mTﬂﬁIE

PR )

Practical Reliability Engineering
Fourth Edition

4

[$] Patrick D. T. O'Connor %%

¢ I < I V(5 | R 1 o F

AT

e A P s
S| © F I ¥ & AR 4L
‘ Publishing House of Electronics Industry
WILEY . http://www.phei.com.cn ;




>
~

AT FEMET 3=
( S PAR )

Practical Reliability Engineering
Fourth Edition

[ 3% ] Patrick D. T. O’Connor ¥ ¥

F A EIpF HkE Fi#F

TFIF & A& AT
Publishing House of Electronics Industry
jtxt - BEIING



M E

A% 45y T SEAE AU 4 % K Patrick O’Connor S5, R—AWKERMEE, HETHEEELESH
REKR, U RAEEBITEMRA, ARRNAZE SetEsE, REEH, BEEBIUR. AHRGIER 75
HTRLES RS ROEEE . B, Bt B8, &t BT MEES-RIINE, 2518R TR
GERNHF RGERTTRAERNE, 007 T 5 TR R IR A AR B YE A AT R YRRV, [RIA SN T KR AT SR A T
HNA.

SHMELE. WL, FARY, B, SRS TEESE, SAMER. FHTRAEKERRTRES
WA R ERE, WA KAE R RE TN ITREARAAMRAERARS S,

Patrick D. T. O’Connor: Practical Reliability Engineering, Fourth Edition

ISBN 0-471~19374-7. Copyright © 2002. John Wiley & Sons, Inc.

All rights reserved. Authorized translation from the English language edition published by John Wiley & Sons, Inc.

No part of this book may be reproduced in any form without the wriiten permission of John Wiley & Sons, Inc.

Simplified Chinese translation edition Copyright © 2005 by John Wiley & Sons, Inc. and Publishing House of Electronics

Industry.

A F5 PSR AT BRI RS John Wiley & Sons £ F# F Tk th it . R4 & S BIEIF AT, ABLUEMTER
BT BE SR BN,
SRR AL IRTE P e ARICFIER A (AEEEE . MITRITRR UGB ) RIT5HE.

WA 5 SRIEICES B3 01-2003-0590

EBEESE (CIP) ¥R

SCHIRTSREM TR (FIAR) / (3F) BEEMN (O’Connor, P.D. T.) 53, THEE.
~30at: BT Tk AR, 2005.1

FZ M3 Practical Reliability Engineering, Fourth Edition

ISBN 7-121-00832-7

152 1.0®.. @z N.af#E4T#E IV.TB1143
o (5] R [ 54 CIP B 4% 7 (2004 ) 28 128956 5

HiE4wE. Hg¥
EF Rl JEEE IKETRIA R R
BAREAT: BT TR
AR RER T AR 173 (540 BR%%: 100036
% 8. SHEFHRHE
F A 787 x 1092 1/16 Epgk: 2575 F¥: 659 TF
EI K. 200541 A4S 1 1KENRI
E #r: 49.00 T

JLWSK e F TV B ARAE R4S, QA SRIIEIER, W MK 5 H BB, HEAMRITHRER., A
HG: (010) 68279077, FREBRVFERHEEZ 2lts@phei.com.cn, ¥EARANAIRE K MR E dbgg@phei.com.cn,



FF

AERRARSERFERRE, BB ST EAEAKEN 8, lELFT SEHERY
AEERRE, TRENEC BB EANWER, TEECHEUY-TE R TEL TFTHREAR
Fo MIBR-VIRESTEEMTH “SEE" TR, AMISRAESSEFEPEH, #i
M—E0= . WEMLRE, MEERE ., BTREMER.

245 th AT FEME AT A 3 4 & R Patrick O’Connor BBE R, R—AHBLMKEE., K
HEMHRERARNER, UREEHRTENRA, BORESHERE, REER, &
WTHRERNTE . A BRRER T UTRETEIEL R DY ROSE. BE. Wit &
B, 3t BES T MEEERE, 25 ER THIRREAEFRENTREERE, HFT
SAESEE AR LB A] AR, M T A XA RENHAE. 2 BARS
L, ARG, #ig. SRS TRHESS, SHMER, THAFIEETENTR
BARANRMAREEAR, URKERKARETIBRE UM REE . HiutS%,

AR, FEE AT AT FEASUKR PR BB RSAFNEEEYR, REMT
EHFWRE T REHRS, AT S TREE S, TRENIDESHEARBHTRA, HRE
T REFBR ERE R TIua R TSN R R S AT RM T, BTSSR EELH

BT KRB B T,

A RAT S MU R RS KRR, LXK RS Bk
REER, HHFBEANEIHEL . FHER, AR EEEMCEZR, il H, o
DB E, ATESTEEGECREASHAA R A BRFELR, BLBT —FiFE.
B, PEENTHSRETEE LENERE.

EHMRELSMFR S 2EFREHF BT I RRBE FHE OB AR

!
FE AR E 24 /%

2004 12 A 18 |



EEF

245 i AT SE PRSI ) 3 8 & 2% Patrick O’Connor IBE MK, B—A LMK EE ME
ATENHEIS SEARMERE, UAEEWMRTEMNEA, BHANAESHES, RAIfED, BIeE
B, ABREWAR T IS TRIGIETE RAECFE . 88, BT, R, &t 348
ST AERE—RIINE, 75 MR THMAGS R E F RTINS, 00 7 5o 54
FUIN R LS a] MR, [RIEHShn T 4k ol SEE N A

ERFABWBUNRE, RIPAREBULEET 28, AIXHELRE—AGH, HALH.
P, BARY, B, RS TRMASS, LANES, FRERITE FREETELEEESHh
ZRSPSEHRA G ZBIFE R, D KNEIT S TN TRERAMZAGEESHARUR
REGRUTEMEWHNTESE, DUHESIRETEETENRRE.

BHH1E, F2EHANRME, F3F, F4ZE, F55, £ 12 SHHREAWE,
BeFE, BT7E., ESEHNFIF, FoSHOEMF, T 10=2H T M . =HEER,
FIE, F 4T, MRheERE, £ B3EHBRSETHE, B 15 EHGRETEE. 85,
eHhzEEFH . THA%R.

A BHREMB RS RS, BB TR F TR AEME RSG5 ER MK
TR, ARRERFRLS LSRR FREOHREH

HEEKFIR, iR e s, BHFEEHRIE,

LFEETERGERBER SRS R /i\ ?’7\
2004 %12 A 8 §



F—WEE

AEREENFENCLTERN, ULAEBARNAIRETIREAHESR, 2PNELE
FSEBRRLAT, BT A A5 r it B 0 At A e R 5 7 K 8 5 P 380 3 ) ) LB 0 75 RO AR £
. 2BHMETHRREENERAPE, BUREHEXLBBRTENEF S, &5 THF
FGET 07 B N B RSO, A — P . 25 3051 K25 B R T LHA
NEERBEZEAOR B SN A B SO, FFR KPR A A BRA T KB 2 A 2R %
FERTBURM AT T 5, T HEHE T XKEEMTHEH.

F 5% R E R EEFERKEEREMRTEHEST T IR, EBIANRERAEETT
BR—ANEETE, BN SRS TEFH TESEZR LAY, IS TR L
VBEETHNORE, EINHERT ETHRANRE RIEE R 207 6 RAEF 8B wm I
T HeBORGRYIER .

FHECAETRERREFHDESNEEREBRIEDSETRE IR ANRENENE
KU EERTEBNENE, 2 B0ETFIEMEENIRLEIE, SHEE T &/
PRYEFIALAE, i b3S R , AT G T B YU R PE hig & A E RS L 4,

Patrick O’ Connor
1981



F_RRES

BAAEBHE IR 1981 FEH LK, RIEBI TREA HMFLE, KRELHASHBE
BARY FEE, BTl REBLEELHTRE TR, BRFABAERE T EHEAARE T4
SH. BERAANTE, REINRB TR, R R E TR BN B 2N A A
Mo FHt, 7658 AT KBBEI S, I T RIANERT AT EEEEN TELR T ENA
o

R TH KA RERT AR ESFET, AUARTEREAMAEEN R H
AEPEIRIRR , 3X AT E R 5 B R AL R B A R s B A e 0 R TRR b 7™ S R e A B
Mo BANMS, MW R AT R TR AN REE 8 C N B MR T @5 ket , gkl
EMTANTIERMER TR TER XL TERERS XTI GHEENEEIRE =%
A —igiE, WA EZHEEAITREESREORER, BARAAGE, BRERETENER RRY
FRAR I LARL R e, o] LAFE YR A AR e AT SR AR (R 0T F il s Y AR 7= 4

REMTHH =8, BRE5LAHTEHEXH,

F— LR T i XA EER #1707, BRI R R #1758, TURFET —=
XTAEERBNAE, QEFRAN AR U R TEEM AR RENSEE . REER
¥ Wayne Tustin LR H MBI LI RMZEX F A THFBIES,

Bis R, #iEEERERBRETRENBRERIE. X—SBREF—HPREZHRK, AR
BRE, REMT -EXTERERIEQANAR, URAXRTEHAMRREIETLAESSEH
HIBTH R

FHEUEZWR TR, TERIYM T - EXTEENEEHNART, ELRATITR
AR R P SR ), T R SR AT B A R Y , LA BGX PR R AT B v AT A B

RIEFHEMTHARVTEE RGN TREMIR—EEREHHE . XEBERRLRE
i Harry Ascher B4 , A X AT MM UK, SRR XA HHNE R, L F LB 2R T XHEE
N, UZETHRTRBEMSIHER. A B0 TR TR AER 7% MIERL
HITEOLAN, AT E R G AT SRR I Weibull (B A /R ) 207 &8 AR M7 R4 Harry Ascher, BE
ERFET , REAF R RERBEX—

HRTEA B R FAMIR I T B AR, 455 RAE B TR T R385

BB =RENREIER B IR, AR P T ELHER,

RAFF BB G LB R ERUES R A L. Hewlett Packard /4 7§ Paul Baird, Palo
Alto FEARME . FEEFAA AR, #2512 Brian Collett, Norman Harris, Chris Gilders 1 Gene
Morgan, LA K HoAth i 22 A, th 3R 43 T 75 By . 45 Al

BfE, REBHEMRA Ina B0 ZHFERMITEIE.

Patrick O’ Connor
1985



WS

B LAk E L X ER B TR DL TP R EANE= R ASR ST s, 810
HARD AR BEAETERERANTTREEN S IR ZEE R, BRI 2T 08 .
FEMRES SR, HMEREXTEER™ AR RAMTRENEZ TENERNT
ErER, EEXEUAMLENLBARRARART U UEFN TR, — £ 3 F,
1M W.E. Deming(# 88 ) G. Taguchi( H 1) §975 SHERKTIEH , B FE A th AR K6 hn

RARES P RAXERE,EREREMRS TEAN, BRA T FHGH LR AR
IE BRI AU R A T MR AR, T X S BT RAE Sy — MR RIS SR SR K o
REAFRERIE-FEPFHENTARBGHETEUREZERXIBERNEARANHE. FEUX
AXRERN—EHHAT TR, BATIELENES, LERSHA RES/NEEOER
BB, 2P ERNEB T Taguchi 1 Shainin K EZE THE, Chris Gray 76 8iA Taguchi 7
SR, S TRESENENTD,

REF TILENE FHEXTHTFRETEENAS, REFH T A TFIRBGMES
RO SEHE—2ZE . B8 Dennis Carter HFHERE X —EMBRAEIL,

RGN SX A B REHBEAT T EA, DUE IR TR R FZNF , B8 iEs
B ERXFTENEEE.

BN KB TREG N RAERAREIEZTFLMWANMTEY, MTRCRABEETX
BE R, EEREHRE Norman Harris, b TEMAEH S EESERET —&, HBPHRER
T faf A%

BB REIRAME TR MO XIFEREONRE . EXEHELEER
FHRUNEMRE

Patrick O’ Connor
1990



EZHEITARME

BESIRBITAR N T BN ARZHBNUTTEN, MRS BESHEMEIE B4
T EA ERHM{E. David Newton 1 Richard Bromley AT SR &4E, R4 B H)EG—EER
TEHEMEGIE,

XS UL T 3R E R B AR IUE P4 (10A) SR B I B #5214 (ASQC) B =2 B B
B RME R GEAE, ASQC FiXM H ML, A RX BR AR, A X3 ASQC
RS G T WHERE R,

FT AT 2547 F Chichester ) John Wiley and Sons B R AR E{5, N #1858 — 48 .

% David Newton 1 Richard Bromley TEYE & 4B 1T 264 B 45 F BOPHE

Patrick O’ Connor
1995



FMAEETS

A ERSABHHERBITHERLREE +E2F T, EXPE, TEEARMATRMAEIT
HEHEAMBE T RENIHR, EFRP, BRIBEHFARSEREE TENEENERS
EREREEE. I TREXFBHOWE,RA TIRLRELAE KA,

FERU B FEAMITE

— TR RIMTRBROEFRMNENFMAOBRCE 1 T EIEME IH),

— ITERERMRME R EANHER(E 2 E),

— Petri P M(¢) T MO3ER (58 6 BRISE 12 8).

— TERAGTRHHRBG T HE RN, UK LTI SW R R 3% E#H
R(F10E),

— FRMEELBRFMERBR I BN FEHR(E 1 EHE 13 E).

— BTRERRT EMB AN EFRMERANHER(E 13 %),

— BENS T EERRANHER , SERE TR Gt EEGE 158),

— EFHSHIME, AR EFTME RS5O

ZHREFY, AP RATRESHGERTE)—BhFLEH R

FHEAIE Tt (A7 50 B AR B AL AR B) B4 T T 38 %h , UE AL FT I

A H RN E TR e LT, MikRE www. pat-oconnor. co. uk/practicalreliability . htm, % M
WA SR TREA XRIRS R ARBLN 41

REX S.K. Yang HIRTE Pewri M7 MR )T ES T H9#0 8, LUK Gregg Hobbs 117
IR AR 4 T AT OB TAE T B S SRR R, RERBITA R B
BHAHROAL, BEEBREERHIRA Ina,

Patrick O’ Connor
2001



2o

ARHRESREATHPMBEEELWALERBE. R.A Evass 1 AFBHEGE
BE TR RS BRMBEN, FAEFIZE Nomman Harris S5 548 2 EME 3 BaHH
RETHZERVEDHRBRETETHELR. XELSFXEFR ¥ A.D.S. Carter 5L
BAENFNHEE T TREFRHHEN, REBERZFMATFRAERZINRXPFIATE
KBARE TR R, XBEERI TZRERBNSHE P RBRTT KF M Bev Little-
wood T BEEE 10 Eh MM TR I KB L T BV, Kenneth Blemel
AW BUEMBBER Y TREEN ., REERMBEZEMMFHIRHAL, MNELE
WA BPRIEXS T TR BAEREEYPEREBEETEANLBNES

KX BB ARFT BT IR R R R BRI K 2.4 R B W. Volk B9“ Applied Statistics for En-
gineers” , McGraw-Hill, 21 £ (1958 ); B 2.16 ¥ H “Industrial Quality Control” (1965 4E 12 H );
B 2.17% B H.F.Dodge 1 H.G. Romig i “Sampling Inspection Tables” , M /R B3 i% LI 58 (1944) ;
E4.4 £ 4.7 X B A.D.S.Carter i “Reliability reviewed”, Proc. Inst. Mech. Eng., 193(4)
(1979) ;% 6.1 M % H R.H.Myers.K.L.Wong # H.M. Gordy #{ “Reliability Engineering for Elec-
tronic Systems” , Wiley, 124 (1964) ; & 9.5 F1E 9.6 LA} % 9.4 3k H R. 1. Anderson, RDH 376 #Y
“Reliability Desigh Handbook™ , T S& 443047 #.C> , IT BFFT AT (1976) ; B 5% D K & A. Hald A9 “Sta-
tistical Tables and Formulas” , Wiley, 2124 (1952) ; B Z FgR e B e R R4k B BB A BRA A .
H.W.Peel 1 Co. HRARMEAR R TREBIET,

BJ5 , RE /R Linda Rendle T+, M iRE T B BOB7E R T FROITEN T/, REERHE
EFAL3h S H Stevenage MR E XA BA FHSHAFE B,



FSFE X

HE—Rx

a A PO RS (FESHEA TR R P RS B, 47 R A 587 S B E I T
THEE) , XFR Duane(RL %) R, WHRFE T B EWE ST ERFE

B {5 F 7 KU (FEEA TR R IR B, SRR A B R 2 BRI &
THHEER) , XFR Weibull (BT /R ) 53 10 T AR S8 (BHE)

y Weibull 7375 0L B S %0 (/N &)

JZ —MEES RN ESE, FTRITESS R HFHE

7 Weibull 53 i B RS 1E 77 6

o Gt ER SRR EE (RESE0)

v =f::): 3

9 {528 5% 35k 3 4 3 27 5k e [v] g s ] (MITBF)

A s &3

@(z) PR HEIE 25537 B 43 A7 BR AL

B(-) Weibull 537 #) B 4, Bl B, F i

C gt EEE

C,C, LE¥EEE S

d #itH = %1t MTBF/MTBF F KR

E(+) GUitHAEE s, x MG HREM 2 kTR

£(+) R XA BT E R (p.d.1.)

F(+) Bito k% (c.d 1)

F HEL

h(-) o o R R

H(-) F 1 B i B pR

L =)

n HARNESFR)

N SRR/

P(-) SrittE

P(-1) FEGIHEE

r SRR, R P AR RL(E

R(+) A REM R

S IR E, LERRE

t R



Var(*) H#E ()

s ks PRl
: FREES A ES B

EIZRIEX

DF $::

THEE PREAENRET L E AR NPT ER I RERIRE J1(BS 4778) .

(I : TREXNMARIE R RR AR MERSEN BT E,)

& BEF-MUEREZRETALETE. TRIEANENRER—ELFTREMER
Y (MIL-STD-721B) ,

IHTA TR ITURTERE S T, AR EmE 30 (MIL-STD-721B)

FRTA LEATEN, PITRTERHSHERBEL FETERS, R 2 S 5ERIEM
IHEER EE BB KA A 8 3 (MIL-STD-721B)

&M

R PaRPATH TR AT RERIRE /1 2R AL (BS 4778)

ARG R EE EHENTRFEHN, MBS SRR S HZREA N B0
MetElZ . ™ MR RN EAE &G T , N R MRS EHEA A E srd
Ii) B g ( = B ) B B B 6 F ) o 2% (BS 4778) 6

LR 69 3y 1 18 Re B 5] (MTBF)  7E45 7€ B9 7= 5 25 fir S P, M4 i BB 1] A s 1] 4 B 19
BME, BRUFERE KM T Bt Rt a] 55 s s Ak HH B 4 (BS 4778) .

LR & F 34 k AT B ) (MTTF) (S R E F o) TERENTESEMEN, ERELRNE
T RS R LI i (] 5533 B 5 P iR A o B SRR B HE(BS 4778)

WA B & Aw  SLIIET R, 7EX BBt ] B, A HLE H Rl ( B % ) BT R A S 3
(BS 4778) -

« 10 -



BB TR TIRD T cccooooorrererererrmrrrrre et et e ae s 1
1.1 H‘/A%Ejﬁ‘ﬂtlﬁ .............................................................................. 1
1.2 jﬂ'ﬁ‘ﬁ%l#ﬁﬂﬁﬁlﬁ ..................................................................... 2
1.3 R ATRRFEEL DGR -+ eerreeremrmrarrerrr ettt r e ettt esse e aaeaee e 3
1.4 ﬁg‘ﬁ‘[ﬁﬁ ....................................................................................... 6
1.5 TAJBEERIABEETTEL oo 7
1.6 %?ﬁl‘ﬁﬁlﬂﬁﬁbﬁ@ﬁiﬂ(X%EF;ﬁ:) ...................................................... 8
1.7 %ﬁ%ﬁlﬁ]ﬂ%{t%ﬁiﬁ(ﬁ”@ﬁ?‘ﬂ,) ...................................................... 8
1.8 'ﬂ%‘ﬁl&‘ﬂ‘]liﬁ .............................................................................. 9
1.9 PRRR I R oo ver e st a 10

1.10 ﬂﬁ‘ﬁl{’ﬁ{iﬁ&ﬂ‘]iﬁéﬂ%t@ .................................................................. 11
1.11 m‘ﬁﬁf’gﬁ_‘/l\ﬁﬂ:&%ﬁ .................................................................. 11
1.12 Efﬁ‘lﬁlf’ﬁﬂﬂﬁﬁmﬁzﬁdj ........................................................................ 12
1.13 FIEEMERTT2EHIBE T corvreerere it s e 13
e s G LT PP 15
I‘E‘]@ ......................................................................................................... 15

#,2 W OATRRMEHEIEE oo 16
%I"—E—‘ ...................................................................................................... 16
2.1 Eﬁ: ................................................................................................ 16
2.2 m%%m@ ....................................................................................... 17
2.3 ﬂ$?‘£mu .......................................................................................... 19
2.4 FEGEAFEL oo e e e 24
2.5 FEZEATATRRBIL rorvevrervrreiererii s e e e 27
2.6 BT RIIE R oo e 34
2.7 IE‘*‘B@@% .................................................................................... 36
2.8 %ﬁ@ﬁ .......................................................................................... 41
2.9 BEH B SRR cvoeororerererii i e e e 45

210 BETHBIZREES --covvverrrrr e e e e 47
2.11 E’Eéﬁ&jﬁ%ﬁ% ................................................................................. 50
P A ey i ST Pt 52
2.13 $f4‘5ﬂ(,‘.’—iﬂﬁ) ................................................................................. 55
2.14 G EHLERME oo e 57
2.15 iﬁﬁ%lﬁ .......................................................................................... 57
%%iﬁ ................................................................................................... 58
5] T TP 59



%3% ﬁg;ﬁ .......................................................................................... 62

] = PP R PR PPPES 62
3.1 BUEBEBURETESE crcreverrererrrrreere i e 62
3.2 HEFRPEE T crvreenrnenrre ettt 64
3.3 NHERIESHEZRIE] --vcvovrerremerro e 68
3.4 BRATIRMEZEIE] «oocoreroermmmmreres e 68
3.5 m{ﬁﬁ%@ ....................................................................................... 74
3.6 BEATELEEZRPE rocoereceorrr e 76
3.7 ﬁjﬁﬁﬁjﬁ%%ﬂqﬁ ........................................................................... 79
3.8 :mﬁ%%%%@ .............................................................................. 80
3.0 I NEE e s e e 86
BHETER  covveermmmerreeeemm e e 86
157 T PRI e 86
HAB BT TRMETH oooreeerrrrrrer e 90
g'fa:‘ ...................................................................................................... %R0
4.1 ABHIERTIT SRR --ooooeeereereemermmenrseeeeete ettt st ae s e e rae et e eeaaeeneanaes 90
4.2 BR-BREET BT oo N
4.3 TR SEAHREE R T VLRI A ERAT) -oovvveroeesnenonenennn 93
O R 100
%{%i# ................................................................................................ 101
) T v et s et s e e s aa e a e e 101
% 5 ﬁ gﬁ-‘ﬁ-gﬂﬂb .......................................................................................... 102
grg ...................................................................................................... 102
5.1 ﬁﬁ"‘%%&ﬁ*ﬂﬁﬁﬁﬁ ............................................................ eeeerans 102
5.2 g”g;,'}ﬁjj‘& ....................................................................................... 112
5.3 &%pﬁmﬂ: ....................................................................................... 113
5.4 BERBYTARMRER oo oo e 114
5.5 Taguchi b 7L LR T 114
5.6 I}ﬁﬁ[}@ﬁ .......................................................................................... 118
5.7 /J\?Ef ................................................................................................ 118
%%iﬁ ................................................................................................ 119
|‘5]@ ...................................................................................................... 120
FOE AR SR - 122
gl —g ...................................................................................................... 122
6.1 AIIEPETHAYIEASKRE] oo, 122
6.2 ﬁ‘fﬁ:ﬁﬁ%}ﬁ .................................................................................... 125
I T = = - = S S 126
6.4 BB U EE PRI o e e 127
6.5 TR RGBT B - o er e e 130
6.6 REHRALIE T oo 133

.12.



6.8 ﬁ&ﬁmﬁﬁ(ﬂA) .............................................................................. 138
6.9 Petrl W] ............................................................................................. 140
6.10 ARASZSIAIPHT (IR ATIAIHT) cevererevrmnrerermmminiini s 143
6.11 %ﬁ%?{ﬁﬁ .................................................................................... 147
6.12 T EEPEAFEL ovovrrrrrrorerrrrenrtie ettt s e e s et e 149
6.13 T IEMET T IR ARAE J T co- v reverrrrrrmrrrensr it 149
6. 14 NG e et e 150
;’L;:ag—iﬁ ................................................................................................... 150
IEJ@ ......................................................................................................... 151
g 7 ﬁ G RRIRI R - e 155
gl—g ...................................................................................................... 155
7.1 ﬁ‘ﬁmﬁﬂﬁlﬁ ................................................................................. 155
7.2 ﬂ:;tﬁ ................................................................................................ 156
7.3 &ﬁ-ﬁ.ﬁﬁ]ﬁ .................................................................................... 157
7.4 ﬁ%mﬁﬁ@%(()@) D 157
7.5 ﬁ?ﬁ-;‘iﬁ{é}ﬁ([&) ........................................................................... 159
7.6 %iﬁﬁﬁ\ﬁéﬂlﬁ]‘—ﬁﬁ%ﬁﬁﬁ(FMECA) ................................................... 160
7.7 HF FMECA E(Jﬁ]‘ﬁﬁ}'ﬁi—f .................................................................. 164
7.8 %Nﬁgﬁﬁﬂﬁﬁﬁm%(mops) ...................................................... 165
7.9 g%’g{tp\*jﬂﬁﬂﬂ(f)m)ﬁz%‘ ............................................................ 165
7.10 JEBFBIR BT oo 166
7.11 Aﬂgm‘ﬁﬁ ....................................................................................... 166
7.12 X{f‘?%ﬁ‘ﬁﬁﬂ‘]&ﬂ‘ﬁ}ﬁ ..................................................................... 167
7.13 %%Iﬁi B {§$. .................................................................................... 169
7.14 E'L% ................................................................................................ 169
7.15 &i—l—-‘ﬂi%’%%ﬁﬂ ................................................................................. 170
7.16 &*ﬁ;&(gﬂﬁ)ﬁﬁﬂ ........................................................................... 171
%%—iﬁk ................................................................................................... 172
I‘a]@ ......................................................................................................... 172
LK) N AN BEGRI AT oo 173
g[%‘ ...................................................................................................... 173
8.1 mmmjj \gigﬂﬁg@ ........................................................................ 173
8.2 ﬁ% ................................................................................................ 176
8.3 %/ N et e ettt et taet et e e e st te et et ieeeaaarsetacteeaesaetaetanabitenonttnoaborncectntanesrosnen 181
8.4 %jﬁ ................................................................................................ 181
8.5 }ﬁffk ................................................................................................ 182
8.6 PRBNFIMIE ---vnvreer e e 183
B = 1 Pt 184
B T . = T T 186



8.10 HlBEITRR -ovvveremerrerm st e 187
BT NHR oo v rr e s s 188
1 TR R R P R R RS L LR PR EYECRL SRR EEEL RERRETS 189
g 9 i %; gﬁﬁ]’ﬁﬁ ................................................................................. 191
= = T TR LR PO TP P TSR PETER ST PLRLY 191
0.1 HLFTTBELEBGTTEENE v overerereeserenssseresessstese et e s ebe b ebeta sttt 192
9.2 ﬁ%{*;@ﬂﬁ*;&mﬂ ........................................................................ 195
9.3 %‘E{‘Fﬁeﬁﬁﬁlé\% .............................................................................. 206
9.4 %%ﬁgﬁﬁﬁﬂm‘ﬂ@ ........................................................................ 207
0.5 HFRBEATEEMETRTF ---ooovrrererreeermmmmes i 209
0.6 HLTF RGBT A BIAT R v vovevereseresesersereesnete e st eaess 210
0.7 BB B HIZEES oo vvrerrreeremmirte ettt et 217
9.8 %ﬁi?\mﬁﬁﬂgﬁ{%%ﬁi—,— ............................................................... 221
g%iﬁ ................................................................................................ 222
T T L X RTITTTRPPT PR 223
%‘ 10 E ﬁ#ﬁfﬁﬁ .................................................................................... 225
g'%‘ ...................................................................................................... 225
10.1 Iﬁ%g’t‘.* BB  eevererreeee it 227
10.2 ﬁﬁ:%ﬁ ....................................................................................... 227
10.3  BHLESEIR corererrerrermeerei e 230
10.4 ﬁﬁ:gg*@*ﬂﬁy&k ........................................................................... 230
10.5 ﬁﬁ;ﬁéﬁ ....................................................................................... 232
10.6 g% ............................................................................................. 232
10.7 E%/ﬁ»% ....................................................................................... 232
10.8 in—g ............................................................................................. 233
10.9 &%E}i:& .................................................................................... 234
10.10 ﬁﬁ:ﬁﬁ ....................................................................................... 234
10.11 ﬁﬁ:&ﬁ—ﬁﬁﬁ& ........................................................................... 235
10.12 i-fkﬁ:?ﬂ']f& ....................................................................................... 236
10.13 %ﬁﬁ% ....................................................................................... 238
10.14 ZRMFTTSEPETHHFFIEE R co-ocrevverremmmermmerrrireseie sttt st e e e e e e 239
10.15 ﬁﬁ:/ﬁﬁifﬁﬂ ................................................................................. 242
10.16 /J\% ............................................................................................. 243
%%)‘Cﬁ ................................................................................................... 245
l‘ﬁ]@ ......................................................................................................... 245
I ATERHERIE oo e 246
;gl'—.;;: ...................................................................................................... 246
11.1 HIBATFMEIRBE TR oo 247
11.2 dRBEIRIE cvveree i e e et e e 248

. 14 -



