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Fig.2-4 Data processing & diagnosis configuration
of a proposed operation & control system

for satellite.



Data Processing Machine Inference Machine

Telemetry Data
Telemetry Data Diagnosis

Processing

RS-232C
Orbit/Attitude
Maneuver Diagnosis

Orbit/Attitude
Simulation - — Malfunction
GPIB Countermeasure Plan
MELCOM MX/3000 MELCOM PSI-IL

(a) Hardware & functional block of prototype system.

Data Processing Machine Inference Machine

UNIX (0s) SIMPOS (0S)

FORTRAN/C ESP

Processing Program
(Knowledge EXT-
Base) KERNEL
= (tool)
Orbit/Attitude
Simulation Program
Graphic
Program

r
]
!
l
|
|
!
t
|
|
i

Q‘ Rule Program
t
|
|
i
|
|
!
|
|
|

Graphic Program *1
Note: : User preparation program.

SIMPOS : Sequential Inference Machine Programming and
Operating System.

|
|
]
|
!
!
I
!
|
!
I
Telemetry Data |
|
]
|
|
|
l
|
l
f
I
|

ESP : Extended Self-contained PROLOG (object-oriented
language).

(b) Software configuration of prototype system.

K2-~-5 7vobs47 2574
Fig.2-5 Prototype systen.
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EXPERT SYSTEM

A-1

Expert Knowledge
Information

belonging

name

date

Title : Satellite housekeeping monitor

( after transfer orbit injection )

(1) If the sun angle is within * 30 deg,
the injection attitude is near nominal.

(2) If the sun ang

le is without

+ 30 deg.
the emergency attitude maneuver shall be performed to realize

within = 30 deg of the sun angele.

- Prepare cosmand data for the emergency attitude maneuver

« Carry out simulation for the attitude maneuver,

« Display the procedure for the emergency attitude maneuver.

EXPERT SYSTEM

A-2

Expert Knovledge
Information

belonging

name

date

“me X

X2 -6
Fig.2-6

Title : Satellite housekeeping monitor

(1) If the sun angle difference with nominal is within 5 deg,

the injection attitude is near nominal.

(2) If the sun angle difference with nominal is within 5 deg,
the injection attitude is off nominal.
« Vaite attitude determination results, and confiram it.

T FRNN— b YR FLAHBERL — FH

Expert system knowledge information cards (example).
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ruleg 0
attitudet,
windowd (Ws)
windowl (Wr)
wladow? (Waq)
windowl (Wg)
data (Data),
{*, :transfer (Wg, 380. 70 380. T0. 200. 20. reversel}.
184 sel_title (Wq, "sxs03s RORARBORBIMELET sosss
set_tltle {Wr, © [ BEWE ! -
cset_thtle (Wyg, ° i e ) ).
cactivate (Wr),
cactlivate (Ws),
cactlivate (Wa)
read (Wq. )
tranafer (Wg. 70, 330 70. 230, 148, 20. reverse)}.
te, tset_title (Wq, "RH - ARMMM (Sa2) 2+ -30MBIATYY 77).
sctivate (Wq)
welte tlnes (Wq, “FLs/b9~F~9 ( MX3000 ==> PST } = Sa=").
readg (Data, “Sa‘, sa)
get _floatling _number_ string (fsymbolirer. Sa. d. Sa_string).
write line(Wq, Sa string),
sweite lines (Wqg, " [ RIr#~%AALTF2u 1 7).
iread (Wa. ©)),
{*, (Sa < -30.0¢ ; Sa > 30.0)1
==
i, ssetl_title(Wg, “sores RRPARBICHARMRALELL ssses),
tactivate (Wa)).
(%, twrlte _line (Wr, "ARMNUM (Sa) K+ -J0MIDARCDTARAMAURETY ") } .
i (%, rwrite_dine (Ws, "REDBUNLENL. AKRBRHAE+ - I OMBACLTTFEN ")),
: {e, rdemo_t] (fdemo_t 1. Wg) .
i {#. :transfer (Wg. 900. 70. 900. 70, 100. 20. reversel)}.
rute020::
attitudel,
windowd (Ws),
window3 (Wr) .
window2 (Wq) .
windowl (Wg) .
data (Data),

X2-7 nv—n7as s s
Fig.2-7 Rules program (example).

class graph has

Rraph (G Wg) : -
tcreate ($fonc,
icreate {($font,
rcreate (Besse

T>sya>font>kanjii_16. fent* Font),
>sys>foant>kan;i 28 font", Font]),
Aatial _window., {position (0. 0. size (§200 690).

tset__label_flagwg. off),

ractivate (Wg)

idraw_rectangie (Wg, 0,0, 1200, 68¢() .
" For Tities

rdraw_string (Wg. 380, 20, TA T W M 4 T, Fontl),

tdraw_string (Wg. 900. 20, “ZEyAEKKLN") .,

a
-
»
€
-
-
.

H — 3 ngte (We, 380, 70, 200, 20).
idraw_steting (Weg. 400, 70, TOERAZBBKDT, Fon ),

»
€
a
-

100, 200. 20) .
0. "Rz b RBKSH") |

_rectangle (Wg., 38
e (Wg. 400,

»

*
i

a

.,
.
s
a
-
.

[B 200, 20},
L1l VL1712 L
L]
+

_ agle (Wg. 170, 180,
€ (Wg. 190, 70, °

_ ngle (Wg. 380, 13
raw_string (We. 400, 130, -

»
L}
-
~

negle (We.
g (Wg. 190.

K2-8 735749770035 u
Fig.2-8 Graphic program {(example).
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Display of Total System Diagram

v

Display of Subsystem Diagram

Display of Milfunction Position on System/
Subsystem Diagram based on Results of
Diagnosis by Expert System

¥
L4
Causal Analysis by Expert System
¥
Preparation of Countermeasure Plan LE_
by Expert System
v

Simulation and Confirmation of Counter-
measure Plan by Data Processing Computer

¥

Carry out Countermeasure Plan and Display

B

Results

K2-9 ZW/ HK7e-—

Fig.2-9 Diagnosis / countermeasure plan flow.
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CONSULTATION
[LRELLER” )

mErgsees  ROTATION 7 CUARTERS )

CPRESSHITH ) CAALTGRZTIT )

CIRERIBTR ) ( FRRERCY-RAREGVER ] [ TORMALEND
-

TS F TS 5
s — L—EE}—@ ! System/Subsystem
OSER Functional Block
OGSRI_}— A r—-@—@ [ '—m OJI Diagram
OsSBZ +— ¢ ) % (Diagnosis State
e ¢ - (T —— Hindow)
WO wa H { sysduserdoginodft_file. dat
sz — / D FUEL (225 Tolemetry OData 33%
° U TANKIS  MX3000 ==s> PS]
B m ] Prases 1:: Telemetry Data
¢ .cls Window
.0
. 0
.0
. 8 v
P
| Interactive
Window

K2—-10 ZWERH
Fig.2-10 Diagnosis display example.



CONSULTATION

Working Memory

. TPESSAIGH ) EEECHLTSSEN (PG 3 (JERISTER )
‘ TIPSR 3 T CWCRGERV-WRREQVER ) [ WORRACERD 3
AT 5 [ R T 35
: e I
o } M
o mEo— HEHY)
P sE o — 2 |
P ¢ Fa™wy [tk tene
Ll OSEL— A L) W e
| e [\ a{ Y]
Pl .
voasEo— E X v — -3
i 'EED—'—! p s Psysduserdoginodff_file. dat
‘ | ; . FU.Txzxz Tolemetry Data sz
i B —— o0 U TANKIX  MX3000 ===> PS]
H GYRO | Phase= 1.0
[ ewsmwm {8 | Leacka L Sa = .
! = Sads= 3.0
o B RS e o1
) TIESA (Bl T 0
v TS | Tt «  18.0
v SPIN Pt =210000.0
; ' RAT Ry = 50. 0
« p¥2ex Diagnosis Results txassz
(1) Injection Attitude is Normal.
(2) Propulsson Subsystem is Normal.
(3) Spin Rate is Normal,
ne) House Keeping Conditions sre Nominsl.
{ Mit Any Key )8
(a) Normal
I
' CONSULTATION
ENTNATTIEENe T RUTATION )
CPRESS-AA—] [(RALGRAILY, ) [ IBRBR )
(TRERRISTER ) CIORMACERY )
L]
YS5-AT_F—— [ 9 : wn(38.maneuverl)
SRz —— 1: a8 N
2 : wn(37.thruster
OSSEL3—— 4 M 3t wan(3S.window2{Sessentisl mindoul}
[¥s5-BZ 3} — ¢ 4 : wn(34.data(stf_data))
T ——— £ _@_@ v 5 : wn(33.windowl (Sessential. window))
CoEZ 31— X . sysduserdoginodff.file. dat
%:j 4 139 rulel2{xazs Telemetry Data 338
] v " MA300Q =s=e«) PSI
? : wm(39.{Phase= 3.0
[ 2. gy Sa— 8 I:EZE 1: t(39) !Sp = 40.¢ n
CE s ——© 2t wa(35.4Sads  15.0 indow
3 : wn(34.dSave 0.1
CIES-A—3— i EZ&-; l 4 wn(33.4Te = S0.0
CIESE }— Tt = 18,0
L Pt =190000.¢
39: ruleldqmy = 50.¢
fresxx Diagnosis Results of Propulsion 3s32% 0: t39
(1} Thare will be some tuel lesk. 1 3 wm(3S.window2 ($e3sential -windowd) 1
Er( Hit Any Key ] 2 : wn(34.data(stf _data))
- 3 ¢ wn(33.window] (3essential_window))

K211
Fig. 2-11

(b) Contingency

LW iE REZ R

Display examples of diagnosis results.
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PHASE
CONVENTINAL
SOF THARE §
SYSTEM DEVELOPHENT,
PHASE
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TIME
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SYSTEM ;
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TIME
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Fig.2-12 Difference between conventional software and expert system
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5. 1 #%5

2EISAEFTRERLABHS 23 BHOEH v 27 ~sOHKMAREZREL
T, BHPHEBR7 =« — X TOHEMABPT — 78, EROBEHET>EHR7 = —
ZTHARARTHBIEDBPES L ERD, CNLDHBPF— %2R 72— XT
HETEEEDIC, RTCOT7 2 —XEFBTELIF R~ PV X T LADKBE
HBHOLER T, BETR, FiIL o ERHETORTO7 =~ XEXRTE
2xFRo00— bR FAQERZHELT. CITR. ATHEOERIZ1THE
H7=—ZX~0O@f%2ZRLC. ALHEORI LEBBLIUVERAZXR T 25
BROVWTHERT %0

— MR I ER ORI PR - ERHER BV TR, KBERE®NZ, dLEw
RBF—2 %KV, LONNRAERNIELELTI2EBFOHEEBENT WS,
Bz iE. FHKDC AD (Computer Aided Design)icBW Tk, BKMERIML .
Htr DO bODAIENEB A XIBET S LD, HINBABEEICRIFTVWE L
BEFOSNB, £o. FHIKDOC AT (Computer Aided Testing)iZBWVT . RE
BT 37— s MECRET LR, HYLPEATVWIINS S, BT -5 0
W EOHMRAMEENR, $-TWBEEX B, &5, ChHDCADE
CATOERNBEELREGD 5. TROLLRIHEREABRCERARCHENISH
Lz, RBRCEHABORERERTAT 14— F Ny /T 50 DHELB E B
NTVW3, &M, Ea—2Y -4V 7—2PBBL, =/ lid-&
M B . ABIcBAFILEND .

IhoORBEMICHT 2MEFEELE LT, Al BROBGHABEL NS, T
bLEAITEWEZIEHT s &Licd b, FFLABRBLIVERDOI D OMBIIEKZE



BEEMREL T, ANEBSFiIcBI 2L E2ERT 5,0

ATHEDOSH TR, AIBREGHALCE» SEFAETO, 2TD7 = —
ZERFECAELI.v R F LOEBRAREBTH D, T ITHIC, ZETEEBBIU
ERAXErxF oI, ALEREE bIC, $hEE— FEZERIT (FMEA : Fail-
ure Mode and Effects Analysis) FEXEMTIARNERE D B L, W&
RBICBILTS, COREBELAARICL IR LEARBLICEAEXBE TS+
Rt— b2 FARBTAHER., A3 500,
ULoZicESE. 5. 2eBVWT, ChoDBERRAEE LT, ®RE
REHAESDHLE, BEEBLIF RS- P RFLAHARFERICODVTRT, £ L
T5. 3IRBVLT, FITELHARBIUVEAEZIET 2+ 2/~ X 74 (U
T.HBCAD /CATYRFALALIESR) ODEFVERET R EE b, Tu b
74 75BE LRI LEABTIC>VWTERY 5,

5. 2 [ERREE
AlBEWRZEGHALCHERRER S -0z, BRAEL T TR, ZERTFE
M7 7o —FBRARTH B, $ROEEARTAF+ TESE, BANRE
FN(EREFN) 2D, avEa— 5 it X3 ERWRZEDET - FHEET
Yo EHICAITRWMOATREREMEDOMHM - MESEFETH 5,
CORBBHBICESE, 232 — Py 27a%2P0L&T3A I ERERERE
WEERELT, ERURN 7 Fo—Fio Lo HERREX 2B E0BAN %X
5—1IRL. EBRIREN T 7o —FRESL, 2+ 28— by 2 F LK 7o
—%ZK5 2Rl M5 -1 IRRT LI, TFX/0— b v 27 LEHRT
LIGE. ERERPBEOERL/ 9 v EO LoD ELAERO LITBEL
TWS CEWEETH S, £ LTHIC, BRAERBEAKC Y 2 7 2 T¥ENF .
BES - BRAKTQCFE. 2L T, L0 AHOBZEEES i, &
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1. Examine, analyze & arrange
the present condition
( clear problems )

2. Propose improvements
( use brain storming, KJ method etc.,
prepare concept / architecture of
Al application for practical use )

3. Prepare experimental model
( rapid prototyping )

4. Experiment & evaluate
( use field real data )

feed back [:l

Put into practice based on above experimental
researching/developping approach

B5—-2 =xFR/—btyRXFLFET 0

Fig. 5-2 Task flow for development of expert system.
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WEWLER=2a~F MRy P —IENRERERL, Cho bz F R0}
VAT AR EOHEE - BAENRS, ZLTVWAVWARTAF 4 TIRETEE
FNEED, K5 -2 RkRTLIBHERFE - Lo 74—V FF -5 %>
FoEE - FHETCOT e CERARN T e —F 2D % & HAIKG
WREBLILEBTEDLEEL S,

5. 3 EFNVORELHR _
SEEEESNBET ABETRBORF LRABBLIUERAO DO, MMRXE
RBEOEHRZHIEL. AIBWEGHLLEFVERELHRE L, COEFL
3. HFEHABRBLUEAEXBTAHAMNCAD CATYR 7407w b5 4
TTHbo EFNVDYRAFLABREFERIFEMER., T7hb5. HURK. £H
WEEE., HMEE - VEERITXEBLUORBRF — s ozlic >V T T i
%,

wof

5. 3. 1 YZ27 oK

CDOYRFATIR, K5 -3 IRTLIic, EXRBEORAF— s 0B = v o (
7— 2 RF— g YSUN-4) icBFHER~ >~ (MELCOM PSI-I) 2#Z& L T, BE
DB ONEE S TITOREESIEE . BRELNE I LY ARG CETOEEE
2 EF3REDTRELTCVS, HEZER. 77— 5 LEH < v Y fIHFORTRANE C
EETHD., HR VAR, A7V =7 MERRERESEESPREALCY
o CNSOMYYRBTCP/IP7ubatickd3 L ANTERSIOLTED.
ZOfhd 3 v €2 — % (MELCOM ME200 DV —2 XF—va V)5 bLANKEH
TT I 2 RAETH S, COVYRFLADFEMBMNE 7 v —%2K5 -4 iRd, K
5— 4 OHRIOMEMSA I EREZEHELANNNERE. BB EZ2ETHN
MEHABETHD. ERILETAFRLBEETH - 7co TOVYRF ARRIE, X
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DATA PROCESSING MACHINE INFERENCE MACHINE

LAN(TCP/1P)
Ilnput specificatigEJ
Retrieve similar circuits {| = Retrieve basic circuits
Circuit simulation |-= >l Select used parts
FMEA : Failure Mode and Effects Analysis
FMEA CAD
Y CAT

Testing & diagnosis

K5—-3 HMCAD,/ CATYZXFALoFXEMNE T u—
Fig. 5-3 Main functional blocks & processing flow of

intelligent CAD/CAT system (prototype).
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DATA PROCESSING MACHINE

a. Display basic circuits

INFERENCE MACHINE

1. Input spec. of requirement

\

2. Retrieve basic circuits

Y

3. Retrieve similar circuits

b. Display similar circuits

¢. Display modified circuit

Y

d. Display circuit with parts

4, Modify / add circuit

A

5. Select used parts
(intelligent retrieval of parts)

A ]

6. Simulate circuit

[

e. Display optimized circuit

K/

f. Display redundant circuit

7. Optimize circuit
(constraint problem)

A

g. Display diagnosis process

8. Generate FMEA sheets

Y

9. Generate diagnosis rules

Y

X5 -4
Fig. 5-4

HHONET o —
Detail processing flow of intelligent CAD/CAT

U SRR NPT PRI TEpINN NGRS PRSPRR SRS B 3 S Gatntaiid

system (prototype).
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BRicA I ERE LTOMMRRE, $RbBHE~— 2 LHERBEBICE S,
PrAx RHEROLEE T 2EABMMEh. MPHE. MNREKRZTEOKEZHA T
W3

5. 3. 1. 1 AEE

ALBREERIWIBEFREBO7 F e A& DAl Ed LI, 5 -4 0D
WE7 v —OBEELTIRRNT,

CCTORTEB CTRVDCERARSEAONS &, T OhMkic s > AN
BEOMFBZITIo CORAABBHABMENTEBASEZGSNTVWEEET — 2
N—2ERICBREINDE, BARRROPTERMIRICE I RIS R 5 R WS
B3, ROFUEBERFRICEL, BURKRE. §F TIERCE s 7B,
B EA L L TERINTLBARFT — s -2 2B CRZS 1 3, ERMAHK
—FEVWEARBEF - L LTHL, ZRENL. »oEREHICAI b0 %
BR%ET 0 RICLBIIGL T, BIROEM A EBEEZTV. BERMEKICGHT SE
BAEBET 2, CCEFTOUNBETISEIROESRE D, RICCORIBTHAS
NEWRDOBEEZIT )0 COMMDBEETR., R FIVKRED BB LERM
BREANLLBETS, iR~ VY AITHEARBEE 2 vy X—3x v P E2RE->T
FRL, S REDRROF P SFIFEFEPERL T, RBIMZH > TITL &
AR AREIC LT W B,

—@D., WROBEBKRTTEE, WICERBHIEOY 1alb—va YEEML
T i LABBROBIEHEREEZT 0 COY Iab—va YORBREICE T XM
DRBALETV, BLBRE U CEROEMN BEEZHOEL T, & REQEE
BT 5, COBBILAEIE., HHREMEL LTS SshHNEGOH
BAANTHAGOLEZEA T, FHERAKEER D) KT 2@ AR THENE
FhTWb,

RICEEHEERFEZER T 2O B OTNERFE B, BRI 2HEE

—104 —



— FEEBRRXBY —VEFEW, FMEAY— FPEEKRT 5, & L TERENIC,
WV —-VEHBAERT I CEILD, ABRCPERTOBHERCRITS I L
BTED,

5. 3. 2 FfKw%
5. 3. 2. 1 HBRNOBIAXRLF-—5~x—2

CAD ¥ 27 ADBERIZMN, REFAHT V=7 P BHARERHICERSNTE T
COERINLEHAT V-7 FEENATELL S, RFtORILE L biTm
BrEOBEIEBTEDLLEIOND, GRIM YT YA LT a by 47
Y27 ATIR. BRKOBAHEEXB T2 b, RANREShEER < 7
4 7 CHELRBEBEE T MM U, CORUREKEER. BRRZERERSE
ELTHBHEREZTS6DOTHD. 2—FRBFBRHEZFEH/HE T L LR
CEBRF— 7 ~— 2 %2fETEEHTE S, £, HROHEUBRE (BT
77 PARBUORBELUEOACEBLTCVWADOKH L. AFEIHEE K-
TW3EVWIHEND 2, BIRKx 7«53, BARRRREZH®RT 5/LFTT F
o 7 EEERETICE T« o VARG BERTE2 60 TH B, ST b
AT« YRF LTI NPN/PNP F 5 > ¥R 5, BRI, F 44— NI &2 EARRER
RELTEFLTWS: Chs0BERERRKIZHESEHE THE ORI K % EK
T 5. fERRENAEBXR., SOoRHROABKZESLEICESa—VELT
5L TE5, N5 -5 REEKF— 5 X—20BRER/RLLSDT, [
BXAPEBEXKC. D, EXSHREINTVWAEILEERL TV, IOXIIC,
EIREMEREEEZIES ., COBBREEZNAL CRBXOBUREKET 5 C
EMWTE B,
5. 3. 2. 2 HMIECHER

Bl 2 EBEROBREKR. ROUEICL - TITbh 3,
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Stepl : RERM L LTHASHABIRKEHEKRL TV 3 EIRK (EREEX)
ZIALTWAEBNEF— s ~—2hoBR%Z L. BUERRBEHEET 5.

Step2 : BERABK O HERESWTHUE LHEELHEL. BUOKBK
BEHOIEFT %23 5, BIAE, BIBXG. E. FAERFAKK LT 5EBRX
CHEULEEREKS —5 07— R—ADSRETE DL T 5, BIBKC
B, GEFIALTVW 2O CHUBIBRIRFE L5, Hikic. A, B b HELUEIKK

BHE25,

ERKY »EXREBK Y, . .., Vi, €1, . .., eSHEREIN. F
BRZPEXREERKzq, . . ., Zk €1, . .., e DOEBREATVE &
T3, 20, BIRRKIYEZEERer, ..., exHBTI2ERELTHE-
TW3E9 3%,

COEERIBNY &Z EoHLUE:

n
BOE (Y, Z) = X[ N(ei) —M(ei) |
i=1
EEET 5,
Elkkic. MHEE %
j Kk
MEE (Y, Z2) = ¥ N(yi)+ T M(zi)

i=1 i=1

LEET D0 CITy Nle) B, BIBRRYCET N I3 EROBR e i OfAK. M
(i) REIBRZIcESEN 3 EEERER e i OEKERT D LT 5,

BREBROSIAEKEZERS -5 0L 5 KRET S &, FIBEKIXEB. COM
LB,
FUEE (X, B) = | N(B)—M(E) | + | N(F) —M(F) |

=0

BOUE (X, C) =[NO-MG) | =1
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177\
4 N~
I NN
A3 N B
/2 N4 2
/ 1 N |2
/\
N2 (b E \
-
2 —

n
Note, 6\-}—@ : X quotes y with n pieces.

K5-5 HEXF—s~x—24§

Fig. 5-5 Example of a circuit database.
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&85,

ERHARCEREHLTGEEATVWS, IOXIBHE. CORUELSIA
E¥fES 5,0

TRbb, BIRRX & ADRUEIR.

BUE (X, A) = | NE)-ME) |
+2 - BiflEE (X, C)
=3

L13%,

ERoFRIcLInE, REFERRBEXOSIHEROZ G ZHUEL L TW
B, UT03 bR E/NSBENPEHREINS. PIAE., ERXX & B,
HicEZ4@. FZ2ME3IALTBY., A. CXOBHULAEBRTH SIS
phrboT, BUERO0TH S, COFRBAHOERIIKT 50T, FULUEE
ESL0HEMBEUE L LTHELETOPEHTH 5,

TRbH,

MEXTEMLEE = FMAX+ 1 —FEQIEE
k- THMEBEUEE2ERT 5, MXRBLUEORXKET. Lidoflcid.

FMAX= 3 T& %,

L7cds» T,

M EME (X, B) =4

M BEME (X, C) =3

MXEME (X, A) =1
L83,

—%h. HEER,

HEE (X, B) =N(G)+M(I) =3
HEZRE (X, C) =NE)+NF)+M(1) =38
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MEBEE (X, A) =N(F)+M(C) - #HZBE(X,C) +M(D)
=19

L%,

5. 3. 2. 3 HUEWOIE~HEZ

BUE. HEEOHE RV, BURBRRNE2 - it - TRILZE S
BIEFFICIENEA Do COIEFR. 21— FOBIFICbKETH6DTHEH D,
—HICRRESBVSOTHEH, ERSWHTLI 6PHRNTHE V-1 E L
<
(DIHEEFEDDIVSONBEL
()E CAHEZER S FRUESREVSDOMBHEL
EWD EBBEBRNILbh oo SRIOERTR, I THEEORIETY — L,
MEESE LD OWTRBEUEOKIET Y — b L THREARRX ONER % i~
WA TW3B,

X5 —6it. HUEABRZOBEERLTWVS, “HE~— 2" KIELE.
MEEZABET 2 v — . BURRBRERHEOW NI V-1 R EBBHEIOLTY
2o BUMBRKERIL. BUE. HRELEbERZODBERRTEHIENT
&, 2—FOHWEIVHE,IBLSDITL TV B,

5. 3. 3 f[ERMEOEE

5. 3. 3. 1 MRBEEOXEHELSI Y5 7=—2

Rk, HRAMGEORBEEER, RABOFMEE (=2 T A5 EPF - -
ARRIR) ZE-BEYBEETH - Feo GRIA YTV AV M LT RS 4T
YRAFATRCOHEEZHBL - LT 57 HOREL LTRSS — 4Rl
(6] EHERORET 2y 7 CHYT 2MEBEE Y 2 - VERR LI, W&
BEE Y2 — VTR, EAMEOBEEELIBET IHEL LT, () HEDEFE
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User assigned circuit

Retrieval of

Knowledge base

similar circuits

Proposed No. 1

Similar level 3
Different level 1

—o

Proposed No.2
Similar level 3
Different level 1

]
A

o———— 0

Proposed No.3

Dr——e s
2
o—AA—
o—

T

Similar level 2
Different level 2

Proposed No. 4
Similar level 2
Different level 2

Z Y

et

XI5 -6 HLREKE

Fig.5-6 Similar circuits retrieval function.
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EFF2FER LT, WIOEDBIEO BB RRATHBOBELES S A4 57 AHEE.
(D) EBEEARBXCANSNAEEREKDL S, BRTF -5 - 2A~ORFKEK
v FEBBMICARKT 2HPIREBIE. (0)F — 5 <~ 2h S5RTH L B
EIEE D Ekk (HIH) 2HWET 20 EHET 2 F = v VBEERE L oo WEEE
EVa-—nicid, K5 -4ieRmlic 4] BIBOEMN: BIET v 7 OWNEER.
BT - 7 S LB EFAVBAIERELTESNTL %, BEEE TV
A1y A ERMEFIREDBEETN TV S, T, BEMEEEZRHEL V%
FABITOA 5 5274 7RMFEEBLTHETEIE 01 >OFHRELT,
HREZE (HAE) 1 v 72— 2%Kat Lo HEZER LB ATIOR AR, ¥
ZFLRFLLBVW2-—FIRObFHFCHAHTE, BRIEEXFCLLZIANCLH S
BEENNAEEILREATH %,

HEBEE Y2 — vk, BI5 — 7IRT LI Ic, WEEHIE. MnkK. SliF
2y I DIDODFT - ¥V - A SEREND, HHYT S 7 5 HEKE TV,
Hm7 - ~N— 2, HRERITAHOHELXE., - ~X-XD07 117 F V1B
HThHbo
5. 3. 3. 2 HASFEICXZMFEKEE

HRBEEY 2 - VBV T, REIFFEL VX7 LoDOMTHAE IR X 2HFENR
bahz0id, WEEEEFEE 2740854 FT2BEREEREHEATLT
79 N—R%2RKTHBETD %,

(1) HBEIEFOHA T v R

BEEFVCEFNEINA S 2BEREBROBERR P S RICEE T NE
MEBEREL. THERT VA FXEERT 5, 7450 2ERRIBEEF%T
BLIeyFVADO—ETHb. 1 FXERTRESPLHABELLE PO T
YTV - R EEEDACHRTCEREIT> TS, - T, BRTRE
MR XOERDAER>TVWB, o, 45 20— E LT, BE
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Circuit model Parts selection module Circuit figure

Guidance information Diatogue control —
| .
Constraint condition Gutdance

Parts S[E\ O
Intel ligent retrieval|| —=

Parts data base Proposed part . Q

—
) A Selection :
: Constraint check Besigner

ci: IN3595
Q Q2: 2N5153
R3:. 6390HM|

‘\—/l Selected parts list~

X5 —7 {ERANGEERKEE

Fig.5-7 Parts selection function.
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M EZA T 3 EROREEER L COEERRRTE, RAFBCEBZETRIES
HATWB,

(2) HAZKK X 2{HEOHMHIKR

A RLICEbE T2 - FBERELTCAN L BRI RERHE) »S57
— s R-2RFavy FEHBHERL. REER (BREH) Z2RPATRRT
Do HXXBHICIZIBUP v RF 4 BOIARRE L Lic—F (LRABEXREI 7=
75 5) BEHVTWS, BEER CREXBNEROBIRAEXE vy - LD
2w Frick0HFEERLLE LIS (case frame) 24K T 5, ZOE. X
JRIBME LTREL TS EADOANXORITHERZ MW T, NG CBIRE O
HE. ABOBEFONIRLELEET, - T, LRIOANTNEZHAL Wi R
R XDANBEET, 2 - VRECRERGBZL2TRVAALEHREXEAT
TEHELENE OV, BRENERE LTELBEER. By v VEBHREZAL
TF - R—Z2RFa< v FcEBRENS, Coa= Y FEBEOHEF -7~
—Z2RAELNT, REVPEREEI N L. REFRRIREBVERX (RFEX) ®EL
Thda—FiTRR&ENE, 2 —FRID LARKEANEREEREL CHRSERHER
DAL, HMEBEE V2 - VTHEATIE. XMy — v iRF— 7 X— 2RHE
EVIHRRFICBETHERAOLOTH 5, HEHE (BFBEFLACYESR
A @, B L AEABcREATNIETH 0. BARNCIIEBEAZICHEYT %0
FA4L7 UERGEADOTF -7 - EHOBMTH 3 . DEINICHET %,
BE. F-9R-22~A0a2 Y FELTSQL® %, HHF-sx-2&L
TALHEDOHRGF ~ s 2 MO IBRF - s -2 2BEEL TV B, ®->T. #
BEF - IDANBAREI->T, BEEEEY 2 —NVESQLA VI T - 2%H
OBEF - R—ZA~NDHKEA V57 =—-RELTHAT B L LTARETH 3,
5. 3. 3. 3 EEXRREEXRHLKLEDOF =7
EBESNATROEREF - LTHE T — 7 ~— 20 SHEHEMIRER K.
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BE ST AWES MR EOBFE (HK) ZRidbEh i, HHWXOfMm Gt
H) 2EULTHET 5. flfEH-aBVWEaciR. ZoFR%Ex - Fici@RY
Beitic, MEROBERE 2 —¥iRd, Bio. BIHIFAHOBWERE LT,
Taottk (FIARKIERE) B S 2EE6RPURS—BICRET 2B&ICR,
45y ZABHECBVWTZOREMEOHEBEZITV. MaORBRER I S,
BRTR, 772 Z7ARICBT 2HKORTBAR+3TH 50 EHHIRBEO
BB TNVITY XLAWBREARETH S0, REBEEEY2-VTRCLP B0
L R—MRNERBEEBREEHLTOR Y, ok, H#HlF= v 7 5RE LT,
BERMETOMEVPRET 2 LEFEUEE Q2 HEHNIEHEOXMITREREL.
B EROZRRTHERNRRHHIRNLZL2THET 3 FXEHV TV S, &EBMHE
VBRI NIBRTZ I ETCRBRINABRO LKL SHEARERHIKA % 2
BIL. HHEE2EITT 2, HEOKR. XdhoFES LEFEHE L T hidHl
BRI EHET S, LAl BWEOBREBERTHEARIFHHXZLT
AETEAEAFATR, FIRORFEHELERICHERPHAL, ERHTOHKNF
= VBRELRZ, DD, WREETF o S HEBCRE L HRBET VT
Y XLDHAREBERLETH 5,

5. 3. 4 M- FEERITXE

K5 —4w/RLALE (8) FMEAY— MERTm Y2 &0 (9) BHirv—
MERRT 2 » 7 IBAL TR, Bilic, FA4 Y- vV ELTORBEERT 308
T— FEEERI (FMEA) XByv—nELTEEHE, 5 -8icEI&, &
DY —NITDWTEEET 3,

SEEERAPERSNIWAATR, HESESICCWLIRERETET S L
BEROCETHIH, INLEFTRARTITH S, £ T, MBELTE S
bDEDOFHRIC » T, RICHEBO—IciBEHSRE LBATH., HGWRK
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]

f 1
Failure prediction
Countermeasure plan

Designer —_
]
EMEA sheat
—— : Application of FMEA
effect 1 [glwlelsl 12 o
e o < )
f==}
part 1 1121314 | = °
(%]
| 285 ) B .z Knowled
|22 Al |B Z > ng;vsg ge —__.>l Failure diagnosis
F&23 A

Design knowledge

Rufe 1: if status of part 1 is 8 .
Actual failure sample then effect 2 happen
Rufe 2: if status of part 2 is A
© then effect 1 happen .
L] I l
Knowledge base . Acauired design knowledge
. |

(

FMEA : Failure Mode and Effects Analysis

K5 -8 FMEAXE#iE

Fig.5-8 FMEA supporting function.
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BICRBELRBRVWEIRBHETECLEVEELNL S, CORBERFERERIHCR,
FMEARRARBERD—2TH M, BEETOEIA, EHRHTLIFM
EAZEY—VERBREYE-5H0, 2T, AIBKZEZEALAZFMEAXEY
—VERESY L | 2oMRNELUTRERT %,

5. 3. 4. 1 HELOEHRE

K5 —8iciRd Lo, &it/ v v 2EUHKRL BRAMBOBEOKEEY
BER, HB~N—RELTEALTEL, FHEFR. AIWAEFFREBELT. N
SOHE~<— 2OHMNKREEZITV, FMEAY—F2Hifavr v Eic, 271y
Feov—F2ELZBEHTHERT 2. CNSOFMEAY— FPOARR. Z2EA L
—VELEHREIN, FMEAOBHDOOOM#—2EL T, vy vEic
BAONTW, REER 274, FMEAY— FREBRAKKERZD, &
BOEER CoRRMEERNL, B—RA~R2 &3, ABOFEETR. H
FTERRBH D, Mo THB— 2L T, BRUBETES 2D Y » PG
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Fig.5-9 Constructive unit of satellite.
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Functional Block Diagram
Preparation Program

M5—-10 HKIL—FF770s3 A

Fig.5-10 Construction trade off program.
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What is item code for identifying object

of analysis?
1

What is part or component's name subjected

to analysis?

What is summary function of object?

-

What is failure mode possible to occur

to object?
1

What is a cause of this failure mode?

!

What is influence of this failure -mode to

effect upon others?

How much is this effect of influence?

!

What is a probability of occurrence of

this failure mode?

What is degree of significance caused
by this failure mode?

1

What is countermeasure to lighten or prevent
influence of this failure mode?

< Stop )

@5-13 Eﬁ:ﬁ7u-—
Fig.5-13 Questions flow.
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( Start )

Classify contents stated in failure mode
column of FMEA sheet per each part/component
to make assumption part of diagnosis rule.

Take contents stated in the columns of
failure mode cause, failure mode influence
& countermeasure advice to make conclusion
part of diagnosis rule.

Have contents of assumption/conclusion
parts displayed on CRT screen.

Specialist required to check contents

of display on CRT screen, and modify
them to refine sentenses and to complete
diagnosis rule.

Register them into knowledge data base
part of diagnosis means as established
diagnosis rule.

( Stop )

K5—-15 ZHir—NiERQE7 -

Fig.5-15 Diagnosis rule generation flow.
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Requirement

7

N\

Trade-of f & optimize system/subsystem organization

o Trade-off system/subsystem organization based on
evaluation parameters(weight,electric power cons-
umption, reliability, cost etc.)

e Construct system/subsystem consisting of optimum
combination of parts/components

Analyze failure mode/effect of system/subsystem
in design phase

» Make design reviews based on FMEA method
e Prepare countermeasure plan

Organization modified ?

Apply for testing and operation phase
« Prepare diagnosis rule

M5-16 ZHIEHABRBIVERA Y v—
Fig.5-16 Design, testing and operation task flow.
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