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SUMMARY

Digital I&C systems are being used widely in the non-safety systems of the
NPP and they are expanding their applications to safety critical systems. The
regulatory body shifts their policy to risk based and may require
Probabilistic Safety Assessment for the digital I&C systems. But there is no
established reliability prediction methodology for the digital I&C systems
including both software and hardware yet. This survey report includes a lot
of reliability prediction methods for electronic systems in view of hardware.
Each method has both the strong and the weak points. This report provides the
state-of-art of prediction methods and focus on Bellcore TR-332 method and
MIL-HDBK-217F wmethod extensively. The reliability analysis models are
reviewed and discussed to help analysts. Also this report includes
state-of-art of software tools for the reliability prediction.
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Az} 71&e] Wzt tBo] A&Ae] AAwA XY /&2 thEHE AF
B9 A2 "4 o] Hych oy FHE Uit AAA A Bat AR AAE
EE 2o AHols] Held Aol AAOT Autxle] o]z gt aEm
gut AgAINE I A-gslel Hgel thae] Fuelstd 1 He AP UD
gith el Uty ALY AZR] AZINE ] ¢l AZINE e A&
3l3 gtk Tt BR3AE 5 ¢zt Ay FFHE ABAE A% AZE 2 dF
el ojelgos Qusige] QA YA A2 AM U AFEHE dxie 4
LMHE BIATS Y RE AZA Aave] xg S5t gtk 2
AU 84 @SS F2 gk AL UNE AZA A AHgo] R eFstolTh
ol 7lA] ool thgt gt A A Mo| ¢z, HIANNE olo] tidt FEFo] ¥
Y=ol Q=] otk chat FAe] wWake] SIWE stes waEAA TNY AZA
ol A% FAE FF AL o3l woT F¥wR Qlrh (1] Y A&
e B4 712 oldza 7|78 A BAubS wEty] ojg o] gt} o}
23 Aoy AME By A stEgdojute nastd ooy tixE Al
ARL FlEgoiwto g O J%S BY ¥ 4 glth sEgols AZEs F
oA 71% 4357 I Jliwte ABYch webd AN AAe] NHAEE E
A3l7] glstele o] £ X7t H3Y A& thFojol ¥l BE stEglojs} AX
ELOIE Uro] ztzte} Al e Adtsts whie wo| Apuse glth. EE oE
M obd AYAQ whgo e I YA R AFo|th. T: oAl ol
& Ut CIRE Eolw ¥l =97 BSHA olFoix . 9t} [2]

E 2oL TRY AZA A AR stegoinke zaisle] ole AES
AP og Hyrists WHES FAEst ulzstnat B} FAZIT 2
L TA" AA”o] opd2 AARNC} A L7} Wolx|x] efolok yThe Zo]
th 28y oldztx] TiX® AAwel MEErt opdEarct AHEst A Fr}
L AdEg 3 EBsla YUtk olet T AL oA AR AT LAZES o]
o} 2ol WsA WX Aok, T TIAEY A2 AFHET} &7] o]
slte] BEout 717l0] W Jl%o] FolHA §F RZeo] o] AN nAE
d3o] A Uehts A shte o] W 4 UL Folth e AZEL]
2te] 44 REo] vyt P P ATALoT Qg e ot 31y
H2] k7] wiBolrt. old WRN Ky 15 4o AAstd g 13
&% JMsstE AYstA Ag Wart gt oyt 2L AXY WAL SojA
AT 222 E vj=w sl BHEA GolEwo]AS e Uzt 2y uhye



HAHEE BYste 22 73 ¥ 5 & Zlojrh. =M FF X o
S olul ol AURe] gleut, AR-FFH wel 2% delHet 1 HE W
HE oY eyt 2ol gla, o] ©E oF ZAE AME tiEA dehiia g
ch Al&Rlolu} RY whelel RUY whPe 23E wiAS] ¥ T FE& T
€ F Sl 2z3 HIoe el Holg AEdedE ¥ £ e dHE U3}
Zo] £ZEojete] AT LS Y F ole WSl dF W U vk

£ HIAE tAE AFHe7]71¢ stEdeldl HEYU £ dle AHE AF W
Hat FFe 238 & PHES v AES, tAYE ASFA ALY AlF
E 3% Hrt Ao & Fax} gL



H 2 2 AMEE Il

2.1 7l

19913 o> A=x}z2ets] ABatAd RAHAmerican Electronics Association 1991
Productivity Survey)el 23t =9 Zl& &AM ZF3t7] A3 71 Ty
242 AFY FH 4=do] KaFrh oA AME-RIY Ik FF 2.7
et A AL A= de] iyt o482 ol wirtie ZREIL St Q71 Alg
“d(reliability)olgt A|Ztef] WE FA HAJ(time domain quality)L2A ‘F3FE
AHg 27 tollA A&wlo] dF JHEet AEA IS WESY wIkA £UY H
E' 2 FgHclh. &, EFolU A&de] FolA HAA LA (failure) ¢lo] UX
71ER 23HE TS FUcte 5SS Yuiste B4 (qualitative)d FE
oAl &sly Edoes ZAAEE 2esltd HES =Y P2 (quantitative)
A Ados Hagste FoAFI gt st=go] FHNAY AEEE FostH
‘B=gol 7t FolW FAo g AA ALBRANA FEY ALFA FHAA &
32 E ufY dsolyd SHE WUKATE AT 2T M 5 Qv o]} el 7]
2302 AL AFEHQU HETL olUER HEZ A EEFojo} gt A=
E A% A7 AASRAY ot e AU ohdIRE FASH= 8T
Foltl, o] A%IEL WESHR| B AT BHICE A tid Al&FHo0]
FoA FeS UehddA FgEsiojol sh= 3 AlZtelth ARRRALS A&F]
AeEE BE 317, & 344w ohet A= Ael, F713 A HEAgejol
714, gy, A73F, €43 327 A S n|rh

2.2 st=glole) 4 Za

AlZAPE &AY 4 9 HE(peasure)EE AlB]%(reliability), 7FH&=
(availability), 3 & A|ZH(mean time between failures: MIBF), L& A|7t
(down time), IAE(failure rate) 5o] gt} AlZ|E3t EEo|u AlA”le] 73
Z7 stolA dF 7IF 23EHE VS U £ dE= HES Y|ty 7t
B AaRlo] AV|HOE SLEAUS wf AN LAl i FYALE 2F
g A7) B2 Uehdch BHE 2F Aol HBou Axwe] 2 Qo]
T U B ADLS Aujsta, ZF Aot Aol 2 AEjelAd HFE
A FAA LS SR aF S| FAA FF il Ao iyt 1A AF2A
ol AAZIR] 2% ¢lo] F3E oW Ala®lo]l I AFEE whel Azt e 2



& ULt uge Uthdrth ol wEE Hols sis) shue] zTolu $E9
2% B4g AA £/l AAE W A FROE el TEstn 1Y 13 2
& FHos Uehdr}

Failure rate

Infant Mortality Steady-state Wearout

Operating Time

a1 AR} FEe £ 54 J4 (Bathtub Curve)

2.1 #7] 3A7]7t (Infant Mortality) -

EEL BAGLS £ 7)o e IFES UehiA Hrlh o] 7|3 Btel] 1
E2 5] ZAste] o] QlAE AA TpolA 53 P2 P =l
olglyt 7] 1AL ARY AG(HAN Wojd AYP)eR ¢liste] FF AA]
U=l 2%, 4 F 4+ 34 B AXAY 3L Tl s @Ayt 53]
AEE FuloA 7] aFE] A Uehted, U AFEL 2 AEES &
3t5l7] Aol 7] 2 wAI7IEE Fol vl X7 AFE] AAHES L
2 ALEA] e £E4 AR SAHES St E%E& & ol"H¥ 7]
7L o 24 thad] ZAEo] arh

c AXF &Holu HH

c AXE Wd 4¥

- ARd a4

o Xl Ee] EroIL} YjRe o]EAollt edEA

o F&olut AN BEY S

AN B3 3] &, 449, g2 845E
o F-&e AR A4S



ol 27 2FE Fo "W T2 AR AFof oy TAE AAHLZH o
HE F olrh FF oleRt ARG 2AE Fol7] 3 HAY 2R sjdo] &
FHAT ZE2FLe2 oYy AFEL FEY EAEY AR A2
ot SHE Rt Zlojth. I Az} oyt RVIAHEL A F AEA AF A
d, 3% AL eE AE, 83 AE S Uehdeh

2.2.2 53 49 7]7t (Steady State)

7] 3% wjA 7t o] FolA Fo F-FE B 7 A2 S =H5]
A "l olF AAEL o] oA v|ZF YASA §RHL} olet L AT
AFELY = nr = Al o] 1FEL] WIS AWRSIA o] Fo{X ] A
7R A%Hct o] F ¥ 7| fFE F£EI|gelety E2n F2 2RI JAA
H 23] A o5 B YAt AAREZE 2| $EET} o] 71ZHE A s
F £33 2dE da] o|x gt} o] 7|E st=gole] HFefol mal ti=X]
T A eE dAsH=Y glolM MR Fa%t Z|oln, E3t A% oFoLt Ht
of SNz 713 Fagt 7]3telct.

2.2.3 ulx 3% 7]7H Wear-out)

upxjgt £E7)12ke £E 2ATY 3FEo| WA FUishs AH TweolA A%
Hch o] XH2 FASFFH T L ulre Aojata FoEEw A Fly
oJAE AUA HE RAEL FH5 FU5HA "l ulRe| 3t JAY Rl
A 3k oldolw F-F2| tiAlLl FE7} o|FolHoRitt. Y L £8E A
F-Eoll oyt oA AYL ol LS thyt olsfe] xS FIL o|f A ofyiTL
utR 3 71719 g3 BF L WHle] sl Xe=EHE 7|79 AR B 7
Zof 7123 o] gt ol¥t Fxe] Za: BT @ JiA] H3F, Ee3 o
28 AT dojuirt,

A EE Abg

- AAo] W B B

c AFoIUt EAALE] FLolH e WL o|F
- mpEY T2

- ZepaE AEBL $30lU 29
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A =g A5t fsiE gyt 3714 18 7| & BF a3 e of
sto] s Fololgirl, XA M (screening) 2 X713 viA] A]H2
A QA Hxpo 23] AAE ookt Folge] ¥ AL G} HAARE &
224 Hastsolopditt nRIAS: B $BE 7 FFo| i) 7o oY
DAE Ho=R AAsfortitt. ole} Pol A&yl MR ES AHHFAY Belst
71 fsiA e Aa"e 29 AT 4YE T BEE T3} 2458 HA Ao
Thelslal Ziqts] Folofyith. nizoez Y FHS ¥ AEES2 I¥ 19
TR 3 Z1BoletR A L2044 nYEe PERA, AFE(reliability)s
P78 <= (parameter) 7} Sh1Ql x| 4-22of 25l MHH 4 gt &,

R(t) = e*

R = AR &3 27 sleA F-Fol ANFU 2F ¢lol Y HE
oltlh. A& F-EY AREEA ol FolA Fii, & e FE +F el
uhel AFshy, @ o ¢ AR} AQARZS AA Z F-Fol st 2
"k 8] Aol HERE A2 ¢ gk oidshd A ro] iR AAES A& S
th. XFEL 5= BT P ABMBF)LE tha3t o] FLdrh

]

MTBF = 71

MIBFi= 7123 "z $X2A, o|Re] &3l 3tue st & e st=4
ol vy 4= glrt. ER} MIBFE RE 43 717 T4 AFE( )Y HEo|rh
Fol 4t 2 23 £x7t g8 AW o] EX U4EF FHEdlA AHES
AN 2% HES FoI3L olojM AUEE ARt EE o] BES vy Z2
TE OlES HIYLE ¥t

- olE AR A J} UAY HE2 0 3 1 Alojof Qlrt

- AN AE F ot HE §2 1 ot

- AZ 2 F 7R el A4 U FES A4 HE ol
t}l.
F dubQl A A4 22 ohg3 Uc)
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Type Range Hazard functlon Probabllity Reliability MTTF Variance
of hit) density function (t)
distribution r(t)
1 1 bt s +b (b—u)2
Rectangular astsb =3 = = b -3
Normal Oxt<e _r(t) ;—7%2;7 -xpl-(t-u)zl?tzl ;—%i; t-xp(-(x-u)z/2vzldx B o2
O<uce
o>
Lognormal Ost<w I‘élé%if ;5—512;7 cxpl-(lozt'u)ZIZﬂzl ;—7%; [- texpl-(x-u)2IZczldx oxplip+ % 02)1 cxp(Zu‘cz)(nxp(vz)-l)
—-<pcn og
o0 2
Exponential tag A A expl-at) 1 7
A>0
Rayleigh W ke Kt exp(-kt22) op(- ¥5) Vin2K) Za-wo A
Erlangl te0 A% 2%t exp(-at) (14at) exp(-at) 2/ 2 '
R %o (I3 P had 2 =)
- (o)
W ot il */8) (-t%8) Ve pliey  g2lep(dte) 2Ll -
leibull ::OD - exp(~-t /8 oxp B - = < fUh'U
>0 W
<=1 a-1 -
Gasna o SplUE) L L— epl-t/m) i Rl - os? o
0 T By [ I ) 8'Te) ¢t
8>0 t or ™
or H
t"‘ ct )u;l( 4 )J 1
‘-itJ 1 oxp FJ-OT L RI3))
AT ;o @ Fyery
Extreme value
(Guabel ) ty
Type 1 80
1 (t-y) 1 (t—y) (t-7) (t=y) 2
Min. Type : “”{—EL} oxv{—r(-exp—?—]} cxp[-l»{-—b-L}] ¥20.5778 1.6461p
B B ~ for minleum
+ for maximum
Max. Type ¢ i "P{_ uil)} %“p[_ uiz)(_.x’(_ “il)]}] -w[-m»{- (t—vl}]

Note : The cumulative distribution function,i.s., F{t) or Q(t) lw given by 1~R(t) and has therefors not been included in this table. Hovever,

in sore distributions 1ike normsl and log-normsal, F(t)

logt

- - t
fe.,of fandSf toJS and [ ., raspectively.
]

t

logt [+

can be obtalned from the expression of R(t) by changing limits

-13_



[E——
TYPE HAZARD FAILURE RELIABILITY
OF RATE DISTRIBUTION FUNCTION
DISTRIBUTION hit} LIS ] Rit)
[ 141 ()
P )
Rectangutar ' . \
o N
. .
L i ..
0 o > ot
Narmal
Lognarmal
b ¥ SO x :
Exponential *
b
'
| S
] A ] (7Y *
o ) )
"o
Rayleigh 0-607
(% Jurep---o R
[ 1 o frs Q t
hit} 1{1)
Speciol
Erlangian
) [ °
nY) et () R{t)
o
i o3
Weibull n
[-433
“zV2
oLz
1) t
Gamma
Extreme
volug

3" 3 o 7A A=
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ANEEE AAR 2ZE, YESY A%, 7|¥ HE(component) A EZ EFE
3 AA&F Mg ko st AMEE AZESo] A%, ¢ (human) S| %
7t ¥R 71EY J|A Aduy oldEL e AP sl=de] ilgxe} &
HEE AR AN A e AARCE u]Fe] Reliability Analysis
Center of &5t ZAMH Ax} A&Re a3gE EXe= 1§ 49 gt} [4]

AlAH 2]
AzEfo 4%

or2(ds})
9%

Ck
9%

lerun o8
20%

20l

12%

¥ 4 Az} AR 33k BX

A7|A F-FE ulo]AZE 2 ERMX|AE, AY, AATAFY FF 2L
¥ & Hyith, by R 2FLeE UdARgey MUY £ e BEA
AA Aol opd FAd X rl. AHRE AHRANY] AYge s AR Ffolrt. g
¥ e AJA FHolU ARY HE4E A 2 dujytt HAL HE ¥
A R, 24 & e, UBE opsY AN LHFE A A& Yusia u}
B 71718 EHE Ay IS oyt LT Egojs AZEgOE QI 3F
= uisti AA" Fele AAY 23 Y RV A, FHol oy APE
FF3A RY B 5 Wit 4]

olg} Zo] 71 E 1A fglo] F-Fo| AAFoxIqt I olgu] HA, AR, ¥
l, u]¥Ql vhitg Qe Fag fglojtl. Igal o] Rl AZELo]o
A BALE 9% B ulF2 FAAY, 2 FAHE & A7H|Y 600l S AZ
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Aol Hey oA, FUEY &, AFY 715, &=, 3
A Sol AEx HF AR EjtEojo} iy F23F A} Fa-:'q‘

m -{)l

A& chde] Fejeh A

A& ZAte] A&
oflZol A8 WY

AR el gdedt iy
* Q19o] HrH HY
* R UY tlojge] &4

R O
A Az
+ A% 3t

* 24 9 A

&2 HA=

tlojEjol thidt 713

* B &4

+ AR AHg

s WhEA
2.6 A3 £2) £F

AEEE

o OE AsE ANEce

TR E #F S A e 7R 273510 B3 (static)l 2 xe} 53
(dynamic)Ql A E2 pPpeojZcr), AHZHQ M 3} o] AZte] F3te

2 ZIH AAadlo]

olu] % R} 1

AEEo Aol 9

(=]

=

2 @ YEge] 278E Aot (16]
EaB Y EAZA A t=0 ol A2ue] ATo] Balo] AL
folid el AUTIN HIE EVGSl FARE W o1 ¥F

M o

BUY S Foke 3
A@s o] AHE AN it A4S s
B0l t=tl olM) ¥Fel WAET TR

l
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o AAFe] AFE JFAL HES 3= BE
- Fof, mAld dE, 53 ddojgt Zo] 2t S wl FHFH Y&l
A7Ee] &7t ofl L Ad=el 27 A2 % (demand reliability)e] -9

A A E= 3FS0] A7t o A d4dd Fpoll g™k ©=x] F
BEE A= 24 HEZA HFHIL FIHU B AU HeE X

2.7 A= o A

2.7.1 A&® F9

o] Al Jlgolut AZE FHoM AlAgle] FRE Fo¥ch ofH
71717} &g Jleol WA ARE B meste Zo] F&sich o] wACA
The] B3 WS Mg R-83ich ol& =43 whdel oyt AU d3
< 473elA Jledrt

- Alg]xe A% ( Reliability Block Diagram, RBD)
- Alef #Ho|%= (State Transition Diagram, STD)
- A £5( Fault Tree Diagram, FTD)

2.7.2 A AE M

AIE &g 517 Ao oy A (Measure)E AMSY ZRAX|7F BEEojoF T
c}.
YA A4 AN HIlel AMSEHE H e o thet ZrL
- 7F8% ( Availability)
H]7}-% ( Unavailability)
33 #7] ( Failure Freguency)
- B 24 A7 ( Mean Time To Repair)

- B 3A A2t ( Mean Time Between Failure)

ol golx AEshe HHo wiel dde JEF AHE 4 Ut
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2.7.3 3R B4 1 sjx

FAEOIAY FAHoIAY AlaHe] 4 & FE %S BAY 4 gl welA
AA Al&Ee] AFEE A fsidE B9 RERE £& 4 & UgE ZA
253 3t AEHEE ALY thE ol AAE FAFS Usle Zeol Frth oyt
S T2 24 2 Al sy okt 2 dEHA R YelE UE = 3
t}.

B

g2
27
s
- th7] F&(Standby)
n%mn =X (mout of n)

- 53 =2
o] TtAlNA 2F F¥ U P FAY ( Failure Modes and Effects Analysis,
FMEA)E 433t T2 & 34 sl =& Hrh

of ¥
BN

»
4
B

Al

281 Uehd 4 J=EF FTZRE BY ¥t o de FEEY
o] BEAE, &3 54, 13 Ud 9 42 54 Fol LeHojof ¥

2.7.4 wisiis 2F
AT ofFof glojA 71 FaE AL wiAf H4E ZAste Zolch miAES
€ T Y aFAE, B4 9 & AR FE D AL Eeet 22 ot

2.8 AFx oAF A3} o %

A% B thF Aatoluh AA) Aol %A A 71 Fof AaRol} Z]
o NFEE FPHoE Yrsts FPOBA UA HUES UHEe) Bel W
e+ Y 3R ALOT gL EY MIHE 3L daAx 437 WA
A", BF ulge] Y dF T3 TS AL GRA U &L AIYh A
AT & B3e thed 2t

Rz, 84 KA or 7Hs4 RAL: feasibility study)ol ¥ 7Hsdich 4
Feol 27 AA Adol AAHAS o Aol LaFE I AIAE o

_18_



= AdAL HEdo] U} FRE AIFYUCL vF ol 27| wHA Y
ofl&o] A, ZAE HdA FEE 7|2 3 vt YAzt 2A
< AA Aol iyt WS AN & 5 olrh

4, AA oS A ulzrt hesich AAl dA HAE HolEA HA
AA=R= o A cigte] chyt @2 AP S sfofd Zelrh 4%, Hl
€ T3 AUt UFAE &2 A AP Uiyt 2R (basis)E AF

" 4 9lrh
AR, ZA A AN LR 7He EAAES 271 338 d 5 v}

U, A&d] A AAES & FF AF ¢ vk A" dAA e,
Hl-&, 27], FA, Az 5o 43 AA JAE RS w2 A
ZHES Aeslof 3ln, ol§ ARG FFFHA A" HAE s A
Tz ololyitt. oo AEE oFE HA ARG FE el
U A& Bxsly] % AP J=E AT 5 ATt

ol¢} Zo] A E &2 Aad] MY F47 HI A== A AN H
T 27143 247 ook o714 BHA AR A&FS AlAE Tl Wy
(2A=LY] &o])& AT Hp(MHE FYAY fol)et dAAT 5 A& AF
1Yol Bosith AR &GS A&Rl 717 U2 £&2 ¥ F AAES BF
313 o]E F3I A FELE WANFA FFHA A2 A= Uiyt oFo]
o]d wi7ix] ANPHPo2H dolr]

2.9 LAY WAL ASA oA AHL] AEE oA
2.9.1 ¢AFT/A ASGAo] A& 7|8 274

u|e] FL-§ olE Bol £AE5S e shd ozt Zrl

AR UALY] AZH oA AR HEE= FA] £33 10 CFR 50 (Domestic
Licensing of Production and Utilization Facilities)ollA] ¥E] &%}l AEZA
oA AHo] 7|E o7 Ztolof & Q7Ao] 10 CFR 50.55a of 71&E o gl ERE
Appendix A ( General Design Criteria) ol AA 71Fo] BHA|FE 9=,
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Appendix B (Quality Assurance Criteria) o= 3 g 7o dHA|Ho] git},

ASA o] Al A”le] 10 CFR 50 & R4S $F3h=XE s/ ¢ 34 212
RG (Regulatory Guide) 1.152 (Criteria for Digital Computers in Safety Systems
of Nuclear Power Plants) €} 1.153 {(Criteria for Power , Instrumentation, and
Control Portions of Safety Systems) o|t}. E& A|{-Fo|AL 7HY A& t}
T o= dF=He] Q).

A AL WEFHAF 7] 1% EEE IEEE 279 (Criteria for Protection Systems
for Nuclear Generating Stations), 603 (Standard Criteria for Safety System
for Nuclear Power Generating Stations), 7-4.3.2 (Applications Criteria for
Programmable Digital Computer System in Safety Systems of Nuclear Power

Generating Stations) oJct}.

2|3 A= A A 2 @ ASo] EPRI URD ( Users Requirement Document)
o 7l&=o] gl o] AL MHA Alo] HujRt vty slojof sl Aoe FHY 7
A 23 oprl.

FUME 4718 £2E3} AR AR, WY, A¥RY, J&VES A8
LA, 4719 miFezelyd, YAE FF Fo s A&yt

2.9.2 HHFY AZA o] A& AHE A

TIAE 771§ E@T A TR Aol A& iz A 270 73
L2 qbd AP AZAo] AAawle 479 AREA sj&=Ho] gl 10 CFR 50
Appendix A 2] GDC 21 ( Protection System Reliability and Testability) o¢f “X.
IAZL ¢ 75 Y 4 UEF AL V|5 AIHES JHRA AAE]
of Rt} 7]<3lelct. ola¥t £ AL RG 1.152, 1.1536|% 71&Eo] gltl. g
3. IEEE 279, 603o]% f.70] Jl&Eojgon} oj8 7/IEEL AY oldE A
LEAEE SR Ao t]xE A" iyt FAHol HBHESIR| ¢rt. webA
IEEE 7-4.3.2& AHB3lo] t]x|E A&y #Y 2732 FAsIATE gL 7)o
= Ao A3 A% dF=Ho| gt

R vlf':"—“;]oﬂ tisl A= IEEE 577 ( Standard Requirements for Reliability
Analysis in the Design and Operation of Safety System for Nuclear Power
Generating Stations) 3} 352 ( Guide for General Principles of Reliability
Analysis of Nuclear Power Generating Station Safety Systems) of] AA|35] 7)< 3}
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2 gtk BE olF EAol AT T FAAL, £AT AHE %S
FASAE dgtet.

231} EPRI URD 10 ZHMMIS) ol 7H&E(Availability), S1%A]ZH7HA (MTBF),
H|7H& X (Unavailability), 223 Ud g R4 7he] A 2A3& <22 FAISTA
on, A= EA Ao} AMRY 7|Fo¥  IEEE 338 (Electronic Reliability
Design Handbook) 3 MIL-HDBK-217, MIL-STD-781 (Reliability Test Methods,
Plans, and Environments of Engineering Development, Qualification, and
Production), MIL-STD-1629A (Procedure for Performing a Failure Modes Effects
and Criticality Analysis) 5& F#&3l4r].

32 &AL fZe) g7 sl AUt ole A LA(L)edE A E
T4 & 275t gtk EE ol&e] FFFA LAnE 28k A2 ofyrh. 1
AU A4 23 AE PN HEEF ¢FA B FAE IRIESF s A
7] diZo] ol& HsiME: FFA A= B4 22Vt oy Zolrh

et

2.10 (X} Folo PSA ofAe] AFE oS A3} o]-&

1975 A NRC 7} WASH-1400 &= A& {4} wdLe Aa fde Hrlels
ARE kA AFE AR o F2, A J[HEe] RE HAY wALe] tisto
A HIHPSA)E slex ot HEEF AAY HileE ZA F A
gl 3xls Al §¥3 U NEE F3h= oz, F WK &
3S A3 sl Yolth, PSA oM 7] AMALE R FHEY k4
£ FEZ oloAE AR 1Y AFPolA Z AFolU 75 PR A
= ¥ES FY o dutFLE AA$E ( Event Tree ) 2 313 45 ( Fault
Tree)& ol-&RIcl. o|& 4o Wad FFIAA UES AL" dY FF =9
9] A =(2Ae)e 71Xste] ARt webd PSAGIA AEE £42 "4 3o
th. olnf ALEEHE A= st=gojEnt oljgl AZEO], Iz, oF oA
TS BF el [5106] 2y & BRIaAMoANE stEeints et
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1

)

3. 1& HolH (&2 A=E o

3.1 7]&a
AT EHolA 7 o8 R iU MY £ UdE W volElg $3s:
Zolth o|ZL slEgo], AXES ], ARAS, FTFUUA 2BF gt £ 3t
olth. el thPEe IFE ARLE BF FEo] sl 238 (intrinsic) 4
The Uehdt} o] A& HolElsl AAl 3 A BRMA Ush: 2ged
E tE 4 drh olAL 1AL dyolE st A &A 2ol 8RS FYS| WY
st et Azjolct.
HEEA A Wrel ol FAA BN AL FolA szt dojnd
23 R4ty g2 BEEsich BRAAL 9, By Y FIES
gichsty] 93 o3t &2 FR7 gaesicl

- 2 88

- XE 37

- 53¢d 2ol BA

- A JA[T 4FFY

- ZAZI A AA &

- B4 A

- RN

- FAY 7R B NE

B

Fl
q Re
3 A

Ao

)

A&l Foy UF, A= EHS HA JALEVA EUY 2ZE dHolHE
EH3la g JAXNB(EE20Y B ZZAHE)7} Yo /iUt el U=t
Y ubdse] BEEA hAA BEel WASH-1400004 ALE-3t tlolel= ¥13F Zrh
2ol olgyt 33 HolHE t& st FAHA AEE AHEo] 7Hssith
PSA of 20| 7Hs}t A&EE FE st ¥ 29 2t} [20]



H 1 VASH-1400 oA AFEZ% 2%4g AR

a3g 2 A=} Lk

Reactor Incident File Office of Operation Evaluatin of |{X}A]de] A

(anually updated) Regulatory Operatins, NRC b33

EEI Availability Report ste, fxpudd4L

. v repor Edison Electric Institute e, dx=d

(Component Failure Data) o] JAAIR
United Kingdom Atomic E g323 §ge 1A

System Reliability Service ! tnedom Atomic Energy gt e 3%
Authority A&

FARADA (Converged Failure Rate [Fleet Missile Systems Analysis |&, 3], IT%& %

Data Handbook) and Evaluation Group Annex NASA I 3=l 7

LMEC (Failure Data Handbook for{ . . . . ARl dAFEe]

. Liquid Metal Engineering Center
Nuclear Power Facilities) AAAE

FE 2 PSA o Hg ¥ DB ¥H
8 e
NEA IRS (Incident Reporting System)
WANO Reporting System

Int. Reporting System

=] Z§ DB |IAEA IAEA DB Version 1.0 (1988)
ICDE ICDE (Int. CCF Data Exchange)
NEA - NEA COMPSIS DB

- TUD (Swedish Reliability DB)

- DACNE (Spanish Databank)

=714 DB - X NIC (Nuclear Info. Center) DB System
- m]=+ NRC DB
- NPRDS
uls avedA| EPRD
DB d ]- EPIX
- IEEE STD-500
- MIL-HDBK-217
- - HRA TB
= DB - IPE DB

2719 2L dolg(dely Holi)e JAFESE EURALEA A= JI7IE
T3t AF BB AT AZE WA Arh. 53] tA" A&Re #siME o
< o 287 gA 42 AdFelvh. weEtN 7Y MRS At $135te
AHEshe 2% dolEE 2 AL 2okd B4 £k AEE o &k HI A
WA Ee AMgolgo] WX o2 F-Fol vyt LSS AL HsiME 2%
&2 oSSt APyl EREloF ®rl. Ta FFY AFES AlNdste WHS
3 533} AME FAo] met o JEX|7F AEEe] ARSEA givh
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Azt 71719 AfEE «d&FE s P dE dExla AREEHE HERS
MIL-HDBK-2170|t}. o] Az} A9 A= &S $7 FA WERCT Rome A
T4 Algle BA] AE|(Reliability Analysis Center: RAC)S] AF-5 7|¥leo=w
o] ubgolA Hastadct. MIL-HDBK-217-2 AR} AJAE oA ARS-EE clofyt Az}
5 F AFHZE, ENXAH, tjolex, A, FuiAE, o], &%, AY
T 19% 84 R oy 2FES XSt dct. olHF A FFL AFE
A2 vldRt AlaR BEEO tiE] 2@ £ ol ¥F dvolHE JeR 3}
e olf 7Hst BHE B3] AN WS deHd JEES JNes

U< O

E THE W2 Bellcore W TR-332 olth W2 gl A
2} & El*} < 2E HE AHE A&FS 30 Bellcorey & M3t gich
Bellcoret= ' T4l A4 oFS ALY oM oAee MY d5S ¢
3] MIL-HDBK-2172 %ol AHg-3t%l.ou} MIL-HDBK-217¢] &3l EFo| ZAl A=}
Bu|E2] Agd oo ol7] diEo] WE A A=} AFel chsiys AUXA X
<3 £A7} E2E7|E gt wleld Bellcore: 19859 159 ¥% F8S
Xt o @ wtgass) o Bhe £38ga, 4dFd A AFE Ko} o
3-8 FE¥ Bellcore "'EIE & dxg Austach AFE, FA ALH, A%
BHl, 3] AEete] 52 AAste WS 49 AASS IE I AL o
%S #1314 Bellcore WHE AHS¥ Z1& 27313 glrh o] Yel= ALk
R Aol A ZHURE HRD(BS), Siemens( H), NIT( AE), Italtel( ol%
Zloh), CNET(ZF) T8 AfE oS WiEel A3 Zh yehulth 2&AA ste
WS 83 glvh. ol&S BFEshE = 3 2 grh
E 3 A 7Y 2%E AR

IS doly A=t 3 &9
MIL-HDBK-217F DOE, USA [7]
Bellcore 6 (TR-TSY-000332) - [Bellcore, USA [11]
HRD4 British Telecom, U.K. [8]
Siemens (SN29500) Siemens AG, Germany [9]
CNET CNET, France [10]
Italtel IRPH93 Italtel corporate, Italy [12]
NTT NTT, Japan ‘ [13]
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2 FoAE tIRE Az} 7] 2SS FERZIA] s&s=d 713 wo] A}
£31= F 71X uwhH el MIL-HDBK-217 2} Bellcore TR-332 ¥ & x}A3] HAEZIC)

3.2 MIL-HDBK-217

3.2.1 7l&

MIL-HDBK-217-% A AL XM & AHFs| o BT A28 A=z A F
F IFES AY¥st= AS JHestA et PR HI AR
MIL-HDBK-217F+= A} At Zuje] Agd e FH3] ¥ A2 F41 Az} A&
of ozt M= o&} v|2E 9% 718 Ech(common basis)E ¥yY3sta Qlch
AT &S ¢l ¥E £2EdA EM'H(part stress analysis)?} ¥F JRE
T4 Y (part count analysis)& FH-E¥cl o] EHEL A& ¥ uj 27HE A
ol &0 wel FEHCh £F 2EdL BHE 4ER A FEI 2est
3 st=glelol Azl HE2IF AAMZ MASe 4A FirEel 3§ sMsdich Y&
FHEE E4Y-E AA 2ite] H 8 Jheyt WHOR thh FHE e FHE ULE
shed 23, $E 4 83 A8 g7 By FEU gasich, @itieR
FE IRRE E4YS HE 2EdA EAYHo| 3] E43 FHX|(conservative
estimate), & HErt} &2 I ES [FURch MIL-HDBK-217FolA X3t AX} F-
E IS FEZTHFEFE 49 F 59 23, EE AEA BN 3E IRRE

49 o Aold Wiz E 63 th
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3 4 MIL-HDBK-217FellM U= F=p ¥-F 23§ 2Y 7

53 Hk=A

Gate/Logic arrays and Microprocessor

Memories

VHSIC/VHSIC-LIKE and VLSI CMOS

GaAs MMIC and Digital devices

Hybrids

SAV devices

Magnetic bubble memories

Low frequency

Diodes High frequency(Microwave, RF)
Low frequency, Bipolar
Low frequency, Si FET
Uni junction
Transistors Low Noise, High frequency, Bipolar
?_}g E_Eiﬂ High Power, High frequency, Bipolar
High frequency, GaAs FET
High frequency, Si FET
Thyristors and SCRs
Opto Detectors, Isolators, Emitters
Alphanumeric displays
electronics Laser diode
All types except TWT and Magnetron
'Irzr.‘i. Traveling Wave Tube(TWT)

Magnetron

Helium and Argon

Isealed

Carbon Dioxide |l-‘ollowing

Solid State, ND: YAG and Rudy Red

Composition (RCR, RC)

[RLR. AL, BN(R,C, or N), RN

Film
IPower {RD)
Fixed Network, Fixed, Film (RZ)
RER, RB
Wirewound Pover (RWR, RW)

Power, Chassig Mounted (RER, RE)

Thermister (RTH)

RTR, RT

Precision (RR)

Virewound

Semiprecision (RA, RK)

Variable IPo'er (RP)

Composition (RV)

R

Nonwirewound

IFilm and Precision (RQ, RVC)

- 26 -




3 5 MIL-HDBK-217FollA] | (== Az} & 33E B 75 (AF)

Paper, By-Pass (CP, CA)

Feed-Through (CZR, €Z)

Paper and Plastic Film (CPV, CQR and OQ)

Metalized Paper, Paper-Plastic and Plastic (Ch, CHR)

Plastic and Metalized Flastic

Super-Metalized Plastic (CRH)

o, OR
) MICA
Fixed Button (CB)
Glass (CY, OMR)
Ty ] General Purpuse (X, OKR)
Ceramic
Temperature Compensating and Chip (CCR, CC, CDR}
Tantalum, Solid (CSR)
Electrolytic Tantalum, Non-Solid (Cl, CLR)
Aluminum (CUR, CU}
(Pry), Aluminum({CE)
Ceramic (CV)
Variable Piston Type (FC)
Air Trimmer (CT)
Variable and Fixed, Gas or Vacuum {CG}
o Transformers
= 7171 il
Motors
517“"_ 7] 7] Synchros and Resolvers
Elapsed Time Meters
Mechanical
7";‘!—:'7] Solid State and Time Delay
Toggle or Pushbutton
Basic Sensitive
_}_‘_5,'—] Z] Rotary
Thumbwheet

Circuit Breakers

A

General (Except Printed Circuit Board)

Printed Circuit Board

Integrated Circuits Sockets

¢ Z A ( Interconnection Assemblies)

o4

A7

3 WA=

e
71 99

3x
T

71et §-&

X6 Y¥F JR-E H3 EE 2EdHA B vz
- = FE Y BEZ AEgA EAY
2-8tA 271 AA @A M A <A
L BN
2 FHM FARE U AR

ge A =a mA 2w AAR g A
IAFIAAE RE-AEHA B RE-L2EH A B AA
AZ1(A4H 7183 (default value) J & AR AL

-.27_




RE JLSE Pol AL 18 1AL HolHE RE A=da el FA(2Y)
o ZIRZH( default value)E FH8E HO2A UM #e2 8 4 otk e
N AEdAY 87 Z2do| tEA Hu 2E AEdA Xy o 2§ ne
ol £ sheE A% FETH AU He 4 ol Wi Aol thslel £
7hx) e Hew o ¥ 7 o grk

FE7 Ao oyt BE JRLE W3 BE AEHA B4 AL

»EIRRE Y HE AEGA Y
B3 A 2%
F9] % : 40T
3] : MIL- spec
A4 AF : 0.2¥
¥ Bs M9l 500kQ
He ¢ B3

&H] F¥: 0.06W
&4 : Not Ganged

3 AR 7o) 3.0 2.5
N8 IFE( Ry) 0.11 0.047
AL ARE 2o A Tz Tk Ty T e
(1.0)(1.4)(1.0)(2.0)
Ap= Ay g - Apy= Ap Tqaps Tp Ty W W g=
28 aF 23 (0.11)(3.0)= (0.047)(1.0)(1.4)(1.0)(2.5)(2.0)=

0.33 23/10° Ajzt (0,33 =A/10° A3t

3.2.1. & AEHA BAH (Part stress analysis)

T AEdAS EIUY K3 AY A FE F, ¥FY, ¥F 4, A8 A
, AZG2t 59 3% vlolEe £F 2R9 £ doly &, AAH=2 4
| LSI, MSI, SSI 5¢] A%, TIL, LIN, MOS 5¢] 23], AlolE, E=X|AFH 7)
T, el=(lead) <=, Huh A<}, A AR, JY 2= A FK, FAziAEH F
T+ B4 A¢h, FA £E, A &Pl AW dlolH, ME NN FF 2EF
3. AE, B4 A, 3F A, E5F Tol Iy volEst A ssE o I8
7Hedlth 0|2 FF A, AEd2e} AP0 FEFS 993 dA Tt

A=}
-
A
T
kil
A
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AHEE o olrh A" IFES Aol A Aefold FolA BANA Fol
e w¥shs 5o 3EFA T3S sk Pl F &k BE 4E(HS
A2 )] 2BES 2] A% Gt Axs f 42 <92 AEFHe
E ALE IFES BT sl RAoith oY YL HE = oy IFE,
SHE FEAH aFZE, FAYHe] Uy 2P Ee] djct ¥F 2 2L ¥
=9 Fefoll wiel A2 ct2A] Hsht A Fele] ¥-F AA Y AFES(3,)2
Th&2t Zrh

/{p = Ab TEla g ** Wy

1) 718 IBE (4)

71X AFES A2 gHtAd -9 Hed dste E2 F&H FF A AR
EXEH oA, AL R o] AREL 1P Eo] sty P W w2t 2
Eol &3] yeldct. FZFol /EFer AeA He ¥t ¢dLLE o] 71A
AFE ol VG 2,9 g2 AR A 24 dAHE F3 £E2(&,
Izt Abell o8 ARl F-Fo] BF Flo} iy o= FHEH ¥ Py ¥
F2 FFHY A== ¥E nAE= WSS UEhdch

(2)F3 AAHQuality factor: xg)

& 28 AFAHA I¥S nAE AR FFo] AR olA Hujx|7] Ao
Az Ag=HE Az FA F=E dPshed Aot 92 FFSol A9
7R FA £EE Zh= BAA s EAH. E 8, 9o A7 X FF F
BA 7 L2l

X 8 53 5F T NYE A= FES

Part Quality Designators
Microcircuits S,B,B-1, Other: Quality Judged by Screening Level
Discrete Semiconductors JANTXV, JANTX, JAN
Capacitors, Established Reliability(ER) D,C,S.R,B,P,M, L
Resistors, Established Reliability(ER) S.R,P.M
Coils, Modeled, R.F., Reliability(ER) |s,r.p.M
Relays, Established Reliability(ER) |R,P,M,L




X9 A 5

i e A

S MIL-M-38510, A-Level (JGN)
B MIL-M-38510, B-Level (JAN)
B-1 MIL-STD-883, 5004, B-Level
B-2 MIL-STD-883, 5004, B-Level
c MIL-M-38510, C-Level (JAN)
D Irregular Screening Level Commercial Parts
EdAAE £3 AR
JANTXV
JANTX MIL-S-19500 for Linear Logic Switching and High

Frequency Adaptation

JAN

(3) 7 AX}(Environmental factor: mz )
AR B AR zpe 2o WAL 3 ALY RE B AEHLAE Y
B3t Zto 2 A RFo] £ysjoksts FAFA AE A (AT, H7] 5)2 BAS

ok, 53T F-E ey F=Rol wlel 732 0.2001A4%8 12071218 2 3
ol nAldg wAbste FH O BHPS GutFo R of¢ AF3Y S 2 3R
x5 Q7%ch MIL-HDRK-217 FollA Za3sle 37 Axl:= ¥ 10 2} ol

(4) A& 4= (74)

o] 84+t F-E HZo THEM, FxFHA Filot Ao FR3ITIL A
= 3§ 2452 S'_EMI Y&

(5) W& A= (x,)
ol L 78 TF 2Ei IFES %l o L4ES HBHF

ZR A== ﬂ S Uehdie 71 2ot

rr
-z
N
2,
a2

(6) % < =x}(Temperature factor: xp)

FE AZEE 250 e uAsy] oS FE EY AR a7FHE 2=
H#3 Y A3 (thermal) $3 54 Uehils AXE , oo chgt Z}ETL:‘ AA
AR ZHE 2 5HA
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¥ 10 MIL-HDBK-217FeflA] 3lajsl= B3 ¢z}

i
oy

TE AE

ek

Ground, Benign

Gz

Nonmobile, temperature and humidity controlled environments
readily accessible to maintenance: includes laboratory
instruments and test equipment, medical electronic equipment,
business and scientific computer complexes, and missiles and

support equipment in ground silos.

Ground, Fixed

Gr

Moderately controlled environments such as installation in
permanent rack with adequate cooling air and possible
installation in unheated buildings: includes permanents
installation of air traffic control radar and communications

facilities,

Ground, Mobile

Gu

Equipment installed on wheeled or tracked vehicles and equipment
manually transported: includes tactical missile ground support
equipment, mobile communication equipwent, tactical fire
direction systems, handheld communications equipment, laser
designations and range finders,

Naval, Sheltered

Includes eheltered or below deck conditions on surface ships and

t

equipment installed in ines.

Naval, Unsheltered

Unprotected surface shipborne equipment exposed to weather
jcondi tions and equipment immersed in salt water, Includes &onar

equipment and equipment installed on hydrofoil vessels.

Airborne, Inhabited, Cargo

Typical conditions in cargo compartments which can be occupied
by an aircrew, Environment extremes of pressure, temperature,
shock and vibration are minimal,

Airborne, Inhabited, Fighter

Same as AIC but installed on high performance aircraft such

as fighters and interceptors.

Airborne, Uninhabited, Cargo

Environmentally uncontrolled areas which cannot be inhabited by
an aircrew during flight. Environmental extremes of pressure,
temperature and shock may be severe,

Airborne, Uninhabited, Fighter

Same AUC but installed on high performance aircraft such as

fighters and interceptors,

Airborne, Rotary Winged

Equipment installed on helicopters. Applies to both internally
and externally mounted equipment much as laser designators, fire
control system, and communications equipment.

Space, Flight

Sr

Earth orbital. Appcoaches benign ground conditions. Vehicle
neither under powered flight nor in atmospheric reentry:
Includes satellites and shutters,

Missile, Flight

Mr

Conditions related to powered flight of air breathing missiles,

cruise missiles, and missiles in unpowered free flight.

Missile, Launch

My

Severe conditions related to missile launch(air, ground and
sea), space vehicle boost into orbit, and vehicle re-entry and
fanding by parachute, Also applies to solid rocket motor
propulsion powered flight, and torpedo and missile launch from

submarines.

CL

Extremely severe conditions related to cannon launching of 155am
and 5 inch guided projectiles, Conditions apply to the

projectile from launch to target import.
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3.2.3. & F12E B4 (Part count analysis)

& £Ed& EME FHLsplo] FRgge] EFEY Zol AHE e YYo=
A AARD 27 AA A3, AL BANAM HE Jhssich o] S A &3] ¢
3 ot FRZLE dubded FE el ¥-8 2 FE 3, B AEEHe
B ol AR fgolrt A=} A& IAEL MIL-HDBK-217F (issue 2)ellA] Elo]
B2 Fol Z £21&8 IF IFE(generic failure rate)2t ¥F F3F AxE
T s Y e L2450 IS W] g oA 4 ol
ol 4 7I¥2 &7 AAGANAN o]& 71s¥ 7|&3 FRE AMEShH, A F
=2 Fsl2} Ao AEH LA ARE 731/ Ue=rh

dutael 3ty o v Zrlh

/IEQU1P= 121 N,( Ag 7TQ),‘

714 zizte] M4k thest Yt
Aruw 1719 F 2BE ( A0 A1)

Ag i i W] EEY & A (ZR/10° A7)
1

ol A A F77t FUW VR Folk oE AFYCh W} J7 A
2 U BRI ATHE 49 BN BN 249 FSole Ang 22
o ¥73 =AM Sgstelcl Wk wetd 771 & 2ALE P AsAE
olgh e “BMA-717" AFLES Ui} wrh FY AxE o] urhglont
BE AEYL BAYOIA AFSSHE G B e ohith WA H=o] tistel:
Ag ol xp olehe AXE FRTh ol AR BAY HEEE Ushht zlo
24 PAYPA 29 ol Foole el We Grh A1) A4 olFe] 2
W olskl Z9el i S|ZhAE Eoll Qe e T SEs AY W AA
7 Qe StolHelE mlelaE ¥Eol tisld: YA AT gich et
A old Aol $E A2 BNy gt whe Hgdth
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FF JREE Yo 2ol 2AE AFE REAEGA HoA AMRsHs Rdle] ¥
T8 712 & uiygste] Alasgch wiebd JE #E A3} JE LEHA X
A e FE 2EdA BAyz BE 51eEY] A4l A} Bk (E 4 =)
o] 71¥ UEL FE LEHA ENHY JE(IZF) 2FEA A, AR UEh}
olch ZEU Z1R gtat Aoldt REolu we o] FES AW Feole ¥

F LEd& WS OE & 'C}.

;O

3.3 Bellcore TR-332

3.3.1 7l&
Bellcore WY o A] MIL-HDBK-217 3} o] R A Z(serial system) A AES tj
BoR AL 9il, AZEole] 3t 1AL A L gtk FpREHZo i
33 Bellcore A}BE: TR-332 4] 6¥x) 7jAqto|t}. Bellcore & o] ¥h{o = Al
HEE A&k B3 S theat Pol 7l&stx drt

- AFY AT SEFANLHY WALl Ayt oAuR-Fe F} By

#HFol vl 9¥S Brh ( meld LEEs Hes ZPEH 2%
&, A3 54( first year multiplier) o]t})

- AAF £E2] AlgE At A1

- ol Ala" £ AYFT] v § A dY AR A
B2 AFE FoAA N AFE AFA A (F54 FXUR)

- FF AT AES EESEY AN

- 8% 45S Bt BES AF st AHS
AL ol& ZAE AMg3he FFof utel aesieof st APl £2FH tI=
BE AIE d&oR AFgslojol st AE BAIstelof yich. tiFEe] F-fel
B4 AZE A3 54 S AAFES a3t A3 e - As(
8760 AZH)2 FBF LS I Hel 1L wieEA Yehd Zolch. F4
el S22 A3 AEY S veldoh.  7[2F 22 Bellcore WY
< BAdE AR E oF3 A G S Cl&stE WPolth. Bellcore oflA& 4l
X o& PP R RN E A5t} o] wWHES theat Al

- I g IRRE

- W I 2 REFRE Pl burn-in AE ZA2}E S Y

-y 1T (AR FAHS AR ¢ FAF A3
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Bellcore oM SR WH ™S Zesixle dout ¥y 11, 1S M-y
e, HIEE st PED ol A% ZE W¥sk=s stn gtk aglm
Bellcore & 7|32 sASEe 2A7} e 3% AARE AHES st it
ol ¥ A&, H¥A 2IE, MIL-HDBK-217, 717] A==} 28, 7171 FFAte
R, A Y Folvh.  Z el ciste] dvEw thet Yok

3.3.2 Wl : BE jleE ¥
ol WhH& MIL-HDBK-2178] HE7FEE W s, {ue] 2HES Axsy)

&
ste] E7171e LS Grich AE J171Y AFAEE ZAF s HeEe 717
o 3 873, 4 27, & 2A( L= AVFHA AEdHL) o[t} o] WY
&S T AP AMGZAZ burn-in FFPPol wel A= ERstglch

- A9 1 AFELEE 40Te|2 A AEHAI 506 7HAsIR 7]7)
burn-in& ¢33, HY/AAH burn-ino] 1A 3t o311 S ¥}

£2 AF

- B 2 ARLE 40Tl AANF AEHATL 502 JHASI 7170
burn-in& ¢, FY/AIAE burn-ino] 1A]7F o]Atel &=y w}
&2 g

- B3 %8 F At old BE B (AE EF AMEL2ETL AR

E 40T oliola A AEHAIL 50% o]A)
3% 1] 71 whestal A9 30] 7hg Hasich wheld R s FAdel 2
FEE Adstes s Bxr o2 F$ 28 AREshe olfe At
burn-in A& Wt stA] BSI2E, burn-in AEZAAE st 7|8 2FE&S
&0l sk Zlojth. A9 32 KT O AERAS WEsty 1AL S AL
2 ftgstr] iy Zojot, WA FAde] AL th ol ARt
(1) B3e] 238
Z-¢ 3ol dutAQl Fefo]aL ofof it B thS3} Al

Ass,)= g, Mo, s, X7,

AP
Ag, 1WA FE 21k 2L
mo, 1 1 W EEo] EA A
ms, t 1 HH] ¥FY 2EHL AR



rr, 0 i Hs] PR L A} ( B ey & &%) olth
F-£9 3§ 238 MIL-HDBK-217614 A-&31AL, Bellcoreold =pMjog 3
3te] & AE F ( TR-332 Table 11) o) BF2j5tgic}. Bellcore HXAollA 31
&S AFstE 7171 FRHE E 113 g
X 11 BellcoredA] AZ-&EE AFdt= 7171 T/

A &% FE
Bipolar
Digital NMOS
CMOS
Bipolar
INMOS Static
RAM
CMOS Static
Integrated Circuits NMOS Dynamic
Bipolar
ROMS, PROMS, EPROMS ~ |NMOS
CMOS
Microprocessors
Analog
Hybrid Microcircuit

Opto-Electronic Devices
Other Optical devices
Single Isolators

Dual Isolators
Alpha-Numeric Displays

Transistors

Diodes

Thermistor

Resistor IDi screte
Thick or Thin Film Resitor Network
Capacitors IDiscrete

Capacitor Network
Inductive Devices
Connectors

Swi tches

Relays

Rotating Devices

Gyroscope, Vibrator,Quartz crystal, Circuit breaker,

Fuse, Lamp, Meter, Heater, Microwave elements, Cooler
Clock, Displys(monitor), Drives(HDD, CD-ROM, etc),

Ethernet, IEEE bus, keyboard, Modem, Mouse, PC, Power
supply, Printer, Workstation

Miscel laneous Devices

Computer related systems

os subsystems
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heba] ARERHE AE AR HollA Aol dute 2& AP slA At o] &35
H Act ot slolHel=de] A I F(microcircuit)s YuHbAQl {¥ow pH
ol I olgUL T TP HAETS ¢ 4 o8 S MIL-HDBK-217¢] A& ¥
JE vt 2L Ry 23E mo| gt

Amc=2XAcmoxs x)+( Ny A NcAc Np A 7p)
o714

Ac = 718 Mol M7 & 7]|7]of oyt 2AE

T = 4 A=A

rs = AEHL 4=}

rr= 2% U4}

Np=UFe Q84 =t

Ar=0.8
N = QAU $71e ASIAEY 3
Ac=0.5

N = @AY $AE ub Aske] £
Ap=0.2

rp= EE 7% QIx} 1.0 : t]AE HIC, 1.25 : A8 T A¥-t]xd HIC) o]
c}.
o] k& 71718] & nALo|r)t. 7 burn-in of th¥t E}ES wrdsiald o

#ol rxsxr & FECL

A e
A HIC s

AN A e, £ HIC ol 2l
o] HICY] ZA-&olr}).

Ts T 7=

RE 71719 7% 7, & 1.0 o8 HAFWSH

fr

aen 23 520 mE ARl ¥ 12 o gL 7= o5t T,
7171 §Y8 AEHA QX% MIL-HDBK-217 == ti2A ¥ 13 4 o] A2 H
ojolth. ER X AAE E 14 3} o] Aystd 4A Fgol shssith

- 96 -



12 7171 2 AF

EA5F 0 1BASF 1 |BEASF 11 |EHEF 111
3 =3 Ad3 AE Ay AFLo2|EALEF 19 ed|EH $F 17 11
SE B3 #jedd dFAT poljdd FA¥H 717
g ALER Qhjaterel Az, A7{AZE, 100x A A
oU dntFo] F{AE W FFA AHEE B
Az, At AAATL A =E)
e I8 = uy on, ZE gigle
=3 #HNE 43
21
Semiconductor |Hermetic 6.0 3.0 1.0 0.9
Devices
(Discrete and |Non-hermetic 6.0 3.0 1.0 0.9
Integrated)
All other devices 6.0 3.0 1.0 0.9
E 13 2EdA AR} (x.)
A7H AEFA
% AEYA
A B C D E F G H I J K
10 0.8{0.7(0.6/0.5{0.410.3]0.2{0.2|0.2{0.1{1.0
20 0.8/0.8/0.7{0.6|{0.5/0.4/0.3(0.3]0.30.3|1.0
30 0.910.8/0.8{0.7|0.6(0.6/0.5(0.410.4({0.3|1.0
40 0.9/0.9{0.9]/0.8|0.8|/0.7]0.7]|0.7/0.6|0.6(1.0
50 1.0}1.01.01.0{1.0)1.0}1.071.011.0}1.0(1.0
60 1.1{1.11.141.3{1.3|1.4(1.5]1.5(1.6(1.8]|1.1
70 1.1(1.2]1.311.6(1.812.0{2.312.3(2.513.3]|1.1
80 1.2]1.3]|1.5(2.1({2.4{2.9|3.4|3.4/4.0[5.9]1.2
90 1.3/1.411.7(2.6(3.2(4.1(5.2{5.216.3{10.6]1.3

- 37 -




X 14 &5 Q_]_Z} Tt

X R 2 AEFHA AR
T 112 |3({4{5]|6]|7]8]9]10
30 1.0(09(09(08{07([07 {06 06]|05]|0.4
31 1.0/109(09]08(07)]0.706]06]|05]|40.5
32 1.0 {09(09{08|08{07(06)]06]|06]|0,5
33 1.0 |09 (09]|09}08|0.7|07}07]|0.6]|0.6
34 1.0 (09!09}09{08|08(0707]|07]0,6

41 1.0{10(10]1,0]1.0}|1,01,0]11{11/}1.1
42 1.0(10(|1.0410;11 1.1 {11 |1.1 1112
43 1.0|10(|10{11 {1111 ]|12]12}{12]1.3
44 1.0 |10 |11 {11 |11 |1,2}12 1,2 |1.3]|1.4
46 1,0 1.1 1,1 §1.141,2{13 |13 {1,4|1.5]1.6
47 1.0 }1111{1.2{13|1.3[1.4/1.4|1.6]1.8
48 1.0 11 |1,1 12|13 [1.4|1.4}15|1.7)|1.9
49 1,0 1.1 (1,1 |1.2]13|1.4]15 161821

110 15

145 42
150 48
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rfo
tn
S
NN
(=)
@]
o

153 AEdA750% 4 Wl A9 1, 25 r1,.=75=1.0 o|EE

/133’.= A G; g,
S99 FAME 2RSS A9 U RE Ji78 2329 ol SUe BAAR
S T8t ALzict,
Ass= Tg Z:IN;'XSS.-
o714
n = fYlUe] AE TE 7178 =5
RS B

9o w7 Axlrt.

=
tl

TE

7 &2zt Jo] iy B Azt ke E 158 Pt
15 BAXAz} Jof wE AA

r g

B3 EAdE| 7z 3 BF 22

A2 &3 9 B4 #HE AEHAI AY 4
(zero)qd ( F=x Aul7t B Fo Aloldd)
9]

Ground, Benign Gs 1.0

Ba7} BolohA UL el ¥R AEdAA 4
Ground, Fixed Gr 2.0

o] ojaAolx] ¢ ( AF, & W3 Fol US)
Ground, Mobile 6 | 6.0 AFoly £7o] Hstx, H4ut olgxn &AUY
(and Portable) T |3E Aol A& (olFAlely RdE 7171

)
g7 HARR G HEEn Bestejyga =
o] GF Xr} gotgt

Spacebased, Commercial| Sc 15 (Ac o} vls=3hvt 4ot o, Q2T I%

Airborne, Commercial Ac 10

(2) 33 =

@ HF burn-in A] 7t

i F7 71719 SF004)E #5171 siAE 2 71719 F& burn-in A
& Aitstoiof gict, A9 3of ¥t §-&F burn-in At £, = TR Pl

Apatoat Aputsnt Ag 7,
Aap ”Si

to=

oA 71 A
Az =717] burn-in 2o t§SFH & ofHH A 1A=t
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tsa = 7171 burn-in A2t ( AIZH)

A, =Y burn-in 2] th$EE oA sl&dx}
tsu = R burn-in AIZ ( A|Z})

A, =N A" burn-in 256 t)SHE ofdH$A Fl&Qx)
tss = AIAE burn-in A7 (A7)

Ay =B &d =0 tgHE 2% 7H&AR}

rs, = B A 2PN AJH AE AT}

LE7F40 T o]l AEHAI 50% ¢ AL 2L £,,=0.0 Ag,= 75,=1.0 o|E

t2f= Ab.u tb,u'*_ Ab,s tb,s

2 FY/AIARL] burn-in AJZto] 1AIZtol8liL 717]1¢] burn-in o] QleEZT
Z

@ 7171 sl $% 7y,

flell A & F& burn-in A[Zbe]] whet th&zt ol F3trl

i) 7% 3 ©]3 burn-in o] 1A]7t o]A} o wi(FE 16)
X 16 A3 54(H$ 3, burn-in =1 A7)

WEEE -
10.000 _
o2 000 e 10
T — 1.14 te; ”T, 7[81
FY,=
_0_.____ 8760< ¢, <_10,M Tr, Ts, 10, 000
T, 7Z'T 7Z's te. — 0.5
(o) +3+
10 O(K) — _.—O-ﬁ______ ‘0"25_ 0.25
te;s ”T,- ”S; 8760 ﬂFY,'_ ( ”T,- 71'3‘.) 0.75 [( te‘.'{" 8760) te; ]
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ii) A% 3 ©l3 burn-in o] 1A|Zt o] Uuwi(FE 17)

X 17 R3] £4(7A% 3, burn-in L1 A]ZH)

te; 94 1@.‘,&] KFY,'
10,000=8760 « 7, 75, TRy T( Tp 7))
a 89 RE H9Y ﬂpy’.=l+ﬁ
iii) 2% 294 o ( & 18)
Tr= Ts=1.0 °|BE th&2} Zt}
¥ 18 A3 (B¢ 2)
t,, 8 ¥4 T Fy,
0< ¢£.<10,000 Try,= TR-332 ¥ 11-9 o4 A9

te,.)l0.000 ”FY,-=1-O

% burn-in A|ZFo] 10,000 A]Ztu|gt @ ZF$-9] s H4= TR-332 E 11-9 of
Ve 2137 371 1.0 oA 4.0 71A] Bx5 o] gt}

iv) 3% 12 84 thast gt

T ry.=4.0

ny
&

® *We Ao 54
KUY el S5 thes gol Ty

Trv= (N Ass, mry)l Bl N dss)
3.3.3 W8 IT - 38 71eE ¥ UY ARE BYY ofF Wy

PRI & A8 ARE ol gstod UIEE oFsh= Whholclh o] X B3

_41_



7171 A&7 A FHo L (83 AYAl A H(laboratory test)& TBIEFH A
AZ Fstedl Aok AEA AP ulgo] R ERZ o At WA 1 o 9
T A& vXEe BAE LYl HAPAEF A Zo| H}%!Z‘fs}t} H“ﬁ
II & §F 7hE ol % 3§ 23& A8 A 33 A5 7%

Asste Zojth. B8 71Exle ABA AHY Aol st AFHcL 71714
IF S e TR-3328]  FEll-1oA I3, e 23F3E U2
Ass/(zp ) olch. ABA 257 F-8stE Y 1o g a3E&2 AEA
ANB Azpel| zhe-sln, I3gA] o Wy 118 Axe ARFI2FLe] At .
W] 1o o3t AFAE o] &3 J17](device)Wt R (unit)d] 7|2 2ZAEL F-F
FHEE Yo f ZFEE tiAlgich o] JE IS W 119 FAdE 2%
& Aadsted AREHh E3 o] J7] VR AFEE R Y FFE e
E ol A18-3h= TR-332 ¥11-19] IF IZEE thXgich. 9 £ 2% &0

A&l AZle 2o e og AMEE wie WY o] ¥ [l FAgel
&l ¥-F JREE o 23 1AFEE tiAgch ok Y 1= TR-332 FE11-19]
Z171e ej3t 3R 2@ 287 g, FE 5F Y 11 wpet FufstAy A
Zt 71710le A-L7Fs35lch TR-332 F1l-1o] A8V gt £ 532 10 sigs
E 71718 3FLL JiE} tE ARE ALY 5 Aol

31

Y ILE L3517 St A+ AR oA o P
- A9 L1 : o]Ao] 717] burn-ino] ¢ 7171 ABA AH
- A2 12 : o]Ad 7171/8Y burn-ino] gt SYe ARA AlY
- A% L3 : o]&e) 717] burn-ino] A= 717]2] AEA AY
- A% L4 : oA JIJ1/HY burn-ino] P& FUe] A AY
Ztzhe] 7ol Wiy IIof 2%t J1E IFE ( A6 ) & Ao Yelue JEEs

n = ABA el T e

A, = TR-332 E11-1 o] ¥+ 717 ZH 2ZE& [FITS], 7 o gl
W OE g olg

Ny = AR A7/ 49 %2

T, = $& AW A, A AR ( T,) o R332 E1I-7 AR 79]
2% % A% ( A)E BT 2



o = 7171 3 A=} ( TR-332 F11-4)

S AF 2AE( Ag/(me o)

i) 739 L1 : Burn-in o] ¢g= 7|7
ke T,:<10,000 ol

A, =[24+n/[2] Ac)+Ux 10 YNy ( TD"® x]

nlek

o} 7,510,000 ©]F
Ao, =12+ n/1Q2) Ae)+((3% 10 ™)+ ( T,x 107%) Ny 7]

WY 1o 2% 717 AL gL WY 1A A6, & AT E WASR
Hrh

/155{= /{G,A‘ 7o, 7[’51. T T, ( 703"?" 3)

ASS,-= Aci‘ T Q, ( 73‘?" 1,2)

ii) A L2 : burn-in o] g HY
RkeF  T'<10,000 o1

Ac"=[2+nl/[(2/ 2e)+Ux 10 )Y Ny ( T))%%]
kel 7,510,000 ©]

Ac"=[2+n]/1(2/ 2c)+(Bx 107+ ( Tyx 107%) Nl

Wy I1e Y Adde e ohed Zrh

Ass'= Ag" gy

iii) A% L3 : Burn-in o] 8= 717}

4 F §& burn-in AIZHS A )3t}
T.= Asstoa

o 71 M



A g =717] burn-in =0 thgEE 2= 71 =}
tpa = 7171 burn-in AIZF ( A|ZF) ot}
B IIe] 2Rt 712 2BE&( A6, )2 Theat Zrh
Ac,"=[2+7/1Q2/ Ac)+(4x 10 ™) NyWrol
¥ = th23t Zol AAtgict
e T+ T.<10,000 ol

=S

W= ( T1+'Te)°'25— Teo.zs

gtk T+ T,.>10,000= T, °o|¥
W=(( T1+ T.)/4000)+7.5— T,
grelr  T,>10,000 ol™

T

T,/4000 olcl.

Zela W 11 2% fUES] FAdde] LS theIt ol Wy oA
Ao, & Agt E uiASHE Hrch

Ass= Ad¢," mg, s, wr, ( B 3)

Ass,= Ag,” mo, ( BF 1,2)

iv) 3¢ L4 : Burn-in o] Q& HY
2 % /& burn-in A|ZHS ALFic
To= T 4t Asutsu
714
T* 4= 7171 B §& burn-in A2t
A, =Y burn-in =4 thgHE 25 71 A=}
tou = WS burn-in A|ZH ( A]ZH) olTh
W I1 o &% 71Z THE( A, )2 T} Pk
Ac'=[2+nl/[(2/ Ae)+(4x 10 %) NoW]
W theaf ol Atz
ger Th+ T.<10,000 ol

b

“ 1
W= ( T1+ Te)0.25_ Teﬂ.25

gter T4 T,>10,000= T, o|®



W=(( T1+ T.)/4000)+7.5— T,%%
gtor T .>10,000 o]

W= T,/4000 o]t}

=)

3 118 #Y Bdde 2382 e g

/{$'= /{G' T XTT

e

v) A8 tia 9 == 771 5
ThE Aol 25t AJE F FHolE 28] o] ol ZS iy 5 & 7]
719} %2t ok} Zrt
.5 x 10%)/[R((Ty + T.) 0.25 - T>®)]
A7l AFE 7|ZTEL oA Aol ARSItk @A R & WE I & ThE
Yo 3L o Flolch

3.3.4 3 111 : A =23 (VE o]LI EAE o=

dAolA WAY TS 2l 4% AR o83t VU SR W 2
Fee AN 4 vk Zelz ANY O VU Sue w11 B
AL Adshn AMRslE, of AzHe A2Y 459 AHE Bl HeY 4
gtk ol hgol HEEE §olo ok theT 2
A AR U SEe] 23S d&e] 53 Aaue] BN o]4d
whe] At AARE W)
- oA AU ThAE AlARIe] &8 fulolth
- 2 A2RE : ¥R 2AAES 439 5 ASEY SHW =
2o i AARI TE 4 Qlth
-2 g9 23 Aade] &3 gyl AYE AEst $UH 2
g o] A oAl tiat Sulzte T8 4 gtk
T3 Y Ie] H2HE Ao Tad 73e ot o)
t= 23 2R ol gt AAU 438 & 1 A
£= FAZ ol 23 N&R old #ED 139 &3t
¢ = MRSl £AIZ Hab e} 2RE
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¢ = W 2R8(L) [FITs]
N; =i 8z 71719 %=z}
Ass, = W I of &3 Kyloju} 71718 23g A3
Ass, = Ass - Wi HY
Ass, = Ass, g -~ CiAt 717
Ass, = B I, 2% 3 o g% fYY 23S A
Ass, = Ass
Oss, = W III o &%t i Mzl 71718 23S A3
=] 11 o &% fyle] 33E o1& 3L
Oss, = Wil III of &3t fulol} 71719 AL o3 e Uehis g9t
A X
T7, = A1) 2 33(2) AAHe] &5 =} ( TR-332, ¥ 11-7)

Tr

1

by 111 873 <22 SHol nie them ol A ERHLL

BN II(a) : o A& dF2e2A ARHE 7171, #Y, sS4
2518 &7 Feoll Jxd 2FBE oS W

- Y 1) ¢ TS A" dF-Eo2A ARRHE 7171, §YW, A

AEle] &3 el 712 2SS AR tid Aad]

A7, %Y, SHEAaHY 1RE oF WY (AL T
AlAEIZE] A ZRFA/ BAL xpol7l YH)

- ¥ Il(c) : 59 AFAA7 BE AEY 7&o] Bl AR ¥F
3} Hgol xR H4 ¥ELETH 4UY AEE I8
3to] Rulolu} sh AlA¥e] 1AL oFshe WY ( 7]
e Ato]Fol 2E)

0.

Y I ofud EA5FolU BASIE Lol Jhesitl. & chad AJAR )
FATFOl FHALHY] FFEL} ZAY olop Tt 23 it Alae #
BE FHA - RAEC} AL 23lsjof Fgo] JHsslth ulehA] A4F 23,
A4 3, X4 ol% ( Ground benign, Ground fixed, Ground mobile) ¥Zo{A]
Hgol 7hesitl. Y 111 & A E317] iRt 718 dF 3 A7k 2 4% 3000
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Azke] Yolof st % £ AT t & ohe ZA(E 19)& VEAAF o},
rd

X 19 &3 A 7|8
9
ahy 111(a) g 111(b) t> zjsi?
9
¥ 1T1(C) £ zil‘—ssl?

W 11 8 53 dxe o3t Zoh

(1) 4 A&"A 7171 fRe] 23g F32 F 3 A% ¢ & AA3c
(2) 84 I11I(b) EE III(C) A FFolls Fold oA thd(1), $3(2) A&H
o A L= WE A xp, 7, & ARYCL

(3) thd 71718 AL dolEl7l FolA AAE Holl gl FFole thazt 2ol
Ass, & F+¥Th

- III(a) & III(b) : WH 1, Z$1 =%

fr

BY3LE A, 2
At

- WHINNC) : W 1, A3 22 Ag, & A4t
(4) 3 71717} eid 71712 o wis WY 1 & &3t A, & AT
(5) 23 UL th(E 20)3} o] Aakgic),

X 20 xA¥ 3L
1.0 WY I1I(a)
V= ﬂ v 111(b)
T,
A ss,
—* W$HI1I(c)
Xss,

(6) #bH IIIof 2J3t I AES Tl (X 21)3 Zo] F3ic)
X 21 wby 111 o] 2AE

0 .= 2+ f

h (] 3

l{$l OI 91"\:' 73'1_ _/{_i___l_(vxtx 109)
l{$1 O] gi% 70’-?‘(30'-% @$ _ 109XU

111(a) @ I1I(c)) XV
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S71H U = BEY f 2ol &Y Poisson Mgl W] thyt 95% FAE

o] A3t gtojr}.
Bellcore Wiofl 2i%F Z& AlA=e] thdt AA A 32 MIEE
Wl Agdel 2SS ti22 ol  gatsie] A4kt

A sys= glfissm
AN Asgy < YW J o BNl 280l M S UL sxjoltl
AP AAHL] R3] 4= o33} o] Frh

gl Assty T Fyiy

A SYS

T FYSYs™

AN zpvy £ §OHEE SR 3] sgeolth



ot Aol =}MIS] AEgE MIL-HDBK-217 2} Bellcore TR-332 ¥HH-& EJIgt oy 7}
2 WS A FAI theat B JEE Alg ARg¥icl

A parr,= A c;;ia TR,

ApoPp= Tg z:lfvilaPART;

& BggehelA 71718 2AEL F-F5 2ZE3} x Aol ste] AL
7 WHEE ¥l FEHAE AAEC] 9dtd ol& AMEH the F 229
Zrl {14]
F 22 AEs oF WHE 17 A=}
ol 2uhy Hr) wzk
Bellcore - Electrical stress
CNET Quality
HRD4 Quality
MIL-HDBK-217 Environment, Quality
Siemens Temperature

e olE el AFH v AFsloo} ¥t} oE & T FHU=AE
E 3o FEE JNES Y WM 5534 Fsts] diEeltt. wetd 2
Wilo] e AFE volEE MEFPelE SutEe] AREEI vl 2 ghol Al
2 gt A vlastrle ol MR £ WHS AMSAIENE Y 42 ¥
o] RAZYOlE & AMEshe Zojth YR U=H x5 A FE AEE HY
MAAM ALES7I = gieh wheba] Z4zZbe] whgel &%t Falst AE Aolsich. 2]
3z Ee wxbes dxinct AT o dsiglch. O 24 64K DRAM K-E9
IAZE oF AE E 23 of Yehjalrt. [15]

ERE B Ao FEof iyt IALE 8dHY dHiolEE AR &% A=
old2 = A3 ri=ch & Y ol Rt €% zizo FRICH &F 20
Hrt 8 Ao o&%t A= ¥ 24 of Yeht} gith
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H 23 64K DRAM 9] 3132 ofl& v]2(1986)

177¢] 64K DRAM

A
FL2E : 40T '

A 2% @ 47.5C

3

- Abg BR A L
- AZ} : 16pin non-hermetic X3+ SR
-3 AE 5 [FIT]
MIL-HBBK-217D 11250
HRD 3 10
LU=t CNET 541
NIT 542
Bellcore TR-332 550
24 64K DRAM 9] 2L oS u|2(1994)
170¢] 64K DRAM Apo3
- FUXE 40T
- YA 2= ¢ 47.5T
- AR B A 2
- A3} : 16pin non-hermetic X% ane
-3 ' FF [FIT]
MIL-HDBK-217F 49
HRD 4 8
Rk CNET 22
Italtel IRPH93 14
Bellcore TR-332 45
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ol Z3}e= 229 whgoel XMt FY¥sta WPES HAJL H S Uehdch oA
< FF G AAEE dFsts By @golo] ytdH “x|2Q1=}"(learning
factor)& Uebdrt. & A6 Rl glojA FAYsIAU EXHAUR AL AAs
S, B oY wgste A} 25§ A ¥ Aott

THE AL &Y daie} A& 34&3e ulZoltt, ¢ Aoz A&
FEE 7l AU sk 5o AAU AUstAM Y BA S olE £ AW B
Th 2EHA 22 AgR7E PR e A Zolth 2N ZIE HE 7S
g e= 9719 = ztzte] MAE w2y % 23E o& FAE F 25 o UEL
wigich [15] o] ZzpollA H g AARE ALzt oF ol BFIHE}
B[ (L] )= HriE ot ol AAl ALu|Ao] HAA Y sy &A
Z2 BFEC} ystAY dofslr) wRoltt. E TS ClE E 262 F 270 Y
Eligich [14]1 & 263 X 278] oAE= 929 2] AR AE AFL ( The
International Electronic Reliability Institute)?] &3+ ZzRldY] FHE AL
Zh i xlolg} A BAoA £ Al Ete] ook VAN FHAF
IARE] &Y gk Hrl A & A2 ofUR ol et WA Uehdt}
O|AZ Wby M 2 x5 FRAES uj¥ch

X 25 A= A& {EHZES] v 2(1987)

dilsial oq]M; (lﬁ?rlilzolgm <§jﬁéﬁ>

A 400 19607

B 400 460

C 800 2119

D 138 862

E 173 13513

F 500 947

G , 286 1600

:

I
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26 CB#2 FHE AZ=s &3} BF A==t vz (Te=no/FIT)

Device Bellcore| CNET | HRD4 |MIL217 |Siemens

Transformer 3 9 7 6 5

Coil activated relay 770 605 440 1430 88
Aluminum elctrolytic capacitor 210 22 120 16 120
Polyester capacitor 17 4 6 1 14
pn-Junction diode 230 149 345 152 230
Zener diode 16 63 87 94 350
LED 9 15 280 65 0

Bipolar digital IC(11-100gates) 59 413 7 3 20
Bipolar linear IC(11-10gates) 14 57 13 3 500
Bipolar linear IC(11-100gates) 42 80 13 3 150
MOS digital IC (1-10 gates) 83 903 27 3 40
Rectangular connector 7 1 50 8 22
Varistor 6 0 10 0 10
Carbon film resistor 182 27 10 11 26
Wire-wound resistor 127 42 6 1 30
Metal film resistor 7 25 0.5 0.5 2

Rocker switch 5 44 30 1 20
Bipolar Transistor 25 19 16 38 20

F 27 CB #1 FFE A% cl&s @7 A=t vl (29]=no/FIT)

- 52 -

Device Bellcore| CNET | HRD4 (MIL217 ([Siemens
ceramic multilayer capacitor 210 45 3 4 35
pn_junctiondiode 125 300 300 9 25
Bipolar digital IC 936 390 168 50 60
Metal oxide resistor 1590 596 51 52 795
Discrete bipolar transistor 7812 20937 | 4000 | 1225 | 1250
Tantalum electrolytic capacitor | 1350 3780 40 594 180




3.5 MIL-HDBK-217 2} Bellcore TR-332 &} H|:L

A oA g &S AR A HE@HA, VA AAFHQA A} &
FAHZAAL A8 e AxjUojSo] 71 o] ARg-3H= MIL-HDBK-217 = Bellcore ¥
S "] 2RIC}, MIL-HDBK-217 =} Bellcoreo 2j%t H# 2.3 A ZHMIBF) HlZ EHlA
Eo] 2]3lH Bellcore A7t dWta o 4¢3 A=t Fu|Eof o] o 2 A=
= 3 9SS o 5 o W YA 2856 25hd Bellcored] &3] 373
B B AP AIZHMIBF)o] A d3 AR vie- d4FY FA3E Jehdoka X3
3l31 ol 28} Bellcore & FE&] 7|& A& (basic failure rate) =
MIL-HDBK-217¢] 28 & Ecvl= 35} it} MIL-HDBK-2173} Bellcore TR-332& H|ZL
shA the 2t B2 xlolgE Holi gt [17]

(1) Bellcore: 57§2] A ZAwt 785l vimo] MIL-HDBK-217+ eh&-=2}
5, 5 14712 R 2A& 3] olgk, v AA HFo]
33U $FoA A"t Hoh o FE} AIE AFES fI8iA
MIL-HDBK-217& A}g-35}ef ofRict.

(2) Bellcore: RE RE 3AES FH 2% (ambient temperature)& ECUIE
oz RuS w7l Q. wido) MIL-HDBK-217 & XA F 2ot 3t
EA &%) ¥E FY L= /e 1SS A4t Bellcore W
ol wt23 YAt 3 Y 4R £F e FEHY £ orl

(3) Bellcore= SMT(smalltalk)A=xFS XE3I51R] ¢ok=t}. ThA] WA 71 o
HEAQl 4zt AAEI} MT4x} I3E Alo]] Fa4%¥ Xfolg wdsix] X3t
T}. MIL-HDBK-2172 SMT RY& HIIBIEE 7iu=E gl SMT 4215 U< o
A8l B 4 Qlcl

(4) Bellcore:s B4 AelollAg B3R ol el 7] ZFESE AN + 3L
O} MIL-HDBK-217& R-3& 4= 712te] Azt ¥-F AAET A 4 glch

(5) Bellcoretx u|=o]2]e] A gojlae FHASHA AHSEHZA] d=vh. & AAF
Lo F 80 wo]Ato] MIL-HDBK-217 2X}2& AME3}aL Qltl.

(6) Bellcore & A1g-§ AT AZx HFr7t F ciadolx|qt MIL-HDBK-217-S &
AR EE 498 AEAA XYt BEestA R4t

(7) & 71A] #hge Alabe ul3tA|qt Bellcore ¥Ho] Xt} YAFLZE oS
et g3 A4t Aol Bellcore ¥hgo] Xt} 32 HEE AMSRIThL

(8) Bellcore W& burn-in, AHA A|H, A ANBE vty sle] AHag £ 9]
th o] WY FHUARE ol §she ZLoE 2Eda Azt WY Gy



tl d@AHo|rt. =3JF burn-in RRE o|&Fld As|54( first year
multiplier)& A&t 4 glt}

(9) Bellcore ¥MHL AL-L FIT ( Failure in time, in 10° hours)2.2 L }E}
W32, MIL-HDBK-217 <& FPM (Failure per million( 10°) hour)&.Z v}elit}.

(10) Bellcore = gyroscope, battery, heater, cooler, computer o} T3},
MIL-HDBK-217 & PCB, laser, SAWS, magnetic bubble memory, tube o ti3j
I2R3HA AR E AERtc)

(11) Bellcore &= F3 53 & 42 VeI ol& BRE Yol t} FEsixH,
MIL-HDBK-217 & ¥-FHE F3 S3ol tl=2A o] gicth

miebd 7 J1R] g FolA oE g HEY AAA = videl wet #|Re uwiel
ZdAg=lolof ¥t dF AR AF A=A F /A HEE BF HEY IS
SAlo] A Fsta glct. ¥ FAl FulL] olF I¥ 7 o Yehglct (18]

Product § Product 3 Product Description MIL-HDBK-217 FN2 -Bellcore 6
....................... Number ; Name

2 port 1152 Kups Asynchronots. §ose7ar E 11520865 § 411,197 2431924
-PCI-Bus Setial Controller for hours “hours
“8000P° I Aries | Solarisand WiridowsNT

16.port 1152:%0ps Asynchronous § 45235 § 22106959 I 339,410 | 2818805,
Afies  §:Soteris and WindowsNT

 Aport 730 4khps Asynchronous  § 192112 § 5205288 § 934546 | 1070038
Apolio § PCl-Bus Serial Controller for hours hours
"4020P Soleris and WindowsNT

2 port 230 4¥bps Asynchronous  § 485,088 £ 2061481 § 1,338,160 | 0.747295
PCl.Bus Setial Controflerfor hours Houes ]
9520P | Satuch. | Solaris and WindowsNT = o :

4port 192017 § 5205288 § 934546 | L070m8

SynchrondisfA synchrenous PCI- §  hours -hours
4520P Satum |} BusSerial Controller forSolatis
‘and WindowsNT
‘8port - o § 64072 § 15607424 785046 | 1273811
. Synchronous/Asynchronous PCl- §  hours "7 7§ hows i
8520P § Satym § Bus Serial Controller for Soleiis
o ’ and WindowsNT -

3% 7 MIL-HDBK-217 2} Bellcore TR-332 &) A& of



M o4& AL MEE 24 gy

4.1 78

AT 42 £F 827 ol a7t dazpshs 2L EEE 2YE Y =
= AL e E Fohe Zolth A& AEE At Fa¥ F 1R
LAL (1) ALFHANA AFRH FEQ AIE oF3 (2) FEES Ryl of
T AZx Aol RE2 AEe AAdolge ZAY TAFH z:L
MIL-HDBK-217, ¥ Bellcore TR-332 of 2%t ¥hge g F& 4 9t}

Eel A
YH FEEZ ojFold Aladold sHcte Aaye] ML Y P
mEgole] durg wiAsts 7HE S H87 Fpolth

4 I
o,
A
o
rhu
B~

st=glole] AHE Re] AEHE oy FVF AL oF PPe BRHA
thezt et (6]

- ¥E JI+E R4 (Part Count models)
- XE FILEW(Part Count Method)
- 2% R W(combinatorial models)
- A8 % EE% ¥ (Reliability Block Diagram)
- A 5 B4 ( Fault Tree Analysis)
- Arell F3 A (State Space or Markov Analysis)
- HE®g Y ( Petri Nets)
- ZEIIEE AEdo]Xd RY( Monte Carlo Simulation Models)
- GO ¥ ( Go method)
- THAIE odF R (Phased Mission Analysis)
- 53} 7|« ( Hybrid techniques)

4.2 FF JIE
MIL-HDBK-2179] %8 7125 ¥ A2¥ $59 AT ojFo] Fgshe u o}
3} gL vlwe] glt}. [16]
(1) 2] AYol 2std, Wl Azt A2we] 23 FoN F3| AL FE7
ol WA olf2 Uy £E 27 PRBolch. ( AYFHLE 1-10 %)

- 55 ~



(2) ol FAPIER} 28 580 o2 ‘ATF FEEY A= A
ZUAE Ao Fuit £ F8FF FEEET Y ¥AE 40
(3) 2FE&2 2x &=+ Ao ZFHolu 2% Feo 2siA] == H=] ZstiaL
olct.
(4) ZHEE A8 H5E] etdAel giojzitt. HEEH EI=ETL 718}
fucy 3
(=)

3 AAde] BEXx=E

Lo

(5) Zt=(transient) 43}, 2= &H(cycling), 2H FA, A1dz B3 T2

2ol A x| ¥ F= Y2 LAES 293}A deth

ES BE JISE W ¢ A 3% 2 uolg(HEe AHE oX) oA iR
om Y FZE JHEst Aaste whgolrt. ulaly o] oA HWEEZ ThE
2] Qr=r}.

4.3 A8y BE% ¥( Reliability Block Diagram ,RBD)

RBDE= Fo|R AJARlo] AdF-7d Z(success path way) ol 25} EHHE + U= HY
H AXE el o2 AARe] 3§ 848 UEliEe ES5EE UHATL
o] P b A&FIY AR HF, o] FE ABEHE LR oY
S& Eolollq A& E52 a7HE AA o] dd=EZ, A" A A
Zrol @ojxln, AT AXE T3] KIFHE MHEE ¥ 4 A& wWyA], 2
P AN Aae] AMFEE A ¥ £ UL urix] AKFHo=E T3
(decompose YEIT}.

RBDE= Axdase] ¥EE24 /¥ % #JH(Probabilistic Safety Assessment:
PSA)e] 2 £Eo Aol iyt BHAS Foista 2y FYHE Ful §ol
stA 7] 15 ARgElelgcl. RBD Heje] AFA A AlAR EMo| E 28 of LE}L
L} glth. RBDE AlA® FAHLATE Zhe R4S 24 & = AA s, A
&8 B8 EE AlAsH] 1% Exl(boolean) EHE Bol3tA ¥ir).

PSAZ}E ol AFS-3H= RBDE Al&H] EdQS F-AI% 24 R4AES i ¥-53
Zo] tlE 4 Ak 2 A=k Wt 2Ysty 1ES HEe AN oy A&
2t FARY BEE ol Zlojth AN s g &L AFE £ AH
H 2 FEEEY 22 X R olglxn o[y ¥t THHNEES FFAAU
AZFT ALt FH4 D AP e st glvh o]e¥t RBDS] B Y
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¥ AEE Hoh gus] stEA X 2go] @A s £yHh: Aolth
X 28 RBD 2d Wy

- Failure Independence Of Block Failures
Bimodal Device Status
- System Operational If All Devices Operate
- System Failure If All Devices Fail

71€ B3y . . . .
- A Device Failure Cannot Make a Failed System Operational
- System Remains Operational After Any Device Repair
- All Block Connecting Lines Have A Reliability Of 1
- A Block Fails If Any Part Of the Block Fails
Seris 5] 183
simple “
; 1- 1—-R;
parallel P 1:[1 1~k
Redundant
m out of n H n i n—i
II 2% rAa-R)
718
dRT=E
standby | Q| e 1+ TA“(l—e_U)]
redundancy| | i .
[ = |
Standby
Special |redundancy (Al {8 ]
parallel- 2 n2
2R Ry~ R.R
Redundant serial ﬁ oRs— RR%
. N EN
serial~ 2
2R,~ R)(2R,— R
. H - (2R.~ RO2R,— RY
Duplex redundancy
Majority voting
B3 Bridge

4 ASE BSET Sl ESE Aol theF Yol FHTe] qesin
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'Y

iy SERDIYSICER

iy D B8 SriY
BRX NIQTIA BNDANY FED [y 2

Y 2ESRERBRNSYE
0= 10RTY =R BRI0 ig N8O UO

Rl =8 SRR
DERI0x 10RY 56 ST MOV

BRSB
BRI 0B ICic 3 2IVAR

FRPRB2A =ZERE 0
BRERICIAB L BOZ 0SB RAE

Jo|0|a|<|o|a]s
o

SHC ORI ScRE
NioRly SiefR A BAScRBE RIC

TREE BTkl ek S8R R bRd KT ©

LEE SRE ®l o2 BT 1REwr BEx Bk &T tEilx RE 3l ke

&
Ia

r

fa

¥l ZER Tlekl E3k= v &T Ieak SRy hloRE Bl &

BB SleTh SRIVRE fled™ BTl 1ald tiah o6 '8 BT lofis

Rkl &5 Tk Bl bialh &Rk 58k & Rl Thie
Bk 2B [68le klekf TRE Diealc Stk VI hlodtx k& R

R balek® TR &T BRR b1v% k& Blx ¥ 3¢ Bly && kB

(VId® sTskleuy eeq] 1Ined ) Ril& &L & ¥'¥

12 olelmflie o5

Fivle 2+5 RE Blo TIeBR obE Riice Sl Bltk BRY
¥ BR+E Tk RiER el 126 4+ Rlah 32T RRER hik
e 2% ki o8 BIR bIER Sl £ 1leSs oRE & &4

21 Bkl |6 lERL b2 &+ £F loFd 37 3T=E IER ¢

&
)

TEsr kA

FETERE BiYl IEF Rin PleEx Lldedly TW <+ Rl



Fault Tree &

|

Jl=pl 2 DFE 0244 BE
B R4 oot s, BB A4
ANDGate: P(A)=T1P(x)
R Nt )

ORGate:  P(A)=1- 1~ P(x)]

S

¥z 2wy \

o2l BN AH

NS = P(x)P(M/x,)

HaX g, 282 de,
AR NS,
U WA, AL EX, BR 22

138113

a8 9 3B 5 L4 A

ol2i¥t FTA Aale A&de] AYFI] o= wAos H o] 7Fssht thael B¢
o] 7} &3 o|rt.

@ 7123 A dAGAAA HAFEeL HdBH JF2 71€d A8 B 24
st H8Y F¢

@ HF MAZL B i do] o Folx]7] el it dAL: 2] AL
2dE 2735 FHEY F5

A ¥ ZFee 3 AP8E 23351 tE dHLAFH LR dALopA)E EF
o £k F oy e ASss AR BHA AaHe gite] &
7Fet7he RSy ARt F Al S4L2FE =5 AR A&
t AR ME HA T2 BHEAN $%E £ dE FAU AAFA =X F

H& FaL drh

24 .L’é} H5O2 EHIY AARS 2% T2AA 9 Avps Y] Ao
g 4 olch

9E  AFHol de ARGEHIL AT tF 24Y &g thRevs Y&
Ho] glon], GAES I3t thaat A

-59-



- A ZY : vgtA 4K (multiphase mission) & £3A] 2t ghAn}
Tt AZE Tt 77194& et Ju aF3+5S 7R
Uehi717 2] gth. E3 thE ARl AR Ao Hels
A3} e A7 BFe FH Y £ Qo

- 2AY AzZE : BN AN E tlELRI Po] TFRPS
QY 4 Atk A T1s& Biks 23 A7ls due] 3
o1} o] 9JEiEe AS 5 PFEsIII oFLh

- 2R £A 0 BAYW tE NA-NE g g sielsts] ol
AL 23 A7 Fasich AR ool g A e
getxy] 2ol 2% T AAHAE 23 4 &7}
O& Zesith 2y 2% $85& o|zie uehd 471 gich

- 23 38 59 geiy 230 o RN E Uehd £7b 9=
Ul olZg FRstojo} oz} WAER] Qech,

- 2 A thE AadeA ¥ Alagle] Tl wAE™ o]
& H7 Ex S35 95t AA¥ ol BFoT wHAH
th. & S8 AAE RBdo] sk} 1 $BO0TL olg ¥
dqy 4 ok

- B3 W BE o EAAYRNE B3t B4 2% o3 A
olth, T} LALFORZE olfy ZTZAAS TUY 4 ¢l
=3

4.5 Ae]] Ho|Xx (State Transition Diagram STD) £24]H

el dolm: nlET TTHAE EAFCE Ushdth wEE HE 2y F
HENS] PhTH, ALue] Arj(state)S UEhls ¥E8H: X BEAZ
& Uthis 8884 1o Usolth. A7 X9} ¢ 7} 22 o]4ba (discrete) Q]
7} 443 (continuous)Ql7tell uwlel nfA= B S 7IAZ BERYE 5+ doen 2 F
oA el7t olatAoln BE ATo] dLA RYL AT oI FL¥ 9
g 71 nlAT 2YPLS of" el old ohE el j 29| Ho|(transition)
Ygo AY P; 2 BOIWC). maz mye] 203 B4 2 shi Ho| ¥E P,
7b el ek jolm e QoA AL Aeieks AS WAL drks Rojnt
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(independent).

EEE 2L Ay ulE YA 2rzAeT UelA "ol @] 2 EAde)
o] &S AFUCH: utm = 2P J1E 1 ool ¥A A 1A S o
A E©clh AY upPolA] AAEE Ho| M (transition matrix)T TS| WA|E
< 2tk ¥W(Row) o] Al to] A& AelE UElI d(column)E 2}Ho]
AIZE t+deol] Hol¥ AelE uUelin AE X714 el(initial state), FX&E
2] EA el (final state)el Rich o7|A Py = Al 3HF diAtolo]l AlAo] X7
el oA HFAe jE Hol¥ HES Uehdch olgA AW nliE WAAS
Soldo 24 Al&ado] 7} Alejo] £ HES P31A Hr}h

Ao 2 nfa= BYS RASP] 9314 Al2" AeiE Uehds vit](node)
ot Hol }E& Urhle 71| (branch)E o] F0]3 ula = Jfx g rHE-3he 3¢
7} wrh

BH 7€ A njaz 2yde FAE YAt ksl 2R AFEHE A
A= EFE 29 0 Hesitl o] B E=3F FH§o| FHsIt o]
2 A aALo] gERIR] g3, T 1x ZARE A FfelE HE
o] 7hgslith. wretd 7] o] ERFYsL, A FLY FFol HF
¥3le = ARl Ade) Folkr Hrl g Adejel £EXY E A
F Uehd 5 Q7] wiEe] A E5% Rris IY¥sich. g £y vt
2 A EgoldeE UehZ] U A& 219 RARS ulEE RYS
g £ glrh

9d : maz mde] Avtdelsl: SAR RE Fgo] Mgy 4L gon, The
7} 2 g 7w ook
- A4 2P Y I Bwe JE L HEI) Qe Zda
olth. 2y Ax TSHAL syt ofd 4 glom, wmely mr
By Edo] Wasith o FLolt 27hHq Ael(state) & EU5HA
nEE mYs 2apg Ao
- B 23} o] M8 A9 ASRE , A ZZA20lAH dol
U BE e oSohd nias 2de] YR Basiach wetd AlA
o 2y, NolZoaa BY, A TYSe Uyos mug ek 3
t}.
- 2 UE BA : gse] mie w4, B8] nje £ 39} 2

flo
it
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A ThHEZlols W A7t} ko] AW},

4.6 H{Eg] 4l (PETRI Nets)

Petri Nets= AlA9] A& UeplE: #Ho] (transition, 23 oA w2 E¥)z}
SHZAE UehlE A A (place, 1T AME Y22 TY)E olalo|HE AARIS
RGPSt sjMqshe Zpolrt. Aol Uehie ZAY KAAEE AFH dof
(tokenolglzl ¥ich)& Ho] el &, Ao EZO] sle FF 3ilFd x| Ho]
W= 20l S&ATSE UEPAT) Petri Nets2 Xz} Holz RAI} AIAS
Boslal AlARIS] BAo] 9hA olaE ddste AldY XAS dZAAIIEA A
oA B2 HiE Tl AARY A%E si&tch AL #3L 53 Fold
A&Hfiring) & T3] YA Mol Aale BRE 4F xHel sid X[ HoA A
o|29] ot29] A4 olite] EZo] glom HEIM(enabled)sltl T Holst
AsE = F9 Aot Aol AL RE AdY x|HoA 3lF Hol2e] of2 9
R4 HEY EZS AR 29 BRE 23 XHRE o2 AFutE EEE F
71%tcl, Petri NetsollA] A|AEIS] Alel= EZ4ZE EJFE =Y ES4E oW AH
of dulitFe] EZe] QlE7HE Uehdch

T A ol YR dZAY A&RlE WED UoE AW o7t 2710 I 7
T},

‘Operational
B failure

I 8 BE A7l el HE: W

B THU 58S Urhd$ o] A2RY A%S BAH 4ol
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@ HEUE o8t BYL JBEE FAE0 HYY AAWE olsistrlz
ol gt

4.7 ZH FIEZ AlEHld BY
Monte Carlo Simulation Model HPHollA AlZl== o] BEXZHE F2H ujspd
T+ S o183t HAH o AL o] WS nfEZ ZI AL Zo| FHEH
=] & w AHEE O] FIXE JEeldth MIBFSS #7517 $18iAM o ©AE 3F
§-3ich
A 1 : AEdeld Bedo] "ot g Hpo] g ks FHLRith
©A 1 fFEE < ( MIBF, MITF, §)& 71t
A 31 n 7RY FEo] F2H wiztx] ©A 1,2& ¥HE¥CL ALAR0%

A2t ol cheat ok
(D, 7(2), 7(3), ...., T(n)

Tl 4 QUske WAES WG o Sof, Alawe] nAEY AL
thest g},

E(T)=WTBF =4 ( 3, 7))

@A 5 0 B AR 22 £ % FHES FHUC

T)zl

ST——T'

n—1
B3R ¢ ol 7hx Pele AAW 743 THE BYS THE 4 ok
A A& o] FEolR, BRI AFHA WoHE, AHgAVL AY =20

HE Adstodop ik )z YR A4S sl B2 A7H AFE AM) o]
¥ ¢ 3}c}.



4.8 Go vy
Go ¥hH-2 Kaman Science Corporationei|A] 1960 dthel 7j:u3t uhjo g 17712 &
AALE ol g3t F2 FAME Azl 71719 ARE EA&LoE AMEHICH olF
EPRI ¢] €% $3Y uhio] dAxly wisd AMEE 4o AHgHIoH F
-2 th2t 2t} [19116]

- A% Bdo] Uil 33 EEL WE

- 2ol o471 el EEa A d i A UeE ¥

- FEHR AT 2% 2L & AV BHsA 2d ©

- Bdo] tAsta A3 H%

- 29 Frhe 43 Al 2R A8t ¥

- B9 HAo] o] ¥

- AQF AT 21X 28 vt ¥

- XY Q7 B Axd FUER 23 ¥

- B¥AY BAE Vs

A 0 G0 WY oy Aarle] FARZCl AL JIEt AA EAe] £
3to] B3] 3B Aot dolEst ¥F AR AFE Fol HYst
ol =Wz} fEHER ARE517|It 8ol

WA o WS T Sy HP9 AR A 2H 939 2
ZAste H9ot sh=glolel AZEIE FAlol Lesks Fol s
7l oldth =R 00 AEE RAHA TF RV BEY 4 glo] =Wel

FEUE 2 ol ol 2B FAY 4 gl F 13 23 IBE X
gsta, Sl XL BHFA AL AEd T BE ARIE thEe
AAY M= HsA drh

4.9 TtAE QJF FEAH(Phased Mission Analysis)

A" J171v 23 el s AAre 3 dFE 23 52 i E T

AR A& AT



olo} &R Hrt wely YF A RE RAR oA AEES oSN
& 4 ot & RE TAS HARASE Pt AR 2EE o T
t}.

mR= LLRJ.: exp(— ’21 glll;dgt,-)=exp(— ti;:l/{ ,')
o714

d;: BAj F I A& 1 of iyt 422 2 9RI( demand profile. £
FEE 1)

mR : YF A=

R; : A&Ro] AA wiAE YEPTH= Zo| FoHAS wfe] ALY A
jeolAdy =AE MIx

t;p AR ©A § &AL, 1<i<p

T, : SPEAAY i7h R79 8% A7, Syt

1=1

Ay BHE AAR i8] 23R8, 1<i<n  o|tl.

33 FH 54 Ushiy] 49 O ALwe] Hgo] golsitt.
©E AR FAE WHSKL, & AT 4+ HEI} 2gLo| vete] k9
ol ol Et}

4,10 3} 7]<% ( Hybrid techniques)

AALE, AAE EEEH, nlEE RUS PP oR ARgIte] BIW F/H F
4 Al&"le] FHgych o] WYL HEstA FA Zo] UAE drh HIY A&
d S el 2 €S US| fstd FEAES FEste dn, 213s A
&3t YAl s BaASiRE S vt 2dysi=Re oYl
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T8 AHEE AFsh=y A8 ¥ 4 s
oltl, AXEQo] =152

et EAES oy 2dg AUt

5 MEE & 2ZEYo EF
5.1 & A= o

2y =38}

a

ol AZEQo] =F5o] wol suEo]
313E dolg WelASE Asta olch.

Eqol g AMgshE =¥ & &Y

ch JAEUE B3l A 38 = A= 22 Al Wiy I F d¥7 &
26 of Lo 2lr), [23]
F 29 EE AL oF ATEQ] £

HE A=A
4

Software Name

Company

217 Predicts

Evaluation Associates

ARM(Advanced Reliability Modeling) E

Confidence Enhancements

ARM(Advanced Reliability Modeling) F

Confidence Enhancements

CARER MTBF HDBK-217 Module

Computer Aided Reliability Program (CARP)

JORI Corp

Milstress for Windows

{tem Software

Milstress

Mitchell & Gothier

PC MIL-HDBK-217F

Management Sciences

PC Stress Analysis

Management Sciences

PREVIEW

Systems Effectiveness Associates

Rl (includes Rl-Lite, Rl-Engine, Rl-Professional and WinRl)

Systems Exchange

RAMTOOL

JORI Corp

REAP (Reliability Effectiveness Analysis Program)

Systems Effectiveness Associates

REAPmate (Reliability Effectiveness Analysis Program for PC)

Systems Effectiveness Associates

Rel +4

Evaluation Software

Rel Plus III

Evaluation Software

RelCalc for Windows - 217

T-Cubed Systewms

RelCalc for Windows - Bellcore

T-Cubed Systems

Relex 217

Relex Software Corporation

Reliability Parts Stress Prediction (Probabilistic Software)

Probabilistic Software

Reliability Predictor

Mentor Graphics

RL ORACLE Rome Labs

RPP (Reliability Prediction Program) Powertronic Systems

TECMTBF Tecnasa Electronica Professional
TelStress Item Software

g sheE Y

CARER MTBF HDBK-217 Module

Computer Aided Reliability Program (CARP)

JORI Corp

Rel +4

Evaluation Software

Relex Parts Count

Relex Software Corporation

Reliability Parts Count Prediction

Probabilistic Software

RPC (Reliability Parts Count Program)

Paowertronic Systems

TECMTBF2

Tecnasa Electronica Professional
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5.2.1 3% & EAH(FTA)

KwTree{KIRAP)

AAP606

BRAVO

CAFTA for Windows

CAFTA+

CAFTA Personal Version

ETA-1I

EventTree for Windows

FTRAN

Faul tTree

FaultTree+ for Windows

IMPORTANCE (Basic Event Cut Set Ranking)
MFAULT (Fault Tree Analysis Cut Set Production)
MSI-REALITY Design Evaluation Toolset
PREP/KITT (System Fault Tree Evaluation)
RESULTS III

Results II (Fault Tree Analysis)

SAICUT
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SAIPLOT
SAPHIRE (formerly know as IRRAS)

Tree-Master Software Family
5.2.2 o}=3X(Markov) RY#

CARMS (Computer-Aided Rate Modeling and Simulation)

CARSA (Computer Aided Redundant System Reliability Analysis)
MKV

PC Availability (Markov)

5. 2.3 FMECA/FMEA

1629A FMECA

AAP648: Failure Mode Effects Criticality Analysis

AQUA-FMEA Advanced Quality Assurance FMEA

AQuA 2

CARE-Computer Aided Reliability Engineering - FMECA

FME (Failure Modes, Effects, and Criticality Analysis Program)
FMEAplus

FMECA Processor for Windows

FMECA-TA

FORMUSER

FailMode

FailMode for Windows

Failure Modes, Effects, and Criticality Analysis - Maint. Info.
Flame

MSI-REALITY Design Evaluation Toolset

PC NASA FMECA

PC Process FMECA

PFM (Product/Process Failure Modes and Effects Analysis)
PRO-FMECA



Pro-FMEA for Windows
QuickMode

RAMTCOL

RAMTOOL ++

RCMCost

Relex FMECA
Reliability Workbench
TECFMEA

5.2.4 7}2-X% (Availability)

ARAM (Automated Reliability / Availability / Maintainability)
AvSim

CARE-Computer Aided Reliability Engineering

ETARA (Event Time Availability, Reliability Analysis)
FRANTIC-NRC (Time Dependent System Unavailability)
ICARUS (Redundant System Unavailability Model)

PC Availability (Markov)

PREDICTOR Deployment Analysis

RAM Commander for Windows

RAMA (Reliability Availability Maintainability Analysis
RAMP

RELAV (Reliability/Availability Analysis Program)
RelDraw

Relex RBD - Reliability Block Diagram
5.2.5 Al ndg]

AAP232: Static and Dynamic Modeling
Analyst

ANNE

ANSAR

- 69 -



AvSim

CARE (Computer Aided Reliability Engineering) - RBD
CARE 111 (Computer Aided Reliability Estimation)
CARMS (Computer-Aided Rate Modeling and Simulation)
CARSA (Computer Aided Redundant System Reliability Analysis)
ETARA (Event Time Availability, Reliability Analysis)
FASTER (Fault Tolerant Architecture Simulation Tool)
Innovative Timely Solutions Miscellaneous
MSI-REALITY Design Evaluation Toolset

PC Process Reliability

PC Supportability

PREDICTOR Mission Reliability

QARMS (Quality Assurance, R&M, Statistics)

RAM4

RAMTOOL

RAMTQOL ++

RBDA/CS-RAM

REAP (Reliability Effectiveness Analysis Program
RELAV (Reliability/Availability Analysis Program)
RelDraw

Relex RBD - Reliability Block Diagram

ReliaSoft’s Weilbull++ Version 5.0

Reliability Mathematical Modeling

REST (RADC Reliability Simulation Tool)

SRP (System Reliability Program)

SYSREL (Reliability Analysis of Series Systems)
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