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2. szuufill Standby waz Share Load
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WHUANTIN Logic-Based Diagram

1.  Fault Trees

success Trees

Fvent Trees
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Failure Mode and Effect Analysis (FMEA)
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Series Reliability Block Diagram

lunsdlnnnaudsznavdesinaulaielnssuurinaule

_JaldB|Jcl|z |~

R,(t) =P(ANBNCN--NZ)
R,(t) = Pr(A)-Pr(B)- Pr(C) - Pr(Z)

R,(t) = Ry(t) Rp(t) Re(t) - Ry(t)

A, B, C... = events that the corresponding blocks work.

Rs(t) = i]fIlRi(t)
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MTTF U233¥UULLUU Series

MTTF of the System:

R,(1) = TIR(), forR,(1) = ¢

R(t) = [Je™ =e¢i!
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Parallel Reliability Block Diagram 1

lunsainseuvazynuliladiennadiudsznauvianuldla

n out

Ry(t) =1 - 1_“[ [1 - Ri(t)] for Ri(t) = ™

i 1
N =
s ( 1 1 ) ( 1 1 ] [ 1
— + e - |7 + - - + ... + - O I
Ay M, My + 4, L, + My +h, + 4,
1
MTTE, = —
A
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J¥UU k-out-of-n

A5 UUNAIUUSLNOUNWMLDUAUNIAUA N FU LAISZUUILNINULADN
d1UUsenaU k Furnaule

Ry(0) = 3 (RO [ - RO

Example:
R (For 2-out-of -3 case) = — > (RY(1 - R) + —>—(R)’(1 - R)’
S 21 x 1! 3! x 0!
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JeUUUU Standby Redundant

NN591191UVR95E U Standby Redundant agtdudnuagnmaludl

1.
2.

o

dulszneu 1 Meuaunsesiadems

dlonsasuldindiuusenou 1 Fewe Aaxldsululdusenau 2
d1uusznau 2 azé’aqé’qmﬁmé’mmzﬁa@ﬂuﬁmq standby

dulszneu 2 Burtheu

A1UUSLNOU 2 YINIUAUNSEIUALINE

Na9NVD 1-5 sTUUnzn1ulile
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JeUUUU Standby Redundant

Rg(t) =1 - J' F}EI;) x" e M dx |gamma distribution]

2 3
Rs(t) = e {1 + At + (M) + Qi + ] when At << 1

MTTF, = %

ANNanIdINUsENaUN LauNY

Rg(t) = Ry(t) + Jt{fl(tl)dtIJ : Fss(tl) - Ry(t;) - Ryt - tQ}

~~ ~~ . ~ ./ .
0

B C D

>

R’ — 1instandby — A’

R — 1n operation —> A
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JEUULLUU Shared Load

N15YNIUVBITEUULUU Shared Load gagludnuaziinauusnaiulsenau
YNEBIEIULUINUAWN AunTeisdIuUsENoutlede Bndiuilaenasinnu

PUNIU YN ALlendld@au1nUu

t

Rs(t) = [Rh(t)]2 +2 [ 16,(1)dy - Ry(tr) - Ri(t - 1)

A -> MeEpsduUsEnauLUsUNuALarAsY (half load)
B ->dwil 1 deinant, e t, <t
C -> dwuil 2 15l half load unses t, loedl t, < t_

D -> & 2 ¥eud full load aunTeis t_

— o —

MIIATERAINEEolATDTEUY (System Reliability Analysis)
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¥V
(5

ANDH19TZUUNUYIY Parallel way Series

i i E i
Pl -
i 4 i
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¥V

ADENNSLUUNLTY Parallel way Series

Series, parallel reduction

Rg = X|Y =1-(1-Rx)(l -Ry) =Ry +Ry—- RxRy
Ry = Ry(R; + R, - R3R,) = RR;
RY = R2(R5 + R6 - R5R6) = R2RV

Rs(t) = e (e' ELPSI LN +}L4)t) + e 2! (e' At gt M6t e (7“5+7”6)t)

_ o (1)t [e-x_gt b oMt | ot (X3+k4)t] [e-x5t + oo M6t | o (x5+x6)t]

o0

MTTFs = [ Rg(t) dt
0
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AIDYNTLTUULUUTUYDU (Complex System)

Path Sets Cut Sets
p,=1,4 c;,=1,2 | A 4
P,=2,5 c,=4,5 3
p;=1,3,5 c;=1,3,5 i
ps=2,3,4 c,=2,3,4
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msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment) 13

ATNITANUIULUY path set

JEUUE fail Lilo path sets Vivnua fail

9711 complex system aglain path sets Ag

pl:(194)9 p2:(29 5)3 p3:(19 39 5)9 p4:(23 3) 4)

Rg = Prgccess (Pl Up, Ups U P4)

Rg = 1 - Pryy (P; NP2 NP5 N Dy)

Rg =1 - Prf(ﬁl)Prf(ﬁz)Prf(53)Pff(54)

Rg = 1 - [1 - Pr(py)|[1 - Pry(p2)|[1 - Pry(p3)|[1 - Pry(pa))

yianudeiialauesszuu (System Reliability Analysis) GRVGNGINIERLVITGGITER
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ATNITANUIULUY path set

Pr¢(P; ) = Probability that path 1 (P, ) not successful (not available)
Pr, (P; ) = Probability that path 1 (P, ) is successful (available)

Prs (P;) = Prg(1) - Prg(4) = Ry (1) - Ry (1)

Rg(t) = 1 - [1 - Ry(t) Ry(t)][1 - Ro(t) Rs(t)]
[1 - Ry(t) R5(t) Rs(t)][1 - Ry(t) Rs(t) Ry(t)]

MIIATERAINEEolATDTEUY (System Reliability Analysis)
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IFNTANUIULUY cut-set

S¥UUY fail 1o cut-set duUladuUNL fail

310 complex system 9zlA71 cut-sets A

01:{1,2}, 022{495}9 032{29394} 042{19395}

Pr,(c,) = F, - F,

Pri(c,) = (1 - R))(I - R,)
Pr(c, U c,u c; uc,) =1-[1- Prc)|[1 = Pre(c,)

(1-R;)(1-R;) (1-R4)(1-Rs)
[1 - Prf(c3): 1 Pr,(c,)
H_/
(FR(CR(-R,) (2R, )(-Ro)(-Ry)
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IFNTANUIULUY cut-set

90
Pr(AUB) = 1 — [1 - Pr(A)[1 - Pr(B)| = Pr(A)+Pr(B) — Pr(A)- Pr(B)

Pr(AUB) = Pr(A) + Pr(B) - Pr(A) Pr(B)

g
if very small eliminate

Pr(AUB) < Pr(A) + Pr(B) - [rare event approximation]

eliminates this term

E(t) = Pr(c, u ¢, U c; U c,)
RE(1) = 1= [Pr(e,) + Pr(e;) + Pr(c;) + Pr(e,)
RE() = 1= [(1L- R -R,) + (1 - R

o

dinauusnauiedus Qe
b ATOMS
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F8819N15A1UI Complex System

4 —— 7

A 4
)

nsAwIinlalnenisklasseuulvegluguiuy series wag parallel M3l
lngly Baye’s Theorem

R (t) = }{S(t‘unit?) good) - R,(t) + R (t‘un1t3bad) [1 - ]

h'd

A B
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F8819N15A1UI Complex System

A represents:

; ;
1 > 6 > — > 6 >
¢ out — 1 ¢ out
5 8 2 5 8

-y (Parallel system)
n out

I
!

R(tlunit 3 good) = R, + R, - R|R,

nMlAseiANgeiioliuasszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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F8819N15A1UI Complex System

B represents:

4 7
1
J1 e s 6
5 —— 8
> 2 .

\

R¢(tlunit 3 bad) = Rs(t|unit 3 bad ) unit 6 good) x Ry(t) +

R (t|unit 3 bad () unit 6 bad) X

1

{1{: ;

2 .

1 - Ry(0)]

L

7
]—0—)
8

A

unit 6 works

Py
®

unit 6 fails
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F8819N15A1UI Complex System

4 —5— 7

2

Rs(t|unit3 bad ) unit 6 good) = R, + RI(R4 + R, - R4R5)(R7 + R, - R7Rs) i,
RR,(R, + R, - RR,)R, + R, - R,R,)

R (t/unit 3 bad M unit 6 bad) = R, + R,(R,R, + R.R, - R,R,R,R,) -
RR,(R,R, + R,R, - R,R,R.R,)
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FUdnwived Logic Tree

mamﬁﬁﬁ (basic event)

6 v A Y

wnn1saindalivayalinsuaiu (undeveloped event)

WMAN1IRIN1BUBN (external event)

D OO

wen1salnlveSuteanIug (intermediate event)
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N153LASIZI Logic Tree

n1514 Boolean logic oy cates U logic tree

C C C
Union operation
A B C=AuUB
OR gate @ Not OR gate
NOR =ANB =
AP C=AUB A B _A.B B
=A+B
C C c
Intersection operation
A B C=AnB
AND gate Not AND gate _
NAND =AuB =
A B C=AnB A B CAYB B
=Ae+B

MIIATERAINEEolATDTEUY (System Reliability Analysis)
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ee
Soa

N15IATIEN Logic Tree

A B
Exclusive OR @D C=[AnB]u[BnA]

~[AB] + [B-A]

Priority AND C = A first, and then B

k out of N If any k combination of the input occur
then the output will occur

D=[ANB]U[ANC]u[BnC]

@D D

ABC ~[A-B] + [A-C] + [B-C]

N input
k=2,N=3 2-out-of-3 gate

MIIATERAINEEolATDTEUY (System Reliability Analysis) dinnuusinauivedui
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Pressure Cap
Coolant
au ree Reservor
Engine Block

Fan
: : \ [T
Overheating Engine Radiator
________________________________ L
! (Other Possible | Coolant Level ! (Other Possible |
: Cause) : Too Low : Cause) !
e ‘\ |l o oo o onn e e oeeee-
Leak to Outside Internal Leak
A A A A A
Faulty Leaking Broken Hose Cracked Damaged Cylinder
Pressure Cap Pump Seal or Clip Cylinder Head Head Gasket

mMTlATIETAUEeielfuaiszuu (System Reliability Analysis)
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A19819N15ILASIZY Fault Tree

Example | 51Lﬁu§ﬂLLUU Block Diagram agla
6/{ Motor _E__ B
—>» B SW M ——
In o
ut
weandulusunuu M Fails
Y NO (no output form M) TOP EVENT
Fault tree azln
M
No DC runs to M

SW

MIIATERAINEEolATDTEUY (System Reliability Analysis) dinnuusinauivedui




msusziiuanuvasadeuuuldanutazifudedu (Introduction to Probabilistic Safety Assessment) 26

A19819N15ILASIZY Fault Tree

Fagunsagalrninedudu No output from M| T

Oards

T=BuMuSW
Pr(T) = Pr(B u M U SW)

Pr(T) = 1 -[1 - Pr(B)][1 - Pr(SW)][1 - Pr(M)]

nMlAseiANgeiioliuasszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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A19819N15ILASIZY Fault Tree

Example:

where

C, and C, = Controller
S = Sensor

Co, and Co, = Contacts
W = Coil

CB = Circuit Breaker

Co, —— 1 G S (sensor)

w = —( CB

400 V

MIIATERAINEEolATDTEUY (System Reliability Analysis)
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A19819N15ILASIZY Fault Tree

CB DOES NOT OPEN
WHEN IT SHOULD

[\ 1

CB |
WIRING REMAINS
ENERGIZED
G,
l |
CONTACT 1 DOES CONTACT 2 DOES
NOT OPEN NOT OPEN
G, G;
Co, Co,
NO COMMAND FROM NO COMMAND FROM
CONTROLLER 1 CONTROLLER 2
S G
S c,

o

mMTlATIETAUEeielfuaiszuu (System Reliability Analysis) dilnauusinaivedus
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A19819N15ILASIZY Fault Tree

A15%11 Boolean Reduction

T=CBUG, =CB + G,

G, =G, - G

G, =S + Co; + (4

G; =S + Co, +C,

G, = (S+ Coy +C)) - (S+Co, +C,)

G, = 8:8+8-Co, +S-C, +Co,-S+Co, -Co, +Co, -C, +C,-S+C,-Co, +C,-C,
S
Minimal cut-set

T = CB + G,
= CB + S + Co,-Co, + Co,-C, + C,-Co, + C,-C,

Pr(T) = F(t) ~ Pr(CB) + Pr(S) + Pr(Co,)-Pr(Co,) +
Pr(Co, )- Pr(C, ) + Pr(C,)-Pr(Co,) + Pr(C,) Pr(C,)

nMlAseiANgeiioliuasszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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AID819 Success Tree

NADLINAYITU A NURIUIN Fault Tree 10U Success Tree azlain

CB opens when it should

oy

|

Power to W removed

Gy

|

Contact 1 opens

{ . \ G2
(&
works

MIIATERAINEEolATDTEUY (System Reliability Analysis)
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Contact 2 opens
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WSeUNEUSEIIN Fault Tree AU Success Tree

Fault Tree Success Tree

ot 6.

G, =BC, T=A+G, T=A+BC

MsRsziaUdeiioliusaszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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WSHUNEUSEIING Fault Tree NU Success Tree

d114190U1 path sets U8B success tree P70 cut sets v99 fault tree

T=(AB+AC)=(AB)(aC)

= (A+B).(A+C)= A-A+A-C+B-A+B-C
T=A+B-C
|ﬁ\‘1‘1§u success tree U1 complement 284 fault tree

fault tree —> success tree
OR gate > AND gate
AND gate — OR gate

A-B+B-A > A-B+AB
(exclusive or)

MsRsziaUdeiioliusaszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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Event Tree

1%

Event tree Iﬁt’fém%’mzwﬁﬁ'ﬁuaq UNSVINIUYDIEIUUTLNDURTNA AU

acC
\} r ac = failure of power
®) s "
B P = failure of the pump
—t—> Source

I AC Power (ac) Pump (P) End State

I-ac P System functions

S _ :

Sink Tow 1 Irac' P System fails

Level It I ac System fails
time >

dinnuusinauivedui
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Event Tree

TneaazTulu event tree @u1salunalanie fault tree

No ac Supply ac Pump fails P

[ '

Note: same component

MIIATERAINEEolATDTEUY (System Reliability Analysis) dilnauusinaivedus
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Event Tree

PNULU ac = G, + G,

ac = A+B+C-D
ac = A+B+C-D = (K-E)- ﬁ))

[-ac-P =

[.ac-P=1-A-B-C-

»)

-F

nMlAseiANgeiioliuasszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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FMEA (Failure Mode and Effects Analysis)

1. fuaniimshauvesnansual 2. AT HAUANYUL

YIANULTINY (Failure Mode)

- !

5.95M73

o 4 4. MHANIINY (Effects) 3. MIA UM VDINIITLNA
Tuilagiiunasiany |¢——

70AN Failure Mode 1AL Failure Mode

AUNRVDN Failure Mode

- , - , 7. Mruam
8. MrUAA 6. M UAAT

Occurrence

Detectability Severity

!

» 9. MUIUATRPN [«

10. saounuilyn > 11 udlvuazdSuilys

MIIATERAINEEolATDTEUY (System Reliability Analysis) dinnuusinauivedui
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FMECA (Failure Mode, Effect, and Criticality Analysis)

FMEA A978n153lAT 2 RLazIna1auAINEALIveY failure mode Uag
failure mechanism 489 component @fgluszUY

* UnAudraziusmuinaziluasanuiulseandy 4-5 szau

* LAUAIPUAUAALY

Risk Priority Number (RPN) = Occurrence x Severity x Detection

FMECA LUNITANUILAYANING S

Criticality Number = Probability of Function Loss x Failure Mode Ratio x

Part Failure Rate x Operating Time

NyIAsIEAUTedialaveIssuy (System Reliability Analysis) GRVGNGINIERLVITGGITER




msUszdiuanulasasouuuldnnuinazludesiu (Introduction to Probabilistic Safety Assessment)

38
Y
MIL-STD 1629, Task 101 (FMEA)
System: Deta:
Inderture Level Sleetngrer:
Reference Drawing: Conpiled by
Mission: Approvad by:
D _ Failure FailweEffets _
Functi Failure Modes | Operational Next Detection | Gompensating | Severity
Identification | Function | and Causes Mode Source Local | Higher | End | Method Provisians Chss Remarks
MIL-STD 1629, Task 102 (FMECA)
System: Data:
Indenture Level: Sheet Number:
Reference Drawing: Compiled by:
M ission: Approved by:
1D Item/ Function | Failure M ission Severity Failure Failure | Failure [Failure M ission Failure Item Remarks
Functional Modes Phase C lass Probability | Effect Mode Rate, Duration Mode C riticality
Identification and Operational and Data Prop. Ratio 1/hour hour Criticality
Causes Mode Source
P o A T C,=BalT|C = ¥ Ca
mslezieudediolduasszuu (System Reliability Analysis) a"wﬁfmmﬂsm%ﬁaﬁua
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Probability of Occurrence

Probability of Occurrence ﬁamiﬂﬁzLﬁummm%lﬂuﬁ%Lﬁﬂmeﬁai

Level Criteria

A - Frequent A single failure mode probability of occurrence is greater than 20%
of the overall component probability of failure

B - Reasonably Probable | A single failure mode probability of occurrence is greater than 10%
but less than 20% of the overall component probability of failure

C - Occasional A single failure mode probability of occurrence is greater than 1%
but less than 10% of the overall component probability of failure

D - Remote A single failure mode probability of occurrence is greater than 0.1%
but less than 1% ofthe overall component probability of failure

E - Extremely Unlikely A single failure mode probability of occurrence is less than 0.1% of
the overall component probability of failure

vaneLne: Amsltanigafllaunsavveyadsale

MIIATERAINEEolATDTEUY (System Reliability Analysis) dinnuusinauivedui
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Severity Classification

Severity Classification AaN15UTEHIUAIUTULTIVBINATIULTINGAND1
ARTUINWRNITAITIY

Effect Severity Criteria
Rating
Catastrophic 1 A failure mode that may cause death, complete system loss

or complete mission loss.

Critical 2 A failure mode that may cause severe injury or major system
degradation, damage, or reduction in mission performance.

Marginal 3 A failure that may cause minor injury or degradation, in
system or mission performance.

Minor 4 A failure that does not cause injury or system degradation
but may result in system failure and unscheduled
maintenance or repair.

None 5 _—

vaeLne: allanusalinny scale 9 aunsaasne scale Amunzauls
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Failure Mode Criticality Number

luAIngs (Criticality Number) Aataailddndau failure mode N1o1aLAATUAINAINL
U9z U TULALHANITNUAB LU

Cm - B ot Failure Effect B

B #e aunsduremansenuiiintiuein failure mode  Actual loss 1.0
Probable loss 0.1-1.0
Possible loss 0.0-0.1

No loss 0.0

1 (¥ =

Q A9 dnd1uved failure mode UNUNANDINIIAIULEIWISVDIFIUUTLNOU

A A9 snsiaudsvnuvesdinusenau (failure rate)
t A9 naNsNUYIEIUUsENOU (Mission time)

criticality number U991 UsENOUABDNATINYBN criticality number 23910 failure mode

MsRsziaUdeiioliusaszuy (System Reliability Analysis) GRVGNGINIERLVITGGITER
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Criticality Matrix

Criticality Matrix Ag n51WLansn1sIUTeULNgULNDIAE 1A UAIILEAEITBY failure mode

0.16 | 1

0.14 ?igjhpriogi(tiy , €015

' alure modadcs / .

0132 — 2

0.12 )
: — :
"= 0.10 3
2 low priority bt
2 0.08 failure modes i
3 006 | L @ 0.062 F
T | ® 0.057 F-
= )
~ 004 — } =

/ @ 0.023
0.02 “  00.015 - |
0.00 . 0
1Y I1I II I

Severity classification

MIIATERAINEEolATDTEUY (System Reliability Analysis) dinnuusinauivedui
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