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1 B SCRBEBERNITR

LERERMREER M RF -0, IER A RN RPN, REHR M BEYLHE
B SR BE RN fig (m) , M XPBEMISE S I8D, MBI 3R D, MR EB A FIH pp (m) 0

pp (m), B R BBERE™ SCRER P A XATHREL RE LA FRRIHE

Pt = [ fulm)up, (m)am, (1a)

B = [ fulmpp (m)im, (1b)
Hob

pb,(m) + pp(m) =1, (2)
A

P54+ RS = 1. (3)

BB BB R ITE I E (B K P+ Re = 1,BTLAZERL Ridig PY), AT AR KE
BRIk R P s E PEINT

Pt = %z;;tb{(m,—), (4)

Hep NoREZREM HOBEREE RSy (m) KSR E, m AHBHE MRS
AREARE .

P# #9772 var( P$) FESEBUILEN TR oh oy DAy F A efhiit

var(P) = 'zv‘l_—l[%gf‘%,‘"“) - (P97, (s)
—#F Pe R R cov(PE) RRT PGS,
cov(P?) = v_a;)(gf_?_)_. (6)
{

XFR PEHIRHE—NE(- o, + o) K RS EE,ZE fu(m) 882, TUAT
BB EH(- no, + pt, + 10, + ) FER(- o, + ©)(g, M p, ARETEBEOIREZE
BE), n RRFT3ANKMERT, o REBBK, MARBHERBER, REWH (- nopn + pn, +
no, + pn,) XEESHR NAPKE(a;,b;),i = 1,2, N, & m; = (a; + b;)72,1 P ] PL
TH AR PKE

P} ~ E#b,(m;)fu(mi)Aly @)
Ko Al = 2n/N)o,, B N BK, MRBHGRBAED .
BRATE M XD, WRR R #bf(m) FHWTHIESHR .

l—exp[—(mT—&Y] m< 0,

up (m) =[
0 m<?©o,

HP kMOAFIRBEFRENLESHSUESHE A MSEERTRX, X, WXRH:M =
X - X, Xy B X PR BRAE S 370 N(1,1) #1 N(2,1) MBEHLAS &, Il ey BE3R 0 0 AR AT A

(8)
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M ~ N(n,0%),8 pn = 1,0, = 2,00 M B9BEREE BN

Su(m) = «/711: amexp[ - %(_’7_1_5_”:@)2] . 9

B P8 A9 SURT USRS MBI -

k? [ (6 - Em)z] [ k* + 24°
£ - 1. | - K+ sop
Pi=1 B +22PlT B4 25 @ Ba? X

2020 + ku,, 8 —
(o - 55| - o 252). (10
K o MR ESDIHH IR .
HIGHT k= 1,0 = OB, APERBERBUERSHRSRM HE.

®1

S B B

N (A ) 5 000 10 000 15 000 20 000 100 000 HRw

P! 0.103 59 0.102 39 0.102 65 0.102 98 0.102 25 0.102 11
cov(P?) 0.034 2 0.0244 0.0199 0.017 2 0.007 8

A ERTHIGIRATH, BE N KBER, ) CRBBRGEENER RBRZ I/, EH
{HEABSC TR

2 BPTEFANULERBAERT RN TTHE
BEMERANER M, 7 My, EFIRBEREERIEIBIN fir, (m1) T fiy (my), FXSHIH
SRR D, W Dy MRRERAIN 0, (m) g, (o), I ELILFTHE R R, B2 RO
 R¥IRHK Dy = 5;1 U l~)¢2, HERBENT RFEE, SWREHT LRMMER Pl Lid THIH
5% R\
Pt = J’i:Ji:fMlMZ(mlrmZ)[#i)rl Vv #ﬁa]dmldmz, (11)
HF fum, (my,my) FREZER M T M, RS BEREE RS V RRBK .

& (muymzi)EEH fMle(mx,mg)MElB‘J% l/l\#z:)g\ ,91'1 P;‘H‘Jﬁfﬁﬁiﬁﬁﬁfﬁfﬂugtﬂ
mF

Py = 3 25 Lup, (m) V pip, (ma)). (12)
FIERER—#E, P8 A 2 MR RBCEBUEMBHT R T il TR
var(i’g) = 'N—l_—l["]%;[#brl(mu) v #ba(mzi)]z - (1—’?)2] , (13)
_ «/ var{ P®
cov(P¥) = —a}—l;(—sf—). (14)
f

BRI Mk EH@, R LA TR ERK P8
Pt = P{Di}= P{D; UDi}= P{Di}s P{De}- P{D¢ N Dy}, (15)
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bt p{Dq}an P{Dy A A B R 0 SR, T P{Dy N Dy} 7T B i Bra A 1817
BRI IHE PE

ﬁgz = I—J{Dfx N bfz}= [_lvg[ﬂbfl(mli) A #b&(mzi)], (16)
HAPFFS ARRBUD, B4 PEATHET R BT
P§ = P§ + Pf - P . (17)

RSRA AR S 5 R 8E B o BB R B0k 7 AT LA by BB B A B R S AR, MR T (11) R 4K
HR TR

NN

1 2
PE~ 2 EfMle(mli’mﬁ)[ﬂf)&(mli) Vv #ﬁtz(mZi)]ASij’ (18)
i=1 j=1
2ny 2my
AS; = N, N, Om, Om, s (19)

K n, ARETR M, E‘Jmfﬁzjﬁ(#ml = MOp s fim, + nla,,,l) S8, —MBE ny > 350, MR
RELTER M, B‘Jﬁfﬁﬂlﬁ(ymz ~ NGm s fhm, + nza,,.z) KB, n, > I, HRETH ny = ny, Ny
Ny R M R M, BUE R S0 R A, my Mmy; 3 BREE R M, 7 M, W5 i F0
JANFRE AR . ’

S RE(16) A BERR 53 h

Piz = Zx Zlfuluz(mu,mzi)[#b{l(mn) A #55(”"2")]AS'?" (20)

ERXPEBHHEXE(18)XHRA.
BORESER M, f1 M, HRBEBE NN THIESH .

2
el (PE2)] mizo
#Dfl(ml) = ky

0 m; < 01,
m; — 8,\?
B e I
0 m; < 0y,
HEHM AME5H M RAESSIEMNELTRE X, ~ N(1,1).X, ~ N2,1) IXREIMT
My = X) - Xy,
My, =15-X,.

R2GHT ki, 01,k 00 MARERBERBEFTEBKT CRBBEER .

M ERTRELERTH, B (12)XMUDARBHBERUEREERN, REWRBEE
BEEE B k B9EATIRD, TIRE 6 B9/ B/, X RE N k MRS KB/ FEERE
SR AT .

ERA B LAHET ZRAECY | R, A REMRBBBAT LB HMT .

PE= e e Cmiama s mOLV i, (o) Ymgdmgo-dmy. (1)
B RAE RN B R AR T T

[ .
P8 = P{UDe}= P+ P = Pp+ Py— P~ Py + Pig+ - + (- D'Ppy,  (22)
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Hrp

"k o~ +® +®
P i, = P{leDf,-} = J_m"'J_meilMa-~-Mi(mil,miz,"',mik) X

[]Z\i #Bﬁ(mj)]dmildmn"'dmik’ (23)
fMle---Mk(ml, my, o, my) Homy,my, o, my MRS BEEFEES . (21) XM(23) XATURA
I = 2 BRI BE BB BE R kR 18 .

*x2

k 8 ks 8 it

2AK(12) 23%3117)
1 0 1 0 0.116 73 0.116 73
1 0.1 1 0.1 0.132 18 0.13218
1 0.15 1 0.15 0.140 46 0.140 46
1 0 2 0 0.105 93 0.105 93
1 0.1 2 0.1 0.119 24 0.11924
1 0.15 2 0.15 0.126 33 0.126 33

3 LN

HEl1 wmE 1 AIAH=RREW, H 28 MRT, 16 MRITHER, R IEE L, HEHK
ERAX2], BN BHE5ENRTHREN IR, B BHNSESERAKS B
A pp = 230 kg,cov(P) = 0.125,5 i METEREMNERRZEIIN cov(R;) = 0.1, HAFER
BB BT RBENERANEERRERXERN, HLZLBEENT

M, = 2.0Rx + 2.0Ry - P,

M, = 8.0Ry + 8.0Ry - P.
Ry H131H5 Ry HI{EN 83.5 kg, Ry HIHMEN 29.5 kg, ML MM R 5K MREH T
AN, B M, M, TR R BUR B SR BB N IEAR, RIABH T HE RIS HBURFE
A, RBEE T ESER .

%3
N P8 P Py
ki = ky = 10 Har — - 2.4103 x 1073 3.9828 x 1073
81 =8, =0.0 W 10° 5.746 58 x 107 2.356 1 x 107 3.9746 x 107}
107 5.798 34 x 107 2.4172 x 1073 3.968 9 x 107
ki =k =10 KR — - 5.3855 x 1073 5.822x 107
8 = & =10.0 4150, 2 10° 9.938 02 x 10~ 5.364 1 x 107 5.7920 x 1073
10’ 9.978 78 x 1073 5.4155 x 107 5.794 7 x 107
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Hol2 mE2 FRKAEREN,HE 64 MFTM 2 MUTER, HRBERERE X
{2]. B& g, = 150 kg,cov(P) = 0.25,cov(R;) = 0.12, K RHWAN KL ETRHER M, I M,
W FR

M, = 4.00Rs; + 4.0Rg3 — 3.999 8R, - P,
M; = 0.229 9Ry + 3.242 5Ry; - P,
MR, = pr, = tr, = 83.5 k.

y

ige %
A
K.
’
A
Py, P P
ZOci /s & 20 em
7 /& :
£ 40 em : z
H1 =&RZENrKE B2 hARZENTER

BIMBRIE My 0 M, SRR BURE SRR B N ESH, R4 51 TREBPBCF RMERN K
BWMENTTHRSR.

x4
N Pt P i
ky = ky = 10 HoR — - 7.3338 x 1073 1.4244 x 10°°
& =68,=00 8t 10 8.881 15 x 1073 7.4453 x 1073 1.451 6 x 1073
107 8.763 65 x 1073 7.3589 x 1073 1.437x 107
ky = ky = 15 =17 — — 6.3609 x 1073 1.1156 x 107
& = 6; = 0.0 AW 10’ 7.489 96 x 1072 6.386 3 x 1073 1.1171 x 1073
10 7.469 11 x 107 6.367 1 x 1073 1.1153 x 1073
4 4 w

T REBTREWHERRERE, FRILREOBRIE T EZ Wi 5 e i %
2BE. REMEMER B RESERMEBELBRAORR BHORGE K, EERERBH L
ARG RN SURBORRTREE A, TR/, M TFOPHESERRER, BESHK
A1 KA B B AN S SRR R 2R, AT BB KR URBOERE /D, A3
R T HEEANRBNRPAERT SRR A BUE BB B RAR R 5 2R, B H
SRBVIME MR REA N, ZERUXREREOREE. B TRITENZLBERKY
BBREERBELER, MARRKRELZERNESRETERY, BMAAMRBELENE, 8
SR REEZEAT RN E NS U RRBRROE/D, TR TR, X0 LUES T &
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General Failure Probability Simulation and

Application for Multi-Mode
Lii Zhenzhou, Yue Zhufeng, Feng Yunwen
(Aircraft Engineering Department, Northwestern
Polytechnical University, Xi’ an 710072, P R China)

Abstract: A general failure probability simulation and deviation evaluation methods were presented
for fuzzy safety state and fuzzy failure state. And the corresponding number integral method was si-
rmultaneously established. As the distribution of state variable and the membership of the state variable
to the fuzzy safety set were normal, the general failure probability of the single failure mode had pre-
cise analytic solution, which was used to verify the precision of the presented methods. The results
show that the evaluation of the simulation method convergences to the analytic solution with the num-
ber increase of the sampling. The above methods for the single failure mode was extended to the mul-
ti-mode by the expansion and probability principles. The presented methods were applied to the engi-
neering problem. For the number of significant mode is not too many, the high precision solution can
be given by the presented number simulation and number integral methods, which is illustrated by the
engineering examples. In addition, the application scope of the methods was discussed.

Key words: general failure probability; simulation; failure mode



