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- BRUEDOEENGFFMIEE
BRI AR SN TV A - 27 Aloxt L, E &M EEMEMIT M A2 TV, 0
FEREZHEREL L ORI CHEEZ R THES - A7 21 LTHEHT 5,
- BARERCTEESINI-BEHE
SELRDEODBRLONL BILOWER - VAT AICEHLTUL, A—F—LtBEFLOM
WCABENTE, MBRHBEN AR U MEEEZ2HEEELE T D,

Flo, EENFMOEEE LTUTOLE I BRI SDOEFEEMEREMEIEY BN 5,
- EHEEF A MTTF (Mean Time to Failure)

EH g EFE ML, (BT A T L0 EHEMmOELHE] LERINTEBY ., FhHHFm
(Mean Life) & HFFIENTWD, EEOMAKELZ - A7 MIX Pl & Oz 25 HEH
ARERLGANZ VO T, 22Tk MTTF Z &8 % O fH B 2 S o B /ERF o F ¥ < &
% - ¥5) B [ [ (Mean Time Between Failures MTBF) & Rl U EBR TH W B, B FHFay S 01X
AE U7 AR % MM (Mission Time) . BcW 3 - > X7 L 05 A I3 E MR AR &
LT, BEEMICHEMBLEWEEMEOEEAB LI N TE S,

- {E%EE (Reliability)

BHEEX, (TAT AR5 20N TEETHEOMMB AR, BRI NTHEIEL LTI R
EERERINTWVWD, EEHEIRX, TOERICHMEVWIKHERNAS TS 20T, RO
Bl 72, LERSTHEHEEZVWILAEEIN LT ZOMLEHMEZIT-Z 0 I Th»
mIhER SR, £, MERA)D —EDORITOWTIEEEL tI2B 1) 5158 % 1T R=e™
THREINS,

- TRASEY T« (Availability)

TRAZEVT 1%, EBER S 2 WM P ICHEL ST 2KMEOHEG )] tERS LT
5, WV ZNIE, T VWERICLONEZXZDIREBICHIMRTH D, I OFEIL B
ROBWTRENICEETH D LRIKICBEAKFICMMOBMME hZ2HET IER L e b
LEELEZD, B, GHEODEWIV AT ATHO THLEWT XA YT 4 ZMHET
XHZLEEHMTAIENEETHDL, TXA TV T 4 3 EHELES T, BHEZEBE
T 5, BBREN EX, PHLEIT XA TV T o 2mbESE208, FHEECTIEEEZE
2N L THY, & MHICE (Parallel redundancy) D A EHEE Z ] LS D 2N TX 5,

4 EHEMEENTOFIE

EREMEMAT OF — X, EHEANEEMNLICEDL LT v A7 A48 (System Analysis, SA)
Thodr Y, AT AR TIE, VAT LOEBA D = XL EFH»ITHEN IOV TORE
EREWMICL, AT AD4 %] (Break Down) KONV 7 v 27 AR OIKFRR 7 & %2 B
LTHL, BEREOERIT., AV EXTHEOL) THLDIN, EEMNMITICHE
BhEAH5Z2DH5DT, TELETEEN, RBENIITHO>LERND D, ZOEEIT, 5T HE.
MBI R AT A EMMICIELLS RBEMNR AT ACERTINENIZ L THD, ZOE
BIZEHLTIEERRIELEFERRRVDO T, VAT LAOXFEOERELZRMT 2E & 58N
FEmOBFEMFZ LN RELRERBRBEOL LR L EELZEDLILERND D,

VAT AN D HEESE T LR T, X0 BRI EEE — NEEMIT (Failure Modes
and Effects Analysis, FMEA) 34T 5, FMEA D EHAMIX., SA TEREEINT VAT LD
Bk RE 2 A S 5 K 9 2 ¥ 3 52 (Initiating Events) i H TH 2 28, £ D EITOB@EE TV A
T AR T OEABREOBMNIEET AL LI ND,

VAT LAOMFEIREE, FREER L O ES R ERH L NIRRT, LI U T
e oEBNFFANMIbDRLS, A& TIX{EMEM~7 2 v 7 K (Reliability Block Diagram, RBD) %
NR—Z2Z LTV AT AREKOEEHE, 747V 7 0 OFEHB I T O KE{kL (Spare
Optimal) 72 F 2 EEMICHETE DY 7 by =T Ry r—YE2HWT W5, RBD XA KA A
DEBY AT AEBRIEN - RENICE LK TH D8, ZTHICH 2 O & E 7 i RJ G % it
M3z ELAETH D,
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b RRBRBEZYR—bFIBYIFITTIRT LA

FEER—2OMBEEELZEH T 5121, TOEMKESOZD, Figl IZxRT X oic, HAZ
oK EHICET2HEMARTIEZ R L EEBEHSCEEOFRELOT — X 0FH %2 VK
— T HY T Ny 2TRRMELERD, TEEREZOV AT LAORHEHEDRERETE VT
J1vm ik (Monte Carlo method) R ED XS REERFRE N LE LR DHO T, FEHEIIATHE
Thob, . MEEOV AT AT FMEA O X 95 2 EWMNMBIT 24T > B A Thbhiy— %
HoTOFHATHLARTHIN, VAT LAHBERNRELS RVERET -2 25EHEET
NEEBIZL—RICBFHTEALOICTHICEY 7 MU =T IIRMER W,

/N

Guidance

/ Support Software \

Fig.1 Resources Needed for Application of
Reliability-based Classification Criteria

T, KEDPHAETDLY 7 2T VAT AICOWVWTHENT D, Y%V 7 b =T VAT A
AWM N 7+ — L% — AR LEZUST KRB E L CTKE Relex Software 723 B %8 L 7215 1k
P Y 7 R EBEAL TS, AT AT Fig2 It ko icTF — &% _X—Z2DIE) RBD,.FMEA,
FTARODQETA L W olbEVa—A0RNdbb, 2NHLOEY 2 — VIIABEMIIHEAESINALTWHTT
— X OHEMNFHBAETH S,

DATABASE

System hierarchy

FR, MTTF - —
Various specific

Reliability Repair information events
Availability P
Spare optimal Components

Cost importance

\ Various basic failure modes of Failure effect

components and their effects on system probability

Determine critical failure modes and
their occurrence rate

~_

Fig. 2 Configuration of Software System for Reliability Analysis, Arrows indicate
Major Data Flows

PUFHEEY 22— LICOWTHEBEICHEMNT S,

1) 7—4~"—2X

TR =R FFMA R E D AT LAOMBEEZ R T 210, v AT A O
(K 2R) D i fE 3 (Failure Rate, FR) X /X ¥ %) & 7% i (Mean Time to Failure, MTTF), ‘F¥ETE
IKF[#] (Mean Time to Repair, MTTR) 2 E DR AR T —Z Bt F£E Y 2 — & Bz
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Mricksinns, 7—FX—=Z2~DO AT Fig.3 12”7 L 52 FF System Tree LWV H 7 A > K
— LT RAT LEHRT 2T N TOLM - 4% 5 (Part Number) Z AJJ L, 22 U THE
JE&EAMT D, Hx O - AR OFEM 722 WL General Data WO ¥ T DL ZAICANT D,
System Tree [IZd % Part Number % 8R4 %5 & | General Data % 7 (X2 DO - B DO b DI
HEIRICEDD, RBD XIZFTAL WO Lft A EY 2 — A nb T —FX—=2A~DT 7k A%
NHDOEY 22— /LHOIEHE & System Tree FOHEBEOMICY > 7 ZRD 71T CTHERERE S
LT ENTED,

||[SEile Edit View Insert Tool Project Assembly Window Help
fanEsaymale-=-@ny (@ uom|e |[|[faa s s a8 Ao mse Ao i [or

b (@1 Main Diesel Eng... |System Top-level ... |0.211000
0@ Fxhanst val 0.711000
# DRIVING ... |0.033000 Cvctam i B
4 FHAIN 0.033000 —— Systerrcrarcity
& CHIAN TIL.. |0.033000
S DRIVEN 5. 10.033000 _,Ll
5 >
Eﬁg@w Sysvern f RED Take Ji_ Pl Trow Tabls \ Eveii Tro Tt /)
Part CHZ
r CHAIN I~ Tagged
~ Repalrable
Mechanical Part = ™ Questink Data Required
| aein 1 -~
Reference Designator: CAGE Code
Quantity 1 | Cr
Model: -~ User-cefined Text:
Alternate Part Nurmber User-defined valLe: o
Lescription rMultplicatve Ad). Factor: o
Cost: 300 Additive Adiustment Factor o

Composite ef Des
Manufacturer ~

Specification Numier

Page NUmber:

Figure Mumber

Reliability information of the

National Stock Number
component

FailLir te Datasource User Defined

Specified Values

Eailure Rate [Specified, Failre Rate ~ | 0.033

MTIM: [specifica = | 72 | Hours

Parts Table \ General lata /, FMEA Deta Jy Remarke JyRED - RED )\ e Tree - All ey Evert Tree - i Everi 1 /)

Fig.3 Window for Input into Database

(2) RBD

RBD Tif. Figd Q@ L IHiIC 220 F a2 o7 1-o07 0y 7 20T 1EOHMEE
LTWD, M@MmAEFRICHEEL TWDEEIE, M -2 8 L TWDREBIZHIET 5, HIC
M- AEE L TV AEEE., WaAMEL WS oL Raed, oW ar oI
DY AT ME, Figdb), AT X REINNTWIOMEE TRET L, Z05HETH,
M 23 B2 ORETHORRN s TWHIE, VAT AELTHERELTWLRELRT,

(@

(b)

n

(©)

Fig.4 Examples of Reliability Block Diagrams

RBD TV a— VX, VAT ALKOEEE., 74 707 ¢ OFE MWL T 5 O i
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b2 2T HOMEZHKATWVWD, FHOE, AT 20 RICE > THRITMRAH D5 ATV
TN =T BN ABEICEIT IR ERD D, BTN R WIS IXE T v v iEE v T #
R D, RBD TlHHEIRT 2 FMEA T ORERZ R 72N 6, ¥ AT L O 72 i 2 B E
L7 ETY AT LOMRBET VEARBMNICRBE T OLERH DL, T r Yy 713, BBXLE
[l — L XL T DONRHHMETH D, iz, FHEET 1 v 7 DM NLITHEE L XX k9
50N RBDICEDHAEOHREMETH DD, —oDMET o v 71213, hoEED M E %
AN TIE AR SRV, BYAWDOE M - #EEIC oW TiE 7 — 8% (Boolean algebra)d 3 7 v HIl
THRHETIVLERND L, 2 EHH2=y NARBEDOWEEHETSELEEEG, BX
FIXFigb DL > RBD DR LEXZONDIN . ZOFFHESIEDL L 2HOMN L-EE A
NHDHEINCHRASH, EVATLLIVEHEENMELSFESIND,

Fig.5 An Erroneous Reliability Block Diagram
ZIT, RMTHALE 7 ey 7 0EHELEZ 7 — ARz W TNA)TEL,

AN[(ANB)UCI=AN[(AUC)N(BUC)]
=AN(BUC) 1

Figb OF D AD X DRI A VOE M -HaIT, EEEFT CHBE L TW2R W Fig.e ® L 5 ITH

HLUZ2TER LR,
[~ ] H
H gy P

Fig.6 Correction of the Block Enclosed by Dotted Line in Fig.5

F, MEE—RNZLo TV AT LOmBHUERRNEDLLILAELH L, 2O X5 25GHICIT
WIEE— N IWCEEE Ty VREERT DL ERD S, Bl 21X, Fig.7 O X5 ITWEMIC
TEINCEGE L T OWD 2O LT NS A Y AT ADOREERICOVWTEZL D L.

(1) MATWHDRENLL, BFEIZL>Tiih b,

(2) WA TWZRWIREN DS QE O N7 NI, SEIC X > TilRALH 3,

LW 200 AT AMEE—FRRNEZLNS,

D=

in valve 1 valve 2 out

Fig.7 Two Valves Physically Connected in Series

HIEE— FQ)TIE, EH50Nn 1OV RAEE RNTEELZSI EESTOT, 2D

TIITRHEAICEIIER & R D, MBEE—FQ)TIE.2EOANLT R L BITHEIC L > TR & &
ST IIEERE L 1T R 020D T, 2O VT I ImBEMICIEIIER D, LA -T
Fig8IlmRT o2 o0 EE—-—FEZMELLGEEMET ey BB ELRD,
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Failsto fow | valvel valve 2

valve 1
Fails to close
valve 2

Fig. 8 Different RBDs Needed for Different System Failure Modes

RBD Y2 —/LIZBIT 5 PlMkELFHREO 7 L2 Y X A%, Hx OFEHEIC T Z BN
LCW&, BMMLAETFPHHOaZANE, BMIZE-THLNREZTRATEY T 4O EITX
LABIMBROEBMAZ LKL, BEOMEBA PMSL =AMLY RETIETMHLOBINAZ R
EL., £ TRITINITEMZLZNENI D TH D,

2B, RBD # HHWT Y RAT ARKOBEEHEST XA TV T4 2 #HET AT, Hx
DER S - BEER OIS HEE % System Tree D7 — ¥ X— 2 LB [EEM & L TOMESE (specified
failure rate) Z W2 1E0, BEHEME W ITHEMBOREDO M AHAIXENZMENT 2 2
EHLTE D, EEMO M ERE M S OIXHEF G F 71X E M R A §E £ 4 46 (exponential
distribution) DL ICRE SN, MO SHA LRIV TEL 2 LICL > TR ZEERTEBEDOK
ERREICAHI L2 AT AGRHEHEOHENTE DL L2100 d, fHEmAm s ok 5 Am B &
L T Normal, Lognormal, Weibull, Rayleigh, Uniform /% O® Time Independent A & & LT\ 5,

TLEFE L L THIEFITE (parallel redundancy) O & 7451 70 & (stand-by redundancy)?® j&
REAETH D, £7-. Quantity Required [ 472 (mE AN L CILEEZ#HK T 2EHED
wE Mo AEDLET, MmEPEFICEHL TWAIE, AT AEFEFITEHT LI
BT 5ILE. Wbwd m/in JLE (m-out-of-n system)> A7 A DO FB L TE 5, #il 21X, fidE
FHEROLAITIE, BECILIBHEAELZELDOVELIN, ZOREBEZ VAT APEEL TWVWD K
B EBZ TV AT LAOGEHEMELZFEMT 272 01X.5/6 TE GRAEAHBETIRED v M)oE
TN LIRS,

(3) FMEA

FMEA %, REFOARZELECEAEN 2R R EZANT O, REFEOKEE— N 20 AL
TATLA~NDEBEET T HHETHD, TOFHMIIT., Z2AbN3T_XToHMES, T
bbb, —RPWEE—RFZ2HET L2 LD, MITFOBWITIELTY A7 OEWEIEE
— REJEEEL, RBD % LMD HiEEMBBEDE T AT AREDO Y X7 %23 A MY
IR LB ESEDL LN TE D,

BT —RH O FEEL T, (1) T TR BR L7z 7 —Z(historical data) D H . (2) &
FIZ & D What-if 587, TRDOOLHE MG EIEG 1 2b > T REIRSTZH I AT ANE DR D)
EOMTLUCREROMEE—RFN2%5 23 Tk, (3) Table 1IR3 X5 — b3z EE—F
DICBOLLTCTF =v o T35 ESERN05,

Table 1 Generic Failure Modes

1 Structural failure (rupture) 18 False actuation

2 Physical binding or jamming 19 Fails to stop

3 Vibration 20 Fails to start

4 Fails to remain (in position) 21 Fails to switch

5 Fails to open 22 Premature operation

6 Fails to close 23 Delayed operation

7 Fails open 24 Erroneous input (increased)

8 Fails closed 25 Erroneous input (decreased)

9 Internal leakage 26 Erroneous output (increased)

10 Extemal leakage 27 Erroneous output (decreased)

11 Fails out of tolerance (high) 28 Loss of input

12 | Fails out of tolerance (low) 29 Loss of output

13 Inadvertent operation 30 Shorted (electrical)

14 Intermittent operation 31 Open (electrical)

15 | Erratic operation 32 Leakage (electrical)

16 | Erroneous indication 3 Other unique failure conditions as applicable to the system characteristics,
17 | Restricted flow requirements and operational constraints
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FMEA O A KDIARIE, M ELEZE T T VAT L20H0D 5 HEE— FERHFLENLD OR
MR BLERDUVATLA~DEBELERARL I TCEMARKEE— N, VAT A05 K &k B&K
EREZZ TN bDOTHDL, L, EBICEAM Y AT AIKREFEFNSIE LR OIEF
ERWICET AT Ak (FMEA ®H @ END EFFECT) & » T, MR K»EFHEL TV
FIEHEBRONREILS AT 2058, FEEEE—FOMEATELS, ZhidVnbYd
Cause-and-Effect Relationship % V7= Cause Analysis T®H 5, T OB, JHIKAZ &2 F TEL @
DEENIZE WD, Wb EiE Root Cause (I2 T 20 OMBEICEH T 54, FHAIE L CHE
BZext RPN A BREE THREAEZZEZEDNITIREVWEEZE XL LN D,

V7 h =T AT A EIX, Fig.9lZ/r 9 L 9 IZ System Tree 7 ¢ > K — kT Part Number %
T, HMO FMEA U ¢ > F— ETHHEEHM - EBROB 2o N2 T X TCoOKEE— N2 AT
T5,.ZL THxOKEE— FEZERIRL TEOMEE— NICEHT 253ME# 4% T O FMEA Data
74y R—ETANT S,

Part Mumiber Fabre Fate | - |

| 5@ ManOwselEng.. System | |Topevel ... [0.21 1000

% CRIVENS.. [0.03: 1
& CAM SHAFT (0037000 |

,_l

Hl
{ 2 cam 0.009000 |
= cEan 0.03%000 |

Falure Cana [Poor Lubecating or Bad shape of Teeth of Sproket

LI

lIII |

Falre Mode Rabo (%) 20.00
Bode Fabre Rate QO08E00
B Effect [Storw Doy J |smmmmmmm
Py Bffect Probabity 100
Cavarty Il Ermeal Fumeton Loss) =]
Faluge Mode Probabdty (FP) 0.02605

~]

W

CoouTence C - Cecasonad (FMP. 001 100,1)

Ll._

Gerective Acon =l
Moxds Cricaity’ 264,00

[ALELEIEN, Parts Tabse | CenersiDatn ) FMEA Data { Fiesaris |\ FB0. RBO | Fmsl Tree - Al fnbre | Everd Tree - inttrg Evert 1 |

For Heln, press F1 [ML-HDBK-217 FI[100000 lele]= [ AR S8 2 @2

Fig.9 Input Window for FMEA

ANEHEICEREINTWDHIHE ® 55 Mode Failure Rate, Failure Mode Probability, Mode
Criticality I FMEA €Y 2 — VOHEBRETH Y FHFEIK T LT HNIEERR I L2, Mode
Failure Rate [T N(2) T I 5,

Mode Failure Rate
= Item Failure Rate x Failure Mode Ratio @
Z Z T. ltem Failure Rate |25 — % ~X— 2 ® General Data # 7 T A /J L 7= failure rate T& 5%,
Failure Mode Ratio I3 Y% EE — RO RKEE—NZHDL2EETHDLH, 2EE—NEEH
DETI00%BICRDEIICANTHILERNHD, REXITMAREOCEEELEZXLIHGAE. HO
FHREEHOE vy Fr 7 0hRIT1L:3LELRLTVIOTY, ZOFAOHAEOHFE L E Y
F > ZIZ KG9 5 Failure Mode Ratio 2 £ 4L 25%., 75% & A1 %,
Failure Mode Probability I, & % &£ — 23 E L 7= #H RN (Mission Time) T & 5 fiff R
<, R@B)TERIND,
Failure Mode Pr obability
=1-exp (- Mode Failure Rate x Mission Time )

®)

Mode Criticality X, # € — FOEEE 25 2EBEERHEEO 1 >THY . K@)THRIND,
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Mode Criticali ty
= Failure Effect Pr obability x Mode Failure Rate x @)
OperatingT ime

L@ BHHEDH X 512, Mode Criticality 13#f& & L CHUEMKEE — RO Z 0V % X (Mode
Failure Rate X Operating Time)& ., £ Z o272 & X IV AT A RKRICEE L KIT TR (Failure
Effect Probability) # & H¥ T#& 2 5 Z & Th 5, Failure Effect Probability X FMEA @ B # A
JHEHETHY . MIL-STD-1629A ([CESW Bl ETH D, ZIVTMITEITE N v AT L HFME
DERZLLIZHT 20T, EEILOFOHLZLE LTRO LD 2#MBEI IS L, £/ 2
DEx EMICHET I2LEDOHLIBAITIZETAZER L TERTLINLERD D,

Failure Effect Failure Effect Probability
Actual loss 1.0

Probable loss >0.1to < 1.0

Possible loss 0.to=0.1

No effect 0

% 7=, Operating Time (ZXG) TR S 5,

Operating Time
=Total Mission Time x Mission Phase Percent

Operating Time O &EZE AT 252 LT, FFEOHMANICOA R X 2 HEE— N4 Lo Bl5E
WCHN L= TR+ 2 Z & A alaeE & 72 B, Bl 2 (2 A0 #% B o total mission X 44 EY & i@ 7 iE s &
W9 20 phase 2437 b AL, MBEIRICOAEDLDR 2 M- EEOKEE— REWmE T 256
i8N & v 9 phase DEIE LB X DHDLENH D,

FMEA OFHE B EITHEM T, EFROFHEIACVWDLY LY X 75N H 5, U A7 FFAf & v
9 O IL ik D 3 £ B (occurrence) & B BE N A L 725 & O O B K X (severity) & = A bt
TEZDHILETHD,

Occurrence [T# & BN 21X —FM)ITEZDV 225 THAIHFEF LI RVEZRODE
BThHo, ZZ TIEZMIL-STD-1629A D& 2 BB L | HE L HMAN OB EREZ W5 2
LWL UTORSRERERET D,

®)

Categories Definitions

Category A-Frequent failure mode probability > 0.2
Category B-Reasonably probable 0.2 > failure mode probability > 0.1
Category C-Occasional 0.1 > failure mode probability > 0.01
Category D-Remote 0.01 > failure mode probability > 0.001
Category E-Extremely unlikely failure mode probability < 0.001

— 5. HeBEAE R O EOK S (severity)lIZ oW Tk, TEMNATETH LS, M EETchniE
EDHIZBWTEZLERRLLZ LD, R —HLTWVWD, 22 TIE, MO EFE2EZE L
TROEHIBREHREZRET D Y,

Categories Definitions

Category I -Catastrophic HLUERLEIEEOHRBENEZE DI T RHZWVIE AT A4 H
CategoryIl Critical AHELTAMAERZIIEST AT 2 0EKNREE
Categorylll -Major tpr;g@ IR ELRIHENITERERSINDI VAT LD
CategoryIV-Minor *}%%H DI L OB EMMATICHKE Z R S VR o &K

VAT LAEE

COXOMMBIT -RBHE CHZVRITHIN, MIEL THEITT DI LI VIETEAOICRE
LR T WA REHT I ENARELEEZEZOND, BB MEZIIEEORE., TOWHH
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BRREIWZL-THMBAINIEGWREDSMHMRN L LHICBbnsd, X, Rif. 7
4 — P R ORI FOWMICL > T I 7 —20OWBETRELTLE
I, VWb A O R LESN LD o7, AL MK O RIK O Fh & B iR A o
%, MOMNIRA+ OB KREEHMERNELCLEREFZELZEHEINT VD,
B LUHEE I, BEARBICIEWEN, BEFEKICEORN D rRZRVWO T, EFEEo &)
IRIRAT 24T Z AT FE I O By EE AR Y 72 < catastrophic IZEWZ & RNM B, Lo T, 72& %
WEBEAEENZ I @SBRI THLRKRBIRDOENDZ LIZRDITHAI, ZOEKRTIE, AL
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Fig.10 Sample System for Importance Analysis

Table 2 Birnbaum Importance Measure for
System Shown in Fig. 10
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Fig.11 Critical and Major Failure Rate against Year
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Fig.12 Relationship between Critical Machinery Failure Rate and Ship Age
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Fig.13 Critical Machinery Failure Probability over Different Five-year Ship Age Period
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Fig.14 Cause Effect Analysis of Critical Machinery Failure
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Fig.15 FTA for Critical Main Engine Failure
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Fig.16 Reliability Importance of Main Engine Subsystems
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Fig.17 Reliability Importance of Main Engine Components
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Fig.18 Reliability Importance of
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Fig.19 RBD for Calculating Reliability of Main Engine
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Fig.20 Improvement in Reliability of Propulsion System by Halving Failure Rate of
Reliability-Sensitive Items
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