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Abstract Conventional reliability theory is based on binarv—state assumption and probability

assumptien . However in many cases the binary—state assumption is not acceptable ,i.e., the sys-

tem failure cannot be reasonably defined in a crisp way but should be in a fuzzy way, and thus

fuzzy—state assumption should be taken in place of the binary—state assumption. l;rofusl reliabil-

ity theory 1s a form of fuzzy reliability theory and based on the fuzzy—state assumption and the

probability assumption. Therefore profust reliability 15 a new reliability index and can be used to

comprehensively characterize system: reliability behavior Failures of the longitudinal

flight—by—wire system in an ACT test aircraft are divided into three classes: safety—fatal,task—fa-

tal and maintenance—required,and do profust reliabiiity analysis for this system. Further,a new

index of failure criticality on top of profust unreliability 1s defined so that this new index is not

oniy adequate to reasonably distinguish effects of disunct failure modes. but also able to directly

account tor the eftects of failure modes on system reliability behavior. The conclusion of this pa-

per is that it is reasonable to take the profust reliability as the system design index.
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LI EHIEFHERACDH P RBERARERIFBWRLEERILRIBIRYE,

KABE R RATERE L LRI R 22K E T FBW RAMRIFDREE. @4 BT
L R Hm T - HLBOT R R B, BTLAE FBW RE R AR BEHE AN
FBW R4 Al Stk il & EooT |5 ER.

FBW R LAKRAE ZRAHIERE. & TARSHMBERA, KE7HN T RS
1990 47 H 19 BUCEl. 1991 4 4 1 23 HK BRSO




%10 1 BHTE: ACT RiIFHL FBW A %M BB 2t 2 b7 B539
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2 HE(Profust) "] Mg

SR EEERE TRA R

() #WmRRiE: R EHS 7‘)-]'1«)\1%$75:‘&Z'Jﬂ1,

Q) ZHBRIR: RERAFHERSE, BLAXLER, EaTLMbE.

XAAMNMRIZTE T 2E 0 TRMH, HhAEAGENER. &, FBW RLEREF 4
%, B¥Fn C KikbE, HEREELR, AERFER, FiER FBW REEL T 2HE,
BELoR2EE, XM ZRBIEARCL, MMELAERRERIEER. T /A RE, R
BORAK S, FIRCART REMEMIRRAL 8 . BBE(Profust) AT SRR IG5 THERBIS F0
#4R A R 1% (Probability+Fuzzy—State). HEM (Posbist)a] f& ¥ H it & & Frl REH:RIX =
AfRiZ (Possibility+Binary—State) ® , TifEHL(Posfust) Al $E B 18 B & T 7 A ML RIL A
PRARIE., RETHEMAER, BRI S E SRS A SISV =T vk
. S99 EHEFR B NIFR G 2B (Probist) A f& 1 B 18 (Pribability+Bonary—State).

RRGEAR n NMHEEBRE S, . S,. S U={S,. «, S JERBH. ZERIEEEEX
Fuzzy BIhIR &

S={S,, nS), i=1, *= n} (1)
FuzzyftFg R &N
F={S,, u(S) i=1, *=, n} (2)
XE p (S)Fp (S, AR RERE. BU,={m, i, j=1, = n}, m,
RrMRE S BIRE S, k. EX

J

TS_F=-{'mU., B, (m ) ds j=1, e, n} 3
XHB
_ ﬂF S(Sj)—ﬁ[‘ S(S!)’ ﬁn%ﬂF/S(Sj)>BF/S(Si)
tr, n )= an @
ke(S))
. )= 5
ﬁFIS(S,) ”F(S’)+#S(S’) ( )

XK Trg R Fuzzy H 3 Fuzzy SEEMOHEE. HTHA—/ Fuzzy £, Profust X
] ] S LA
R(t,, t,+1)=P{T  Jlt,. 1, + (INREE}

=1- ZZ#T (my) Pl{m JE[t,. ¢, +1]NEE} (6)

i=ly=1}

X B m; BRI BIEM AR EHREFB. Profust XA A AT 5 BN
R(ty t,+1)=P{T 1, 1, + 1K}

= ZZ;;T _(m)) P{m T, 1, +1INRE] (7)

i=1j=
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Big o

U (S)=1—p (S ) i=1. o n (8)

Rl R
R, t,+0=Eu; " (9)
R(t,. t,+0y=Eu;"" (10)
KT Wy R R FEG, + OB RIMBUE, RBEALER. TG ENRRK

53 BIiE Profust A] §& BEFN Profust Aa[FEE A R (1) FIR (1) , LA

R(1)=R(0. 1) (11)
R())=R(0, 1) (12)

3 FBW &% Profust a] Sg M5 47

e fH, FBW REEAIHEL 4 HiP. B RMBER C KM, X# FBW R4 F 4
AMEEBIRE 4. B C. M1 D. Kb 4 ERAGL T 4 BBERE, BEFRRGFL T B
HERE, CERRRGEM C RMBERE, DR FAZL TEEMBERE, XBREZ
AR B M RATREH D>C—~B—~A, fAAREH FHRAB. X2Eb BN
RITH R FBW AR M7 A, AEHBEINEN FBW RZEM T RE7H, W i
B SITRBE M miA %,

E X FBW REM Fuzzy BCHHR A4

={X, p(X). X¥=4. B. (. Dj (13)
BEEu (OHBUEARRE. S TR RARGGREES. W EXEE EERS, A KIE
%", EX FBW RYM Fuzzy dFERE N
F={X. p(X). x=4. B. ¢. D} (14)
¥, BEE L (OMBIEARR, FoJLARRA GRS, A RBC, “BIEEM,
XL R R TCT: LA § BLCRS 18P0 A B A 2 LA BB Py

& AX)=i-pu (X) X=4. 8, C. D (15)
MLMRA9) ~R(12), FBW Ry Profust 8] § Profust A5 #] 1 B 53§24
R(1)=p (A)p (D + p(Bp (1) + u ACp (1) + p (D)p (1) (16)
R(1)= peA)p () + p (B)p () + Oy () +p (D)p (1) (17
XHp (NFN IR FBW ARG FRA X foli%, H
p TP ) tp i) tp () =1 (18)

hA(16), RANT 4. R (1) FIR (1) LR FBW AN AT HERNK. FREES
A B R, o H % e R Mot AL IR R MER .

fRi% 17 Fthlt FBW REA WAL TR4FRE, B FHE =0, XRIZEHBHAH
Rl AR o . X EERR AT LRI L RER SR ARG TAREMEER @, ]
HERMFI~FI4FR XEBEELERe- 1. REH, FBW RSEEFRETHIN B
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%M C REERAMBESTHTLRMANRE. b TENBHE FBW RENCTHER,
XHER =1, 2, «-, 10h,

£ 2 BWEMNER FBW RGZHE £3 hENEN FBW RESRERE

| py Py (1) pc () | 2R 0] wh) | py (O ps (1) pc (D pp ()
0 0 0 0 1 0 0 0 0 1

1 | .2000E-05 { .1638E—05 | .4722E—02 | .9953 1 | .1500E—05 | .7777E—06 | .3201E—02 | 9968
2 | .4002E—05 | .6511E—05 | .9444E—02 |  .9905 2 | .3001E—05 | .3089E—05 | .6402E—02 |  .9936
3 | .6006E—05 | .1462E—04 | .1417E—01 | 9858 3 | .4502E—05 | .6933E—05 | .9603E—02 | .9804
4 | .8014E—05 | .2597E—04 | .1889E—01 [ .9811 4 | .6005E—05 | .1231E—04 | .1280E—01 | .9872
5 | .1003E—04 | .405SE—04 | 2361E-01 | 9763 S | .7509E—05 | .1922E—~04 | .1601E—01 | .9840
6 |.1205E-04 | .5836E~04 | 2833E-01 | 9715 6 |.9016E—05 | .2767E—04 | .1921E—01 |  .9808
7 | .1407E—04 | .7941E~04 | .3305E-01 | .9669 7 | .1053E—04 | 3764E—04 | 2241E-01 | 9775
8 |.1611E~04 | .1037E~03 | .3778E—-01 | 9621 8 |.1204E—04 | .4916E—04 | 2561E—01 | .9743
9 | .1816-04 | .1312E—03 | 4250E-01 | 9574 9 |.1356E—04 | .6220E-04 | .2881E—01 | 9711
10 | .2022E~04 | .1620E—03 | .4722E-01 | 9526 10 | .1508E—04 | .7678E—04 | .3201E—01 | 9679

£ 4 (REBEN FBW REFRGHRE

t(h) Pa (1) P3 (t) Pc (t) Pp (t)
0 0 0 0 1

1 .1000E—05 .2576E—06 .1680E~02 9983
2 .2000E—-05 .1026E-05 .3360E—02 9966
3 .3000E—-05 .2306E—05 .5041E—-02 .9950
4 4001E-05 .4098E—05 6721E~02 9933
5 .5002E—-05 .6400E—05 .8401E-02 9916
6 .6004E—05 9214E-05 .1008E—01] .9899
7 .7006E—-05 .1254E—04 .1176E-01 9882
8 .8009E-05 .1637E—04 1344E-01 9865
9 9012E-05 2072E-04 .1512E-01 9849
10 .1002E-04 2558E—04 .1680E—01 .9832

3.1 #63-FEEA) Profust AT MiE{TH
Boug (4) =05 (B) =02, pug (C) =08, us (D) =1, B4 Profust \FEEH
R ()=02p,()+08p () +p (D (19)
KR 2~K4THB R, () HHELR, TS, BHTEHGE, wHE 2.

§5 Profustifﬂﬁ(us (A) =0, Hs (B) =0.2,
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R ()
‘ R, (1) 1. 0000
M) msemk | ks | ERBE | o o9go
0 I I i
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5 | 9952 9968 9983
6 9942 9962 9980 5
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o | so14 | soa2 | 99 B2 4% TR Profust ATABEF
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ZIEl, XEREIR. LA Profust 8] 5 B (8 Profust AS o] 3 BE)H FBW REEM IR iHR4R,
Profust AR S BRI H 1070 X —HR 4

(2) HUH-RBAEME, RHEM Profust Al F &K,

(3) ANieEHkBEyE. F13K, FBW ZLH Profust A & B KT ALK
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(4) HAEBELS, FBW RL&M Profust A fi B PROREAK.
32 SERTREIERMLLE

HERAOFERy (D=0, p (BY=0, p(O)=1, p(D)=1, Wi

R.=p . )+p,(H=1-p (1) ~p, ) (20)
Bp4)=0. pBr=1, p (O)=1 pD)=1. W
R.N)=p, ) +p (OH+p,(h=1—p (1) (21)

R, (1) HAEMMESTHE. R, () AKHANHNELTEE, AXQ0Mm, EFH
BEARBEEEFLENREARMBE. 5—HEH, PRRELT 4 BEEREMLT
B RSP REMEAME, REEMNZHOAE, EFTREAE, MESTRENEARE
R A B iR R AR R, dTReMEE, FokM. Mk, hX19), FBW &
% Profust 7 58 A DURBLECBR B R X RGP EE, 1fi B A B R R A B R0 38
ft. Bz, Profust fEELEAER 7T REH AT RMEITA, ZREFAHES TREMNLS
"SR TCRE A .
33 fBEHE

L% MM FMECA &, fagmfsitammhhak O . FRaEEMEETETR
FIHM 20HE. AR RSB EION I AR, LA R A AR 4R, MR A
HERBE - TRE. HKEANREE. ZRLUR AN D.OE N B A Li& s B3 R
Wb faE AT, TRELLAHEILBAREENEERE. MARTIHECERE, UE
B R HE B 10 f51E, AR AT 280 10 f5E M A B 20 f51E? A ZRKR. B
i, FCIRLAMZAG T SR IR B, o B ARG A H B M S R Y AT Rk B

LA Profust A fa B K E LiRBERfaEE. +

u X)) py)
a, (1)= —‘_E;l\—— (22)

b X HEBRE. R WARLER Profust RATHE. T FBW R, X=4, B,
C. MR BRATHE. Bo, () hEBERER X 7 (MR EERE. o (OANTUARE
oA [l g B R e K /s, 1 L Sk BB O ARG R AT A O IR B

Blan & KANH L, LT &k RO FHM 1=1h

_ 1x0.2000 x 10~
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5

0.8 x0.1639 x 10

3

()= —  =1.3835x 10"
8 947711 x 10 *
-2
5 ()= 0.2 x 0.4722 X 1_04 — 0.9965
9.47711 x 10
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ERAERSED, MR- BE&ERERIFRE, WiZHERAHES. XHEN
ROMER SRR KRR EENER . 3T FBW &%, A —KEERM_KkE
SRS, WEMMTE-KRREMEERE, FEMETERERERNEERRE. X%
B_REERMPKE - KEEE, XEFADRAE — KB E&REC Rk, REXH
LB MR, XB C REEEABERAAERR /D, TRRAT. MRES “KBEK
BE(B RKM B, RFEXRABRMENE, BREEAHER EMALND C KikBEABEELR L
B/h. TEHER _KEERAEEEX, LLlcitZ.

F6~FESFBTAREERT FBW RE A RAMMEA Profust AT E, X HR
t=1hH 4R (19, WESF 4, AEEBALAERLE. b, K HTEMNREHR
N, Rk E L HRGK /T FBW R4ERY Profust v £ B JL P A K A Ew(R T 4 ff
A7g). BULETR, #nRLL Profust 7l §& b ik it4ids. FBW REiH Profust AN v 5 B B
B 107 BB, XBAU ., fRLL Profust AT E AR IHSHR, REBGREEEY
A, ARE £EREBE LR, MR8 £X.0 Profust 7] 5 BERE K A7 B ] 34 in i F BERY 14
.

+6 MEUENFRNEET FBW REEIRSEER Profust ATRE

C P4 (D) ps (O pe (1) pp (1) R, ()
1 .2000E—05 .1638E—05 4722E-02 9953 9991
0.9 .2018E—05 .1328E~05 .4722E-02 9953 .9991
0.8 .2070E—05 .1051E-05 4722E-02 9953 9991
0.7 .2152E-05 .8067E—06 4722E-02 9953 9991
0.6 .2267E—05 .5914E-06 4722E-02 9953 9991
0.5 .2415E—05 4145E—06 4722E-02 9953 9991
04 .2595E—05 .2669E—06 4722E-02 9953 9991
0.3 .2807E~-05 .1516E—06 4722E-02 9953 .9991
0.2 .3052E-05 .6871E~07 4722E-02 9953 9991
0.1 .3329E—-05 .1818E—07 4722E~-02 9953 9991
0.0 .3638E—05 .0 4722E-02 9953 9991
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£7 PEAYUENTRABET FBW RESREMER Profust TRE

C o p, (D pp (D) pe (O pp (1) R, ()
i .1500E-05 1777E-06 .3201E—02 9968 .9994
6.9 .1508E—05 .6309E—-06 .3201E—02 9968 .9994
0.8 .1533E—0S : 4995E—06 .3201E-02 9968 9994
0.7 J1572E-05 3834E—-06 3201E-02 9968 .9994
0.6 A627E-05 .2826E—-06 .3201E-02 9968 9994
0.5 J1697E-05 1971E—06 3201E—02 9968 9994
0.4 1783E—05 1271E-06 3201E-02 ..9968 9994
0.3 .1883E-05 1230E-07 .3201E—02 9968 9994
0.2 .2000E—05 .3287E-07 .3201E-02 9968 9994
0.] 2131E-05 .8767E—08 3201E-02 9968 .9994
0.0 2278E—05 .0 .3201E-02 9968 .9994

%8 HEMENTREEET FBW RESRGMER Profust 7T ME

9

C py (D) g (D pe () pp (1) R, (1)

1 .1000E—0S5 .2576E—-06 .1680E—02 .9983 .9996
0.9 . 1003E—05 .2088E—06 .1680E—02 9983 9996
0.8 1011E-05 .1652E—06 .1680E—02 9983 9996
0.7 .1024E—05 .1266E—-06 .1680E—02 9983 9996
0.6 .1042E—05 .9322E-07 .1680E—02 .9983 9996
0.5 .1065E-05 .6490E—-07 .1680E—02 9983 9996
0.4 .1093E—0S5 4170E-07 .1680E—02 9983 9996
0.3 .1127E-05 .2360E—07 .1680E—02 9983 .9996
0.2 .1165E—05 1062E—07 .1680E—02 .9983 9996
0.1 1209E-05 .2756E—08 .1680E—02 9983 9996
0.0 .1258E—05 0 | .1680E—02 9983 9996
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