000000 00000000000000000000000000000000000000000000000080000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscscsssosssssssscs
000000 00000000000000000000000000000000000000000000000080000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscscsssosssssssscs
000000 00000000000000000000000000000000000000000000000080000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscscsssosssssssscs

000000 00000000000000000000000000000000000000000000000080000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000sssssscscsssosssssssscs

EEREMETS

Rafael Batres

SRR ZF XS



BREDESR

[EFECTEHER (%)
"EREE{EEM)EETITLNEZoNTEEET,
MREDHEARI P, BER SNz R THERE(E
B)CThd," (JIS Z8115-1981)
o V1T L

= ¥ em (part)

= ¥Rk &L (component)

= 3 & (device)

= {25 (equipment)

= BEEERY 1= b (functional unit)

» (SR (JIS Z 8115:{E%EHFHEE




INRZT iR

Failure

rate Burm i")..|.( Useful life }l-( Wear out
Bi 3R
Al .
| Exsrsapy | EREREHRE

/ Time

) 2 &8 = HA ]




{E 18 14 (Reliability)

TATLMNEZoNT=5
HTREDIAMES ., ZXR
SNT-HEEZTR=T &N
TSHEE,




B ERESL, (SHETE. MTBF

mEEREE O =1_e
A>0
B [ 32
EEERE: A

Rt)=1-F(t)=e™*



EET M=

e 37 5 FE RE )

—/It >
f_ e 120

0, t<0

.

B

F(t) = j f (1) :_t[ et =1-e"

el PR (Mean time between failures)

MTBF = [tf (t) = tie =%



Fe =1-1-F)(@A-F)...(1-F)



Parallel Systems

Fe =F, F, ... F

n



(RN E DN EY L n il

. FOVTYA— D FEE
o 17 A C1EIMET %

. J— MYV O
o 10:BfR T2[E#PET S

LERI&H =Y DIRFEDBEERZ KO K




JO ) 3—DHPERESR

. FOVTHE— D

o 17 A CLEIMIET 2 ﬁ

Fit)=1-e " =1-e""=0.22
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J—kNYa DM ERESR

« J—MVIVDEEE
o 10;BRI C2EMIET 3

Fit)=1-e " =1-e*"Y=1-¢"°=0.18
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REDMEHESR, (/%

Fs =1-(1-F)A-F)..(1-F)
Fe =1-(1-0.18) (1-0.22) = 0.36
PS:RS =1-0.36=0.64

PRI 3L
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VAT LDIEENE

=

P, = (AL EELAEWMEE DY AT LD EYIFEL) * ADEEME +
(ADET BIH5E DV AT LD MRINFEIL) * AD B fEHEIL

P.=1*R,+0*F,
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JA x93 —0O R h gL
E%ETE = 1-0.22=0.78

E%E1 =1-0.22=0.78

Ps. proyectors = (AP TIA—MNEELLZMEE DY AT LD BIFEL) *
JOUII3—DERENE +
(TR —HIEET DIEE DV AT LD RINFEIL) *
R oA —DHEREIL

Ps. proyectors = (1) *0.78 +0.78*(1 - 0.78) = 2*0.78 — (0.78)* = 0.96
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-0 /IOQ—UDEU)JHE_L

____________________________________________________

1—$E'I$ 1-0.22= 096

P, =0.82*0.96 = 0.78
F.=1-0.78=0.22
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Fault tree Analysis (FTA)

» EDAREENTIE

= 1962F(CKEDIUMII R ESEHZ[HLLETS
M bBFEINTF /i'C%%’(BeII

Telephone Laboratories)

- Fjj—&?i(lﬁi:kka)ﬂ_‘f&ﬁ‘i%ﬁ%l,\f ra’,
JRIX 1& 3E’J(uﬁ¢*ﬁ'§-5

- iﬂ")z“ ZamIERIIB D S7ELTHLNT CENH]
AE

» FEFROBIEER, A SHIBEOHRGEE
HEL, VATLOMIERZETE TS
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FTA EEfTDRN

TS5URDURTLIZE R

BLEEREESR

Fault TreeZ{ERK « EEET—4
Fault TreeZ 24T « W pET—4

B —HUADEEL
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73 — > =
FTEEFTIZCAWNGNSED
e % 50 &% 504
ER MNTER, RUER AND | iRIEFE,
event | BREFOHEAENE -k
([CEDFEBE < DE
F(PREIER)
EARXEZR | U LEZERSN OR sREEF,
Basic 72‘5.(,‘\\ X(iﬁiﬁﬁﬁ T—F | TEZRTN out of
event | MEMHTRHLNGE MOBE (2. N/MY—
KHBER reTIRIEENHD,
EEEHE | BHRARE. BT A 8178 | FTRLOBEETS
ER NAERBEOHIN | N = EAANDFEITRIE
‘ Undeveloped | 1) F BRBACERQVE Transfer | EiHEER T,
event %
gate
HAYEY REREME
Sve
AE(R | BERETIER FE | EHRESE,
) | NBBRERT, T-F | gusrmELTLS
FR | NKTOTERORE INHIBIT | 158 0HH HER
Normal | £, #33DI{R{&- gate | B"EETS,
(House) | &tBR 1%,
event 20




= OR %7 —Fk
o Any of two events (B, C) can cause a
failure event (F)

o Any of three events (A, B, C) can cause
a failure event (F)
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= ANDZ —F =

o All events (A and B)
cause a failure event (F)

o All events (A, B, and C)

cause a failure event @ E
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J0 x93 —0 gL
EsE =1-0.22=0.78
- a
{EHEM =1-0.22=0.78
Ps provectors = (AP TV 3—DBELIZVMEE DY AT LD N HEL) *
JAv R —0EEE +

(FADTIZ—DBET HIHZE DT AT LD FRIIFEL) *
JAS O3 —NDREREIL

Ps. proyectors = (1) *0.78 +0.78*(1 - 0.78) = 2*0.78 — (0.78)* = 0.96
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R =R, R
E S 1 Y2

Fe = 1-Re

Fs = 1-R;R,

A e "s = (- R -F
G Fo = F,+ F, 3 F3
R <0.2 DiFE Fg~F+F,

Fs = Fi+ Fp+Fy BF PP o-F o+ F R,



F

Rs = R; +R; - RiR,

@ Fs =1-(Ry + R; - RiRy)

Fs =1-[(1-F) +(1-F)-(1-F)A-F)]
Fe =F, F,

ATN3DIGE:

Fe = F,F,F,
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FTAD

Went to
bed late
e Alarm
Overslept tailed
Alarm clock [
Late for Ineffective Alarm not
work ( set
Alarm not
loud enough
Car will not
start/breaks
down

BEER
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FTAD

Went to
bed late
Overslept —( é{lﬁ\ég]
Alarm clock <
Late for ineffective N
work ( <ot
Mechanical failure Alarm not
loud enough
Car will not
start/breaks ( T ——
down uel system fails Road debris
]EJ:$% Flat tire ——_
Tire failure
No battery
power
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1 [ W —1 ]
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Container
overturned

8.1x10%/year
and

Contqhars

7.4x10%year

A

Container moved
un-retracted

4.3x10°/year
and

Retracted but strikes

triple stack

Sufficient force
1o overturn

1.1x10
and

7.4x10%/year
and

Interlock Interlock
1 fails 2 lai
3.3x10 3.3x102

Movement
attempted

Retraction
incomplete Stack incorrectly

104
and

0.43/year

Operator Interlock
efror fails

10! 10

rator fails
positioned OFE notice
3.7/year 2x102
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P-14
- Lic
1-3

S
V-7

e/

T TUEST
229

P-13
P-7 ] P-8 ?\}—
* =

V-4
E-1
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Level Controller LIC |-3 falls

0.551

Controller fails
P = 0.551 (data)

Pressure rises ———_ [

Vessel Over-
pressured -

Operator error
0.181 P =0.181 (data)

Relief valve falils
0.005 |P =0.005 (data)
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Controller falils

0.551 | controller fails
0.632 P = 0.551 (data)
' Pressure rises ——— (
0.632
0.00316
Vessel Over-
Operator error
pressured - )

0.181 P =0.181 (data)

Relief valve falils
0.005 |P =0.005 (data)

Pressure rises: P=0.551 +0.181 - (0.551)(0.181) = 0.632

Vessel P= (0.632)(0.005) = 0.00316

overpressured
32



RO BEMIEEATGERETDOMN 0 ?

“Perform an analysis only to reach a decision. Do
not perform an analysis if that decision can be
reached without it. It is not effective to do so. It is a
waste of resources.”

Dr. V.L. Grose
George Washington University
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ETAGEZR DO AKEEMT, event tree analysis)

= ET
o ZRMINEMIE, IEF) (L THIKRL, &ERICY
AT LOBIRIREEICRIZELET
= ETA
o (ETZ/ERL AT 2FI%

'|{ﬂ|1'

Aol

=Z (RED)
=R (FEER)

FTA: EEER(FER) > EHOER

Aol

=R (RA) - TRE

Aol

ETA: 1D ERKR
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P-14
o
E% RV-101

X BBTI— L
T-101 i

/TIC\
\I-2

CV-101 ]_ \\ S
P-15
B &
_ CV-102
Al O A ENIK

(
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REHEE

mm’7—Lh1E% 099 001
EXENBRERE 3 out of 4 times 0.25
#ER

=) i

ALK R LA AR 3 out of 4 times 0.25
ERBMNFEL vohs 9 out of 10 times | (0.10

I Y
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MEHIKDBPEDET

=8 ERED | | EEED | | frzzpn
7 7 Lt EimER mEHEIKY EREL 2r Trin thr
AL 01 o
0.7425 IR1EM RS
0.99 0.2227 = b
0.2475 (=Nl
A 0.02475 L
H1 0.005625
" 0.0075 iR1ED VRS
o 001 0.001688 .o
" 0.001875 .
i 0.000188 e = o o
= & Rt

0.025
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AEIKDEEDET

0.99 Shlfe e R 1E AV
' 0.2227 .
0.2475 =1k
A
m 0.02475 g e
A 0.005625 S
7K 0.0075 EEAEDEEL
—10.01 0.001688 .
g; 0.001875 {1k
1=1 10y
& It
0.0025

SEERICNDIBETER = 0.02475 + 0.000188 + 0.0025 = 0.02744
= 1/36 years
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