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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 method 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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2.1 t
1991^ °1^- JfixHW^ ^ t f ^ ^Aj-(American Electronics Association 1991

Productivity SurveyH $)*}# 3.5.$] 7]

ime domain quality)^S.-M

l̂ 7fe# «>^^ ̂ >*W
'S ^^^t:>. ^. ^-foluf Al^^o] ̂ < ^ ^ Jft̂ efl̂  31^(failure) $

2.2 ̂ }H
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(availability), ^g^- 3 . ^ A];£(mean time between failures: MTBF), JL^
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Infant Mortality Steady-state Wearout

Operating Time *

3LQ 1 Q*} nHI-^ ̂  -^-^ ^-^d (Bathtub Curve)

2.2.1 (Infant Mortality)
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2.2.2 ^-JL ̂ r^7]^> (Steady State)
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Type
of

dlftrlbution

Range Hazard function
hit)

Probability
aeiwity function

f(t)

Reliability
R(t)

HTTP

Rectangular a*t*b

Normal O«t<. ,-J^Jj

Lognoraal

Exponential UO
XX)

Raylelgh tcO

Erlanglan ttO
X>0

Welbull
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t«0
COO

Extreme value
(Guabel) t>*
Type I PX)

Mln. Type i

Max. Type t

1 - Ff€T

X

kt

X2t

«xp(-t/g) t*

J-01

expl-(logt-»i)Z/2<r2l

-xt

kt exp(-)ct'/2)

X*t exp(-Xt)

• exp(-UP)

b - t » • b

expl-(x-u)2/2<r2]<U
logt

exp(-Xt)

2

(l«Xt) exp(-Xt)

•xj>(-tVs)

1 _ /„«-» ,-^f,
t
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1/X
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(b-a)2

exp(2»i«»2)lexp(»2)-l)

1/X

•s2

-H-MI
- for ainlsui
• for uxliui

Hote : The euauUtive dUtrlbution function, i.e., F(t) or Q(t) i« given by l-R(t) and )»• therefor* not been Included In thU table. However,
In K M distribution* like nonul and log-nomal, F(t) can be obtained fro> the expreMion of R(t) by changing Halt*

» « t logt
I.e., of X and I to / and / , respectively.
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-#(component)

1^(human)

7f

ISJS.

Center

Reliability Analysis

45} ^tj-. [4]
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>. [22]
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2.6

(dynamic)*]
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4<y <&£., ^ ^}°)s} %°) A ^ J V
reliability)^

2.7

2.7.1

( Reliability Block Diagram, RBD)

(State Transition Diagram, STD)

Fault Tree Diagram, FTD)

2.7.2

- 7}-g-£ ( Availability)

- H17HK& ( Unavailability)

7| ( Failure Frequency)

^ l ^ ( Mean Time To Repair)

Mil ( Mean Time Between Failure)
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2.7.3

61

- n •§• m T1-^ (m out of n)

FMEA

2.7.4

2.7.4

2.8

( Failure Modes and Effects Analysis,

feasibility studyM
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71 ̂

2.9

2.9.1

10 CFR 50 {Domestic

Licensing of Production and Utilization FacilitiesHA-1 ^ - ^

<^A|>Mgal 7 l $ ^ ^ S %^°\o\ *£ A ^ ^ l 10 CFR 50.55a ofl 7]

Appendix A ( General Design Criteria) <Hfe ^ ^ ] 7 1 ^ 1
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Appendix B (Quality Assurance Criteria) <Hfe if^ -fi.?H

*}^°] 10 CFR 50 51

RG (Regulatory Guide) 1.152 (Criteria for Digital Computers in Safety Systems

of Nuclear Power Plants) £f 1.153 (Criteria for Power , Instrumentation, and

Control Portions of Safety Systems) o]cf.

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) o]n}.

EPRI URD ( Users Requirement Document)

2.9.2

^ 1 1 71711-
I S ^ ^ ^ T f l ^ H A]>b^^ ^ ^ 5 1 <a^-SA| 7l^£l<H SllcJ. 10 CFR 50
Appendix A 5̂  GDC 21 ( Protection System Reliability and Testability) ofl "£.

RG 1.152, 1.
IEEE 279, 6036fl£. A ^ o l 7 l#^<Hal^U <>le|t> 7 ] ^ # ^ r ^ T ] ^ o } ^ 2 A]

IEEE 7-4.3.2#

l ^ IEEE 577 ( Standard Requirements for Reliability

Analysis in the Design and Operation of Safety System for Nuclear Power

Generating Stations) 2f 352 ( Guide for General Principles of Reliability

Analysis of Nuclear Power Generating Station Safety Systems) o
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EPRI URD 10 #(MMIS) ofl*|fe 7}-§-S.(Availability),

IEEE 338 (Electronic Reliability

Design Handbook) il 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)

2.10 ^ 4 ^ ^:O>^1 PSA
1975 ^ NRC 7} WASH-1400

Tree)S

. PSA <H1>H
^lfe 4 ^ ^ 1 ^ 3|-igoflA| 4

c)| <y«l^^S ^ ^ r ( Event Tree ) 3J- 3.% ^ ( Fault

. [5][6] H

- 21 -



3. m*J- C||O|EH

3.1

fe S-fi-«(intrinsic)

PSA
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IE 1 WASH-1400

Reactor Incident File

(anually updated)
EEI Availability Report

(Component Failure Data)

System Reliability Service

FARADA (Converged Failure Rate

Data Handbook)
LMEC (Failure Data Handbook for

Nuclear Power Facilities)

Office of Operation Evaluatin of

Regulatory Operatins, NRC

Edison Electric Institute

United Kingdom Atomic Energy

Authority
Fleet Missile Systems Analysis

and Evaluation Group Annex

Liquid Metal Engineering Center

Ml-g-

*}&

•*. n. tt %
NASA 3-^fS.

PSA DB

•3*H §̂~§- DB

^7M DB

DB

^•^ DB

Int. Reporting System

IAEA
ICDE
NEA

- NEA IRS (Incident Reporting System)

- WANO Reporting System

- IAEA DB Version 1.0 (1988)
- ICDE (Int. CCF Data Exchange)

- NEA COMPSIS DB
- TUD (Swedish Reliability DB)

- DACNE (Spanish Databank)

- <yji NIC (Nuclear Info. Center) DB System

- ntt NRC DB
- NPRDS

- EPRD

- EPIX

- IEEE STD-500

- MIL-HDBK-217
- HRA DB

- IPE DB
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MIL-HDBK-217<>lc>. o ] ^

^(Reliability Analysis Center: RAC)SJ

. MIL-HDBK-217^

Rome

•§• 84

1^-W °1-S- S.1

SE. •& Bellcore u o^ TR-332

Bellcore^ «I •§•*

*fi MIL-HDBK-217^- MIL-HDBK-217^

Bellcore^ 1985^

.§-§. Bellcore

Bellcore

Siemens( , NTT(

4
, ItalteK

MIL-HDBK-217F

Bellcore 6 (TR-TSY-000332)

HRD4

Siemens (SN29500)

CNET

Italtel IRPH93

NTT

DOE, USA

Bellcore, USA

British Telecom, U.K.

Siemens AG, Germany

CNET, France

Italtel corporate, Italy

NTT, Japan

[7]

[11]

[8]

[9]

[10]

[12]

[13]
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MIL-HDBK-217 ^ Bellcore TR-332

3.2 MIL-HDBK-217

3.2.1 7]] A

MIL-HDBK-217^

MIL-HDBK-217F

count analysis)

* #

7fl7f|

o]

basis)#

stress analysis)2f

^(conservative

estimate), K MIL-HDBK-217F<HH
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4 MIL-HDBK-217F<>1H
Gate/Logic arrays and Microprocessor

Memories

VHSIC/VHSIC-LIKE and VLSI CMOS

GaAs miC and Digital devices

Hybrids

SAT devices

ifagnetic bubble memories

Diodes

Transistors

Low frequency

High frequency(Microwave, RF)

Low frequency, Bipolar

Low frequency. Si FET

Unijunction

Low Noise, High frequency. Bipolar

High Power. High frequency, Bipolar

High frequency. GaAs FET

High frequency, Si FET

Thyristors and SCRs

Op to

electronics

Detectors, Isolators, Emitters

Alphanumeric displays

Laser diode

All types except TfT and Magnetron

Traveling Wave Tube(TfT)

Magnetron

Helium and Argon

Carbon Dioxide
Sealed

Following

Solid State. ND: YAG and Hudy Rod

Fixed

Composition (RCR, RC)

Film
RLR,RL.RN(R.C. or N). RN

Power (RD)

Network. Fixed, Film (RZ)

Tirewound

RBR, RB

Power (RWH. Rf)

Power, Chassis Mounted (RER, RE)

Thermister (RTH)

Variable

Wirewound

RTR, RT

Precision (RR)

Semiprecision (RA. RK)

Power (RP)

Composition (RV)

Nonwi rewound
RJ. RJK

Film and Precision (RQ. HVC)
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5 MIL-HDBK-217F<HM

Fixed

Variable

Paper, By-Pass (CP, CA)

Feed-Through (CZR, CZ)

Paper and Plastic Film (CPV, CQR and CQ)

Metelized Paper. Paper-Plastic and Plastic (Ch, CHR)
Plastic and Metal ized Plastic

Super-Metal ized Plastic (CRH)

MICA
CM, CMR

Button (CB)

G l a s s (CY. CMR)

Ceramic

Electrolytic

General Purpuse (CK. CKR)

Temperature Compensat ing and Chip (OCR, CC, CDR)

Tantalum, S o l i d (CSR)

Tantalum, N o n - S o l i d (Cl , O R )
Aluminum (CUR, CU)

(Dry) , Aluminum(CE)

Ceramic (CV)
Piston Type (PC)

Air Trimmer (CT)

Variable and Fixed, Gas or Vacuum (CG)

-n-S. 7]7l

3 ^ 7l7l

7)1^71

Transformers
Coils
Motors
Synchros and Resolvers
Elapsed Time Meters
Mechanical
Solid State and Time Delay
Toggle or Pushbutton
Basic Sensitive
Rotary
Thumbwheet
Circuit Breakers
General (Except Printed Circuit Board)
Printed Circuit Board
Integrated Circuits Sockets

"S-^^l ( Interconnection Assemblies)
^ ^
7§7)

S 6

3.7](7\)^)

3L7\ ̂ A ^tn

7l^-^!;(default value) ^-g-

^M] -a^i &A
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default value)

a 7

7|*s.**< ,1,)

* * * * * *

^ ^ 1 ^SrS. : 40 °C

•§-JH : MIL- spec

3.0

0.11

^ / , = Ab XQ= •

(0.11)(3.O)=

0.33 JLfylQ6 *]Q

3 3 ^ ^ : 0.2 W
^ • ^ : 500ki2

4;H| ^ [ ^ : 0.06W

^ ^ : Not Ganged

2.5

0.047

^ # = ^ * X TAPS X R % V X Q X ET

(0.047)(1.0)(1.4)(1.0)(2.5)(2.0)=

0.33 JL^VlO6 -*1?>

3.2.1. (Part stress analysis)

J * t> .

LSI, MSI, SSI %•$] ^ ^ S . , TTL, LIN, M0S £& A

4
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Ap —

(1)

O.S ^ 5 ) Til

^[ (Qua l i ty factor: XQ)

8,

Part
Microcircuits

Discrete Semiconductors

Capacitors. Established Reliability(ER)

Resistors, Established Reliability(ER)

Coils, Modeled, R.F., Reliability(ER)

Relays, Established Reliability(ER)

Quality Designators
S.B.B-l, Other: Quality Judged by Screening Level

JANTXV. JANTX, JAN

D,C,S,R.B,P.M,L

S,R,P,M

S,R,P,M

R.P.M.L
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1 9

s
B

B-l

B-2
C

D

-as
HIL-M-38510, A-Level (JGN)
MIL-M-38510. B-Level (JAN)

MIL-STD-883, 5004. B-Level

MIL-STD-883, 5004. B-Level
MIL-M-38510. C-Level (JAN)

Irregular Screening Level Commercial Parts

JANTXV

JANTX

JAN

MIL-S-19500 for Linear Logic Switching and High

Frequency Adaptation

(3) 9lx}(Environmental factor: nE )

]-. MIL-HDBK-217

(5)

(6) ^ric. ^^(Temperature factor; nT)

ermal) . °H
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10 MIL-HDBK-217F6M

Ground, Benign

Ground, Fixed

Ground, Mobile

Naval. Sheltered

Naval, Unsheltered

Airborne, Inhabited, Cargo

Airborne. Inhabited, Fighter

Airborne, Uninhabited. Cargo

Airborne, Uninhabited, Fighter

Airborne, Sotary Tinged

Space, Flight

Missile, Flight

Missile, Launch

Cannon, Launch

GB

GF

Gu

Ns

Nv

AIC

Am

Auc

Avp

•A.RW

SF

MF

ML

CL

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.
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.
Equipment installed on wheeled or tracked vehicles and equipment

manually transported: includes tactical missile ground support

equipment, aobile communication equipment, tactical fire

direction systems, handheld communications equipment, laser

designations and range finders.
Includes sheltered or below deck conditions on surface ships and

equipment installed in submarines.
Unprotected surface shipborne equipment exposed to weather

conditions and equipment immersed in salt water. Includes sonar

equipment and equipment installed on hydrofoil vessels.
Typical conditions in cargo compartments which can be occupied

by an aircrew. Environment extremes of pressure, temperature,

shock and vibration are minimal.

Same as AJQ but installed on high performance aircraft such

as fighters and interceptors.
Environmentally uncontrolled areas which cannot be inhabited by

an aircrew during flight. Environmental extremes of pressure,

temperature and shock may be severe.

Same AuC o u t installed on high performance aircraft such as

fighters and interceptors.
Equipment installed on helicopters. Applies to both internally

and externally mounted equipment such as laser designators, fire

control system, and communi cat ions equipment.
Earth orbital. Approaches benign ground conditions. Vehicle

neither under powered flight nor in atmospheric reentry:

Includes satellites and shutters.
Conditions related to powered flight of air breathing missiles,

cruise missiles, and missiles in unpowered free flight.
Severe conditions related to missile launch(air, ground and

sea), space vehicle boost into orbit, and vehicle re-entry and

funding by parachute. Also applies to solid rocket motor

propulsion powered flight, and torpedo and missile launch from

submarines.
Extremely severe conditions related to cannon launching of 155mm

and 5 inch guided projectiles. Conditions apply to the

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

n

4
MIL-HDBK-217F (issue

3.^#(generic failure

•§ •?>

EQUIP— i i iV,- ( X ̂  ff Q) {

n : 7171 -¥"#

717)51

4 4

7}
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3.3 Bellcore TR-332

3.3.1 7HA
Bel lcore » o ^ ^ A | MIL-HDBK-217

Bellcore *}£i r TR-332

system)

. Bellcore ^ <>1

^ ^ ^ - cfl

first year multiplier)

«l-§-

8760

Bellcore

Bellcore

II :

HI

S $6fi burn-in
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Bellcore

Bellcore ^ j # ^ ^ ^

# > y 4 S . MIL-HDBK-217,

3.3.2 tio^I =

) MIL-HDBK-217^

^ 7 ] 71SJ J L ^ ^ g - C-J^C}. 7flt 7171 SI

31- burn-in ^ ^ - ^ ^ ^ l ^Bf 37W3.

burn-in^ ^31 , - f t ^ M l ^ l burn-in^!

2 :

burn-in^ ^[JL, ^ - ^ / A l ^ ^ burn-in<sl

3 : ^

£ 401: ^lAcM3. ^ 7 i ^ £.^.4^7} 50%

burn-in ^2f# «>^*H ^ ^ £ S , burn-in

(1)

, : i
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MIL-HDBK-217<HH *l-g

S. ( TR-332 Table 11) *J|

, Bellcore<HH

SEl^. Bellcore

Integrated Circuits

Digital

RAM

ROMS,PROMS,EPROMS

Bipolar

NMOS

CMOS

Bipolar

NMOS S ta t i c

CMOS S ta t i c

NMOS Dynamic

Bipolar

NMOS

CMOS

Microprocessors

Analog

Hybrid Microcircuit

Opto-Electronic Devices
Other Optical devices
Single Isolators
Dual Isolators
Alpha-Numeric Displays
Transistors
Diodes
Thermistor
Resistor Discrete
Thick or Thin Film Resitor Network
Capacitors Discrete
Capacitor Network
Inductive Devices
Connectors
Swi tches
Relays
Rotating Devices

Miscellaneous Devices

Computer related systems

os subsystems

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

- 35 -



^ H S . MIL-HDBK-2175]

^ / = 0.8

Nc =

^ c = 0.5

i? = 0 .2

-b HIC

HIC51

N

1.0 : t]xl*S HIC, 1.25

. n>^ b u r n _ i n 6

^35.

717)5}

^ £ 12 S\ ^

MIL-HDBK-217

14 ^ £6]

HIC)

1.0

s.7|| 3EE 13
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12 7\7\

Semiconductor
Devices
(Discrete and
Integrated)

Hermetic

Non-hermetic

All other devices

TT SO H « •

6.0

6.0

6.0

^<8^ ^#-2-3.
!̂t> #^ £

•£.!•]• <y^!:^ol •?•

3.0

3.0

3.0

46otol 313.. 7W

^ ^e|^7|7l- Si

#^ Sell- ^ ^

1.0

1.0

1.0

#^^^- III :
# ^ -§^" 121- II
%<* ^71^ 7)7]
^•f-. 10096 A\& Q

&& ^ ^ ? } ( MIL

0.9

0.9

0.9

13 >ijee)]^

% A* & *̂ j| y*.

10

20

30

40

50

60

70

80

90

A

0.8

0.8

0.9

0.9

1.0

1.1

1.1

1.2

1.3

B

0.7

0.8

0.8

0.9

1.0

1.1

1.2

1.3

1.4

C

0.6

0.7

0.8

0.9

1.0

1.1

1.3

1.5

1.7

D

0.5

0.6

0.7

0.8

1.0

1.3

1.6

2.1

2.6

E

0.4

0.5

0.6

0.8

1.0

1.3

1.8

2.4

3.2

F

0.3

0.4

0.6

0.7

1.0

1.4

2.0

2.9

4.1

= 31̂
G

0.2

0.3

0.5

0.7

1.0

1.5

2.3

3.4

5.2

H

0.2

0.3

0.4

0.7

1.0

1.5

2.3

3.4

5.2

I

0.2

0.3

0.4

0.6

1.0

1.6

2.5

4.0

6.3

J

0.1

0.3

0.3

0.6

1.0

1.8

3.3

5.9

10.6

K

1.0

1.0

1.0

1.0

1.0

1.1

1.1

1.2

1.3

- 37 -



S. 14

10
30 1.0 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.5 0.4
31 1.0 0.9 0.9 0.8 0.7 0.7 0.6 0.6 0.5 0.5
32 1.0 0.9 0.9 0.8 0.8 0.7 0.6 0.6 0.6 0.5
33 1.0 0.9 0.9 0.9 0.8 0.7 0.7 0.7 0.6 0.6
34 1.0 0.9 0.9 0.9 0.8 0.8 0.7 0.7 0.7 0.6

lilt i l l III! iili lili H i !
36 1.0 1.0 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.7
37 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.8 0.8
38 1.0 1.0 1.0 1.0 0.9 0.9 0.9 0.9 0.9 0.8
39 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 0.9 0.9

nil ill! i l l
41 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1 1.1 1.1
42 1.0 1.0 1.0 1.0 1.1 1.1 1.1 1.1 1.1 1.2
43 1.0 1.0 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.3
44 1.0 1.0 1.1 1.1 1.1 1.2 1.2 1.2 1.3 1.4

Wmm
sssaesmm* mm46 1.0 1.1 1.1 1.1 1.2 1.3 1.3 1.4 1.5 1.6

47 1.0 1.1 1.1 1.2 1.3 1.3 1.4 1.4 1.6 1.8
48 1.0 1.1 1.1 1.2 1.3 1.4 1.4 1.5 1.7 1.9
49 1.0 1.1 1.1 1.2 1.3 1.4 1.5 1.6 1.8 2.1

1111 iliiiiliiiii l i w
51 1.0 1.1 1.2 1.3 1.4 1.6 1.7 1.8 2.0 2.4
52 1.0 1.1 1.2 1.3 1.5 1.6 1.7 1.9 2.2 2.6
53 1.0 1.1 1.2 1.3 1.5 1.7 1.8 1.9 2.3 2.8
54 1.0 1.1 1.2 1.4 1.6 1.7 1.9 2.0 2.4 3.0

56 1.0 1.2 1.2 1.4 1.7 1.9 2.1 2.3 2.8 3.5
57 1.0 1.2 1.3 1.4 1.7 2.0 2.2 2.4 2.9 3.8
58 1.1 1.2 1.3 1.5 1.8 2.0 2.2 2.5 3.1 4.1
59 1.1 1.2 1.3 1.5 1.8 2.1 2.3 2.6 3.3 4.4

61 1.1 1.2 1.3 1.5 1.9 2.3 2.5 2.9 3.7 5.1
62 1.1 1.2 1.3 1.6 2.0 2.3 2.7 3.0 3.9 5.5
63 1.1 1.2 1.4 1.6 2.0 2.4 2.8 3.1 4.2 5.9
64 1.1 1.2 1.4 1.7 2.1 2.5 2.9 3.3 4.4 6.4

111 lllii IMl
70 3.7
75 4.5
80 5.4
85 6.5

95
100
105
110
IIS
120
125
130
135

..MB..
145
150

9.2
11
13
15

21
24
28
32

42
48
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40 TC ^E.$}±7\ 50% , 2 = jrs=1.0

ss,-— A c,

n =

717]

S. 15

Ground, Benign

Ground, Fixed

Ground, Mobile

(and Portable)

Airborne, Commercial

Spacebased, Commercial

E -an

GB

GF

GM

Ac

Sc

1.0

2.0

6.0

10

15

^ ^ ^ 2L&

(zero)*] ( •£-<£ -g«|7f ^ ^«J- ̂ H ^ )

i^7f -8-o)^l ^ 3 . <^^^ %3 >-s^^7^ oi

<H ol^^o^l o ^ ( ^ ^ ^ . £ ^j}. ̂ o] ct^.)

^fo|l4 ^^*1 -a*fe -̂̂ 7} o]^3. ^ ^ ^ ^

^ - 4 ^ 7>^^o) &•§- (*|^-!o]l | ^ H ^ 7)7])

*ov 7̂l *)*m3-§^l ^-§-s)^ J i^7W^a. s ^
ol GF Jit:} <i<5|^-

(2)

-frJl burn-in

7171*1 fe ZL -fri burn-in

burn-in

A
op

AKd =7}7] burn-in
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tb.d = 717] burn-in

Ab,u =-fr* burn-in

burn-in A

burn-in

1 ^ burn-in

40 ^ S e j i ^ j ^ 50%

;,~~ A b.u t b.u~^~ A ) , s t ( S

]^$) burn-in

*«,=0.0

7|7lS| burn-in <>1 ? i ^

7] 7] KFYi

burn-in

i ) burn-in

16

i6)

3, burn-in

10,
7C f

tei<

10.000
K T . XS{

(Yin
, x S i

 o < u v"^ ke^

ID . LlOU anon
o<uU

X Ts XSi

10,000

t t\

KFYi— l -U

1.
' 71 x

f

I

14 f
•XsA

tei 7t

10.
0.46

xFYi

t Q . 7T 2^. 7T g.

10,000

000 ) ' 3J ' l

V( / 1 Qnr>n\ 0.2S
\ 0.75 1 V *«,- ' O'tlU^

^ 0.25-1
fe> J
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i i ) 3 - f 3 °]JL burn-in 17)

S. 17 3, burn-in

10,000^8760 xTt KSi

X FYi

l 4

1 1 3

iii) 3^- 2°J ufl ( i 18)

*T= 3Ts= 1.0 }

18 2)

0< /«,<10.000

^,.>10,000

XFYt

xFY= TR-332 ,&. 11-9 41-H ̂ d«?

«TFK,= 1.0

burn-in | 10,000

1.0 6flAi 4.0

^ TR-332 S 11-9

iv)

3.3.3 ^ -^ II :
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7]7] -O-g-*> A J ^ A J X\^(laboratory t e s t ) #

TR-3322]

Sl-4-513., H

7l7l(device)i4

TR-332

TR-332

717H
S 7

7}7]$\

HI-

TR-332

^r 71E} C>S

LI

L2

L3

L4

burn-in^ ^ f e

burn-in<^l

burn-in*!

n =

i = TR-332 S I 1-1 <H] alfe 7]7] [FITS],

7|7|/

TR-332
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= 7]7] -g-*} ^Ix]- ( TR-332 i l l - 4 )

i) ^«f LI : Burn-in ©1 &fe 7]7)

7V10.000

T,) 0-25

x x 10

7171

3)

1.2)

i i ) ^g^- L2 : burn-in

2> 10,000

,x 10 ~9)) iV0]

SS = A G

i i i ) ^ - f L3 : Burn-in

burn-in A

7l7j
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Ah.d =7]7\ burn-in

*».* = 717] burn-in *]# (

71 i ^ M - ( ylC|*

W ^

F= ( T I + T . ) 0 - 2 5 - r /-25

( r i + re)/4000) + 7.5-

re>io,ooo oi'S

= Ti/4000 614.

AGi # ^ c , ' S nH*l*^ ^cK

^ s s ^ ^ c * Jfft ^s, ^r, ( ^"T* 3)

1,2)

iv) ^ L4 : Burn-in

-?-4! # -8-S burn-in

"6 . r f = 7]71 ^ 5 - ^ - ^ burn-in

6.B =-n-^ burn-in ^ £ ^ |

.w = -R-bl burn-in A ^ (

W fe

7= ( Tj+ r j 0 - 2 5 -

- 44 -



x+ re)/4000) + 7.5-

> 10,000 d M

W= Ti

SS = ^ C ^ £ X T

v) - 7 ] 7 ) ^

71SJ 3r*fe
No - (0.5 x 106)/[R((T! + T.) 0.25 - Te

025)]

7] 71

3.3.4 tio^ HI

HI

S.

-frbl •• 4^7}

/ =
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[FITs]

Ni= i

&sst =

ss2
 =

HI

HI

III

ss

tcTi,

4 5 }

7171,

717]

7171*1

TR-332.S 11-7)

1^ 7}7],

fe 7171,

x}°]7\

IH(c) :

( Ground benign, Ground fixed, Ground mobile)

HI # 3 * ^ 7 1 ^^> 71 ^ 3000

- 46 -



19

*n mo a ma)

WBHHO

^ 2x 109

Ass,

t^ 2x 109

^ss,

a o ^ HI ^

(1) ^ * j A

(2) « o ^ Hl(b) a ^ III(C)

(3)

ss,

IlKa)

I , 3 ^ 3 A

(6)

(4) ^ 7)7)7}

(5) ^ ^ ^ r : ^ ( S 20)3}

I t 20

21 IJ-^ III

V =

1.0

^ss,

•BHIO.)

•BIIIW

III(a) nj III(c))

0 2+f

V i & 3 -v^—+ (Fx^x 10 9)

0 109x C7
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U -b W ^ f Z-^o] W 3 Poisson *?^<q sg^ofl cfl*> 95%

JWtj-.

Bellcore ^

s y s = ^ i ^ ssoi

, M ̂ -

^ ^ ysre=
SKS

- 48 -



3.4

MIL-HDBK-217 3\ Bellcore TR-332 7}

( 1

BQJP— KB ZJ, iV» A PARTi

. [14]

a 22

61#

Bellcore

CNET

HRD4

MIL-HDBK-217

Siemens

£]tfl n ] ^ «lx>

Electrical stress

Quality

Quality

Environment, Quality

Temperature

23

24

c)

. [15]

64K DRAM

20
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23 64K DRAM S] »l3.(1986)

\

I7fl°} 64K DRAM

- ^ £ S . : 40°C

- OT^ •&£. • 47. 5 ^

- 4-§- ̂ =g = *KV >&*!•
- ^|]3}- : 16pin non-hermetic S.^

MIL-HBBK-217D

HRD 3

CNET

NTT

B e l l c o r e TR-332

/ [FIT]

11250

10

541

542

550

S 24

\

64K DRAM $) 3 . ^ # <H|<2r «|3.(1994)

17JJ2} 64K DRAM

- ^ Q ^%£ : 47 .5 t :

_ A]~g- 3&7§ : x | ^J ^ S j -

- *1]̂ J" : 16pin non-hermetic S.^

MIL-HDBK-217F

HRD 4

CNET

Italtel IRPH93

Bellcore TR-332

/ [FIT]

49

8

22

14

45
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WUearning
factor)

a 25
-. [15]

262}

[14] £ 26^ S 27̂ 1

International Electronic Reliability Institute)^ #•?

4 u o ^ ^ *

( The

a 25 *±%s

A

B

C

D

E

F

G

H

I

MIL-HDBK-217

ofl-aj- (FIT/1000)

400

400

800

138

173

500

286

714

q HJ3.U987)

(FIT/1000)

19607

460

2119

862

13513

947

1600

10200
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IE 26 CB #2

Device
Transformer
Coil activated relay
Aluminum elctrolytic capacitor
Polyester capacitor
pn-Junction diode
Zener diode
LED
Bipolar digital IC(ll-lOOgates)
Bipolar linear IC(ll-lOgates)
Bipolar linear IC(ll-lOOgates)
MOS digital IC (1-10 gates)
Rectangular connector
Varistor
Carbon film resistor
Wire-wound resistor
Metal film resistor
Rocker switch
Bipolar Transistor
fcrr&t failure rat<?
Field failure rate
EfeviatipR

Bellcore
3
770
210
17
230
16
9
59
14
42
83
7
6
182
127
7
5
25

im

CNET
9
605
22
4
149
63
15
413
57
80
903
1
0
27
42
25
44
19
%m

HRD4
7

440
120
6
345
87
280
7
13
13
27
50
10
10
6

0.5
30
16

MIL217
6

1430
16
1
152
94
65
3
3
3
3
8
0
11
1

0.5
1
38

Siemens
5
88
120
14
230
350
0
20
500
150
40
22
10
26
30
2
20
20

1647

im ! 18SML \ 680 t%m 1 1060

27 CB #1

Device

ceramic multilayer capacitor

pn_junctiondiode

Bipolar digital IC

Metal oxide resistor

Discrete bipolar transistor

Tantalum electrolytic capacitor

SQfAL f&ilsr^ rate
Field fcaiiare rate
Deviations

Bellcore

210

125

936

1590

7812

1350

12623

CNET

45

300

390

596

20937

3780

26943

HRD4

3

300

168

51

4000

40

4SS2

MIL217

4

9

50

52

1225

594

1334

Siemens

35

25

60

795

1250

180

2335

4271

tm zim 288 >2SW0

- 52 -



3.5 MIL-HDBK-217 3f Bellcore TR-332 S>]

4 § f e MIL-HDBK-217 3\ Bellcore

. MIL-HDBK-217 2J- Bellcore^

Bellcore ̂ 2f

}. ZLeJU Bellcore £ -f-#^ 7]-g- 3.^#(basic failure rate) -

MIL-HDBK-217̂  ^ f S # £tf lS *\JL ^14. MIL-HDBK-2172f Bellcore TR-332# H]

* } ^ u}#2f ^ ^ x H f £.°]3. $lr\. [17]

(1) Bellcore^ 57H^ ̂ ^g 3:^n> 3.^*fe «>̂ <Hl MIL-HDBK-217^ J B ^ H

MIL-HDBK-217-i-

(2) Bellcore^ S ^ - -?-# 3.^-1-S- ^ ^ £5c.(ambient temperature)#

MIL-HDBK-217 ^

K Bellcore

(3) Bellcore^ SMT(smalltalk)ifc^M-

c>. MIL-HDBK-217£ SMT S&& Jg7>*f3£^- 7Hai£l$i3. SMT

(4) Bellcore^

Avf MIL-HDBK-217€

(5) Bellcore^ n

J5^. 80 * o ] ^ l MIL-HDBK-217

(6) Bellcore ̂  ^^-g- *}]#<!} -il^S ̂ 7}7f ̂ c f l ^ o ] ^ ^ MIL-HDBK-217

(7) Jf 7W » o ^ ^ 4 ^ H]*^l^> Bellcore

W . O.el3. 7^1^ A]611 Bellcore

(8) Bellcore *}$£: burn-in,
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r.} <£^o\v.}. SE.Q burn-in x}3& dl-§-*M ^*fl^^r( f irst year

mult ipl ier)* Jfl*H* ^ Sflcf.

(9) Bellcore u
o

v^^r -H/SN^ FIT ( Failure in time, in 109 hours)AS. Moj-

i t o MIL-HDBK-217 £ FPM (Failure per million( 106) hou r )^S

(10) Bellcore -fe- gyroscope, battery, heater, cooler, computer <H]

MIL-HDBK-217 £ PCB, laser, SAWS, magnetic bubble memory, tube &\]

(11) Bellcore ^ •§•*]

MIL-HDBK-217 -£ ^ f f S

K [18]

Product !j Prodwt ^
Number § Name 3

Product Description | m-HDBK-217FN2 | Bellcore 6

Failure ^ MTBF
Rate* 1

MTBF

| 8 port 115.2 kbps Asynchronous | 86,731 J; ii,529865 J 411,197
I PCI-Bus Serial Controller for H hours § 3° hours

8000P 3. Aries

Failure 3'
Rate* |

2,431924 I

jj | J6 por t 115.2 kbps Asynchronous | 45,235 | 22,106959 | 339,410
| i: PCI-Bus Serial Controller for ji hours | jj hours

16000P | Aries ^ S o l a n s and WindowsNT | | ^

2,818805 |

1

| | 4 por t230.4kbps Asynchronous | 192,112 | 5^05288 | 934^546
I Apollo | PCI-Bus Serial Controller for ;j hours ji | hours
| | Solaris and WindowsNT | | !j

I | 2 pprt230.4kbps Asynchronous | 485,088 | 2,061481 | 1,338,160
| | PCl-Bus Serial Controller for ^ hours ^ ^ hours

2520P ^ Saturn ^ Solaris arid WindowsNT § ^ Ij
3 * • ^ 5 ^ ^

I I 4port I 192,112 | 5205288 ^ 934^46
ij I Synchronous/Asynchronous PCI- § hours j : ^ hours

4520P ? Saturn 1 BusSerialControBerforSolaris § § I
5 *• and WindowsNT | | ^

| (Aim | 15^07424 | 785045
jj S, Synchronous/Asynchfonous PCI- § hours § f h o u r s

S520P I Saturn ^ Bus Serial ContioHer for Solaris |j | |

1B70038 |

0.747295

andWindowsNT

1JJ70CB8 |

1^73811 I

sndWindowseNT

ZLQ 7 MIL-HDBK-217 2} Bellcore TR-332
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all 4 S- A[^

4.1 7||JSL

r (1) A l ^ ^ ^ ^ ^ A - } A>-§-^ ^.#5] AJ^S afl^3f (2)

>̂ -41SJ35. 7H4MCK -f-i-^ -il^

MIL-HDBK-217, 5E^ Bellcore TR-332

. [6]

rS. fi.1 (Part Count models)

- •¥••# ̂ Hr-^-^tPart Count Method)

J2.^(combinatorial models)

(Reliability Block Diagram)

( Fault Tree Analysis)

(State Space or Markov Analysis)

( Petri Nets)

°1^1 S-^St Monte Carlo Simulation Models)

- GO M
o

vtl( Go method)

•S'^'S(Phased Mission Analysis)

( Hybrid techniques)

4.2
MIL-HDBK-217^ ^

• & ^ ^^r aj^^l 8ic>. [16]

(1) 5-efl^ ^^<H1 ^*fa,
) ̂  J o.S 1-10
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(2)

(3)

(4)

(5) :zK£(transient)

4.3 *±&\£. M:^S. ^( Reliability Block Diagram ,RBD)

^<H^I Aj^^o} ^ ^ - ^ S ( s u c c e s s path way) ofl

WQ£ ^ ^ 4 i t f A]^^51 A15)

g- &°MM-g

(decompose) ̂ t:}.

RBDfe ^ ^ ^ t ^ i t ^ ^ i N I H ^l^S. Jg7f(Probabilistic Safety Assessment:

sac*. RBDfe A ) ^ ^ 9^A4s7> ^tfe

fl(boolean)

A

- 56 -



28 RBD

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

Redundant

Series

Special
Redundant

simple
parallel

m out of n

Standby

redundancy

standby
redundancy

parallel-
serial

serial-
parallel

(2Ra- -R])

Duplex redundancy

Majority voting

Bridge
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- 8S -

&TT 8 fk-H

C1Y ms8V0tfS\C8B

aw mask sew
£ C 2 fH83£IR &WOONVWO t f g

S1Y fe§£ SH8BB MgK
W i lOEWteBlotflO fUgWOao

43 S ^58
CCBSBC K>?B <CK1C S& SIY'HS

(*i? H"2i3'§£ '515 SW 5olsi3m)

^ IC ioi?Hc55aa

D
0

D
o
o

1 = 1

IT

lk>6 '8 H>z:

Vli '

Haft

ftl* #lo

lr

la ̂
'7TI5



Fault Tree £

as-as 4a

12/9 9

ANDGate:

ORGate:

FTA

* H
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Wdnultiphase mission)

4.5 ^ E H ̂ O ] C . (State Transition Diagram STD)

f7> 4 4 dl#3(discrete)*1

7> <S^(continuous)917M

«<>1(transition)
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(independent).

^ ( t r ans i t ion matrix)3. *>#<H

. «g(Row)-b 2pgo] A]̂ > t<H| Si# ^ l ) # U^MJL «g(column)^

t+dto\) Qo]*} -$*m UB}I |B| 3 * M 5i7l^Efl{initial state),

Inal state)5> >̂c>.

n>cl(node)

^ H ( state)

D } 2 5 s^^l M -̂ •JHN*!'=h

- 3.
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4.6 sfl^ (PETRI Nets)

Petri Nets

(tokensB\JL

*Kfiring)

Petri

Qe) (transition.

(place.

}. Petri

A failure

Operational LJ Failed
B failure

A7f
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4.7

Monte Carlo Simulation Model

MTBF, MHF,

3 : n

7X1), 7X2), 7X3) 7X«)

4 :

E(T) ^

5 :

ST=TZ
t=0

n-\

1/2



4.8 Go

Go *y-^^r Kaman Science Corporat ion^ 1960 ^ M 7M$> « o ^ 1 5 . 177fli>J

EPRI

: GO

: Go

7} o ^ t h a^v GO >̂Mfe ^

4.9 ^>^ll^f ^ ^ - ^^^ (Phased Mission Analysis)

6J:
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J— 1 t •—•

1^ :^ I *fl cHtt ^r-fi- ^^2><a ( demand profi le .

1)

mR :

l ^ {7}

, 4

4.10 ^ ^ 7 ] # ( Hybrid techniques)
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5. -

5.1

oil

A}-§-

Sat:}.

26 <H1 Sic}. [23]

29

Software Name

217 Predicts

ARM(Advanced Reliability Modeling) E

ARM(Advanced Reliability Modeling) F

CARER MTBF HDBK-217 Module

Computer Aided Reliability Program (CARP)

Milstress for Windows

Milstress

PC MIL-HDBK-217F

PC Stress Analysis

PREVIEW

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

RAMTOOL

REAP (Reliability Effectiveness Analysis Program)

REAPmate (Reliability Effectiveness Analysis Program for PC)

Rel +4

Rel Plus III

RelCalc for Windows - 217

RelCalc for Windows - Bellcore

Relex 217

Reliability Parts Stress Prediction (Probabilistic Software)

Reliability Predictor

RL ORACLE

RPP (Reliability Prediction Program)

TECMTBF

TelStress

CARER MTBF HDBK-217 Module

Computer Aided Reliability Program (CARP)

Rel +4

Relex Parts Count

Reliability Parts Count Prediction

RPC (Reliability Parts Count Program)

TECMIBF2

Company

Evaluation Associates

Confidence Enhancements

Confidence Enhancements

JORI Corp

Item Software

Mitchell 4 Gothier

Management Sciences

Management Sciences

Systems Effectiveness Associates

Systems Exchange

JORI Corp

Systems Effectiveness Associates

Systems Effectiveness Associates

Evaluation Software

Evaluation Software

T-Cubed Systems

T-Cubed Systems

Relex Software Corporation

Probabilistic Software

tentor Graphics

Rome Labs

Powertronic Systems

Tecnasa Electronica Professional

Item Software

JORI Corp

Evaluation Software

Relex Software Corporation

Probabilistic Software

Powertronic Systems

Tecnasa Electronica Professional
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ERIS 5 S J .

5.2 A ] ^

5.2.1

KwTree(KIRAP)

AAP606

BRAVO

CAFTA for Windows

CAFTA+

CAFTA Personal Version

ETA-II

EventTree for Windows

FTRAN

FaultTree

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 n}^LS(Markov) 2

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
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Pro-FMEA for Windows

QuickMode

RAMTOOL

RAMT00L++

RCMCost

Relex FMECA

Reliability Workbench

TECFMEA

5.2.4 7}-§-JE.( 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)

Re1Draw

Relex RBD - Reliability Block Diagram

5.2.5

AAP232: Static and Dynamic Modeling

Analyst

ANNE

ANSAR
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AvSim

CARE (Computer Aided Reliability Engineering) - RBD

CARE III (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

RAMTOOL++

RBDA/CS-RAM

REAP (Reliability Effectiveness Analysis Program

RELAV (Reliability/Availability Analysis Program)

Re1Draw

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)

- 70 -



6.

ZL^q- 71

. 7]71

lfe MIL-HDBK-217

ZLeiv} MIL-HDBK-217 ^ 1991(version F)

61 ^ A > ^ o]^ ^ ^ 6 r f e ole) ^711 »1 ^.71 Al^ (Burn-in)

717151

MIL «SS Bellcore TR-332

5X3., 3:71 ^ ^ ^ Al^(lab. test)

Stlc>. 3 ^ 2 (2 out of

- 71 -



. [21]

I.OOE+OO

1.0OE-O1

X X

- 72 -



*ll 7
[I] Jalal Zamanali, "Probabilistic Risk Assessment Applications in the

Nuclear Power Industry", IEEE Transaction on the Reliability, Vol. 47

N0.3-Sp, pp SP-36, 1998 September

[2] %tt $] , "%#€:^ 9l&^ ^WH^l *\*\M *H**M n^- 3-^ «*>
&q". AR-560/2000, * K ^ * H W ^ . 2000

[3] K. B. Misra, "Reliability Analysis and Prediction", pp 190-191,

Elsevier, 1992

[4] William Denson," The History of Reliability Prediction", IEEE Trans, on

Reliability Vol. 47 No. 3-SP ,pp SP-321 1998, September

[5] Armanda A. lakner and Ronald T. Anderson, "Reliability Engineering for

Nuclear and Other High technology Systems", Elsevier, 1985

[6]Ralph R. Fullwood & Robert E. Hall, "Probabilistic Risk Assessment in the

Nuclear Power Industry", ppll5, ppl30-170, BNL, 1988

[7]US MIL-HDBK-217,"Reliability Prediction of Electronic Equipment", version

F, DOD, USA,1991

[8] British Telecom, "Handbook of reliability data for components used in

telecommunications systems", Issue 4, 1987

[9] Siemens AG, SN29500, "Reliability and quality specifications failure

rates of components", Siemens Technical Liaison and Standardization,

1986

[10] Centre National d'Etudes des Telecommunications, "Recueil de Donnees de

Fiabilite du CNET", (National Centre for Telecommunications Studies,

'Compilation of CNET's reliability data"). 1983 edition

[II] Bellcore technical Ref. TR-TSY-000332, " Reliability prediction

procedure for electronic equipment" issue 6, 1997

[12] Italtel, "Italtel Reliability Prediction Handbook", Italtel corporate

quality department, Milano, 1993

[13] NTT, "Standard Reliability Tables for semiconductor devices", Nippon

Telegraph and Telephone Public Corporation, 1982

[14] Jeff Jones and Joseph hayes, "A Comparison of Electronic -Reliability

Prediction Models", IEEE Trans, on Reliability, Vol. 48, No. 2,ppl27-134

1999 JUNE

- 73 -



[15] Finn jensen, "Electronic Component Reliability", pp245-247, John Wiley &

Sons, England,1995

[16] ̂ 34% "413-E. 51 J i ^ W . PP 28, pP157 <8*]^*W, 1999

[17] http://www.innovsw.com/models.htm

[18] http://support, auroratech.com/mtbf-pci. html

[19] EPRI NP-3123,"Go Methodology",1983

[20] o]^,u£m3) PSA iJ £ € ^ W DB 7fi«Ĵ % 2§", *fl 1 *} ^
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