 2E{R F32n W13 Bl =1
E|4|SASA OF |SAS-A OE® OFF »oo=0
D|5|SASB ON SAS-B OBE ON . SAS-B D7-y %8R F32n W13 B2 = 1
E|[5|SASB OF |SAs-B O®# OFF » =0
D|6|SAS CAL |AGCETEMIIING % R4 F32n W14 B3B4 = 11

160




£ 1

azv FIEAR (7/9)

XY awyv R 2 <2 v F B g FUVAM)RRBIEE
<RCS:AOCammE>

B|4|LV—A OPN |RCS DissimA £BI< Fa2n+17 W13 BO = 1

C{4|LV—A CLS|RCS Oiv#/5MMJA 2L 3 ” =0

B|5|LV—B OPN|RCS ®#75M7B %Bi< F32n+17 W13 B1 = 1

C|{B|LV=-B CLS |RCS ®3r#5iJB ZEAL 3 ” =0

|B|6|LV—C OPN |RCS @3 5iiC %BA< F32n+17 W13 B2 = 1

C|{6|LV—-C CLS |RCS o#iC 2BAL 3 ” =0

B|{7|LV-D OPN [RCS ®39#5i7D %BA< F32n+17 W13 B3 = 1

C|7|LV-D CLS |RCS ®3yF,9I87D ZFAL % o =0

B|8|LV-G OPN |RCS DIs# ihIG %541 F32n+17 ¥13 B4 = 1

C|[8|LV—-G CLS |RS O5»#5nIG 2EAL 3 » =0
<ACM:AOCTcHaE>

A|4{ACMB ON |ACN-B OEH ON F32n W13 B5 = |

A|5|ACMC ON |ACN-C DEH ON F32n W13 B6 = 1

A|6|ACMD ON |ACN-D DEE ON F32n W13 B7 = 1

A|7]|ACM OF ACN-B,C,D OEB& OFF F32n W13 B5BEB7 = 000
<ONS : AOCTHLI(ONS ON/OFF ZE&<) >

D|{1|ONS ON ONS DT ON , 25U | {REE W25 B2 = 1

D|2|ONS OF ONS O&EH OFF » =0

8|4 |ONS STB2 |£EMOEBH ON , REFIERE W25 BO = 1

8! 5|0ONS STB1 | 7—t—7{kE ” =0

86| PROC! ST|®#&r-r21%p8s F8n W17 B3 = 1

8| 7|PROC2 ST |#®&-r 22460 F8n W17 B4 = |

9|7 |PROC END |®&s2 28T F8n W17 B3B4 = 00
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£ 1 22 FIEAE (8/9)
X|Y R I v v ¥ ¥ OB FULAL)EBBIHE
<HCE>

24| TNA HTON |RCS DIs9AL-5 £732;:70 T ON F2n %29 BOBI = 10
3|4 | TNA HTOF |RCS DIsIAL-y %3370 T OFF F2n W29 » =00
44| TNA HTAT |RCS DI/IAL-) % AEHE F2n %29 B1 = 1
25| TNB HTON |RCS ®yssBL-4 %3371 T ON F2n W29 B2B3 = 10
3|5 | TNB HTOF |RCS D4sBt-4 %7:378 T OFF F2n W29 » =00
4|5 TNB HTAT|RCS ®ssBt-5 = HEHHIN F2n ¥29 B3 = 1
2|6 |PIP HTON |RCS OEEL-9 £3=271 T ON F2n %29 B4B5 = 10
3|6 |PIP HTOF |RCS DEEL-9 %3274 T OFF F2n W29 » = 00
4|6 |PIP HTAT |RCS 0Bty 288HHE F2n %29 B5 = 1
2|7 |LAV HTON |RCS ®395/5MMIk-9 £32278 € ON F2n %29 B6B7 = 10
3|7|LAV HTOF |RCS OF9#/9MhIt-4 %£32371 T OFF F2n ¥29 » =00
A4|7|LAV HTAT |RCS ©siiit-y & EBHE F2n #29 B7 = 1
28| THYV HTON |RCS OHEZFESL-Y £7370 T ON F4n+1 W29 BOB1 = 10
3 (8| THY HTOF |RCS D#ZESEL-9 272,74 T OFF Fan+1 W29 » . = 00
4 (8| THV HTAT |RCS OfZESfL-y £ ABHN Fan+1 W29 B1 = 1
29| KML HTON | KM-Lk-% %72370 ¢ ON F4n+3 W29 B1B2 = 10
3|9 | KML HTOF | KN-Lt-y %7378 T OFF FAn+3 W29 » = 00
49| KML HTAT |KN-Lt-y 2 EH@HEH F4n+3 %29 B2 = |
3|A|{KML HTLO |KM-Lt-5 %2LOWLAMIZ S B ON F4n+3 W23 B3 = 0

2| A|KML HTHI | KM-Lk-9 %HIGHLAL 12$3  OFF ” =1
0|4 |TTH HTON | 29109+ h292989FE-5% ON Fdn+1 %29 B2 = 1
114 | TTH HTOF | 52J1s9%h232949Fk-4% OFF N ” =0
0|5 |ATH HTON | 745%a2329%9FE-9 % ON FF Fan+1 %29 B3 = 1

1| 5|ATH HTOF | 74341252939Fk-5 % OFF N =0
0|6 |RTH HTON |3557125295sFt-5% ON Fdn+1 ¥29 B4 = 1
1|6 |RTH HTOF | 757M29%9%9Ft-9% OFF » =0
O|7|EM HTON LYsES1-Mk-5% ON F4n+1 H29 B5 = 1
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av v P4

a =2 v F

B A

FLAbYVHFEIEAB

<HCE>

EM HTOF

LUSVES1-ME-3% OFF

Fdn+1 ¥29 BS

1
o

LO HTON

N-1-Ey-t-4 % ON-

Fdn+1 W29 B6

i
—

LO HTOF

N-1-t5-t-5 % OFF

n =0

SHC HTON

SHCIt-¥ % ON

F4n+1 W29 B7 = 1

SHC HTOF

SHCIt-% % OFF

n =0

ONS HTON

ONSE-3% ON

F4n+3 ¥29 B0 = 1

b s I T e I e T e B

ONS HTOF

ONSt-%% OFF

n =0

<EPT-SA>

EPT STOP

947 51k EPT-SAZRH OFF

LOCM ENA

EST-L ~@IavuyFH AERE ON

F4n+3 W11 B6

It
—

LO START

KM-LeUK 547 25-h

mim|m|m

LO SEP

Ni-1-E5-53 B

F4n W11 B7 = 1

<MDC>

MDC ON

MDC OEH ON

MDC OFF

MDC DEH OFF

MDC HVON

MDC OFEIEEHE ON

MDC HVOF

MDC DEFTER OFF

MDC RST

MDC D v4rujuty$yvesh

MDC TEST

MDC 7abo-¥ABALE

MDC CAL

MDC $+Y7L-73vy-5uABaLEA

oOjlo|m{@w|[>»|O©]>»]|©

m{O|mMmiOim|m|O |0

MDC SYNC

MDC D ¥13iv5 [l

<LO:DPUTHE>

LOSC ON

B-1-E4-D Kb ) ON

LOSC OF

Mi-t-E5-0 KEEBithtd 77 OFF
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DPU

B 5 7oy zawy FEM (1/8)

:OP7Fvzxtyb+ (BC ENA-0)
BO B1 B2 B3 B4 B5 B6 B7
NSB LSB
1| 3 - ' -
CE7Fvz (0~127)
DPU:0G7Fratyt+ (BC ENA-2)
BO B1 B2 B3 B4 B5 B6 B7
NSB LSB
VM| gy |« — -
OG7FLrz (0~127)
DPU:OP&iAs (BC ENA-1)
BO B1 B2 B3 B4 B5 B6 B7
NSB LSB
JUET 37) . -
OG7Fvzx (0~127)
NSB LSB
2M4h | «
SAadvy—np
DPU:O0G#iAs (BC ENA-3)
BO B1 B2 B3 B4 B5 B6 B7
mr| DC BC % 2
2114k DC/BCz—F
OBC : #8#ff=—FHE (BC ENA-A)
BO B1 B2 B3 B4 B5 B6 B7
b OBCRifFe—V
Conv.
2Mb | Code CELLY®v} HhE—F
z—F
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5 vy zavv Pl (2/3)

SSC:»~5x—%+%5}+ (BC ENA-4)

BO B1 B2 B3 B4 B5 B.6 B7
CIRCUIT GAIN LEVEL CELL TIME CONST
00,11 © 1,2 11 - HIGH 1:B 000~111 : 0~7
Li4h | 01 1 (A+B) . | 10 : MIDDLE HIGH 0:A SPIN RATE RANGE : 10~30rpm
10 P2 (A+B) 01 : MIDDLE LoOW (NOMINAL 20rpa)
: 00 : LOW
AOCE: :RCS##@ (BC ENA-86)
<#dEe—r>
BO B1l B2 B3 B4 B5 B6 B7
Mr|” 1" #* h -
Ak E-F
214k 25 R 7 iRR -
34 BB (0~1024sec)
45R4b ' - : ® %
514k s B (O P BOBEALILE)
<NV AE—F>
BO B1 B2 B3 B4 B5 B6 B7
V4 ” O ” i3] 2 A8
KRAE-F
204k Z5 R 7iRR
b | R - HEEE (0~2047)
44k — |
S5Mp | ————— BARBMMAE (0~8sec)
AOCE:VvZ7b+v7#8#8 (BC ENA-7)
BO B1 B2 B3 B4 B5 B6 B7
bk 2N = - F
214k
| M| 3 - F
L]
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B 5 Zuy2zawv P (3/3)
AOCP:7FVvx, 7uZ34 (BC ENA-8., 9)
BO B1 B2 B3 B4 B5 B6 B7
T D
SHC1 :#ffe—rF#E (BC ENA-5)
<FIX &-F ®E>
BO B1 B2 B3 B4 B5 B6 B7
14 % 2 O 1
| ¥SB LSB
204 | ;B 1:CCW |« >
0:CW A7 9 78 (0~63)
<STEER ¥-F 8{E>
Bo B1 B2 B3 B4 B5 B6 B7
4 5 4] 1 O
H# MSB LS8
214k b3 1:599) >
0: 41182 STEEREEHE AN I DIF A DIy IRIME (N/16+2 sec (N=0~63))
KAV Y aFUVRVBED>
BO B1 B2 B3 B4 B5 B6 B7
10,04 x 2 1 i
MSB LSB
2114k . 2 ->
BEWIMF (0~T)
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<ty FVv—1F2048bpsDL & ORI HEE>

<{IbLFE—-F>

167

*ACM-D = 23. 4ms (500ws 64 D¥,TV57-9 2 3@l 1 BH T 3)
*M3SB/KM-MH®E = 15. Bms
*NRS = 15. Bms
s KM—M&E = 2sec
sEPT—-SAXF—%Z2 = 125ms
[ F — 3 N F - % . 7 = % 11 F — %
WO W32 W64 W36
L) SYNC ¥33 W65 W97
%2 W34 W66 W98
W3 F W35 S W67 = e #99 e
o T W36 W16~23icfl L T Wi6~23Ic@ L ¥100 Wi6~23icf@ L
W5 W37 W69 ¥101
L[5 AGC/CAB W38 %70 ¥102
W7 W39 W71 w103
W8 H K W40 W72 W104
(] W4l W73 W105
W10 [PCU, RF W42 W74 Y106
Wil W43 e W75 e ¥107 =
Wz DPU Wi W16~23iz @] L Wie W16~23icFL | g W16~23ic@ L
W13 W45 W71 %109
W14 AOCS Y46 W78 %110
W15 ' W4T W79 Will
W16 | M3B/KM-MAE W48 %80 ¥112
W17 NRS 49 W81 W113
W18 | ACM-D E:lf%g) %50 W82 W1l4
W13 | ACM-D ) W51 e W83 oy 1 §115 o oaye [ 1°
W20 T H3B/KI-NAIE W52 W16~23M U | el W18 23 L wiig] "6 23[@ L
w21 NRS W53 W85 w117
W22 | ACM-D  ( EAT) W54 %86 W118
W23 | ACH-D (TFAr W55 w87 w119
W24 | M3B/KM-MAJE W56 W88 w120
W25 NRS W57 %83 #121
W26 | ACM-D E ;léi%) #58 %30 #122
W27 | ACN-D ) W59 = W91 U, ¥123 e
728 T 3B/ KI-NAIE W60 W24~29ic[El L Wa2 W2d4~29icf@ U Wigq| Med~ask [T
W23 NRS W61 ¥93 W125
W30 | EPT—SA w2 |EPT—-SA %94 | EPT-SA ¥126 | EPT—-SA
W31 JNS—-SA W63 L 3 W95 INS—-SA w127 5k %k
*¥<WB 3> *k%k<W127>
F 4n CAL (1) F 4n CAL (@)
F4n+1 | KN-NEBE (1) F 4n+1 | KN“-MEE (4)
F 4n+2 n__(2) F 4n+2 »_(5)
F 4n+3 G F 4n+3 N (6)
K 6 Fvi—#7a2—7sb(1/11) FORMAT-1




F =3 10C F -3 1T F == =%
W0 W32 W64 ACM-B (%96 ACM-B
Wl SYNC W33 W65 | ACM—C W97 | ACM—=C
W2 W34 W66 | Fid2 7 —Fo| [#8 | Lo 7= F
W3 F 1 35 |RCSAEY 67 | < DEL W99 | < DEL
W4 T 1 W6 ] 1.5/9 W68 . ¥100 ,
(B W37 W69 W101
¥% | AGC/CAB | [ws W70 . W10z .
W7 ¥39 Wil ¥103
B W40 W2 w104 .
%9 H K Wil W73 ” Wi05 y
W0 [PCU, RF WAz W4 B W106 .
Wil DPU W43 |RCS %Y W75 W107
W12 W4 | 2/6/A ¥76 - W108 .
e | [ e s
SHCI, SSC ErCme » ”
mis | SYELOSC W47 w79 W11
¥i6 W48 W80 " Wiz B
W17 W49 W81 Wi13
W18 W50 ¥82 . Wil P
W9 | AOCP W5l RCSAEY %83 Wil5
W20 W52 3,7 W84 . Wil6 ;
W21 ] (7M7) W53 W85 W17
W22 W54 W86 . W118 ,
¥23 7 = W55 W87 Wi19
W24 PCU W56 W88 B ¥120 »
W25 ONS W57 ¥89 Wi21
W26 W58 790 . Wiz2 .
W27 0BC W53 |RCSA%Y W91 Wi23
W28 W60 A/8 ¥92 . Wiz4 ”
W29 HCE W61 ¥93 W125
W0 | W62 W94 W126
¥l MDC W63 W35 ” Wi27 ”
<W32~WB 3>
32 39 [ 40 AT 56 53
Fin_|RCSA€U1 |RCSAEV2 | RCSH RCSAETA
F4ntl |[RCSAE)5 [RCSAEV6 [RCS A RCSAEU 8
Fin2 | RCSAE)O |[RCSAEVA| Ik [ACHHTZKNAY |7 =
Fdn+3 S§C 7 =
B 6 FLA—%72—29b (2/11) FORMAT -2

<ACME-—F>

168




<OP#:v27%¥—F>

169

— AN 2 [ A =5 10 F =%
W0 V32 % JOCHES 1| [¥6
W SYNC ¥33 W5 | OGE#H#1 W97
W W34 W6 TOGHS n+1 | [ W8
(B F 35 ¥%67 | OGE#2 W93 | OG#8n+5
W T 36 W8 [OG#S8n+1 | [Wi00
W5 W37 W69 | OGE#3 101
W% | AGC/CAB| [#8 ; x ¥0 [OGHS8 n+ 1| [Wioz
W7 ¥39 ¥71 | OGE#4 W103
(B W40 Wi2 Wio4
¥9 H K wa ] . et O W73 Wi05
¥10 [ PCU, RF WAz Wid W106
¥l DPU ¥a3 w5 1oc#sn+2 | [W07]0G#8n+6
Wiz Wa4 W16 W108
Wi3 W5 W77 W109
W14 gﬂgf’gég“s W46 W78 ¥110
WI5 . W47 W13 WIll
(W-F317) T
Wi6 18 | Cr g W80 Wiiz
W17 ¥49 n W81 ¥i13
W18 W50 W82 Wil4
¥13 | AOCP w51 ] CE#8n+1 | s og#8n+3 | [WI5|0GH8n+7
¥20 W52 %84 ¥ii6
2 (17M917) w3 | CE#BN+2| Iyer W17
52 W54 W86 ¥118
W23 7 % w55 | CE¥8n+3| Iy ¥119
W24 FCU ¥56 %88 ¥120
W5 ONS w57 | CE#8n+4 | I Wizl
W26 W58 W30 W12z
W27 OBC wea | CE#8n+5 | orloc#an+4 | [H123] 0G#8n+8
W28 ¥60 W92 Wizd
¥29 ACE o1 | CE#8n+6 | Iyg3 WiZ5
W30 W62 W34 ¥126
n! MD C ¥ JcE®8n+7| bt Yir
167v—24 (Fn~Fn+15) Tlty MHH
<CE#%%> <OGE#%%>
B0 Bl - - --- B7 B) - - ----- B7
Wen TDC[BC] 7 % Wen 17| DC7FV R
Wan+1 azvfFa—F Won+l | 4 64 v =0
B 68 FLrA—5T7s—<sb (3/11) FORMAT-3




KAEYF297¥—F>

170

— =7 =5 10 =3 1C ¥ =3
) (B, W64 (ES
¥ SYNC ¥33 TH W97
W W34 W66 %98
B F %35 67 793
¥4 T ¥36 W68 R100
¥ | W37 #69 H101
W% | AGC/CAB | |78 W70 M102
W7 ¥39 W71 Wi03
w8 — W40 [ 7104
9 WAl w73 Wio5
W0 [PCU, RF W42 W74 W106
Wil B3 B Wi07
Wiz DPU Ta4 w76 m108
e | [ La s
44 sier, ssc ot y % 8 aocp L Aoce
g | D) M8 .1 o) B0 | Leymm | T2 seyps
W17 W49 a ¥81 “ ¥113 =
W8 ¥50 782 Hild
i3 | AOCP ¥51 783 Wil5
720 W52 [ Wil6
B2l | (7hoID) W53 785 RiLT
W22 W54 ¥86 Wil8
123 7 % W55 w87 RI19
T24 PCU W56 88 Wi20
¥25 ONS W57 %83 ¥i2l
26 ¥58 590 Wize
W27 OBC ¥53 791 Wi23
728 W60 792 Wi2d
W29 HCE W61 ¥93 Hiz5
130 162 794 WiZ6
¥31 MDC %63 795 127
6 FLUA—5Ts—2ut (4/11) FORMAT- 4




<ONSe—VF . @B{fP F2n>

171

— T =75 1 =35 10 T =35 10 F =%
0 V2 [ F—smnr ] [ Y35
Tl SYNC ¥33 . W65 W37 4
W2 W34 ¥66 W98
(B F W35 W67 ¥99
W4 T W36 W68 W100
W W37 W69 W10]
W% | AGC/CAB /| [¥s ¥70 WI02
W7 W33 . W71 Wi03
W8 T W40 2 Wiod
¥9 WAl Call 0) W3 ‘ Wi05
¥10 [PCU, RF Ba2 W4 t W106
Wil 743 5 WI07
¥i2 DPU Wa4 W76 W108
e | . s
SHCI, SSC
T W47 W79 Wil 7y %
W16 W48 W80 Wiz
W17 W49 W81 Wis| (all 0)
¥18 ‘ W50 ¥82 Wil4
Wi | AOCP W51 W83 | Hgy-1a 2 ¥il5
W20 W52 [ Wil6
W2l | (yIrerr) W53 WE] vvace s | T
W22 W54 W86 W1i8
W3 F & ¥55 W87 W119
W24 PCU W56 W88 W120
W25 ONS ¥57 | @&s-1u3 1 W89 Wizl
26 W58 W30 Wi22
W27 OBC W9 | 7wty | [W01 W12
WZB ¥60 W92 Wi24
§29 HCE ¥61 %93 Wiz5
W30 W62 W94 WiZ6
¥l MDC W63 W35 W17
B 8 FLA—=37i1—vyb (5/11) FORMAT-5




F — ¥ F — N F = ¥ - F — ¥
W0 W32 | = — 3 sRAlI-F W64 W36
W1 SYNC W33 7 % W5 | SSC-B W97
W2 W34 W66 F=% 1 98
W3 F W35 | 4 v o —n W67 %99
W4 T Wk | s 4 7hyv Sy 168 W100
#5 W37 W63 | SSC-B Wiol
W | AGC/CAB/| [¥38 W70 F—% 2 w102
W7 W39 v Wil w103
W8 H K W40 ZAF—% R Wi2 w104
W9 W4l W3 | SSC-B W105
W10 |PCU, RF W42 W74 F—% 8 w106
Wil DPU W43 W75 w107
Wi2 W4 | g agreys W16 W108
WI3 |, 0CE/P.SAS W45 W77 | SSC-B W109
W14 sncnls'sc W46 W78 F—% 4 W110 7 %
W15 ’ Wa7 W79 Will

(hW-FH17)
¥i6 W48 W80 Wil2 Gall 0)
W17 W9 | SSC—-A W81 Wii3
W18 W50 F—% 1 W82 W14
W19 AOCP W51 W83 W15
W20 W52 W34 W16
Wel (Y7M917) W53 | SSC—A W85 W117
W22 W54 F—% 2 W86 > % W118
W23 7 _* 55 W87 Wii9
w24 PCU W56 W88 Gall 0) w120
W25 ONS W57 | SSC—A W89 Wizl
W26 W58 F—% 3 #90 Wig2
W27 OBC W59 W91 w123
W28 W60 W92 Wi24
29 HCE ¥l | SSC—-A w93 W125
w30 MDC 62 F—45 4 W94 W126
W31 W63 W5 w127

X 6 FULA—F T 4—=29 b (8/11) FORMAT-5

<ONSE—F ! #R&P F2n+1>

172




<ONS®E—F¥:MEF—sH7) F64n>

173

T = 5 =310 F =% T = 3
W0 V2 T r—smar | [ ¥ W%
¥ SYNC W33 i W65 W97 4
W2 W34 ¥66 ¥98
W3 F ¥35 W67 ¥99
¥4 T W36 W68 ¥100
(B W37 . W69 ¥I01
% ] AGC./CAB | [ws | B8 747 I'mo WI02
W7 W33 W71 W103
¥8 _— W40 W72 Wio4
%9 Wl W73 WI05
W0 | PCU, RF Wa2 Wi4 W106
Wil W43 W75 Wi07
WI2 DPU Wad W16 WI08
M8 1 aoCE/P,5AS WS memesn T s
SHCI, SSC
W5 . W47 W79 Wil -
(h-F917) 7 *
W16 W48 W80 W12
W17 Wag W81 W3] (a1 0)
Wig W50 ¥z | i&s-5ux 2 Wil4
¥is | AOCP W1 W3 | ¥ii5
W20 W52 W84 | ToHy s | [W6
¥l | (7hor7) ¥53 Ws5 W17
W22 W54 W86 WI18
W23 7 % W55 - W87 Wi19
W24 PCU woe | BEII2 1 W88 W20
%25 ONS W57 o W89 Wizl
W26 . we ] 2777 | [eso W22
W27 OBC W53 W31 123
%28 ¥60 W92 Wi24
W29 ACE W61 w93 WiZ5
30 ¥62 W94 WIZ6
31 MDC ¥63 %35 Wi27
S 6 FLA—FTa—<u b (T/11) FORMAT-5




174

- N 7y - % L F — & [ 7 - 7
W [EH Woi W36

Wl SYNC ¥33 W65 W97

¥ W34 W66 W98

W3 F {3 W67 799

W4 T W36 W68 ¥100

W W37 W69 ¥i01

W% | AGC/CAB| I8 CH Wioz

W7 ¥39 Cl n103

W8 — W40 w72 w104

B W W73 ¥105

¥i0 [PCU, RF IR W4 7106

Wil 743 (i WI07

(IR DPU B W76 7108

fla] AOCE/PSAS | o e

A1 sucr, ssc a8 ONS 78 ONS 410 ONS
pig | I 7130 [, 0 TV [
817 749 7 181 7 w113 4
W18 750 W82 ¥il4

¥is | AOCP 1 ¥83 W15

720 W52 v8d W116

W2l | (7M7) 53 W85 TN
W22 W54 W86 Wil8

W23 7 % W55 78T 7119

W2d PCU %56 W88 Wiz0

W25 ONS W57 W89 Wiz]

26 W58 ¥30 Wi22

W27 OBC %59 W91 w123

W28 W60 W92 Wiza

W29 ACE W61 ¥93 W25

W30 W62 794 Wi26

W3l MDC W63 W35 Wi27

6 FLA—9Ts—<y bt (8/11) FORMAT-5
<ONSE—F:ME7—5H)) F6An+1~F64n+63>




175

_ 7 =5 10 7 — 5 10 =3 10 =%
W0 iz W64 (E3
W SYNC W33 W65 W37
W2 W34 W66 W38
W3 F %35 W67 %39
Wa T W36 W68 ¥100
W5 W37 W69 ¥101
W% | AGC/CAB | [¥8 ¥70 W102
W7 _ W39 W7l W103
B H K W40 W72 W104
W9 Wal W3 W105
¥10 [PCU, RF Va2 Wid W106
Wil W43 W75 W107
Wiz DPU Va4 W76 ¥108
Hig] ACCE/P.ss | ¥ ] §ito
T3 shel, s ME ONsE& 8 | ONSHif i ONSE®
T ME | Loy [0 eyres | Z Leysey
Wi7 W49 4 W81 4 113 7
Wis W50 ¥82 W14
WS | AOCP W51 ¥83 W15
W20 W52 W84 ¥116
21| (YIMIT) W53 %85 W17
W22 W54 %86 Wii8
W23 7 % W55 W87 (E
W24 PCU W56 %88 W20
W25 ONS W57 W89 Wizl
W26 W58 W30 Wi22
W27 OBC W59 W31 W23
%28 W60 W92 Wizd
W29 HCE ¥61 W93 W125
¥30 W62 W94 W26
W3l MDC W63 W35 127
Bl 6 FLA—$7+—<vb (8/11) FORMAT-6
<ONSAE)FVTE=F>




F =% F =7 1[C F =% 7
W32 W64 W6
SYNC W33 ¥65 W37
W34 W66 %98
F 1 ¥35 V67 ¥99
T 1 W36 W68 ¥100
W37 W69 Wi0]
AGC/CAB | W8 ¥70 ¥102
W39 W71 W103
W40 W72 Wio4
H K Wil 3 ¥105
PCU, RF Wiz W74 ¥106
WA3 W75 ¥107
DPU Va4 W16 ¥108
noce/psis | R 78 i
SHCI, SSC ME | wsa-y L his
(A-F4a7) 7000 PSR i 1.7 1 (PR I £ 1772 [
¥49 “7T W81 777 ¥113 77T
¥50 V82 Wil
AOCP W51 ¥83 Y115
W52 W84 V116
(I7917) W53 W85 Wii7
W54 %86 ¥118
7 % %55 W87 W119
PCU Y56 %88 W120
ONS W57 - 789 Wizl
¥58 %30 ¥i22
OBC W59 ¥91 Wiz3
W60 ¥92 ¥i2d
HCE W61 %93 w125
W62 W94 W126
MDC ¥63 W5 Wi27
B 8 FLA—%7i—<ub (1 FORMAT -7

/11

0 )
NFA—9 T TE—F>

176




177

~ F =3 7 — 5 1 A 2 A
T W32 Wod W36
¥l SYNC ¥33 W65 W97
W2 W34 W66 ¥98
¥3 F 1 W35 W67 ¥99
W T 1 W36 W68 W100
B W37 W63 Wiol
W% | AGC/CAB/| [¥38 W70 w102
W7 ¥39 W71 w103
W8 W40 W2 W104
W9 H K Wl W73 W105
W0 | PCU, RF W4z W74 Wi06
Wil W43 W75 W107
Wiz DPU Wad W16 W108
s AocE/Rsas | g s i
TEM Rt ee M7 I MDC#—% ¥5 ‘Mpcr—s | HUllmpcr—»
Wi I W48 7 %80 7 Wiz 7
W17 W49 W81 V113
¥18 W50 W82 Wil4
W3 | AOCP W1 W83 Wil5
20 ¥52 W84 Wil6
2L Q7 W53 W85 Wil7
W22 W54 W86 W18
W23 7 % W55 W87 W19
24 PCU W56 W88 W1z0
¥25 ONS W57 W89 121
W26 W58 %90 122
W27 OBC W59 W31 Wi23
W28 ¥60 W92 Wi24
W29 ACE W1 W93 Wiz5
W30 W62 W34 W126
¥31 MDC ¥63 #95 V127
MDC#—3i#2207 L —aT]l F—5 4t MEHIEN B,
B 6 FLA—$74—2vb (11/11) FORMAT-8
<MDC®—F>




F32n W13 W14 W15
+0] AOCE (1) AOCE (2) 7%
+ 1 AOCP (1) AOCE (3) AOCE (4)
+ 2 AOCE BC 7v% (1)~(3)
+ 3| A/B AR BSASF—% (C0S) | MSASF—% (SIN)
+ 4 > % H N R RN
+ b 7 * A VEE
+ 8 7 S y37-52(4) ACM-DEE
. 7 ACM-D#E (LSB=0.2X2 8n/s)

I

| FR27v—20BYEL
+ 15
+ 18 friEAY v % NYRB A ¥
+ 17 AOCE (5) ezt L1 B R 7E
+18 AOCE (8) RAIRIBRF— ¥
+ 19 A/B HAEA BSASF—% (C0S) | SASF—#% (SIN)
+ 20 7 * CH VNN 2 RENMME
+ 21 7 * 2 ¥ v EY
+ 22 7 ES 42925-92(4) ACM-D#HE
+ 23 ACM~-DRSME (LsB=0.2x2 83/s)

|

| tR27v—r0oBYEL
+ 31

Bl 7 AOCS7FVvA—%74+—vy bat#ll (1./3)
(FORMATI"—F%-.7H}H W13~15)

178




F32n W13 W14 - W15 W16
+0 AOCE (1) AOCE (2) 7 *
+1 AOCP (1) AOCE (3) AOCE (4) AOCP BC #Aa-Fyu¢
+ 2 AOCE BC 7v% (1)~ (4)
+ 3 |A/B HABA HMSASF—% (COS) [ #SASF—% (SIN)| AOCE BC 7v% (5)
+ 4 7 * YV 2R AGCE BC 7v% (6)
+5 .7 F ZEVREAM SSC BC
+ 6

I

| SHCI1, SSC 7—¥#

I
+ 15
+ 16 fAEAY S AV X 5 §: M/ v *
+ 17 AOCE (5) S P CBEMHENY VS
+ 18 AOCE (6) 23 RXYBRF— 7 *
+ 19 A/B HARA HWSASF—% (C0S) | #§SASF—% (SIN)| SHCI BC 7¥% (1)
200 v #* YRZAV DS L0k i SHCI BC 7% (2)
+21 7 * 2EvEM SHCI 1LOS 7-%
+ 22

I

| SHCI, SSC #—%

I
+ 31

FO~5, W13~158s0F16~21, WI3~15i&d, FORMAT 1 &4

179




5r8) mot EIMHRLTLIE50Y L m
¥ £ |ezeuzed
TWMA-WOV |02euze d
FWO-WOV |21+uze 4
HRA-WOV | puged |
TMNO VY * f
Bul-S g aulj—s g 961800 § g G—LBEAAY B0 ‘d-WOV  |Lwugd
SREMKSON | I REMWSOY BETEE T () ve-<reve grig 4
BNCRMILTY | XV _ BEA-TV IAVY WE/X -1V IAVY grug 4
(A BHYBREYTVIAVY HBWOV o (£)Y6-LL4Y4 p+ug d
auiy—s g ulj—s g 981800 S @  s—ZWEAAY B0 ‘d-WOV  |tugd
SRS OY | EEHES O BEXEY (1) YXg—~£L£XsXsg 2+ug 4
wEMBAHIE-0SS HAMBROV-0SS | #HFWEISS Y4—~LYWBE LU L 1+ug 4
HEWDS L HERES 0 Y &—LYTBHSOY (2)L4-LX4L6 ug 4
2 2M 03 M 6 1M 8 I M LM

180



Jv—asfil (WO~2)

& 2

FUA=5T 4=y b3

a710)

BO B1 B2 B3 B4 B5 B6 | B7
¥0 1 o) o
i 1 1 1 o o 1 1
2| o o o o o O
FI (W3)
BO B1 B2 B3 B4 B5 B6 B7
W3 F—h F—sg F-f F—e F—d F-c F-b F—a
F—a | ]
F—b _]
pa—
17V —a
TI (W4)
BO Bl B2 B3 B4 B5 | BS B7
Fon |Wa| 4.3%| 214 e 328 168 8 B 4 ¥ 2
Fdn+1 | Wd | 18.26508 | o.188R0 | 4.68%79 | 2.38579 | 68.3 4| 3¢.1 5| 17.1 4| 8.5 %
Fan+3|W4|194.2 6| 97.1 5| 485 8| 243 8| 121 8| 6.18| 3.0 8 |36 480

BERF— 7 BER AT YDF—~ 9 RF4N0 DI A I v TFTLyaFEEL,

CHEBATV—LRDITTVA—Y%IET S,

181




FuA—5 7 e—2y bEEMl (2/10)

®

=

o

=

m

® =
) m| |l 0 79 = 1
7] vl lw Al {=lajo]| (o] || (o] W |a i=|u
== — = - o|Ioia [~=] a 0 ex o o0
— —e e — OO~ ~— | — = —o|—~lo|~oj~lo|—~lol~lo

jriag il

- LY N 7N o]
2 2 gla <2 N
al

= o|®| | 3

S| s 2
mleglzixw|le vwiolclolclw]lw vl | o|lclflo|l =l x]|w|]ol=
= |m|al|l& sl | mn|la|ld| a8 | ]|l |m| | d|w|d|a]|e

% 1 | oo

[~ [~ pe )

& =) I~ =

7] 7] a
W — [ap] —
t = P

e g LSeZI0 ez

=

o

-_

&

E e m| e o| lea ‘e
2] | |2 vl f»a A
= A = —f I= A
— - — o=t |||~ — vt —| O || O~ | O || D~ | OO

Wl
uasd S
o SN
o .
bt S ijna
- <
o | =l | ™ wloleclol|lajw|slv|/ volclol=~lu|lw|x|w]| o]
Mo |ea|x|x | | | m ||| d|d| || n|lxw|x0|o|bd|a|o
k] _ e
o a =
& 3 @ .
) 7] a
= IS By <]
G < S e =210 L.l e =

182



% 2 FVvA—%7s—<y b3 (3/10)
FW |83 | B 15 Z] RER R FW|#3& | B IH =] KRB A
1158 — TTRUK
B0 | 1 5 BO | 0P7-47 LRUL
I 1:MSB
Bl B B1{ ¢ 0:
B2 (‘]: B2 :
F e F 1
2n ps | [XFITF L 2n+1 B3 i
o | DPU 1 o | opu ]
W B4 : W B4 | | CEVFLR
0 0
7 1 v 1
B5 - B5 :
i 1
B L B6 k
1:LsB 1158
B7| 4 L 87| | e
T 1 TERT
BO| FORMAT ik BO| BAT LR
1: 2 T 1:AUTO
BL) 7 0: Bl | ZBEF 0: MANUAL
1: 3 1:FULL .
B2 " 0: B2 ” 0 TRICKLE
F : 13 F - 1:0N
4n B3 ” : 4n+l B3 | VayF4y3zvi ;
o 0:0FF
o | DU 5 © | PCU 1:AUTO
W B4 ” : W BA| b3 1 :
0] 0 NANUAL
10 B5 » 1: 6 10 BS » 1:0N
02 ' 0:0FF
177 } 1:AUTO
B6 ” 0 B6| t-52 0: MANUAL
1: 8 1:ON
B7 Vi 0 B7 ” 0-OFF
. T ENABLE 10N
BO| uvC LB BO| THS EM [oiore
10N 1: ENABLE
B1| » Lo BI|  # COHERENT |- itioats
B2| HK 1:0N B2| THX 1:0N
0:0FF 0:0FF
F. |PCU 1:LGA F 1:HIGH
4n+2 B3 | ANT §)i 2 = an+3|THS B3| » POWER |-
0:HGA 0:LOW
° HK 10N . TRNG-A
W B4 | THS : W | [Ba| -RNG-
0:0FF 0:RNG-B
10 | s : 10 :
5| » power |LiHiGH 85| » 1:RNG
0:L0W 0:TLN
T:RNG-A : 10N
B6| 7 0:RNG-B B6 | » EB Igiorr
T-RNG 1 ENABLE
87| » LiRNG BT| » COHERENT |-t aaris

183




% 2 FUA—9T 4=y VM (4/10)
FW| % |B| ® 8H Ry |FW | g%|B| W H R A5
TTAT (81326p8) T 51T ERROR | 1.80
BO | BIT RATE L BO LoAROR L1
- ; 1 - NED(2048b55) o . H
” ; (IJELUW(ZSGbps) ” . HE
F : F :
4n B3 | S-PCH 5-3 éggéko dn+1 B3 ” L83
o | DPU : . | oy :
W B4 | S-REALS-3 [‘]:Eg” w B4 | 2 BIT ERROR é:
11 : 11 ‘
o T:REAL ERROR 1-ENABLE
BS | X-PCH 7-% 5 REPRD BS | CORRECTION [0:DISABLE
B6 | X-REALF-¥ [‘)ggg B6 | DATA RECORD (‘];RECOR“
=1 1o 1:SEPARATTON o 1:SEPARATION
0: 0.
BO | BC ENABLE 5;0(09 TFV2) BO | BC ENABLE  [-L:BCAOCPTRLD)
o . E (0P - - 1:9CAOCPIIASR)
: 0:
B2 » 1:2(0G7FL2) - |2 » 1:AC0BC)
F (1]:3(ouf-9) F | DPU [lJ:B(MDC)
4n+2 B3 V] 0: 4n+3 B3 » 0:
o | DPU : o |sBR :
W B4 » L 4(SS0) W B | se-a sg (UL
11 T 5GHD 11 EPT- T:0N
BS ” I SA | B5 | SBR-B SQ Hot
1:6(RCS SE) EPT-SA LO-CH | L:ON
B6 s 0: : : B8 | g ymainy 0:0FF
1:7(AOCPITF T
B7 V} B B7 (7 %) 0
BO| (7 #) HE BO| 1k
Bl | ¢ LM8 B1 L
T T
P B2 0 F B2 0:
An B3 & 4n+1 B3 L
o |opu : « | opy :
- I: OP TINE [ 1t
VIVZ B4 | | 0GTFLZ 0 Vlvz B4) | INtERVAL [T
1: 1:
BS 0. B5 0.
B6 b B6 L
B7| ¢ 1138 B7 | 4 1138

184




£ 2 FUA—=$ T 4=y B (5/10)
FW #& | B bl H REEHN FW | 83 B IH =] R 2B
T:M5B 1:
B0 | & BO L
1: ERROR 1:
Bl 0 Bl| | yruz 0
B2 v = B2 | | LS
F : F :
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1:158 — T 1:COHERENT
87| ¥ iE B7 | THX COH ¥-F |5\ GN"CORERENT
H TENPERATURE | LALARN |
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E 2 FLA—%7 4—< b3 (6/10)
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BO| 0BC b BO| I/F x
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% B2| | oUT HODE g% £ B2 égldgcm L
F - F li%
4n B3 | 4 1158 in+l B3 | L
o | 0BC : o | 0BC :
W B4 | BPU-A L FAULT W B4| BPU-B L:FAULT
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BT (7 %) H Io7] (v e HE
BO| A LDISACR BO| (7 #)
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« | oBC ). T > | oBC 0
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B5 | ¢ E B5 | ¢ i
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87| 4 L 87 4 L

* HEFe—rFE2KL

186




% 2 FUA—3 T s—2y b B (7/10)
FW | @®%|B| ®=  H REws | Fw|wz|B| ®W B R
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BG | | BPU-C HODE |5: BS| (7 #)
B7 | 4 LLS BT| (7 #)
1:MSB : 1:MSB
B0 | 1 : BO | 4 :
0 iE
; : ; :
* B2 L * B2 1
F : F :
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87| » Lo B7 | 2nd 13 DISMIE
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32n : : TR F | Aocp %
+ | AocP|B3| ECC A1 I 8n | 5% | B3| PROCI ich (1
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2.3.3 F—YMEEE (DPU)

1. B1E

SEEUMUSES —ADRABHE UTOREERD. FL ALY OEE - 2—5
V7. avy FE. BEOEDEHEOMEETRSBETS 5,

2. TERRE
AEEOFEMEIUT KERBZEBVTH %,

D MEDBEBNTLBYTLI AL AXY FERREL. THEFEDS 4
SVYERBERD DR TFYIN - KLATIRERU 2. BEERRFTY
RF AHEET B

2) BHERNDBY T VAT ADG. BHllF—YBEIUNIT R+ =YY ¢ F—
IRIVEL. ThOEFHEDTI+—TY POFL ALY « F— Y IBET 3,

3) DTCHNRLFLAMY « F—YEPMEBRERU. ToRBEOFSLEHE
Uk, XXYF. BAUSNY FRERCENT 5. BAICIE. HiEE
FEEICEU LM OFTIERS{E(Viterbi Decoding AlgorithmiZ & %Convol-
utional Coding) Dk, Bi ¢ -L. BPSKOIESHMBAERE T 3,

DDWOWi?%?—?@ﬁmK~iy'%—F°3351~9~£$0wT—
cF—EYHROF—Y « TV Y + 22y FLO-DPDBDF— IR E
RRZBUTYRA. ThEXNY FREB/BIUSNY FREERICEIHT .
BEHEALNOBRBERET 5.

5) C-M0S RAMEAHWAF—% « La—4(DR/IMbit) & FOHIHMEERHNE L.
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AREKDOT - TR ERU. TIREETIhOOF— Y2 HLEU THEET 3,

6) MENBESNBYTAY AL« AT FEWHNT. DPUMOEFE M &
WRTOYILF « ARY FRESOTEYTYAFARARY F/F—F %
EHT 5. HREHBELET 3. |

3. #fF

0WO%%§%7UV7EE®4Eﬁ?Qmmdkﬂ?%&CmmmDﬁaﬁm&wd@
P). Autonomous Control Processor(ACP). # &Y Flight Data Processor(FDP)DH T
2-NEBEA Y -T2 —ADSHEEEh 3,

DT8Oy I OBECOVTHENR S,

(1) CDP

COPE AR Y Fa—F&@HEU. Discrete Command(DC)/Block Command(BC)% $ed: 3 %
TERE>TIPUEBORBERITRI L EDBI. BAVEK—2 Y PAORERITRS.
COPTAET 322 FZIE. (MPSANTNBYTZLY A4 LT Y F Oz, ROEE
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DEFAIRKDIAT I FPBH B, ThoDavy Fa—FitCl-BuS(Command |nput Bus)~
Aﬁ%hHAU%%K&OGWéEﬂ?%OCWH%%%@:V)F@?DZF*?ﬁEZ
SGRVEINYFV =T RITROBYSHEDY A I V75T RFEU. C0-BUS(Comma
nd Qutput Bus)~2 2> F2HHT 3,

(2) ACP

ACPUL. Operation Program(OPNC K ZHBEH BITRIEY 2 —-LTHY. N—FIx
7aYy  THBXh 3,

ACPDT T S LUBCZ &V EERATh. AEYFIVIE—FRE-TAY T 74X
hileth. OP STARTAR Y F IRk VBT h 3, ACPH SCOPAFEHEh2aTY Fa—Fid.
PR K> THEDY A IV TR MENLBRREY TV AT ANEREN S,

OPIX128THE @ Control Element(CE) THiX h. B AR DCEIXOCD 7 F L R gk, B&
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URITHREIRRBOIRERITR > TS, OP STARTAR Y FIZL VOPBIEEIXIN B &\ CED
MR COPADOGOX . BERIRIRHIE. PR TRUOF v I REWITROI S,
ACPCIL ISR I L BRI D 2 3Dz RAMICHS U T1biti8 Y ETIE/2bi tiB v RE DT
k72 Sigle Error Correct - Double Error Detect(SEC-DED)HSRBA L. ¥ 5l ZD
BEERY — P 7L 4T B &> TNBUL. KEBEENL. REWMELEE>TV %,

(3) FDP

FOPREFL A b U7 4=y b U THIY K=Y b OBIFREERT A5 — ¥
2. BHBBEOT— 5 R OEERITRO. FHLLERMEL LRSS/ M HTIT S,

REINEFLAMYF—FIE. Real PCM/Rep PCMDENE 23T U TPCM CODERTNRZ-
SIEHE N2 %, Medium Rated & Ulow RateDIFA W IEIPIME VSTERSEHITHN B,
High Rate X Y FTEFSLIXITAaH RV,

FE{bnTHizViterbi Decodeing Algorithmic & 2 &K K=7. HF{LLB R=1/2 ©
Convolutional CodeR2BA U TV S, M ETOEAKIL. F— YU TIB0" D Phase
Ambiguity BT 3D T Convolutional Encoding #fT U T Differential Encoding
BLEERZB. FUAM) » T+ —Tv } OB LE"C"OREFEEN TGV RD. "0"F —
© ¥°C Bit Transition BITRHNBNRI-SEFEHU TV S,

Code GeneratoritGl=133oct(First Symbol). G2=17loct® MU TV 5, MUSES-ATCLL.
Z DCod inglC IZTEREEENASA- PLARREA U TV 3. THhER-2WWRT.

HEE XN PCME S idMedium Rate TlEBi @ -LIE L. Low Rate CIIPSKERLEL 12
% TMS/TMXNGXHT 3,

Ev L= OYHBARNT L—ATITRD. #>Ts Ev bL—POUIDaTY
FEBEnRiGAWE. KOMMTIL—ATEY bL—F 3510 #bh 3,

4=V P OYHEREI6NT L —ATITIRD. #>Ts Tx—% v POYHADIR
Y BEHINRBERIE. ROBNTL—LTEY PL— b BYEH S,

B-3L1ZMUSES-A DPU 7L A } Y REBEBR T,
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NASA -JPL

G1=1011011 (1330ct )
G2=1111001 (1771 oct)

TES:
D ' = Single bit delay
For every input bit, .two. -

symbols are generated by
completion of a cvcle for
Sl: Pos'n l,  Pos'n 2.

S1 is in the position
shown (1) for the firsk
symbol associated with an
incoming ‘bit.

Ei—) = Modulo-2 adder.

-Do- = inverter.

Connection, vector pairs.
are identical.

B-2 BHAABFSLOTOY Y
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4. 56k

F-UIOPUDEEFH T, BI-4UDPUDABRIZRT .

-1 MUSES-ACFM) DPUEEETT

A4V 9~ —Ahfk

b ] H il JT
1) PONF =T +—I v b 81EH
2) PONF—¥ 9I—FER 8bits/word
TJL—-hf 128words/frame

256frames/major frame

13) PCMF—FL —}

8192bps/2048bps/256bps(real time)

” (reproduce)
4) PCMAR 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.

I anzxm ~7=E

7) Blockzt? > F(BC)IHE ¥

_0~45.1V
A4 E—=F VR 200k Q LA
B F 1 8bit
| 25 1 sec
TG +0.8% TRy —)
16) Discretex= > F (DC)IEE ¥ BmA220I5H

B#E & HBbit/HE X LER

8) BRI 097500304

(Discretexr Y FIHEA¥ +8lock2 < Y FIHE

¥ DS

9) Organized22 2> F(0G)

40GECOG Element)/0G 250msecfiIfd ¢

10) Operation Program(0P)
11) BB

128CE(Control Element) &/NEITHFMEIRIFR32sec
32X N X 128HEB

N: 1~255 max 120 28RI8%
BHEMIRE—FRISUTHET 3

12) F=¥yLa-¥ RAM 1M bits

13) HEEN WEAT

14) SE 270(W) X 270(D) X 170(H) (mm)
15) E& 6.0 = 1.0(kg)
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[ g

BEEEBOERIABELIC LV RESNT—HEE B EASA B EHKIZ. L¥a
Lo st Rt S hTEBBIHEEATLE, SOBBEOBHELELERT - &
BHELERTALEBLTLRVEENSETH), BB BV LBESRENEE
CEB G EOREE X E= S T2 EHMBRAF - S OB ELEIZ 22T 2, '

ChoniRE, EE¥E =5 T2 2 LA HERMNIHAEKBHKOBNTH 2,

HKO F x> # LI iBES2S . BiR%10%5. PIR1A. RCSEN1=., BIERAWET
BHONEBE2EDEHNF ¥ ¥ 2L TH 2, o

HK¥ — % 13 W8(32I B) EWIGATHE) L 12 % > TH ) . WSEWIDH P 2 W ihx 15
4 THHLTVE, ' ' '

BENHNEIASBEL T EAV, EBRE LY HIIREL T, BERIZ X 3K
EOTLZEENOELELTMIHE LTV B,
EF, PIR. ENHRBEELLTAALTV 5,

HKRATT(T v 7 4+ — )8, YIREEH., 73—y, HERSLIVEEER L »HX
Eh, ETRATTH CRELEANLAAVEEDR D, 7I -V TDP(F— 4 70k v
PyponaL b D—)bn‘lbl%it%%tmxmgﬂa)ﬁ YIrO—RALREES>TVD, Y1t
EEHTRFa-F#HAIS5DI L PO - VNV ATFET* BV AT +a Y24 v F2IEXK
PR TWHEENEFI 7 — s 2 EET - IIERLTV S, BWEHTRIODF—5I2E
NENDRELH o N A TREMATHED LNV E THIBLDPIZEHH LTV 5, E
BEEHTIREE L YAOERBLUNATABORRIIAZRENL-BiEEEoTW
%,

HKO 70 v 2 @4 F1L1ZTRT
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HK-3~8
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ANALOGUE
INPUT =a
SWITCH
L !
i
Ve
) N
P.S
HK-2
CONTROL
PULSE TIMING P.S
. REGULATOR [
DECODER SWITCH
HK-9
DATA ﬂ
my vavsHE

HK-1

OMMAND
P.S



2. 1% #E

21 EREEE

2.11
()
(2)
3

(4)

2.1.2
. a
(2)
(3)
(4

~

~

(5)

2.1.3
@)
(2)
3)
(4)
(5)
(6)
7
(8)

9

BERAER
BlEHEHE
BIEFHIE
WHEEHE

it 25

BERE R
i#I5E §E B
BISEH £
38

s e

EhEEHE

LAWN
=)

N $:&xakd
HANEEREENY 7 b
HEHEEZBENY 7 b
HBhaE-Fr 2
oy bo— Loty A%
HHLH EAYEERER
aw v PV AZT

REEE

ANERE. HBER
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 BIEHBEREER
D RIS E
: 0V10.06V(23+2°C)

3V£0.09V(23£2°C)

: MFM10kQCT1A (15VLL )

MFM100kQCT1A(15V <Eo=20V)

MFM300kQCT1A(20V <Eo= 30V)

MFM500kQCT1A(30V <Eo=40V)
Eo : ME= Y BELNERE

cMEEBE&RERE
cHERER VY
: QO0516PT
: TL 0.33mV#+1%/°C

50Q+1% (20°C)

TH 0.15mV +1%/°C

1 0V£0.06V(23 +2°C)

3V+0.09V(23+2°C)

: DC~200Hz

: £30mV (—-30~+60°C)

: £10mV (300H7Z > = ¥ 7))

1 100QLTF

. CMOS

: 100pseck). T

;. CMOS

: CAL-1 +0.5+3% (-30~+60°C)

CAL-2 +2.5%+3% (-30~+60°C)

:© +12V,20mA
. +5V,160mA
: —12V,20mA



o) 3wy FEE . HK-ON (XC-Y0)
. HK-OFF (XC-Y1)
an 7rHES : HK-ON  +5V (F4n+2 W10B2=1)
' : HK-OFF +5V (F4n+2 W10B2=0)

2.2 BRMAYIEEE
1) AFTis , .
S : 148+2X185£2X109+2 (mm)

A (T22 5 ,Ex2%KL)
BEX LY : 30X 10 (mm)
(2) Eft
F 15 : 1.6kgt10%
BEE Y : 0.1g
3) ¥—2HHE L TRIZYLEE
4) r—AREAE : BERE
(5) 4EH : E221ZRY
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H K ®# 8B (1/4)

F |W 2] S Hiv vy P EE e e
32n |8 BAT®&E 0~+30V
32+l | 8 BAT#®E —7T~+5A
32n+2 | 8 SCP&EH O~+7A
32043 | 8 BUS#&H®HR 0~+7A

324 | 8 BUS&ZE 0~+35V
32n+5 | 8 +29VHREBE 0~+85V
32046 | 8 +12VRERE 0~+15V
32047 | 8 +5VEREE 0~+7.5V
32048 | 8 -1 2VEEE 0~-15V
320+ | 8 +15VRRE 0~+20V
32n+10 | 8 RCS#v2EN |0 ~2ke/cet |
32n+11 | 8 SHCltvsnok @B | -50 ~+70 °C 0~5V
32n+12 | 8 7
32n+13 | 8 1-Ey- DEEERERE -150~+150'C
32n+14 | 8 SHNT—A&E n
s2n+15 | 8 SHNT-B®8E »
32n+16 | 8 SCP (1) BE »
32n+17 | 8 SCP (2) & ”
32n+18 | 8 SCP (3) &% ”
32n+19| 8 SCP (4) & oy
320+20 | 8 RCSRIRITINIFELE 0 ~+1000 'C
32n+21 | 8 RCSAIAFT2Xy KL »
322 | 8 RCS27 A5 T3y KB n
32n+23 | 8 RCSATAIT4RYF @I n
32n+24 | 8 RCSATAFAINYFEEE )]
32n+25 | 8 RCSATAVA2RY KR E n
32n+26 | 8 RCSATAA3RI K1Y n
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H K. B (2/74)

F W A - = iy v v YiEETER wWE
32n+27 | 8 RCSATAYALRIFIE BE 0 ~+1000 C
32n+28 | 8 RCSATAIRINIFIZEE ”
320029 | 8 RCSAIAYR2AIFELE ”
32n+30 | 8 RCS2IAIRINIFIEEE »
32n+31 | 8 RCSATRIR4NY IR ”
64n S ‘HK CAL 1
8dn+1 | 9 HK CAL 2
64n+2 | 9 CNV BE | -50 ~+80 C
64n+3 | 9 SBR-A #& n
6dn+4 | 9 SBR-B @&E ”
64n+5 | 9 | TMS B ”
64n+6 | S TMX - BE n
64n+7 | 9 DPU B ”
64n+s | 9 |ssc = aE n
64n+g | 9 SHCIty$70y) B S
64n+10 | 9 BAT N3 NG ' n
64n+11 | 9 MDC BB | -50 ~+80 C
64n+12 | S BATtN BE -50 ~+80 °C
64n+13| S BAT ¥ —28E n
64n+14 | 9 7 %
64n+15 | 9 ONS—-E #IE |-50 ~+80 C
64n+16 | 9 ONS-S & n
64n+17}1 9 ND a ”
64n+18| 9 7%
64n+19 | 9 7 %
64n+20 | 9 RCS#%v 2 A #IZ|-50 ~+80 C
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H K ®m B (3/4)

F

%

w A 2 Huv vy PIEREHEK W3

sdn+21 | 9 RCS#> 7B @ |-50 ~+80 C
4nv22 | 9 RCS~47A BE| »
6;n+23 9 RCS~4 7B &E n
gdn+2d | 9 RCSA47C BE n
64n+25| 9 RC S~ 4 7RI &R n
64n+26 | S RC S /iMIABE ”
64n+27| 9 RC S/ BEE n
64n+28 | 9 R C S35 ICEE n
64n+29| 9 RC S37#iID EE ”
64n+30 | 9 RC SR 1 #FEHEE ”
64nt311 S RCSAHXEREE n
84n+32| 9 | . RCSA3H#REHRER )]
64n+33 | 9 RCSRA4EEAEE n
64n+34 | 9 RCSES1-RAMN-  EBEE | -150~+150°C
64n+35 | 9 ROSE-IBM- B[
64n+36 | 9 RCSES2-MA ER{FEBEEEE ”
64n+37| 9 RCStJ2-3B E{TEREE »
64n+38 | 9 23AM1-71 A | -150~+150°C
64n+39| 9. 25AM1-72 2 »
64n+40 | 9 Lzl BE »
64n+d1| 9 LA xL2  BE »
64n+42 | 9 kv -~z BE y)
64n+43 | 9 XHELEH aE V)
64n+4d | 9 THIVv—+1 BE R
64n+45| 9 THIv—1r2 #BE y/]
64n+d6 | 9 Tz e )]
64n+47| 9 RCS¥2-MA M4 & HLEY ”
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H K ® B (4/4)

F |W 2| E LR AR YRR B
6dn+48 | 9 RCSES2-BB BRAT & B | -150~+150°C
64n+d3 | O RCSE51-MA EUAHIR B ”
| 6ansso | o RCSES2-0B MUAHZ @R ”
64n+51 | 9 -RCSES2-AC HUfFHRER N
64n+52 | 9 RCS¥52-AD MUAHIREE ”
64n+53 | 9 KM-L EE | -50 ~ +80°C
64n+54 | 9 J39r72-4 1 BE )
84n+55 | 9 bk 2 BE ”
64n+56 | 9 Ji9+73-h 3 BE V]
64n+57 | 9 J33b72-4 4 B V)
64n+58 | 9 Ji-k 5 BE »
64n+53 | 9 J39b73-k 6 BE | »
84n+60 | O | Pk 7 BE »
64n+61. 9 | |92 8 BE p
64n+62 | 9 J39ha-b 09 B »
64n+63 | 9 J3b72-b 10 BE ”
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3. 2 MUHWEE (INS-SA)

FEHEHEHEH AGE s
BT BRE TG

1L B |
BEFHEB(INSSARIMEZ RODB LT -y MEEH AT LI LIZL ), HE
BITL LRI 2BELCD Y v FORAKELHA<Z2LOTH 5,
HEIEE G, EIEESH(Yy,24), =2 —-F—Ya > A EFH(NRS),M3BE — ¥ 'L”.i‘k%E.jj
ET(P3),* v 7 & — Y IBRIEE D EH(Pry) B & UIRENIGEE EH(VE,V6,VT), KM E ETEI(TS) T
2,

Tl E- Y BEEXFAUT L2 L0 T, MERCKAEH(CAREMNIC LY, BEER UK
BFICOPENIZ % 2 2L Z2 D VAN OHETBRE L A%+~ T 5655 2R E8, B/ 2IEX
UhfrT, HHESIIEBLTV S,

Y4, Zg 3 EILEE £ ETEIT 2 L 0T, T— Y MERLSBREORIFARELFHAT 200
ThHhod, RUEFIYRIB(HEOYH XHE) - EKEFE LB, BHEONEE*2ELTCE
FECEBL, SESICIIFEOL NVIZHEEL, HH13SDI 4 7 ¥ %38 L TB2-PLE D
FLA—9I~ELND, ‘

NRSIZHEEMIBE— ¥ H#B2E~ s oINS N L 2, 5V HENMIBE— ¥
YD BEN2ABORERCHOBER T2 —F - a v 2RI LK, 2O0REFEEL
REAU L2572 BRRERLMBE R DDA T - s 2 EE* N T E o<
was, |

BESEROABONGERE ¥ IRM L. EIEE CIEIE L — S 2 NRSO £ 57— % £ L TDPI:
FEHER, HEBCINVILEZEL ZORMEL, HIETHAARCHEL T IRELN
»u:u&atx%—yz§%uowm®1f—9z%%%$b?ao

RELVANLVEHEZITOLEEMIBE - ¥ AV AKETRLARALAES 720, EPT-
SALVES*ZTLXLYNBLET,

P3Prmi338t BRI UF v 7 E— s DIBBBOEN T A2 LOT, F— 52 nia

ATIUEECTHNT 2, MEBTEND*BRELTCEEICTHRL, MIENCHEN L <A i
WEL2%, DPIZESH B,
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Vs, Ve, Vo Z N T h XS YR Z8(Thbory P2 £ E)FAOIEEHLHRL TH
D, BEBTHRHEL, WEMTESLTIEIEEL A%, SDI 42 ¥ 8L TB2-PLHOF L
A= ~ESNB,

NRS,P3/Pgyid 3 7 ¥ FIZ X ), Y424,V Ve, VoI2B2-PLA 6 D ES T2 h TR OHLE % 7
3, |
Y4,24,V5,Ve,VIDEFT 74 > B L UP3 PR BNEIE T 4 VI3 E— ¥ TRER, £& 7
MASDIT A2 SITHAWE DT K2 REPT-SAQ BRI X ) OFFT 5,

INSSAD 7oy sEEELUITT,

P3/PxuP AR IZ O 4 v I L TV 5BBOXTHT I,
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—>DP

K1.1INS-SA 7uv s[&
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NRS-S m > DISCR1 . )
t CONT |<— pp
VS'S m N\
cM
/T PS-SW pS
Ve-S AMP J
REG
V+-S MP 2
‘t CAL
Y4-S ’F/}? .
24-S AMP
CAL
Pga-S AMP
\]\ DP
P;3-S ~AME
: >
—_—
. i ANALOG
T-S ! NZL-T : MD > DP
' SW
——
— |
By-PL



2.4

21 EREERE

21.1 BEEHE

(1) #E iz : 0~+1000°C
(2) BIEHE . *3%F.S
R L ES . EEERI LB

(4 HPEE : 0~+5V

(5) FlikEsF1E : DC~200Hz (£0.5dB)

6 EHAE—Fv R . 100Q BT
M WHEEEENY 7 b . +150mV  (0~+50°C)

8) HALEE#ABFFNY 7 b : £50mV (I00HZ > =¥ 77 R })
(9) H®Hi2E : KEAE 3t (CABKE )

(10) RHIEBERE : 41.3mV (1000°CH A H M EE)

(11) R AEIRIR
(12) @ e

: -0.83Q/m* 5%
: 250msect20% (IEB U DH)

2.1.2 FEIEEE(Y4,24)

5 #

: —=5~+5G

o)
(2) BEHE . 3% F.S(HR)
(3) FElik st : DC~140Hz (£3dBL.M)
4) LHERE : 0~+5V
6) HhH4 -2 . 100Q LT
®6) &HY v . +6VE0.5V
M HEEE . +5V Lk
@) HHEEBRENY T b . £0.01V (—10~+50°C)

) HABEREENY 7 b . 4001V (100H7 ¥ = ¥ #)
(10) &2 CANLAYE =TS 4T
(11) EHERE : 1ImV/V F.S

(12) HESETERE 1 2% DT



213 =—a-7-%¥3rARBNEIFNRS

(1) HEAE : 30° '

2) HEHE 1 +10% F.S(#i&)

(3) Bk . DC~60Hz (+3dB kL M)
4 LHERE 1 0~+5V

(5) RRETEHME : +25VE0.05V (7B

6) HPEEREFKFY 7 b : 0.5V (-10~+50°C)
N BHEEZBEFY 7 M : +£0.05V (100H7 ¥ =~ %)
(8) i CARLA Y-V IAT
(9) HRHGEE : 1mV/V F.S

(10) HRHEETIEREE D 2% BT

(11) 28 NERIKIT 1 120Q15%

(12) HHEEFRHEK . 215Hz

2.1.4 M3BBEENET(P), ¥vrE—7F PAEE D EH(PrM)

() #EEA . P§  --0~T0kglem2

: Pkm _ --0~60kg/cm?2
(2) BIEHE . +3% FS (Hig
(3) Bl EIFE . DC~200Hz (£3dB L. M)
@) HHhEE 1 0~+5V
(5) REEEHE . +2.5V0.05V (HiR)
(6) HPHEFBREFY 7 b . +0.5V (~10~+50°C)
(M HHEERZHFFY 7 b . 4005V (100HT > =¥ )
(8) i3 ANV U F =V EA4T
(9) HBHEERE : 1.5mV/V+ ~10%
(10) 1 E2EATIKT : 350Q+ ~3.5Q
(11) B 2EEHIREE : 83kHz
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2.1.5 EEE(Vs,Ve, V)

Q) =& : : Vs -6Go.p
Vs -6Go.p
. Vg --6Go.p
(2) WEHE © £3% FS(HiB)
(3) BB . 10~3,000Hz (+0.5dBL.F)
@) EHEE . 0dBm FS
() HA v E=¥ 2 : 200QLLF
6) HHhY3Ivy ’ : 2.1dBm0.5dBm
(7) REBEHE : 0+0.5dBm .
(8) it c BEFET
(9) tRHBmE : 11pC/G TYP
(10) 1RHISETERRE 1 3BT
(11) EERBEHRHER : 750pF TYP
(12) RiEEFRDHR .+ 32kHz
216 BE
1) HRER : +5V--78mA
(INS-ALL-ON) +12V--134mA
o —12V--119mA
2 =< FEB + INS-SA1 ON (Xg-Yp)

INS-SA2 ON (X7-Yp)
INS-SA OFF (X5-Yo)
INS-CAL ON (Xg-Ya)
INS-CAL OFF (X7-Ya)
KM-MODE (Xs-Yo)
SA-MODE (X7-Yg)

(3) ¥4 <EA : KM-MODE

' SA-MODE
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2.2 HHEITERE
(1) stFEtiE

BN 1 193+2X165+2X80+2 (mm)
NRS-S : 441£1X39.5+1x285%1 (mm)
Y4,74-S _ : 42.7+1X183+1X355%1 (mm)
Vs5,Vs,V7-S 0 121£1X12.1£1X16.3+1 (mm)
P3,Pkm-S 0 24+1X24+1%x414+1 (mm)
Ts-S D 032Xy - T LE
B-BOX : 70£1X70£1X20+1 (mm)
2 & '
Ak » 1 1.4kg +10%
NRS-S : 0.065kg +10%
Y4,24-S : 0.09kg +10%
Vs,Vg,V7-S : 0.016kg +10%
P3,Pxm-S : 0.12kg +10%
Ts-S : TBD
B-BOX : 0.2kg £10%
B) y—2a2#mg
#tk ‘ S TAIZvLeS
B-BOX T ThIZmLESE
4) ¥y—ARENIE
#tk . Beigs
B-BOX c BEpigk
(5) SEE
£ : M2.21 B8
o : ®222 B8
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= S = HiE - ¥ iR

5. 1 #=
o-1.1 & B8k

1. EE
MUSES-ADEBLREARE LT, BEABEZERSES 2 LV EEHE (L $F4 2
E¥v=1+20rpm) AEAENTVE, MUSE S - ADKBHER I BER S h 5 EEM@aE
By A VEARBME (RCY 7)€y v 2 VHE)  BUEEESER OGRS B o
Bt Z2E YL — B, XBHWTH 5, KETR. ChoOBEERLEEY 3 5858
ROBE RO >OVWTHE T 5,

2. HEREZESR
MUSES—-ADZ#HAR TN T 3ERZ, UTOHEBREL SN 3,

(1) A @2 HHEEEEL 5 OWHEACHE. #i¥T 5,

(2) NEBEERFLBCEL TRV REFTEOHMCHT, $-ORELS (1) O

REicb &,

(3) MEHERCBERAVHBEZITVY., 20O NEE LHET 5,

(4) 2Evv— b 2HEAT S, CEHEE20rpm)

(D) A YWD =a—F—v a v 2ZWPCHERSE 3,

(8) EBHMITL-> T\ BPREHLELF— 5 2BT 3,

3. BHHEROMR
MUSES-ADEHMERE, Ll L ABRERLEE T 5D ITOMBIC & 0 &
ns, '
<EHHEFEERNT 5 RB>
cRBML Y
AEYBYvEvY (SAS) 16
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VZYy bZ5—2% %3 (SSC) 16

¥4 (SHC 1) 14

s AV
M (ACM—B, C) 28
. MiEEEE (ACM-D) * 14

¥ ACM-DRITLEFQDAVIH MO DI ER SR 5,
*72F2xz—% (RCS)
Ty eWM23532% (Al~A4) 4
SYTMZ52% (R1~R4) 4%
ST v e NAFTRAY (T1~TA4) 45
cHBHlzL s b= 2
LY HHBH L 2 ro=2s2 (AOCE) 1K

» RBHeHHEHASo L4 (AOCP) 1=
s ot , '
R =2—F—vav ¥y (ND) 1%
MUSES-ADRBHAROBBEE LK —1ik, ERHsET oy JRER
- 2R Y,
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SPIN AXIS v

R2

ACM-D ——

R4
'SHCI
IFOV

(1°x1°) 14°

SHCI
STEERING
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-1 LBHEAROKBER

52
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4. RBHEGE
MUSES—ARFIHATRLLEBEOMBK L0 UTFOL S nHIBIELE T 5,
| (1) 2¥v®#im#e

AZASEEML. BUTORE v #AMMELTS.
(a) A—=7vr—78HE

(b)

(2)

(3)

4)

A7 APRR WEH NG, EHER WHUAHE S EASD SO, s aey K
REVIEEL REVEAHBE (7Y 2y v av) 24575, FRABIEKLESG L
AW@E50msec, 100msec, 200msec, 400msecDAEE
@io\@%mmmﬁﬂ%m2msec?%éoit\ﬂiﬂﬁnﬁk%%@ﬁﬁ
2047cH 3,

BBy KKR H 1R B ,
TRV NRAFAIBBVEIYTNRAZ RS R EH L ZEB50ms e clc Ty
VYNV EERRBEFHTEI LI LD, AEVEHEABAAEOKETA (65 )
290° £5° wHWT 3,

AE Vv — FHE

MERPEDTB Y 7AV FRRED, ZFRAFBR (F VY2 v Y e WR5R5T
1~T4) \ BHEEHEEYE (0. 250~1023. 750s e c 3O, 25
Osec) 2L, 28V — 1 Hll%T5, £h. 55HUBEERE Y L —
FPERELCHE, YV N 20RMAENE B LB B AN E Y L
— FHEEFELTBEELET 5,

BUHE S 6

THEY Y NWRAFAY, FYTHRIRIBBEVRIASOMARICLD, FIEOS
BRMEOEEBIELTI. ChiRR, HEASDToy 2732y Fizd D, BiE
DB (HBVRTTED /N REFEG) 2525 2EHT 8L, mdEit
OF—92RMBIBILRIOFEDAVERRI 2 5 2 Y EEEF 5 NS 3,
BRI
XEV&&VtV&‘17—1*?f&U%WfV&K&D\zEyv~bﬁM&
UEBHHATTOI 3,

SIRZAEVEAMBEE, 2E Y v — MR OCREEE RO SRS T,
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5. #EHAv—» 2z
MUSES-AOESHAROER Y —» v 22K —3kARY, RBEWAOEH
3. LTOSHEM S B AHEIC KNI B,
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I1AEVY 2NNV Z2EHE—-FRYVIZ PP 7E-FREFDOE—FT, 12 ¢
VHR2EONNZABHEITIIENTCEBEIE—FTD 5, 2HOVID3 b
BLANVABY Y L2006 OBEAMEEL2BRELCHEB IR S, F2 0235
INVZAOHHRBEL ANV ZOBEHHABL»OOBIAEEBEL CHE SRS,
Fhy BIAVR, B2ANVZHBUREHTER52IREAVIEEBERT &
3, ChOoDBERANNZABRYIIIPIVZTREI-THERZTACHEA TS %,
HLU, B2V ABFSYTVRFIAIOBTHSHCTE 3,

V7 E—FOBARBAOCPRBE— FEFHRRCSHABIEI v ¥
EHANTBEMMUES, COITY FRAHANENBLAOCERRC S#H%
BB kT 3,
EORRCSHEEITHPRCAOCPOIT I —HBEEINBAKIZAOCE R
MERRCSHEOEFE P L, RCSHME— PR A—Fe—FrREDEX
5, OB, FHRIXVFRISCHBABBRADBITc— PARESAT
VHIZAOCEREBMRBET B ARKIEHEALHET 5.

c. HBKBHEE—F

BEBHABRRBHBE - FRIA—FI270Y 0 2R XVBEIIh B v
BHET Y NVROIA4 IV AT Y FREVBESNAETE L v V25
ZYERBIVTINZI5 29 ZEHLUKIBA (6S) 90" +5° wlNEB L5
I3, 27290 HHBR1IE50msec CCOBBBEETTH 3, HHmo
Ve 2RBUTOES5M&Ens,
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Al+A4 or R2+R3 ON

89

, Ak A
83 85 87 91 93 97

A2+A3 or Ri1+R4 ON
K4 EHABRBREHAcS » 2

BERHABHREHEBEINAN—FE—F, V71 E~FORCSHEMNHEB IR
BB A7 &R 5,

3. HaEH T
BERNKE

1) BB 75850

MV $UN" BAGTAE 19bit LSB = 1/16384 SEC
YN WAR 18bit LSB = 1/16384 SEC
BAE A (cos) 8bit (0~5V A/D)
(sin) 8bit (0~5V A/D)
HXEA Tbit (F 4 IMES)
2.29-tv% C A¥-N RABLALAE 18bit LSB = 1/16384 SEC
YERN YEIE E= 1 8bit (0~5V A/D)
A9=N" BA#24L 4E. 19bit LSB = 1/16384 SEC
A9-N A2 B 8bit (0~5YV A/D)
3.SHCI S/EN BMAELBL LD ALA  16bit LSB = 1/4096 SEC
S/EN BAILBL THR VA4 16bit LSB = 1/4096 SEC
S/EN AN & & 8bit (0~5Y A/D)
S/EN BABFILOSHA 8bit (7 43905 %)

E/SN'RAL B LAY 248 16bit LSB = 1/409
E/SN' BB FH D Ar48  16bit LSB = 1/4096 SEC
E/SN M2 & | 8bit (0~5V A/D)

E/SK M85 1LOSH 8bit (F 49" IMES)
FUN BB EACY 4 16bit LSB = 1/4096 SEC
FINRALBE FHY A4 16bit LSB = 1/4096 SEC
YN BABEILOSH 8bit (7 43 IMEER)
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4. B & ACM-Bim & & 8bit (-5~5V A/D)

ACM-Chm 2 B 8bit (-5~5V A/D)
ACH-Djm & & 12bit (-5~5V A/D)
ACM-BEE 8bit (0~5V A/D)
ACH-CEE 8bit (0~5V A/D)
ACM-DE B 8bit (0~5V A/D)

2)Y RCSz3z2%%m

N=F BI7E-}
128" Y 1N Mg 5
LV RIS 6748 (Bun madm o’ »Xﬂaaﬁﬁh‘*i'@@ﬁ*ﬁ)

ek 1/512 sec
_ ZE@mmE 0.0~8.0 sec (12bit)
2.0 B20E 50
5 Rtk 1/102
REMEAE . 0:.05, 0.1, 0.2, 0.4 secOWFh i,
3.IEHN MK 0~2047 (11bit) -
¥ 5% 08 4t
UE 4 B
53 REE 1/4 sec
% 0.0~1023.75 sec (12bit)
S YIMIITE-N

1AL Y 1N B0 &
LA R20g gt 6248 (BUN M2 o N MAIE ST BAEE & = O fir 48)

5 B RE 1/512 sec
% 0.0~8.0 sec (l2bit)
2.0 BA0E 5t 0E '
53 1R BE 1/1024 sec ,
®EE 0.05, 0.1, 0.2, 0.4 secwu\?*n#
LN MK 0~2047/8 (11bit) :

126"y 20" B20g 5
LEINVIREEAE UV ih o0 A48 3 < 0 4248)

7 HREE 1/512 sec
2R E 6 0.0~8.0 sec (12bit)
2. 20 AR &t 6 41 (BIN MBS B H & B2 nX"ﬁ%ﬁﬁh“if@ﬁZ’Fﬂ)
5 Rk 1/512 sec
3% 7 ¢ 6 0.0~8.0 sec (12bit)
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SN LA (FBIE2AME D)

53R RE 1/1024 sec :
REGHE 0.05, 0.1, 0.2, 0.4 secOWVWT N h,
4. N A 0~2047M (11bit) (&F1, 520 M4 EH)

5.52N MABERBEATAY
- R1,R2,R3,R4 232%

& 0 &t
g A B R
S HRRE 1/4 sec
% E f 0.0~1023.75 sec (12bit)

3) AOCP I/F

TR 16Bit JU7hiE s .
&®&I0y) 524KHz
1708 -b % 30

FUANYER 8Bit JY7MER X :
m& ) 524KHz

Nk AF-51 6Bit N FUNER 2

MORABIIY T34V

3) MREH

+5Y 80mA

+12y 80mA (£ v 4 BEAXEXT)

-12y 80mA (v HBELSET)

+15V 150mA (VY v —RRBIEE BX)

+29YV ImA (v 4 s RCSBEHE28%Y)
B % 0 B B
1) BR

K528H

2) &g

9. 2+0.5K ¢

268



< 300V

SH

UN G R TRV T Y IC TS X

L .
A 8 Y o
+ +
+ o
=4 . I
[] (] R
T =} =
STIASE
€nl) 8/
. B
. )
ﬂﬂﬁ/ b @
- : - H
v +] ¢l ] L 5
“\ a [ @)\ + <
5
[+ [+
| A
+ 4
- . — =
o G
& m
e o o\Hl.T
Y :_L s r_b \1 =
W (S2) gLy —w\-_\ [{:)
sriol? /
a-91

(B@ )

tHewy

WrAR VY
ALHTAY
+ + + + —
F : 1T
B
S
+—1
g
* + e
S
S
]
g
»f@ & L ¥A 2
¢ ¥ t - 1 e
([ ] L
®n 09 {0%5) os) 83\ 8
7 (T
iito? U
«@n

NEC

:‘Em\

269



0.2.1.2 AOCP

1. HE
ZHHBHW oL s ¥ (AOCP) i MUSES-AoRBHORD 2 v
%—*vkv&b\@%-ﬁﬁ%m%E(AOCE)&%m;%%-ﬁﬁw%ﬁ&-
CHEETOSRDOHETH 5, AEEF i 1, MMM THE1 6Ly b CP UM,
168BEIhTw 3,
it\%E&&@t&hmménéfff4#»%E¥—v5VtV&(ONS)
5, %7r41*&:&DE%%REH&U’E@E&?—&%MH?&

2. XE¥Ex
2. 1 #HE#HX
CPU ! 18bit (V3O0OHY)
aA-r ! 6. 29MHz
ROM ! 8kbyte N4 R =5 P-ROM
RAM : B64kbyte C-MOS S-RAM
RAMBOITIE#E : 2bi t#E 1bi tiTE
‘ (SEC*DEDz-p)
AR : 186F + v
AOCE 1IF DOV YTNAY S -7 2 42
vy 2 524KHz
7RV 2 8bit
F -2 16bit
FReyJHIF : TTYA v % —-7242

ZEEE 9600,/4800bps
F—%E 8vay b
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2. 2 ON

F-yEX
EIEX

&7 -

m#a—-¥
HgErey

2. 8 a<wv iEdmm

a<wv FIR

S %

V= b

H

2. 4 BE®

HAREBN

+5V

+12V
-12V
+15V

2. 5 HHOHE

T#. HR
E 3

14. 96MH:z
NRZ-L#=-% 1354
CLOCK 154y
12080¥-%/8360"

195byte /¥—%

FAy F34 204 (186if)
128kbyte '

AOCP ON
AOCP OFF

9. 45Wtyp
0. 44Wtyp
0. 34Wtyp
180mAtypP
(27 Y FPAHE 30msecdd)

K1licnrt

3. bKgx0. 5Kg
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MUSES—-AHBRCS®. BHEELF5YVETIE/ 7URS YIRS AV %H
WRTR—F YV YRFALVIRAYRAF AR [FOED] ZEFLTH B,
MUSES-ARARY 4 ¥ 784 BMOERAEERT. HWETHEHEEST > WK
ErFoen] 2503 50EB4R-T0 3, Z0REAOBELRIRT,

(1) BEE (TR HFO4FTHL. VI 0BRGT S -HFAMO AL Vil
ETHB L ORBEENLL) YT 55 —HROF 47— Voo 7RITEZI B
HoBHhBEORELRZ LERLT 55 —HL 7 A+ v OMAMLICET 2L E
fﬁ&:Lfco ' ‘

(@) 2525 DEBIEMUSES ~ AVYMERERIEHEITIBKE. TFvgn ]
DEEMNO 1 2BIHL. SV I=vye, SF4TN TEYLVEFEEZN
ZhiEIOBELTVH 3, v

@ 2525 ORAS [FOE0] Btk | BOREHHENS DR, FICUE
FHCEWRSF 47N, THRYP VRSP E. HILCBRLLEN23NO D
OEHNS, VIV Ve NASAZ I TTOERV] ERIL INDOHENTEH B M
C EFOURNESHhTIN S,

2. VAFLRUHR
2.1 Yx7a
RCSOYAFARMH A (N #2) &, BE (EF5YY) R TVvYVHR
L=y —RRCE VF—FhORS, ZOYRFLAFHEER 1RT,
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(1) FAR, BEYRT L A
HERREEDEHEENELENELT. He X RELFSYVET SV~
Lu%ﬁéﬁ%xviay—ﬂmyva%mm\7u—ﬁ¢vﬁﬂ&bru5°
IOHRIL. OB HOEANTAD . REREATD. RIRED b FA
S TRET BRAWNE <5 BFRLENS B BERIEENO M ORI
BRIV, A

@2 ZTVvIVYRFL ‘

LYV VRN 2BDRSRIEI D2y VeI, SFLTN, TEL e
ﬁmu4gﬁ0ﬁﬁb\%gﬁ¥,XEV%%&U%E%%@&#ﬁ&%éO
ReFIVSF—VaveE—FELT, IVYVEY 2—LALBOMAYE, Xit
LYYYEUa—LCEDOEAEDNFNI—F OMAETHIHETIESR
ELTVB,

QR t—r—-—vz2Fa
EFIYVVvR+5C~+T 0 COMBPTCRERNHIUETSH 3,
ﬁﬁmu@%%m£@\Rﬁﬁmuﬁﬁﬁxboﬂmfﬁ5c‘xazyﬁﬁﬁ
Bk 0 EBIBIRERL. SREEEEET 000D © ¥ 3 LENS 3,
COBEHMOLDY Vv, BE FoFVIALT, RERZOBRS A VEY
2525 ORRE (v F) KHREOL -7 —2BI T3,
m\:@t—y—vxiAuxagﬁxvF&UIVVV%vi—wt-y—m
ﬂuHCE%ﬁLt&am«ét9ﬁ~yziA&bvaLTmT\ﬁﬁoﬁﬁ
HECADHATE B LIRS T B,

X F—DIEEEZBA. ASAI Ny FRULYY VEY a— b —F %20
T\Mib6®577FT§t—&-®OWWF#&%é&iwmoTwéo

@4 BvYy—vRAFL
pvy, BE FoFVIrNT, EEREOKS A VRURS RS ONER
CREBEEEEOLDEE vy —2B3Tn 3,

X, VI HEQEROLDENE v BT I TV 3,
ChOOEREHKEZBL T ETAFCE 3,
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KHEHWTI00CAY—1DFEEE200CRS -1 D
BEEIETDE. 200 CRY — F DIFEIWAER
A IMEBRD. K10 0 CEET B &4k,

2.2 B &
n £ &

() RCSIE2DODIVIETS 2=, 4DDIVYVETa—, BDODNN
TEY 2 —VEBHEEECHU. RCS&EN 1 DOBEHEE - T3,
BEV 2 —WEBRCSERDHLIHEDODL (REVEE) k3L
ﬁ%umﬁbrp&#\%méﬁméﬂéw.2&0@.SK%?O

() RCS%®1-0BFEHEEL LTERSE 3. TIHTOMTE. HEEHK
LERILA V2 — 72— 2% bOHUBRECITV. 20EEEHavF I
ANTEETEBRLITLTNS,

) HE~OHARINWT 2 &5 MU TAEERO LAl LS
TkLAMAORBREALTAI L3 LTV 5,

HL. BEL—HR0AHE~OMIIRIFERT I2LEND 3,
@ pvIEVa—-n _
HIHOERMNOA, BO2EVa—LELTWVWR, V2. F4 V4EH

THD . BEOBNEEBIERIIHC & > TfE b M Rk L R EER LT
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A~DOD 420%EY 2 —hbiY. AL CRUBEDRENHESELT

A VERIX L. HFMIECRBELTVS, ALCEV2—-LRBELI VI

VYRIWASAY 2B, FF4TNASAYIE, THFY Y NRS RS | EAER

ATHY. HEOHMLEELD ) AVOBAMMBLSET 5y b 74— A LE

PLYYVEY 22— VRITELREBELTNS, X, BEDEY2—NIEEL T

FATNVASAY 1, THYrRA522 1 BERATHEY. HEOHHTHE
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i@/iw#mé&éafivb7x—ATE®1y9y%va—wmﬁéiu
BRELTV S, . v
AZAZREF SV VYRRE, 7 Xn, RETE ERRENISKRO. EThiEHE
NYXEE25, SUS304THY. LFSYVARMBEY =14 05T
HB,
A5 A5 ORRERCHEERTE. MBHOL 5 —RUEREEE OEREL v
Y—%2RITHY. PRZOFERBR Y- FHTEL. X EEHII7 L
BECAS—FBVTHRLTL S, '
W,wa%ﬁa-wl
NWT Y 2 = VIREEDRBEANHERS X IE(BBLIA~FOE>0T
Va—-WVEHEL, 1YY VEY 2 - VIRFEOREECERIG . HEOANL Y
AGBNINVOT 7 2 AREBLT, EREOEENHERZ LS LT3,
N»f%va—meuyvai@dvﬁﬁ#&%éxﬁaiékbmiﬁ#%
&6ﬁ\ﬁﬂﬁﬁﬁﬂbkiicbfﬁ<oNwiévz—wauﬁx%Gﬁ
vFVINNTERT R, Thid. T EFRUIT EBORBEIcL 280
BORMIT LT ROBEECE L 3ROBHEEHILET 240000 TH 3,
NWTET2—=1D, C, E, FRRRREDS » F VI NATRED . = hizit
MBHOE -5 - LEEBRRROBEC v —HKonTHY) . Z0LET L E
%v45—?%mrﬁﬁbfméo

Tu—gY VERTH B, RECHMEORD LR T 5, & 1T 0y
Y VI ERBOREERT. 7 0—5 9 VI & KISTIRE £ 2 TR LIt 3850
HeH 3, "

BU. FRCRO R EOERIHE R OED T 3,

GEOERER " 154.93 kg

RAEHE R 40 kg
Rige—x v b (12) WET  40.97 keg. m?

DRY  32.06 kg. m?
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% | MUSES-A RCS

it

=E
b

I B 25 - B | Fo-dy | Fu-dy £ k-4
v | Xy
GuIrvvel .
2324 3.00 1.42
1. it 7 f N -
7¥N __
5971 A5y 23.0 10.9
2. & # A It N.S 84, 300 We = 40 kg
Ise= 215 s
3. BRElER We kg 40.0
4. mEAH F N 46.0 21.8
73982574 28.1 | 13.3 [r = 0.61m, 2EEH
5. Fltyvay (14.0) | 6.6) | ( )ix 1 &S
1% Ts N.m
IIBATRY 21.0 9.9 |r = 0.45m, 2E7EE)
(10.5) | 5.0) | € Yix1&¥EH
6. ZEVMY Ts N.m 3.84| 1.82|r=064m
HEHE
7. hEE \% cm/s? | 23.6 14.1 #88  194.93 kg
K8 154.93 ke
¥4 RTRY 18.76 |11.35 | SIHEFL
8. Thtyvay . (9.38) | (5.67) |N = 20 rpm
B 6 ° /8% Iz #180 40.97 kem?,
FITNATRY 14.02 8.45 FH 32.06 kgm?
(1.01) | (4.22)
9. REVHLREE N (rpm)/S| 0.895| 0.542 Bk
Fy9z vl 100
ATRY :
10. B/ At, msec
©ONRARE | TEOEN
5971 A5RY 50
TEIeNATRY 0.94 0.57
11,5249 0.47) | (0.28)
B/ A6 SHHEREIL
TVhyvav B | 3Y7NRTRY 0.70 0.42
(0.35) | (0.2D)
12,025 0 @/hzey 246 | AN rpm | 0.090| 0.054
13. RCS#EE WET DRY
Whres kg 65.0 25.0
4. #vIEH Pr kg/ct| 20.0 7.0
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4. BREH
MUSES—-AORCSHMETE. 2 3NRS RS RERURHARR 47— Fo
w TRy v REET ek, RCSTu beF R LE, &% OMEEEANT 2
LRDENTH B,
(1) 2 3N235 25 RERUHARR
6 0MFEICA S A5 RBMEL. 6 | FBICHAERER RIABRREZIE LA, ¥
WOBEEELL2 0F VALY ETEEOH 1 TH VR THENd o wn Lk,
6 2EBRERELEEINA VY 20 S BERBLTRARBEEEERL., &
ELbH1 T NVATETONRELIRONALN, CORBELOTRBEE
FL. BEO 2 0 FALAEERT 3o & AR, |
B 412 3N25250M@%E. B 5122 0 5 vARARRIC B 5HE%
LOWF AR LR, |
@ F47—Fuy7Hs v IRE .
6 1 EEC—EREDOT 5 vASKRER O CREMRIIC & RIS—RE 0¥
REMYROEHEED . ChEBELTF 47— Fuy 78OS v RT3
CERBBLEA, 6 2EEMBNCMUSE S - AREEMMOMEA u— X7
v 7l ZO—BELT. S0 VI ERERCEREICIE L3 L) BEARL
UTEEBMRERSDC SWiok. 6 2 RECBENRTL L RERES v I )
RS, BEDOE T 5, BEARORRR & HEROZHREL TRT L.
 SBRINEROTREAROS (7= Koy 7B v L EY B FETH 5.
B 6 cBENEBSRREORY OEHOREAHE. X B Tes v ol
WERLE, |
{3 RCS7'ube5Elte
6 LEBICRCS 70 FeF VABHEL, 6 SEECHETF VICHAS, HE
HWMkein4 vy —7 x— A LORMEEAHERT 3 &I, BT F VKR ol
DR &L EWOBEHEHAETO. FMBERRIC7 « — F/Xy 7 3 28R EREL
7o
B 8T VRIS H Y 5 EHRBBITRRER L. HdABME ORR
E&)chM%ﬁiﬁ?ﬁV&;u?i%, |
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B, 9wwRCS7utesFn (EEesn) , B 10CRICSBEFLvOEE (5
H) %77, E
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5.2.3 ~a2a—F—vaYy ¥YN(ND)

1. W= _
2a=F=vav¥v, (ND) & MUSES-AORBERERCTES LD,
SHHB SR L B=a—F— v a vV EV TR ET 5, NDIRHA SN ERNED
EBR o TI RN E—RHEBTBERED AR MV, SV I2FREVFEREING
HED=2—F—v a VEBEHEFEE S,

MUSES—ATR, AV VHiREENEARARN = a—F—Ya v ¥y 2EEBL, &
RYVAQHLEREVHEPS AT €y b E¥, HYRRFIHELETV S,

2. W
Sa=F=va VR, ARE HAR, ROMFT 197« v FBREEBHE LY
BEEh3,
1)H=R
ERAHEN TrIhE
mRE $360mm
ARNE $20mm
HRERE 1mm
2)HAS
FERHE Tarias
AR HEHA
B 4w Fav Y
FAME zR:r#ER

FEBFTHSE
(=R yyavi4n
HE 0.85 (25°C)

BRHEY 5.0cst (25°C)
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3. tak

1)YEreEaE
HFERER
A
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