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FOREWORD

Reliability prediction is an essential function in evaluating a design
from concept through development and in controlling cIiangesduring
production. Prediction provides a rational basis for design decisions
such as the choice between alternative concepts, choice of part quality
levels, derating to be applied, use of proven versus state-of-the-art
techniques, and other factors.

It is essential thst common ground rules be established for techniques
and data sources used in the formulation of reliability models and
predictions so that they may be applied and interpreted uniformly. This
standard establishes procedures and ground rules intended to achieve
this purpose.

It must be recognized that reliability prediction is a best estimate of
the reliability anticipated from a given design within data limitations
and the extent of item definition. A properly performed reliability
prediction is invaluable to those responsible for making program decisions
regarding the feasibility and adequacy of a design approach.

Reliability predictions are generally based on experience data from
similar items, or their components, used in a same or similar manner.
Extreme caution must be exercised in ascertaining the similarity of
other items and the degr,: of similarity in the conditions of use. This
standard emphasizes verification and justification of the validity and

applicability of data sources to the preparation of predictions.

The necessity for determining the costs of achieving and sustaining the
reliability of & item requires that reliability be considered from two
perspectives, reliability as a measure of operational effectiveness
(Mission Reliability) and reliability as a measure of owership COst
(Basic Reliability). The incorporation of redundancies and alternate
modes of operation to improve Mission Reliability invariably decreases
Basic Reliability and increases,procurementand 10giStiC suPPOrt !Osts.
This standard addresses Mission Reliability prediction and Basic Reliability
prediction as separate but companion predictions both of which are
essential to adequately quantify the reliability of an item.

The need for updating a given prediction will vary from program to
program and cannot be precisely established in a general standard.
Undatins!will depend primarily on the degree to which the itsm has been
d~fined~ and the-availability-ofpertine;t data. Provisions should be
made for reliability prediction updates at all design review points and
other major program milestones.
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6 1. SCOPE

1.1 w. This standard establishesuniform procedures
and ground rules for the preparationof Mission Reliabilityand Baaic
Reliabilitymodels and predictions for electronic,electrical,electro-
mechanical,mechanical, and ordnance ayatems and equipments,hereinafter
referred to as items. Item complexitymay range from a complete veapon
system to the simplest subdivisionof a system. The primary value of
ReliabilityPrediction is as a design tool to provide relativemsasures
of item reliabilityto design deciaiona. Great cautionmust be used
when applying and translatingthe abaolute value of the Reliability
Prediction to measures of Field Reliability.

1.2 Application. The requirementsand proceduresestablished
by this standard may be applied to any Oepsrtmentof Defense procurement

. for item development and production. It la not intended that all the
requirementsherein will need to be applied to every program or program
phase. -Procuringactivities shall tailor the requirements.of this
standard to the minimum needs of each procurementand shall encourage
contractorsto submit cosc effective tailoring recommendations.

1.3 -. Reliabilitymodeling and prediction is a
methodology for estimating an item!s ability to meet specified reliability
requirements. A Mission Reliability prediction estimatea tbe probability
that an ‘itemtill perform its required functionsduring the mission. A

4

Basic Reliabilityprediction eatlmatea the dsmand for maintenance and
iogistic suppczt c&Jsed by an item’s unreliability. When used in combination,
the two predictions provide a basis for identifyingareas wherein special
emphasia or attention is needed, and for camparing the ovnershipcost-
effectivenessof various design configuration. The two predictionsmay
also be used as a basis for the apportionment (allocation)of ownership
cost and ,operationaleffectlvenesarequirementsto various subdivisions.

1.4 Numbering system. Task aectlons, tasks, and methods
are numbered sequentiallyas they are fntrnduced into this standard in
accordancewith the following classificationsystem.

1.4.1 Classificationof task sections, taaka, and methods.

100 - Reliabilitymodeling task section
101 to 199 - Reliabilitymodeling tasks

1001 to 1999 - Reliabilitymodeling methods
200 Reliabilityprediction task section
201 to 299 - Reliabilityprediction tasks
2001 to 2999 - Reliabilitypredictionmethods

)



1.5 Revisions.

1.5.1 Standard. Any .
which results in a revision of sections 1, 2, 3 or 4 will be indicated

MIL-STD-756B

rcenerslrevision of this standard

by a revision letter after this standard number, togetherwith the date
of revision.

1.5.2 Task sections, tasks, and methods. Revisions are
numbered consecutivelyindicatedby a letter following the number. For
example, for task 101, the firat revision is 101A, the second revision
is 101B. When the Basic Document is revised, those requirementsnot
affected by change retain their existing date.

1.6 Method of reference. The tasks and methods contained
herein shall be referencedby specifying:

a. This standsrd number
b. Task number(s)
c. Method ntiber(a)
d. Other data as called for in the individual

taak or method

2., REFERENCEDDOCUMENTS

2.] Isauea of documents. The following documents of the
issue in effeet on date of invitation for bids or request for proposal,
are referenced in this standard for informationand guidance.

STANDARDS ‘

Military

MIL-STD-280 Definitions of Item Levels, Item Exchangeabilityy,
Models and Related Terms

MIL-STIF470 MaintainabilityProgram Requirements

MIL-STD-721 Definitions of Terms for Reliabilityand Maintainability

MIL-STD-780 Work Unit Codes for Aeronautical Equipment;
Uniform Numbering System

MIL-STD-785 ReliabilityProgram for Systems and Equipment
Development and Production

MIL-STD-881 Work Breakdown Structures for Defense Material
Iterns

MIL-STD-882 Systm Safety Program Re~uiranents

2
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MILATD-1388 Logistics Support Analya”is

MIL-STD-1591 m Aircraft, Failt”,Diagrioa.ia,Subsystwa,
Analyaia/Synthesi~_Of,~::,“,“.. T” ‘“’

MIL-STD-1670 Environmental Criteria and Guidelines for Air-
Launched WeaPQ:,i~;:;::..”““~~”“..“...,

MIL-STD-2072 Survivability,Aircraft; Eatablis~ent and
Conduct of Programs For,,,......-.:-.‘.

MIL-STD-2080 f.iaintenance Plan klyiii” for Aircraft and
Ground Support Eqyipmepta r:.-, -.:.-:.”

HANDBOOKS
>.. .-:>:

.,

Military

MIL-HDBK-217 Reliability Prediction of Electronic Equipment

MIL-HDBK-251 Reliability/Design”Thermal”Applications

c1 (Copies of specifications, standards, drawin8S,“andpublications
required by contractors”in connection with se~~+fic Pz.OcurementfunctiOns
should be obtained from the prncuring act’i+ity@ vs.directed.by ‘he.... ........ .
contracting officer.)

..<,....,-..:”’”
PUBLICATIONS

.. :..; .:, .:3~,t .............
Naval Sea Syat?ms co~and “ ~:,~””~..,F..:3=,,y:,,.”,

NAVORL-OD 44622 Reliability‘Dataknalyais and Int”erpretation
Volume 4

(Application ?or copies should be addreaaed“to: C-riding Officer,
Naval ship Weapon Systems Engineering.S,l~t!O?(CO!,?,‘51.43!,*,..‘ort ‘Ueneme*
CA 93043.) .

2.2 Othei publications.““’& follbtirigdo”ctientsare

potential sources of reliability data
that“may tieused .inCOnjUnction

with this standard. Specific requirements,f& ‘y~eof these or Other

data sources must be sPecified by ‘he Procuring activity~.”..:.:..

3
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RADC-TR-73-248 Dormancy and Power On-Off Cycling Effects
(AD-768619) on Electronic Equipment and Part Reliability

RADC-TR-74-269 Effects of Dormancy on Nonelectronic
(AD/A-002838) Cmmponents and Materials

LC-78-1 Storage Reliability.of Missile Material
(.AD/A-053403) Program, Missile Material Reliability’Handbook

Parts Count Prediction

(.Applicationfor copies should be tidressed to the National Technical

Information Service, U.S. Department of,Commerce, 5385 Port Royal Road,
Springfield, VA 22161.)

GIDEP Government Industry Data Bxcbange Program,
Sunnnariesof Failure Ratea

(Application for copies should be addressed to the Fleet Analysis
Center, GIDEP Operationa Center, Naval Weapona Station, Seal Beach,
tirOna Annex, Corona, CA 91720.)

NPRD-1 Nonelectronic P?rta Reliability Data, 1978

(Application for cupiea should be addreased to the Reliability
Analysis Center, RADC/RBRAC, Griffiss AFB, NY 13441.)

3. DEFINITIONS

3.1 =. Terms used in this document are as defined
in MIL-STD-280 and MIL-STD-721.

.)

4. GEWERAL REQUIREMENTS

4.1 General. Reliability modeling and prediction shall
be planned and performed in accordance with the general requirements of
this standard and the taak(~) and method(a) specified by the procuring
activity.

4.2 Implementation. Reliability modeling and prediction
shall “beinitiated early in the configuration definition stage to aid in
tbe evaluation of the design and to provide a basis.for item reliability
allocation (apportio~ent) and establishing correctiveaction priorities.
Reliability models and predictionsshall be updated when there is a
significant change in the item design, availability of design detaila,
environmental requirements, stress data.,failure rate data, or service
use profile. A planned schedule for updates shall be specified by
the procuring activity.
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c 4.3 Ground rules and assumptions. me contractor shall
develop ground rules and analysis assumptions. The ground rules shall
identify~the reliabilitymodeling and prediction approach, the lowest
indenture level to be analyzed, and include a definition of mission
success for the itsm fn terms of performance criteria and allowable
limits. Ground rules and analysf.sassumptions are not inflexible and
may be added, mdif ied, or deleted if requirements change. @round rules
and”analysis assumptions shall be documented and included in the reliability
modeling and prediction report.

t 4.4 Indenture level. The indenture level applies to the
item hardware or functional level at which the itsm configuration is
defined. Unless otherwise specified, the contractor shall establish the
lo”westfn~enture level of analysis ustng the following guidelines:

a. The lowsst level specified for the Failure
Mode, Effects, and Criticality Analysis (FMSCA)
to ermure consistency and allow cross referencing.

h. The”specified or intended maintenance and
repair level for hardware elsments of the Itsm.

4.5 Coding system. ‘Perconsistent identificationof
item functions and hardware elements, the contractor shall adhere to a

c

coding system based upon the hardware breakdown structure, hmrk unit
code numbering”system of M~L-STI+780, or other similar uniformnumbering
system. The coding system shall be consistent with the ~CA (if required)
and functional block diagram numbering systsm to provide complete visibility
of each modeled elsment and its relationship to the item.

4.6 Mission success definition. The contractor shall
develop general statements of item mf’ssiOn.success in te~s Of PerfO~nce
and allowable limits for each specified output. Mission success definitions
shall be included i’ntbe ground rules dfscussed in 6.3.

4.7” Coordination of effort. Reliability and other
organizational elements shall make coincident performance and use of the
relf’abilitymodels and predictions. Consideration shall be gfven to the
requirements to perform and use tbe reliabilitymedels and predictions
in support of a reliability program in accordancewith MIL-sTD-785,
maintainability.program in accordance wfth ~L-STD-470P safetY PrOgram
in accordante with MIL-STD-882, survfvability and vulnerabilityy program
@. accordance with MIL-STD-2072, logistics support analysis ~n accordance
with MIL-STD-1388, maintenance plan analysis (~A) in accordance with
MIL-sTD-2080, fault diagrams analysis in general accordance with MIL-
STD-1591, and other contractual provisions.

4.8 f3eneralproceduie. The steps set forth below define
the procedure for developing a reliabilitymodel and performing a reliability
predf’ctfon. Effort to develop the information for the steps below shall

c

be closely coordinated with related program activities (such as design
engineering, system engineering, maintainability, and logistics) tO
mfnfmize duplications and to asaure consistency and correctness.

5
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a.

b.

c..

d.

e.

f.

.s.

h.

i.

-i.

Define the item for.which the prediction is

applicable (see 4.8.I).

Define the service use (life cycle) for which
item reliability will be modeled and predicted
(see 4.8.2)..

Define the item reliability block diagrams (see
2.3 of Task Section 100).

Defin”ethe mathematical models for computing
item reliability (see 2.4 of Task Section 100)..

Define the parts of the itsm (see 2.2 of Task
Section 200).

Define the environmental dats (see 2.3 of Task
Section 200).

Define the stress data (see 2.4 of Task Section
200).

Define the failure distribution (see 2.5 of
Task Section 200). ,.

DefIne the failure rates (s.&e2.6 of Task
section 200).

Compute the item reliability (see 2.7 of Task
Section 200).

4.8.1 Item definition. Item definition shall include
performance requirements and hardware concept to the extent known at the
time the model and prediction are prepared. Characteristics of the item
shall be stated in te?.’msof range, altitude, speed, maneuverability,
envirO~ental conditions, pOwer, Or such.Other paT=@er~ aS -Y be
applicable. The manner in which.the item and ita .stibdiyisionoperate is
usually expressed by means of functional diagrams which can become the
basis for the reliability block d,tagrame(see 2.3 .ofTask Section 100).
Normally, the initial item definition used for the feasibilityprediction
will be lacking several details and will require certain assumptions as
to environmental conditions, design configuration,etc. The item.definition
ehall be refined and updated as more fnformation b@comes available to
support the preliminary design prediction, and subsequently,the detailed
design prediction. As the item description is progressively updated, .-
higher levels of accuracy will be attained for prediction ‘results.

4.8.2 Serv+ce use profile. The aervtce uae (life cycle)
profile or portion thereof to be used for reliabilitymodeling and
prediction shall either be provided by the procuring activity or specified
for contractor preparation. The service use profile ia a thorough
description of all events and environments associated with an item from

3
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c final factory acceptance through.its terminal expenditure or removal
from inventory. Each significant service use event, such as transportation,
storage, test and checkout, operational deployment, etc., is addressed.
Figure 1 i11ustrates the major service use events to be considered in’
the logistic and operational cycles. The profile depicts expected time
spans, environments, operating modes (including standby and ready modes),
etc., for each event. Information from logistic CYC1es, operational
CYC1es, mission profi1es, and environmental profiles is used to develop
the service use proffle.

., ,.,... .
4.8.2.1 Logistic cycle. The logistic cycle shal1 describe

the expected duration and sequence of events which maintain, transport,
and store an item to assure operational availability.

4.8.2.2 @erational CYC1e. The operational CYC1e shall
describe the expected duration and sequence of events of the period from
an item’s assignment to an operational user through expenditure or
return to some phase of the logistic cycle. . . .

. .. .
4.8.2.2.1 Mission profile. The mission profile shall..describe

events and con”ditions.associated with a specific operational usage of an
itern. A mission profi1e is one segment of the operational cycle.“““The
profile shal1 depict the time spans of the events and operational conditions
to be anticipated. Multiple mission profiles may be required to adequately
describe an item’s multimission capabilities. : .

c 4.8.2.3 Environmental profi1e. The “environmentalprofi1e
shall describe the specific natural and induced environments (nominal
and worst ‘case)with the operations, events, and functions described by
the logistic and operational cycles. Each mission profile shall have an
associated environmental profile.

4.9 ., Reliability modeling and prediction report. The
reliabilitymodels and reliability predictions shall be documented in a
report that identifies the level of analysis, sununarizesthe results,
documents the data sources and techniques used in performing the analysis,
and includes the item definition narrative, resultant analysis data,
worksheets, ground,rules and assumptions. Interim reports shal1 be
available at each design review to provide comparisons of alternative
designs and to highlight high failure rate elements of the item design,
potential mission reliability single failure points, and proposed design
corrections or improvements. The final report shal1 ref1ect the final
design and provide identificationof high failure rate elements, overstressed
parts, and mission reliability single failure points which could not be
eliminated from the design. When submitting a report applicable for an
Exploratory/AdvancedDevelopment Model, a simplified reliabilitymodeling
and prediction report is required.

4.9.1 SW!!!KY. The report shal1 contain a sumnary which
provides‘the contractor’s conclusions and recommendationsbased upon the
analysis. Contractor interpretationand comments concerning the analysis

c
and the initiat.edas reconnended actions for the elimination or reduction

7
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of failure risks shall be included. A design

..——

evaluation summary of
msjor problems detected during the analysia-shallbe provided in the
final report. A list of hardware or functional elsments of the item
nmitted from the reliability models and reliability predictions shall be
included with rationale for each elament’s sxclusion.

4.9.2 Reliability critical element lists. Reliability
critical el~ents of the item extracted from the reliabilitymodeling
snd reliability prediction effort shall be listed and included in the
summary. Reliability critical elements include high failure rate elements,
overatreased parts (i.e., exceed established parts derating criteria),
and mission reliability single.failure points.

5. DETAIL REQUIREMENTS

5.1 Task description and methods. The detail taska and
methods ,forpreparing reliabilitymodels and perfO~ing reliability
predictions follow. The task descriptions and methods are divided into
two general sections: Section 100, Reliability Modeling; and Section
200, Reliability Prediction.

5.1.1 Details to be specified. The “Details to be Specified”
paragraph tindereach Task Section is intended for listing the specific
details, additions, modifications, deletiOns, Or OPtiOns tO the requirements
of the tasks covered’by tbe section that should be considered by the
Preparing Activity (PA) when tailoring the taak description to fit
program needs.. “Details” annotated by an “(R)” AM ESSENTIAL and shall
be provided the contractor for proper implementationof the task.

Custodians:
Army - CR
Navy - AS
Air Force - 17

Review Activities:
Army - EA, AR
Navy - SH, OS

Users:
Army-AM
Navy - EC
National Security Agency - NS

Preparing Activity:
Navy - AS

Project No. lW.LI-0001

Defense Mapping Agency - DMA

‘c

9
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.
TASK SECTION 100

RELIABILITY MODELING

1. DOCUNSNTS WFERENCED IN TASK SECTION 100:

STANDARDS

.MILITARY

MIL.STD-780

tiL-sTD-881

2, . REQUIREMENTS

Work Unit tides for Aeronautical Equipment;
Uniform Numbering System

Work Breakdowd Structures for Defense fiterial
“Items

.

2.1 Baaic Reliability model. The Basic Reliability model shall
consist of a reliability block dia~ram and an associated mathematical
model. By definition, ~he ‘BaaicR~liabilfty model is an all Series
model which includes elements of the itsm intended solely‘forredundancy
and alternate modes of-operation.

2.2 Mission Reliability model. The Miqaion Reliability model

c

shall consist of a reliability block diagram and an associated mathematical
podel. The Mission Reliability model shall be constructed‘to depict the
intended utilization of the elements of the itti to achieve miaaion
success. Elements of the itcm intended forredundancy or “alternate
modes of operation ~hall be modeled In a parallel configuration or
similar construct appropriate to the mission phase and mission application.

2.3 Reliability block diagrama.” Reliability block .d”iagrsmshall
be prepared to show interdependenciea,among all elements,(subsystems,
equipments, etc.) or functional groups of the item for i@TU .succesain
each seryice use eyent. The purpose ,ofthe reliability block diagram is
t~ show by,c.?nclaevisual shorthand the various series-parallelblock
poqbinations .tia.ths).that result.im item success. A cOmp~ete understanding
of the $tem’s missim definicion, and service use profile is required to
produce the reliability diagram;.._

2.3.1 BIock diagram title. Each reliability block diagram shall
have a title including identificationof the itam, the mission identification
or portion of the service use profile addreaaed, and a description of
the mode of operation for which the prediction is to be performed.

....

2.3.2 Statement of conditions. Each reliability block diagram shall
include a statement of conditions listing all +snstraintawhich influence
the choice of block presentation, the reliability parameter or reliability
variables utilized in the analyais, and the assumptions or simplifications
utilized to develop the diagram. Once establishe~, t-heaeconditions

“ c

shall be observed throughout the analysia.
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2.3.3 Statement of success. A statement of success shall be defined
in specific terms stating exactly what the calculated reliability represents
for the items as diagramed and performing under the criteria presented
in the statement of conditions.

2.3.4 Order of the diagram. The blocks in the diagram shall follow
a logical order which relates the sequence of events during the prescribed
operation of the item.

2.3.5 Block representation. The reliability block diagram shall be
drawn so that each element or function amployed in the itsm can be
Identified. Each block of the reliability block diagram shall represent
one elsment of function centained in the itsm. All blocks of the reliability
block diagram shall be configured in series, parallel, standby, or
combinations thereof as appropriate.

2.3.6 Identification of blocks. Each block of the reliability block
diagram shall be identified. Diagrams containing few blocks may have
the full Identificationwritten in the block. Diagramscontaining many
blocks shall use a consistent and logical code identificationwritten
for each block. The coding system shal1 be based upon the work breakdown
structure of NIL-STD-881, work unit code numbering system of t41L-STD-780,
or other similar uniform identification system that will permit unambiguous
traceability of the reliability block to ita hardware (or functional)
equivalent as defined in program documentation. The code aball be
identified in a separate listing.

2.3.6.1 Non-modeled elements. Hardware or functional elements of the
item which are not included in the reliability model shall be identified
in a separate listing utilizing the coding system smployed in 2.3.6 of
Taak Section 100. Rationale for each element$a exclusion from the
reliability model shall be provided.

2.3.7 Reliability variable. Reliability variables shall be determined
for each block and presented in such a manner that the association
between the block and its variable is apparent. The reliability variable
is a number (time, cycles, events, etc.) used to describe the duration
of operation required by each block to perform its stated function.

t This variable shall be used in calculating the reliability of the block.

2.3.8 Block diagram assumptions. Two types of aaaumptiona shall be
used in preparing reliability block diagrams: (1).technical and (2)
general. Technical assumptions may be different for each item and for
each mode of operation. The technical assumptions shall be set forth
under the statement of ‘conditions. The general asaumptions are those
applicable to all reliability block diagrams. It is not necessary to
list the general assumptions stated in this standard on the reliability
block diagrams, provided reference has been made to this paragraph. The
following general assumptions shall apply to reliability block diagrams:

‘3
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a. The blocks denote elements or functions of the items that are
considered when evaluating reliability and which have reliability
valuea aaaociated with them.

b. All lines connecting blocks have no reliability values. The
lines serve only to give order and direction to the diagram
and do not represent the wiring cables and connectors associated
with the item. Cabling and corinectoraare incorporated into a
single block or included as part of the block for an elament
or function.

c. All inputs to the item are within specification limits.

d. Failure of any element or function denoted by a block in the
diagram will cause failure of the entire itam, except where
alternativemodes of operation may be present.

e. Each element or function denoted by a block in the diagram is
independent, with regard to probabilityy of failure, from all
other blocks.

2.3.8.i Software reliability assumption. The assumption that all
software is completely reliable shall be stated in instances when software
reliability iS not incorporated in the item reliability prediction.

,<”

2.3.8.2 Human reliability as&mption. The assumption that all human
elements are completely reliable and that no interface problems occur
between human elements and the itam shall be stated in instances when
human reliability is not incorporated in the item reliability prediction.

2.4 Mathematical models. Models shall be derived to mathematically
relate reliability block diagrams to time-event relationships and failure
rate data. The solution of the models will tiethe item predicted reliability.
The mathematical model shall be capable of being readily updated witht
Information reswlting from reliability and other relevant tests as well
!aschanges in item configuration,mission parameters and operational

1. consi+aints..
I

i 3. Details to be specified by the Preparing Activity (PA) (See
} I 5.1.1). The following are applicable when Task 101 or 102 are invoked:

a. Indenture level (4.4)

b. Software Reliability Applicability (2.3.8.1
‘loo).

c. Human Reliability Applicability (2.3.8.2 of

of Task Section

Task Section 100).

c
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(R) d.

.1
1

i

e.

(R) f.

(R) g.

Modeling Method(s). An option is to allow contractor selection
of the appropriate modeling method(s). Different prediction
methods may be applicable to different system components.

DI-R-7094 Reliability Mathematical Models should be specified
when deliverable data is desired in conjunctionwith this
task.

Item definition (4.8.”1),

Service use profile’(4.8.2).

3
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TASK SECTION 200

RELIABILITY PKBDICTION

1. DOCUMENTS REFERENCED IN TASK SECTION

STANDARDS

Military

MIbsTD-1670

HANDBOOKS

Military

MIL-HDBK-217

MIL-HDBK-251

OTHER PUBLICATIONS

KADC-TR-73-248

c.
MDC-TR-74-269

LC-78-J
.

!
t GIDEP

NFKD-Ii
,,

-— t

200:

Environmental Criteria and Guidelines for Air-
Launched Weapona

Reliability Prediction of Electronic Equipment

Reliabilityy/Design Thermal Applications

Dnrmancy and Power On-Off Cycling Effects
Electronic Equipment and Part Reliability

on

Effects of Dormancy on Nonelectronic Components
and Materials

Storage Reliability of Missile Material Program,
Missile Material Reliability Handbook Part
Count Prediction

Government Industry Data Excbnge prOgram>
SPariea of Failure Rates

Nonelectronic Parta Reliability Data, 1978

;.
i 2. GENSRAL SEQUIKEMENTS

k
2.1 Classification. Reliability predictions, as defined herein,

; are classified as follows:

; Type I -

Type II -

Type 111 -

Feasibility prediction

Preliminary design prediction

Detailed design prediction

c
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Generalized descriptions of predictions specified by this standard will
be found in the following paragraphs. Examples of reliability prediction
methods appropriate for the three types of predictions are provided by
Methods 2001 through 2005. The applicability of individual requirements
of Section 200 herein is a function of the type of prediction to be
performsd; the stepa delineated will be performed to the extent permitted
by the level of design configuration data available. Unless otherwise
specified, the reliability prediction shall be for vorat case operating
and environmental conditions.

-.‘)

2.1.1 Feasibility prediction (Type I). Feasibility prediction is
intended for use in the conceptual phaae of item development. During
this phase the level of detailed design information is generally restricted
to overall aspects of the item. Detailed configuration data generally .
are limited to that which may be derived from axisting itsms having
functional and operational requirements similar to those of the item
being developed. Methods 2001, 2002, and 2003 describe feasibility
prediction methods.

2.1.2 Preliminary design prediction (Type 11). Preliminary design
prediction is intended for use in the early detailed design ‘phase.
During this phaae design configuration data are documented by engineering
sketches and preliminary drawings. The level of detailed information
“availablemay be restricted to part listings. Stress analysia data are
not generally available. Method 2004 describes a preliminary design
prediction method.

2.1.3 Detailed design prediction (Type III). Detailed design prediction
is intended for use in and subsequent to the detailed design phase.
This phaae ia characterized by drawings which identify all parta, materials,
and processes needed to produce the item. Operating stress and temperature
analysis data are necessary for each part in the item. The analysis
data shall be based on design analysis and measurement techniques acceptable
to the procuring activity. Method 2005 describes a detailed design
prediction method.

2.2 Part description. Part and application descriptions shall be
provided for any prediction based upon part failure rates. The part
identificationnumber from the schematic diagram, the applicable specification
and the specificat”iontype number shall be included.

2.3 Environmental data. Environmental data affecting part failure
rates must be defined. These data include the specific mtural and
induced environments (nominal and worst case) associated with the
operations, eventa, and functions described by the logistic and operational
cycles. Guidelines for determining the environmental conditions of use
for air-launched weapons are found in NIL-STD-167O.

TASK SECTION 200
18 November 1981
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2.3.1 Environmental categories. Environmental categories shall be

(’
defined for each service use event using Table 200-1 as a guide of
typical categories. Data sources, such aa MIL-HDBK-217 and 14pKD-1which
utilize environmental factora to adjust failure ratea, shall apply the
environmental factor which most closely matches the intended environment.
Factors util,izedshall be cited and substantiated.

2.3.2 Part operating temperature. Part temperature used for.prediction
purpoaea.shall include the item internal temperature rise aa determined
by thermal analysis or test data. For gerieralguidance and detailed
thermal analyais procedures, refer to MIL-HDBK-251.

2.4 Stress analyais. Analyses shall be performed to determine the
. operating atresses to be experienced by each part commensuratewith the

prediction classification and the design detail available. These analyses
shall be baaed on techniques acceptable to the procuring activity.
Failure rates shall be modified by appropriate factors to account for
the effect of applied atresa. Stress ratios cited in the prediction
report shall be individually identified as Estimated (E), Calculated
(C), or Meaaured (M).

2.5 Failure distributions. The failure distribution appropriate
to the apeEffic electronic, electrical, electromechanical,mechanical,
and ordnance item shall be used in computation. In inatancea where the
failure distribution for the item is not known, the exponential, binominal,
weibull, or other failure distribution may be assumed. The failure

c’

distributions utilized shall be cited and any assumption substantiated
in tbe prediction report. .

2.6 Failure ratea. Failure rates for all electronic, electrical,

electromechanical, mechanical, and ordnance items are required for each
, signifi.cantevent and environment defined by the service use profile.
1 AI1 sources of failure data shall be approved by the procuring activity
;’ prior to use. Basic failure rates from most data sources must be modifie~

with appropri.ate factors to account fOr the sPecific.it~ aPP~icatiOn
under consideration. Factors used shall be cited and substantiated in
the prediction report.

2.6.1 +unct ional group failure rates. Functional group failure
ratea may be derived from failure rate data for functionally similar

; groups or items. The GIDEP Failure Rate Summaries are an available

; source for locating group and item failure ratea.

2.6.2 Operating failure rates. Operating failure rates for electronic
““’and electrmnechanicalparts may be found in MIL-HDBK-217. Failure rates

for other parts may be found in NPRD-1, the GIDEP Failure Rate Summaries,
and other sources.

200-3
TASK SE~ION 200
18 November 1981
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2.6.3 Nonoperating failure rates. Nonoperating failure rates for
parts take into considerateion pertinent environmental influences or
other stresses of the application. Data sources such as RADC-TR-73-248,
RADC-TR-74-269, and LC-78-1 provide nonoperating failure rates.

2.6.4 Storage failure rates. Storage failure ratea for parta may be
found in data sources such aa RADc-TR-73-248,RADc-TR-74-269, and LC-
78-1.

2.7 Itam reliability. Item reliability shall be computed using
mathematical models and applicable failure rate data. The prediction
resulta shall be expressed in terms consistent with the specified reliability
requirements.

3. DETAILS TO BE SPECIFIED BY TRS PA (SEE 5.1.1). The following
are applicable when Tasks 201 or 202 are involved:

a.

(R) b.

c.

d.

e.

f.

g.

h.

(R) i.

Since reliability modeling taaks are normally prerequisite
tasks to prediction tasks, elements in 3 of Task Section 100 apply.

Prediction Type (See 2.1 of Task Section 200).

Worst Case Applicability (See 2.1 of Task Section 200).

Environmental Categories (See 2.3.1 of Task Section 200).

Stress Analysia Applicability (See 2.4 of Task Section 200).

Failure Gte Data Sources (See 2.6 of Task Section 200).

Item Reliability Requirements (See 2.7 of Task Section ZOO).

DI-R-7095 (ReliabilityPrediction and Documentation of Supporting
Data) should be specified when deliverable data is desired in
conjunction with this task.

Prediction Method(s). An Opt*on is to allow contractor selection
of the appropriate prediction method(s). Different prediction
methods may be applicable te different system components,

.

3
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Table 200-1. Environmental Symbol Identificationand Description.

Environment I SymbolI Nomim 1 E..ir.nmentalConditions

crowd , Senign

spa-.Tlfght

Ground,Fixed

Ground,Mobile

Naval.Sheltered

Naval,Unsheltered

Airborne,
Inhabited.
Transmart

Airborne,
Inhabited.
Fish..?

Airborne,
Inhabited.
Helicopter

Airborne,
Uninhabited,
Transport

Airborne,
U.imhabited,
Fighter

Airborne,
Uninhabited,
Helicopter

Mi.sfle,captive
carry

Missile,Free
Flight

‘B

%

%

%

Ns

%

‘IT

%F

%

%

%

%s

%.

‘c

%

Nearlyzero Cnviromente.1Btress.

F.-th.Ibit.l. Arw...h.. c~.~d, s=I%nc.ndfti....
vehicleneitherunderpoweredflightm. i. atmos-
phericreentry.

conditicm less than idealto includeinstallation
in permanentrackswith adequatecooli.gair and
p.s.ible i.st.llati.nin unheatedbuildings.

conditionsm-areseverethan thoseFor Cp, mostly
for vibr.t1.. and shock. Coolingair supplymay
also be more Mmited.

SurfaceshiP cmditicms similarto GF but subjectt.
occasionalhigh shockand vibratim.

Nominalsurfaceshipbome conditionsbut with
repetitivehish level.of shocka.d vibration.

Typicalconditionsi. transportLX bombercomp.rmmm
ocmpied by aircrewwithout,“ViVXUU,.t.l extremes of
p=...re, t=Pe..t.~.,.h..k..d .fb~.ti.m,..d
installedcm lonsmissionaircraftsuch.. transports
and bombers.

same.s ~, but installed.. high perfoma.ca aircraft
such as f ghter.and interceptors.

same .s + but installedm rotarywing aircr.fcsuch
fa. belicopers.

Bomb bay, eq.irmnt.bay, tail,or wins i.st.ll.tio.s
where extremepressure,vibrationmd temperature
cyclingmay be asgramted by .o.tamimti.. fromoil,
hydraulicfluidmd engineexhaust. Installedo. 1..s
missionaircraftsuch a. tramports and bombers.

same as
%

but installedo. high perf.ama.ceaircraft
such as f hter,and i.ter.ept.rs.

:Za’tz ‘“s’.lledon rotarywing aircraftsuch

severeconditionsof r,.ise,vibration,and other
e“virmments relatedm missilelaunch,and SP.C,

vehicleb.o.t into orbit,vehiclere-e.tzy a.d landing
by par.cb.te. conditionsmay .18. applyto i.st.lla-
tio.near m-sinrocketenginesduringlaunchoperations.

Typicalconditionsof pressure,vibrationand mmp..a-
t.re experiencedin .tmmpheric flightto target.
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TASK 101

BASIC RELIABILITY MODEL

1. PUBPOSE/RATIONALE

1.1 A Basic Reliability model is a series model used for estimating
the demand for maintenance and logistic support caused by an item and
its component parts. Accordingly, all elements of the item provided for
redundancy or alternate modes of operation are modeled in series.
Except for those instances in which there is neither redundancy nor
alternate modes of operation provided for the item, the Basic Reliability
model cannot be used to estimate Mission Reliability. However, both the
Basic Reliability model and the Mission Reliability model are used in
combination to compare the ownership cost-effectivenessof various
deaign configurations And as a basis for apportionment (allocation)of
ownership cost and operational effectiveness requirements to various
subdivisions of an item.

1.2 The basic information for the Basic Reliability model is
derivsd from documentation identifying all equipments and associated
quantities that comprise the item. As the proposed itsm design is
firmed and’comes under configuration control, the established configuration
baseline should be the basis for the Basic Reliability model.

1.3 Tbe Basic Reliability model should be developed to the level

c
of detail (equipment,a“basa~bly, or part level) for which information
is available and for which failure rate,’(or equivalent), data can be
applied tO evaluate the maintenance and logistic support impact of the
item design.

1.4 TQgether with duty cycle and mission duration, information,
the Basic Reliability model is used to dsvelop mathematical expressions
or computer programs which, with appropriate failure rate data, can
proyide apportionment, estimates and assessments of Basic Reliability.

2; RIQUIKEMSNT

2,1 The contractor shall develop and maintain a Basic Reliability
model based upon a defined item configuration. All equipments and
associated quantities comprising the item shall be included in the
model. All equipments, including those intended solely for item redundancy
and alternate modes of operation, shall be modeled in series. A Basic
Reliability block diagram shall be developed and maintained for the item
with associated allocations and predictions in each reliability block.
The Basic Reliability block diagram shsll be keyed and traceable to the
Mission Reliability model, functional block diagrams, schematics and
drawings,”and shall provide the basis for accurate mathematical representation
of Basic Reliability. Nomenclature of elements of the item used in the
Basic Reliability block diagrams shall be consistent with that used in
the Mission Reliabilitymodel, functional block diagrams, drawings and
schematics, weight statements, power budgets and specifications.

l“-’”
%.
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MISSION

1. PURPOSE/RATIONALE

TASK 102

RELIABILITY MODEL

1.1 A Mission Reliability model is used for evaluating complex
series-parallelequipment arrangements which usually exist in weapon
systems.

2. MISSION RELIABILITY MODELING

2.1 How to Define the Item for Modelin&. A prerequisite for
developing Mission Reliability models is understanding the definition of
the item as related to the definition of reliability.- For Basic Reliability
modeling; the item definition is simple - all equipments comprising the
item are modeled in series. “All” equipments includes any equipments
provided solely for redundancy or for alternate nodes of operation. (
However, for Mission Reliabilitymodeling, the.item reliability model and
mission success definition can become elusive problams especially for
complex multimodal systems incorporating redundancies and alternate
modes of operation. In item definition, emphasis is placed on properly
specifying reliability within the context of all other preaaing requirements
and restraints that comprise a functioning Itsm. A proper definition is
important in order to establish meaningful requirements and goals. An
adequate item definition aids in determining when the item is being used
a’sintended, when it sees its anticipated environment, when its configuration
has been changed beyond its original concept, as well as when it is
performing its specified function. Item reliability is defined as the
probability of performing a specified function or mission under specified
conditions for a specified time. Therefore,.a reliability requirement
for function or mission success must include:

a. A definition of item performance such that,every condition is
defined as acceptable (success) or unacceptable (failure).
Obviously, item modes of operation must be known.to define
success and failure. For example, simultaneous transmission
of real time and stored data might be defined as success for
one item, while another item may not require simultaneous
transmission of real time and stored data. If the latter item
had two transmitters for sending data they would be considered
redundant, or provide an alternate mode of operation. In the
former item, however, the requirement rules out this alternate
mode of operation. Another item requirement might be that a
certain data rate or smount of data be transmitted from a
‘satelliteto earth. Analysis of the item may show that if’
some channels in a multiplexer fail, tbe required data rate or
amount of data is still achieved. This condition would be
defined as success.

[
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A definition of the conditions. This involves defining the
environmental conditions which prevail on the various equipments 3
of the item throughout the mission. In addition, duty cycle
or periods of operation for the various equipmenta must be
defined.

A definition of mission time. A careful quantitative statement
of the time during which the itam must function is important.
In complex items which operate in different functionalmodes
at different stages of the miaaion or which use certain subsystems
only if”conditions require, the functioning-time requirements
for each subordinate group should be established. If the time
requirements cannot be specified definitely, it may be necessary
to determine probabilityies of successful functioning during a
range of mission’times.

A definition of the.reliability variable of the item elements.
The reliability variable is a number (time, cycles, events;
etc.) used to describe the duration required by each item
elament (and included in the”Mission Reliability block diagr&a)
to perform its stated function.

Developing the Itsm Definition. A complete definition of the
item covers the use. performance, restraints, and failure definitiona.
Thus, it is necessa~y”to defirie:

a. Purpose, intendeduse, or mission.
3

b. Performance parameters and allowable limits.

c. Physical and functional boundaries.’

d. Conditions which constitute mission failure.

e. Service use profile.

Step 1 - Define the purpose and intended use or mission of the item.
—.

This includes:

a. Defining mission functions aridmodes of operation. A particular
item can be utilized for more than ons type mission. For
example, an aircraft may,be used on a militarY iecOnnaisiance
mission, a bombing mission, an intercept mission, or a strafing
mission. If separate aircraft were used for these missions,
they would be treated independently,with a separate Mission
Reliability model for each mission or aircraft. If the same
aircraft were used to perform all these missions, they could
be treated as functions and one it% reliability model could
be generated to cover all functions. It ia also possible to
have separate reliability requir~ents and ~dels fOr each
mission.

TASK 102
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b. Defining the mission in terms of performing functions. For
purpose of clarity, functional and alternate mndea of operation
have been defined below.

1. Functional Mode of Operation - Some versatile itams
perform multiple functions with different equipment or
groups of equipment being required for each function. A
function is a task to be performed by the hardware and
therefore, a functionalmode of operation COIIStSta of
performing a specific function. For example, in a radar
systsm, searching and tracking would be tws functional
modes of operation.

2. Alternative Modes of Operation - When an item has more
than one method of performing a particular function, it
has alternativemodes of operation. For example, a UHF
transmitter may be used as an alternative method of com-
municating data sent normally via a VHF transmitter.

Before a model can be developed, requirements must be formulated. A
word statement of what is required for mission success or .aMission
Reliability block diagram must be generated. The Mission Reliability
block diagram is a pictorial fo~ of a statement of what is required for
mission success. When requirements are not firm, it is possible to
develop several Mission Reliability models assuming different requirements.
In other words, a family of item reliability diagrams can be generated
for various requirements for mission success.

Step,2 - Establish and specify the item and subaystsm performance parmeters
and allowable limits.

It is desirable to construct a list or chsrt for convenience. The list
of parameter should be all inclusive, completely defining the entire
item under consideration. ,Theallowable upper and lower limits for
these parameters should be developed. Columns (1), (2), and (3) of
Figure 102.1 illustrate a list of performance parameters and allowable
limits.

F.il.re C1..,i fic.,,oa
Perfomr,c, m%,. of sPclfid in1.- of
Parameter -..,
(1)

M.:yt Fer*on.a&LIEIc.
(2)

1.mw,rOUtp.c(Po) HOrsep.mcr, W50W2M w.,: 20mcx400
U1.awa,t..●tc. Cri,ic.1: Prx200

2.Cnamwlcapacity(n) N!mberof 11-4M Mj.r: 24...40
charm,1, Czitical, .<24

3.voltageZ.*.(A) Decibel. A-&ti3db Major: 3LWA.37
Critical: A.30

4.Detectionrange(m Nautical !i-3cWa Mjor: 150+!.250
miles -50 mitiul: ,.150

5.M@. di.unce(&) net=. %:1: ~ri,i=l, 20>&>10Major:
.+?20

c Figure 102.1. performance Parameters, Limits,
and Failure Criteria.

‘TASK102
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Step 3 -

Physical

a.

b.

c.
1

d.

; e.

f.

Determine the physical

boundaries:

Maximum dimensions.

Maximum weight.

Safety provisions.

Human factors restraints.

Materials capabilities.

etc.

MIL-STD-756B

and functional boundaries of the item.

Functional Emundaries:

a. Whenever the itsm under considerateion is contained in or
depends upon another itsm, itsm interfaces must ba coordinated
for compatibility. Examples include man-machine interfaces,
interface with ships central control, power sources, data
requirements, etc.

Step 4 - Determine the conditions which constitute mission failure.

A failure is an inability to “completea stated mission within specific
., limits. Using the pravious steps, identify and list the conditions that
!; would constitute mission failure. For example, one condition of successful
,, mission completion may be a requirement of a minimum 200 kilowatts (KU)

for the power output of a transmitter. Hence, any single or combination
of itsm hardware and .software failure(s) that would result in less than
200 KU of transmitter power output would constitute a mission failure.
Col~n (4) of Figure 102.1 illustrates a definition of failure criteria.

1 In certain instances where a failure condition sxists, a mission can
still be completed in a somewhat limited manner. In these instances It
is usually worthwhile to identify the mission options available as a

{ result of a prime mission failure condition.

Step 5 - Define the service use profile.

The service use profile is a thorough description of all events and
environments associated with an item from final acceptance through its
terminal expenditure or rsmoval from inventory. The profile depicts
expected time spans, environments, operating modes (including standby
and ready modes],
model should, and
cycles associated
and environmental

etc., for each event. Although the Mission Reliability
often does, consider the complete logistic and operational
with the service use profile it is the mission profile
profile that receives the most attention.

.- ---
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a. The mission profile describes events and conditions associated
with a specific operational usage of an item. Multiple mission
profiles may be required to adequately describe an itsm’s
multimission capabilities. The mission profile(s) needs to
addresa the item duty cycles or periods of operation. The
item should be subdivided into components or equipments and a
plot of the intended use through time for esch component.or
equipment should be developed. Duty cycle is the ratio nf
operating time to total time. The method to handle duty cycle
in caldulations is as followa:

1. If the component is considered to have a negligible
failure rate during a non-operation period, the failure
rate can be umdified by a duty cycle factor. For example
the equation Pa = e-Atd can be used for a constant failure
rate component where d, the duty cycle factor, is the
ratio of operating time to total mission time, t.

2. When a component has a failure rate during non-nperating
periods different frnm that experienced during operating
periods, the following equatinn can be used:

Ps =Ps (operating).P~ (nonoperating)

For the constant figure rate component, this equation yields

p = ~-[altd + X2t(l-d)]

(-”
s

\ Where

i~ = failure rate during operation
p,

A2 = failure rate during nnn-operation

b. An environmental profile describes the specific natural and
induced environments (nominal and worst case) associated with
the operations, events, and functions described by the operational
cycle.

Items can be utilized in more than one environment. For
example, a given itcm might be used at a ground site, on
shipboard, and in an airborne environment. In addition, a
given mission nay consist of several phases of operation. A
phase of operation is a period of the during which a given
environment prevails. For example, in a satellite, boost,
orbit, reentry, and recovery with their associated environments
are phases of operation.

102-5 TASK 102
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These environmental considerations are handled as follows in
Mission Reliability models.

1. For items having more than one end use, each with a
different environment, the Mission Reliability model
would be the same for all environments except that
the failure rates for the various equipments of the
itsm would be different for the various environments.

2. For items having several phases of”operation,’separate
Mission Reliability umdela can be generated and

./

predictions made for each phase of operation. The /’
results can then be combined into an overall item model
and item prediction.

.

2.3 How To Construct a Mission Reliability Model .

2.3.1 Fundamental rules for probability computation. This section
discusses the fundamental rules for probability computations’“thatprovide
the basis for the derivation of the probability of sunival ‘(ps)
equations developed in Method 1001. I

2.3.1.1 The addition rule (exclusivecase). If A and B are two mutually
exclusive events, i.e., occurrence of either event excludes the other,
the probability of either of them happening is the sum of their respective
probabilities:

P(A or B) = P(A + B) = P(A) + P(B) (1)

This rule can apply to any number of mutually exclusive events:

P(A+ B...+ N) = P(A) + P(B)...+ P(N) (2)

./
2.3.1.2 The addition rule (non-exclusivecase). If A and B are two
events not mutually exclusive, i.e., either or both can occur, the
probability of at least one of them occurring is:,

P(A or B) = P(A + B) = P(A) + P(B) - P(AB) (3)

The equation for three events becomes:

P(A + B + C) = P(A) + P(B) + P(C)
- P(A13)- P(AC) - P(BC) .(4)
+ P(ABC)

This rule can be sxtended to any number of events.
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2.3.1.3 The multiplication rule. If events A and B are independent,

(.

i.e., the occurrence of one does not affect the probability of occurrence
of the other, the probability that both will occur la equal to the product
of their

Equation

2.3.1.4

respective probabilities.

P(A and B) = P(AB) = P(A) P(B) (5)

(5) may be extended to any number of independent events:

P(AS...N) = P(A) P(B)...P(N) (6)

Conditional probabilities. If wents A and ‘B are not independent,
i i.e., the occurrence of one affecta the probability of occurrence of the

. other, a conditional probability exiata.. The probability of A given that
B haa occurred is denoted by P(A B), and similarly B given A is denoted
by P(B A). Thus, if A and B are not independent, then the probability

. of both occurring is:
.. .. . ,..,,.

:..
P (&3) = P(A) P(B/A) = P(B) P(A/B) (7)

If A and B are independent,P(A B) = p(A) and P(B A)’= P(B) and Equation
(7) reduces to Equation (5).

.

For three

c. 2.3.2

Step

Step

Step

Step

Step

Step

‘c

events, A, B and C

P(ABC) = P(A) P(B/A) P(C/AB) (8)

Procedure for developing item models.

1-

2-

3-

4-

5-

6-

Define what is required for mission success and trans-
late this into a mission success diagram.

Write tie probability of success, P5, equatiOn fOr the
item.

Calculate P5 for each of the equipments of the item.
‘rhisis done by utilizing one of the varioua relia-
bility prediction techniques.

The probability of success numbers for the various
equipments derived in Step 3 are inserted in the
formula derived in Step 2 for the item probability
of success.

A probability of succe$a curve versus time can be
plotted by taking several values of time for miaaion
time, and evaluating the probability of item success
by the above procedure for the several values of
time chosen.

Additional steps in tbe analysis will depend
upon the decisions that the analysia is intended to
optimize.

102-7 TASK 102
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2.4 Discussion of procedure. As described in 1.2 of Task 102 it
is necessary to define the specific mission of interest (if more than
one exists), the phases of operation, the functions and altermte modes
of operation to perform these functions.

Defining mission succeaa is tantamount to writing a word statement which
describes what eauiDmenta or combinations of eauiDments are required for. . . .
miasinn success and drawing a reliability block diagram for the statement.
Several methods of going from a reliability block diagram to a probability
of survival formula are shown in this section.

For example, a word state.mentmight be:

Equipments A, B, and C, or D and E, and equipment F must
success. The Mission Reliability block diagram would be

work for mfssion
as follows:

+=L%a--cE”
It is nnt convenient to go directly from this Mission Reliability diagram
to a probability of success equation for the system. The correct probability

! of survival equation is:

‘S = ‘APBPCPF + ‘DPEPF - PAPBPCPDPEPF (9)

At first it might appear that the probability of success equation could
be written as

Ps = PAPBPCPF + PDPEPF

where PA = probability of equipment A working.

The event that A, B, C, and F wnrks (representedby ABCF) and that the
event D, E, and F works (representedby DEF) are not mutually exclusive.
Consequently, adding the probabilities of these two events, pAPBpcpF +
PDPEPF dOes not yield the correct result.

( Another word statement could be that any two of three generatora A, B, and
C must work for success. In other words, the generatora are physically
operating in parallel and any two have the capability to supply the needs
of the system. Its mission success diagram may be shown in one of two ways:

,.

.

3
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or (b)

~~ --g+ .+EB
(2/3)

The “(2/3)” of diagram (a) denotes that two of tbe three equipments must
*

operate for success. Diagram (a) is the easiest technique to model
success criteria of parallel equipments. Diagram (b) is the equivalent

, of diagram (a) but becomes a cumbersome technique when expanded beyond
three parallel equipments.

3. RBQUIRBMSNT

3.1 The contractor shall develop and maintain a Miaaion Reliability
model for each configured item required to perform the mission functions.
A Mission Reliability block diagram shall be developed and maintained
for the item with associated allocations and predictions in each reliability
block. The Mission Reliability block diagram shall be keyed and traceable
to the Baaic Reliability model, functional block diagram, schematics and

(’

drawings, and shall provide the baais for accurate mathematical representation
of Mission Reliability. Nomenclature of elsments of the item used in
the Mission Reliability diagrams shall be consistent with that used in
the Baaic Reliability model, functional block diagram, drawings and
schematics, weight statements, power budgets and specifications.

3.2 Hardware or’functional elements of the item which are not
included in the Mission Reliability model shall be idertified. Rationale
for each element’s exclusion from the Mission Reliability model shall be
provided.

3.3 The Mission Reliability mathematical model shall be capable of
being readily updated with information resulting from reliability and
other relevant teats as well as changes in item configuration,miss”ion
parameters and operational constraints.

3.4 If a Failure Mode, Effects and Criticality Analyais (FMECA) is
required, the Miaaion Reliability model and the FKSCA shall be consistent
in the definition of mission success and utilization of elements of the
item in redundant and alternate modes of operation in specific mission
phasea.

c
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TASK 201

BASIC KSLIAEILITT PREDICTION

1. PUKPOSE/SATIONALR

1.1 A Basic Reliability prediction utilizes a series model for
esti.mating the demand for maintenance and logistic support caused by an
item and its component‘parts.

1.2 The Basic Reliabilityy prediction is used in conjunctionwith a
Mission Reliability prediction. Whereas the Mission Reliability prediction
indicates the capability of the item design to successfully accomplish
mission objectives, the Basic Reliabilityy prediction indicates the
degree of maintenance and logistic support burden to be anticipated due
to item unreliability. It would be sxpected that for alternative item
design CQnfigurationawith equivalent mission reliability and technical
developmentiisk, the item design configuration with the higher support_.—
reliability ia the preferred design for enhancing operational readineaa
and minbizing the costs aaaociated with maintenance and logistics
support. In certain instances, a design configuration with leas mission
reliability than other design configuration may be preferred if the
design’s Basic reliability is significantly better than the competing
design.

1.3 A Basic Reliability prediction should be prepared as aeon as

,<
possible and updated whenever changes in design or data occur. Nhile
earIy predictions are inherently unrefined because of inaufficient
design detail, they provide useful feedback to designers and management
in either establishing reliability requirements in the form of apportionments
(.allocationa).or the feasibility of meets reliability requir~ents.

1.4 As tbe itsm progresses from paper design to hardware atages,
predictions evolve intO assessments ?a actual prOgram test data becOme
ayailable and are integrated into the calculation. The validity of

b~th prediction,aand assessments is a function of data quality and
~s,aumptions. Yalid, tbely aqal~ses projecting or indicating deficient
reliability attainment<Ovide the baais for corrective action, and the

sooner that corrective action is identified, the less its i?nplsmentation
is impacted by program constraints, and the higher are the payoffa over
tbe life of the item.

1.5 The prediction and asaeasmenE taaka, iterative and interrelated
with activities such as reliability allocation and configuration analysea,
should be specified by the procuring activity during the early acquisition
phases to determine reliability feasibility and, during the development
production phases, to determine reliabilityy.acceptability.

2. RBQUIREMEITT

2.1 The contractor shall prepare, and maintain a Basic Reliability
prediction based upon a defined configuration and an associated Bsaic

c

Reliability model. All equipments and associated quantitfe%scomprising

.TASK201
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the item shall be included in the model except for documented exclusions
apprOv~ by the procuring activity. Failure rate data (or equivalent
reliability parameters) shall be consistent with the level of detail of
the Basic Reliability mndel and availability of procuring activity

aPprOved relevant data sOurcea fOr a comprehensive prediction (e.g.,
software reliability, human reliability, storage reliability, etc.).

2.2 When required, predictions shall account for, and differentiate
between, each mode of item operation as defined in the itsm specification.
Predictions shall be made showing the capability of the item to meet all
reliability requirements specified by the procuring activity. The
prediction shall be based upon the worst-case service use porfile unless
otherwise specified.

, 2.3 All data sources for failure rates, failure distribution and
failure rate adjustment factora(e.g., stress factors, duty cycle, etc.)
shall be identified for each reliability block. Data sources shall be
as specified or otherwise approved by the procuring activity.

.3
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TASK 202

MISSION RELIASILI~ P~DICTION

1. PURPOSE/RATIONALE

1.1 A Mission Reliability prediction normally utilizes a .cOmPlex
series-parallelmodel for estimating an itep’s capability to successfully
perform specified mission objectives.

1.2 The Mission Reliability prediction ia used in conjunction with
a Support Reliability prediction. Whereas the Mission Reliability
prediction indicates the capability of the item design to successfully
accomplish mission objectivea, the Support Reliability prediction indicatea
the degree of maintenance and logistic support burden.to be anticipated

. due to item unreliability. Obviously, for alternative itsm design
configurationswith equivalent miaaion reliability and technical development
risk, the item design configuration with the higher support reliability
is the preferred design for enhancing operational readineas and minimizing
the coats associated with maintenance and logistics support. In certain
instances, a design configuration with less mission reliability than
other design configuiations may be preferred if the design’s support
reliability is significantly better than the competing design.

1.3 A Mission Reliability prediction ahotildbe prepared as soon as

(

p.osaibleand updated whenever changes in design or data occur. While
early predictions are inherently unrefined becauae of insufficient
design detail, they provide useful feedback to designers and management
in either establishing reliability requirements in the form of apportionments
.~allocations)or the feasibility of meeting reliability requirements.

3,4 As the item progresses from paper design to hardware atages,
pxedictic.nsevolve into asaesamenta as actual program test data become
available ati are integrated intO the cal~lat iOnso The validity of
both p~edictiqns and asaessrnentsis a function of data quality and
gss.~pti,rqw,‘Yalid,timely analyses projecting or indicating deficient
Xel,iab<lityattainment prQVide the basis fOr cOrrectfve action, and the
sooner that corrective action is identified, the less ita implementation
ia impacted by program constraints, and the higher are the payoffa over
the life of the itsm.

1.5 The prediction and assessment tasks, iterative and interrelated
with activities such as reliability allocation and configuration analyses,
should be specified by the procuring activity during the early acquisition
phases to determine reliability feasibility and, during the development
and production phases, to determine reliability acceptability.

202-1
TASK 202
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2. REQUIREMENT

2.1 The contractor shall prepare and maintain a Mission Reliability
prediction based upon a defined configuration and an associated Mission
Reliability model. All equipments and associated quantities comprising
the item shall be included in the model except for documented exclusions

apprOved by the procuring activity. The prediction shall reflect design
provisions for item redundancies and alternate modes of operation intended
to enhance mission success. Failure rate data (or.equivalent reliability
parameters) shall be consistent with the level of detail of the Mission
Reliabilitymodel and availability of procuring activity approved relevant
data sources for a comprehensiveprediction (e.g., software reliability,
human reliability, storage reliability, etc.).

2.2 When requirsd, predictions shall account for, and clifferentiate
between, each mode of item operation as defined in the item specification.
Predictions shall be made showing the capability of the item to meet all
reliabilityy requirements specified by the procuring activity. The
prediction shall be based upon the wnrst case service use profile unless
otherwise specified.

2.3 fil data sources for failure rates, failure distributions and
failure rate adjustment factors (e.g., stress factors, duty cycle, etc.)
shsll be identified for each reliability block. Data sources shall be
as specified or otherwise approved by the procuring activity.

3.

l;A%;e%er 1981
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NETROD 1001

CONVENTIONAL PROBABILITY

1. PURPOSE. The purpose of the conventional probability method
is to prepare a reliabilitymathematical mndel from a reliability block
diagram by means of conventional probabilityy relationships. The conventional
probability method ia applicable to single functioned and multif,unctioned
systems.

2. PROCEDURE;

2.1 Single functioned systems. Single functioned systsms consist
;. of equipments considered to have a single function associated with

equipment performance. The single functionsd system Mission Reliabilityy
diagram can take the form of equipments connected in series, parallel,
series-parallel,or a complax configuration. Alternate modes of operation
can be considered in single functioned system models. The single functioned
systernBasic Reliabilityy diagram can only be a series configuration in
which any equipments provided for redundancy or alternate modes of
operation for mission success are rodeled in series. The conventional
probability method makes use of the equations developed for redundancy
tO handle series, parallel, and seriea-parallel combinations of equipments.
For non-series parallel or complex configurations, use or repeated use
of the following equation is required. ,

c
PS = PS (if X is good) ~ + PS (if X is bad) Qx (1)

Nhere PS = reliability of mission

Ps (if X is good) = reliability Of missiOn if X iS gOOd

ps (if X is bad) = reliability of mission if x is bad

~ = reliability of x

Qx = unre.li.abilityof X = 1 - %

In otheT w?rda, the reliability of the mission is equal to the reliability

Of the missiOn given a specific portiOn Of the syst~ wOrk? t~es the
probability that .a?OrCiOn Of the system will work plus the reliability of
&he rn.i~~%~n.@Yen that ? sPecific.POrtiOn ‘2fthe sYst~ fails ‘imes ‘he
probability that that portion fails.

The above formula can also be used to generate probability of success
equations for series-parallelconfigurations.

Fmmulas for probability of success, PS, for variOus sYst~ cOnfiguratiOna
are derived as follOws fOr various success diagr=. Each formula shown

g~q be used as a building blOck’tO evaluate a ~re cOmPl~ success diagr~.

c
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2.1.1 Series model.

—.

2.1.1.1 If there is ordy one equipment in the system and it is required,
then the Mission Reliability (and Basic Reliability) diagram is:

.—~—s”cc,ss

The probability of success for the “systemIs obviously the probability
of success of equipment A, or

PS=P
A

(2)

The probability of A failing would be 1 - PA

2.1.1.2 For a two equipment serial system the Mission Reliability
(and Basic Reliability) diagram is:

PS = P(successwith A working) PA +

P(success with A failure) P (A failing)

P~ = (PB) (PA)’+ (o) (1

‘S = ‘A ‘B
if A and B

Ps = (PA)
2

2.1.1.3 For a three equipment serial
(and Basic Reliability) diagram is:

- PA) (3)

are identical

(4)

system the Mission Reliability

I PS = P(success with A working) PA +

, P(success with A failed) (1 - PA)

Ps = (PB Pc) PA + o (1 - PA)

Where PB PC is derived as in (3) above.

Ps = ‘A ‘B ‘C

3
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2.1.2 Parallel models.

2.1.2.1 For a two equipment active parallel
Reliability diagran is:

PS = P(mission

P(~iaaiOn

-+D-

. . . .

system the Mission

success with A working) pA +

success with A failed) (1 - pA)

Ps = (1) PA + PB (1 - PA)

PS=PA+PB-PAPB

if A and B are identical

Ps = 2PA - (PA)2

The equivalent Basic Reliability
is (3).

(7)

mathematical model for this SYStem

(’ 2.1.2.2 For a three equipment active parallel syatam the Mission
Reliability diagram is:

(6)

-+5
A

B

c

Ps=PA+PB+, Pc - PA PB-PAPC-PBpC+pApB pc (8)

if A, B, and C are identical

Ps = 3PA - 3(PA)2 + (PA)
3 (9)

‘Theequivalent Basic Reliability mathematical nmdel for this system is (5).

1001-3
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2.1.2.3 For a two equipment standby parallel system the
diagram is:

The switch, S, detects a failure of the operative element
switches frcm the failed elament to a standby element.

The switch mav fail in two vavs: (1) the switch IMY fail

Miaaion Reliability

3

.-.
required, Q “

\
and (2) the switch may operate without command (i.e.,

prematurely , Q2.

PS = P(mission succeaa with A working) PA +

P(mission success with A failed) (1 - PA)

,1

I

i

and inatantaneoualy

to operate when

PS=P2PA +(1- P2)PB PA+ PIPB (l-PA)

PS=PAPB (l- P1-P2)+PA P2+PBPl

Where PI = probability of no failure to switch when

P2 = probability of no premature switching.

The equivalent Basic Reliability mathematical model for

(lo)

required

this system is:

‘S = ‘A ‘B ‘1 ‘2

2.1.2.4 For a three
Reliability diagram is:

element majority voting redundancy the Mission

r .- 7

COMPARATOR
~

L ----- -----
... .

METHOD 1001
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/ In majority voting redundancy the proper output

. .._. .-

of the systsm is presumed

(. to be the output of the msjority of the individual elements which feed
the vote comparator. The output is determined by the vote comparator,
which decides what the majority of the elements indicstea. In the three
element case, at least <wo good elements are required for successful
operation:

p~=pv(p*pB+p*p~+pBpc ‘2 PAPBP13 (12)

Where Pv = reliability of the vote comparator.

The equivalent Baaic Reliability mathematical model for this system is:

‘s = ‘V ‘A ‘B ‘C
(13)

2.1.3 Series-parallelmodels.

2.1.3.1 As one ecample of a complsx series-parallelcombination of
equipments the Mission Reliability diagram is:

c +E3
The system requirement wuld be that equipment A and.either equipment
Cl or C2 work, or that equipments B1 ati Cl work, or that B2 and C2 work
for success. Equipments with the same letter are identical, i.e.,
Cl = C2 and B1 = B2.

PS = P(mission success with A working) PA

+P(mission success with A failed) (1 - PA)

Ps = (2PC - F.cz)PA + [2PB Pc - (PB PC)2] (1 - PA) (IL)

An example involving the above diagram follows:

Assuming

‘A
= 0.3

‘Bl = ‘B2 = 0.1

Pcl = Pc = 0.2
2

c“
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and therefore,

(1 -PA) = 0.7

(1 - PB) = 0.9

(1 - Pc) = 0.8

Evaluating the probability of aucceas for a given mission as:

Ps = (.4 - .04).3 + [.04 - .0004] (.7)

P5 = 0.13572

The e.q”ivalentBasic Reliability ~th~atical ~del for this ayatem is:

‘S = ‘A ‘B2 P;2

and the Baaic Reliability is 0.00012.

2.1.3.2 The same procedure can be followed for any cnmplex Mission
Reliabilityy diagram. Aa the Fiiasion Reliabilityy diagram becomes
increasingly complex it could be broken down into parta aa shown in the
diagram below. Equipments with the same letter are identical.

Reducing the mission aucceas diagram using (14) and (7)

~1(2PC-P:) F’A+2P, PC-(P, Pc)q(l-PA)

I
I I

..

-.

METHOD 1001
18 November 1981
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( And finally using 2.1.2.1 and 2.1.1.2 the equation becomes

P5 =
r
(2PC - PC*)PA + [2PBPC - (PBPC)*I(1 - PA) + PD -

1-

1.
PD[C2PC- PC2)PA + ,{2PBPC - (PBPC)2 } (1 - PA)] (*PE - PE2) (16)

NOTE: This equation can be expanded and reduced.

The equivalent Baaic Reliability mathematical model
is:

22 2
‘S = ‘A ‘B ‘C ‘D ‘E

2.1.3.3 A 2 out of 3 aystsm Mission Reliability diagram ia:

for this configuration

(17)

(a) or (b)

(2/3)

Using (3) and (6) the anawsr can be written directly from diagram (b)

Ps = PA PB + PA Pc + PB Pc - PA PB PA”Pc.-

PA Pc PB Pc - PA PB PB Pc + PA PB PA Pc!,PBPc (18)

. .
k When the ssme equipment appears more than once in a diagram, the equations

muat be sxpanded into individual terms and all higher order factors
must be reduced to single order factors before inserting equipment
probabilityies numbers into the equation. Thus,

2 2 2
‘A - ‘A’ ‘B = PB, and Pc = Pc

which results in

PS=PAPB+PAPC+PB PC- 2pApB

The equivalent Basic Reliability.~th~atical
is (5).

F?C (19)

model for this configuration

mOD 1001
18 November 1981
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2.1.3.4 Mixed series-parallel ayatam Mission Reliability diagram is:

+

The example ahowa repeated use of the Mission Reliability formula.

P5 = P(miaaion succeaa with B

P(miasion success with B

By selecting B and the X portion of the

working) PB +

failed) (1 - PB)

eauation. the svstem does not
reduce to a series parallel. (See 2.1 of ‘Method-1001) -

If B works Mission Reliability diagram If B fails Mission Reliability
reduces to: diagram reduces to:

1--1
I
w

m--l
-1 l’++

W1-EP
The first term of the Mission Reliability di~grm has not been reduced
to a series parallel configuration. Therefore, the process must be repeated
as though this diagram were the new system.

P5 = P(mission aucceaa with B working) PB +

[PD.(PA PE + PF ‘Pc- PA PE.PF Pc)] (1 - PB)

P(mission success with B working) = P(success with B and C working) PC +

METROD 1001
18 November 1981

P(successwith B working and C failed)
(1 - Pc)

. .. . .
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c P (successwith B working and C failed) = PA pE pD

P(successwith B and C working) = (pA + PF - PA PF) PD

Substituting w get P5 =
[ 1(PA+PF-PAPF)PDPc+PAp~p~(1-‘c)‘B+
(PAPE+PFPc-‘APEPFPC)PD(1-PB)(20)

The equivalent Basic Reliability mathematical model for this system is:

(21)

,. 2.2 Multifunctioned systems. Multifunctioned systams can be treated
similarly to single-functionedsystems if one Of the fOllOwing aPPlies:

a. If no equipment appears in more than one function.

b. If functions are time independent, i.e., they are either
time sequenced functions or they are never used simultaneouslY.

If either (a) or (b) above applies, the procedure is as follows:

Treat each function separately as described.under single functioned systems.
For the system, the functions are treated as equipments and can be
combined in series or parallel depending on the requirements. The resultant

(.

diagram is traated as a single functioned system. Each separate
function can be “comparedwith a reliability requirement fOr that.functiOn
if desired.

When an equipment appears in several functions, tbe functions cannot be
treated separately. The following example illustrates the point.

A system has two functions. The first function requires A or B for
success and the second function requires B or C for success. Both
functions are required for mission success. Mission Reliability diagrams
for Function 1, Function 2, and the system are shown below.

Function 1 Function 2 Systsm

Assuming

(

‘A = 0.9

‘B = 0.8

Pc = 0.7

1001-9 MRTHOD-1001
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Then the reliability of

Function 1 = 0.9 +

= 0.98

Function 2 = 0.8 +

= 0.94

the function would be
3

0.8 - (0.9) (0.8)

0.7 - (0.8) (0.7)

Mission Reliability cannot be derived by multiplying function reliabilities
because of the common element B.

Mission Reliability # (0.98) (0.94) - 0.9212
j

Mission Reliability = PB + PA PC - PA PB PC

= (0.8) + (0.9) (0.7) - (0.9) (0.8) (0.7) (22)

= 0.926

The equivalent Basic Reliability mathematical
is (5) and the Basic Reliability is 0.504.

2.2.1

Ps

Ps

Conventional probability method.

model for this system

+3+3
can be written directly

= (PA + PB - PA PB) (PB.+Pc - PB Pc)

—.

-)

(23)

! This equation must be reduced before inserting the probabilities for the’
various equipments. This is the basic difference between using this method

I for single and multifunctioned syatcms.

Reduce the equation by multiplying terms

Ps =PAPB+PAPC-PAPB PC+ PBPB+PP-PPP
BC BBC

(24)

-PA PBPB-PAPBPC+PAPBPB Pc

Where the same probabilityy appears twice in a term delete one of the
conunonfactors.

m

MRTROD 1001

18 November 1981 1001-10
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‘S= PA PB+PAPC ‘pApBpC+pB+pBpC-pB pc (25)

- ‘A ‘B ‘PA PBPC+PAPBPC

simplifying PS =PAPc+PB-PAPBpc

The same result could be achieved using (1)

P5 =

+

P5 =

P5 =

P(mission success with B

P(mission success vith B

(1) pB + pA pC (1 - pB)

PB+PAPC-PAPBPC

working)

(26)

as follows:

PB

failed) (1 - PB)

(27)

1001-11 METHOD 1001
18 November 1981
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BOOLEAN TRUT8 TABLE

1. PURPOSE. The purpose of the Boolean Truth Table method Is to
prepare a reliability mathematical model from a reliability block diagram
by means of Boolean algebra. The Boolean Truth Table method is applicable
to single functioned and multifunctioned systems. This method is more
tedious than the conventional probability ~ethod but is useful whsn
there is familiaritywith Boolean algebra.

2. PROCEDURR.

2.1 Single functioned systems. Single functioned systems consist
of equipments considered to have a single function associated with
equipment performance. The single functioned system Mission Reliability
diagram can take the form of eauiuments connected in series. parallel,. .
series-parallel,or a complex configuration. Alternate modes-of operation
can be considered in single functioned system models. The single functioned
system Basic Reliability diagram can only he a series configuration in
which any equipments provided for redundancy or alternate modes of
operation for mission success are modeled in series. The procedure for
the Boolean Truth Table approach is illustrated by the following example.
The Mission Reliability diagram is given as:

--EK3
given:

PA= 0.3 1- PA =0.7

pB1 =PB2 =0.1 and therefore .1- PB = 0.9

Pc ~ = PC2
= 13.2 1- PC =0.8

The Boolean algebra approach lists all equipments in a truth table form
(See Table 1007-1). The truth table has 2n entries where n is the
number of equipments in the system. The table has a 1 or O entry in
each column indicating success or failure respectively on each equipment.
All possible combinations of all equipments working and failing are thus
listed. The procedure is to examine each row of the truth table and
decide whether the combination of equipments working and failed yields
system success(S) or failure(F). Insert an S or F respectively in the
next column in the table. For each S entry, multiply the respective
probabilities for the indicated state of each equipment to yield a Ps
for that entry.

MSTROD 1002
1002-1 18 November 1981
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Entry number 4
by multiplying

(l-PB)
1

(.9) (.9)

All figures in
probability or

The equivalent
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is the entry with a success indicated and .03888 is obtained

(1 - pB2) .(1- pC1) pC2 pA ‘r

(..8)(.2) (.3) = .03888

tbe P~ column are then added for a f4issionReliability
.13572 in this axample.

Basic Reliability mathematical model for this system is:

‘s=‘ApB1 pB2 Pcl PC2 (1)

and the Basic Reliability probability is 0.00012.

Table1002-1. TruthTableCalculationfor the
MissionReliabilityDiagram.

EntryNo. Bz c1 C2

1
2
3
4
5
6
7
B
9

10
11

12
13
14
15
16
17
18
19
20

0
0
0
0
0
0
0
0
o’
0
0
0
0
0
0
0
1
1
1
1
1

0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
0
0
0
0
0

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1

22
23
24
25
26
27
28
29
30
31
32

1
1
1
1

1

1

1

1

1
1
1

0
0
0
1
1
1
1
1
1
1
1

1
1

1

0
0
0
0
1

1
1
1

0
0
1

.1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1

1

0
0
1
1
0
0
1
1
0
0
1
1

A or Failure

o F
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

F
F
s
F
s
F
B
F
F
s
s
F
s
s
s.
F
F
F
s
s

1 s

F
s

.03888

.038S8

.00972

.01008

.00432

.00432

.00252

.00108

.00432

.01008

.00432

.00252

.00108
0 F
1 F
o s .00112
1 s .00048
0 s .00112
1 s .00048
0 s .00028
1 .s .00012

~ All success.paths = .1?.572

MRTTIOD1002
18 Noyember__l981 1002-7:
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c 2.1.1 Boolean algebra equation. A Miaaion Reliability equation can
be written from the truth table (Table 1002-1) is desired. In this caae
it would look like the following:

——
P5. F1F2F1C2A+B1B2C1Z2 A+Elx2clc2A+51112~lc2 ~

+31 B2F1C2A+E1B2C1F2 A+=1B2C1C2~+~1B2Cl C2A

-— ——— _ —
‘B1B2C1C2A+%B2%C2A ‘% B2%C2A+%B2C1C2A

—— ——
‘% B2C1C2A+%B2%C2 A+% B2~lc2A+%B2%c2 A

+B1B2C1E2A +B1B2C1C2 ~+J51B2cl’c2A

A bar above a letter indicates the complement or urireliability,e.g.,
1=(1-A).

With the aid of a reduction technique the nineteen terms of (2) can be
reduced as follows:

a.

(“”

b.

A reduction table (Table 1002-11) ia constructed which allows
the reduction of the 19 Boolean aucceas terms to a simplified
expression for tbe given Mission Reliability model. All 19
success paths are first listed in Column 1 of Table 1002-11.
al letters represented by a zero (0) in Table 1002-1 are
indicated with a bsr over the letter. ‘l%isindicates unreli-
ability. ‘Anyletter represented with a one (1) in Table
1OO2-I will be listed without a bar above it indicating reliability.

By a comparative process, product pairs are formed for those
terms in Column 1 of Table 1002-11 which differ only by a
letter inverse, thus forming a new product.term which hag t~is
Letter misa~~g._ For example, if Column 1 the two terms BI BZ
c:lCz A and B.IBZ c1 CZ A differ Only in the letter cl a~d
therefore can be combined to form the prOduct te~ A B1 B2 C2
entered in Column 2. Again, this process is repeated by
comparing product terms in Column 2 which differ only by.a
letter inverse, thus forming a new product term which is then
entered in Column 3. It should be noted that once a term is
used in a comparison, it is eliminated from all further comparisons,
thus ensuring that all remaining terms are still mutually
exclusive. The order of terms selected for the comparison
process in Table 1002-11 is not a necessary consideration; the
resulting disjoiritgroup of Boolean terms can always be interpreted,
on a one-for-one baais, as the simplified probability of
aucceas (reliability)expression. For the gLven model, the
probability of Mission Reliability has been reduced to the
following terms:

MSTHOD 1002
1002-3 18 November 1981
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Table 1002-11. Reduction Tabulation.
-..

column 1 Column 2 P-l,.’..-a -_,..——,

B1 i2 El C2 A

— — —

‘1 ‘2 c1 C2 A
— .

‘1 ‘2 c1 C2 A
— —

‘1 ‘2 c1 C2 A

3

~;;~:~>B1~2Cl
—

‘1 ‘2 c1 C2 A
—

‘7 B1B2E1C2

‘1 ‘2 c1 C2 A
—

>

‘1 c1

‘1 ‘2 c1 C2 A
——

BI B2 Cl C2 A

7- ‘1 ‘2 c1 C2
‘Bl B2 Cl ~2 A

“>

‘1 ‘2 c1

‘>B’ ‘2C1C2.‘1 ‘2 cl’C2 A

‘1 ‘2 c1 C2 A

.

3

~TROD 1002
18 November 198]
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Substituting the reliabilities and unreliabilitiesused
previously into (3), we obtain:

(.1) (.2) + (.9) (.1)

(.1) (.1) (.8) (.2) +

the same probability of
1002-1.

(.2) + (.3) (.9) (.9) (.2) + (.3)

=--- .-

.9) (.2) .8)

(.1)-(.9) (.8) (.2) (.3) = ..13572which ie

euccess shown in the s-t ion for Table

2.2 Multifunctioned systems. Multif“nctioned systems can be treated
aimllarly to single functioned systems if one of the following applies:

a. If no equipment appears in more than one function.

b. If”functions are time independent, i.e., they are either time
sequenced functions or they are never used simultaneously.

If either (a) or (b) above appliea, the procedure is as follows:

Treat each function separately as described under single functioned
systems. For the system, the functions are treated as equipments and
be combined in series or parallel depending on the requirements. Tbe

can

resultant diagrsm is treated aa a single functioned syetem. Each separate
T function can be compared with a reliability requirement for that function

L if desired.

When an equipment appears in several funct ions, the functions cannot be
treated separately. The following example illustrates the point.

A ayatem has two functions. The first function requires A or B for success
and the second function requires B or C for succees. Both functions are
required for mission success. Mission Reliability diagrams for Function
1, Function 2, and the system are shown below:

Function 1 Function 2 system

Assuming

PA= 0.9

.Pk= 0.8

c

Pc= 0.7

Then the reliability of the function would be METHOD 1002
18 November 1981
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Function 1 = 0.9 + 0.8 - (0.9) (0.8)

= 0.98

Function 2 = 0.8 + 0.7 - (0.8) (0.7)

= 0.94

Mission Reliability cannot be derived by Wlifplying function reliabilities
because of the common element B.

Mission Reliability # (0.98) (0.94) = 0.9212

Mission Reliability = PB + PA PC - PA PB PC

= (0.8) + (0.9) (0.7) - (0.9) (0.8) (0.7) (4)

= 0.926

The Boolean Truth Table solution is:

Air!

L
o 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1

d Succeesor Failure I ‘A

o F
1 F
o s .024
1 s .056
0 F
1 s .126
0 s .216
1 s .504

TOTAL I .926

The equivalent Basic Reliability mathematicalmodel for this system is:

‘“) ‘S = ‘A ‘B ‘C (5)

I The Basic Reliability is 0.504.
!
1

3

MSTROD 1002
18 November 1981
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LOGIC DIAGRAMS

1. PURPOSE. The purpose of the logic diagram method is to prepare
a reliability mathematical model from a reliability block diagram by means
of logic diagrams. The logicldiagram method ia applicable to single functioned
and multifunctioned ayatems. l%is method ismore tedious than the conventional
probability method but is a shoti cut method for the Boolean truth table
apprOach h combining terms to aimplify the Mission Reliability equation.

2. PROCEDURB.

2.1 Single functioned systems. Single functioned systems consist
of equipments considered,to have a single function associated with

diagram can take the fo$’of eq&pments connected in series, parallel,
equipment performance. e sin le functioned system Mission Rf$iability

scries-parallel,or a compkfionf iguration. Alternate modes of operation
can be considered in single functioned systam models. The single functioned
system Basic Reliability diagram can only he a series configuration in
which any equipments provided for redundancy or alternate modes of
operation for mission success are modeled in aeriea. The logic diagram
procedure is to translate the reliabilityy block diagram into a switthing
network. A closed contact represents equipment success, an open contact
equipment failure. Each complete path of contacta represents an alternate

c

mode of operation. Each equipment that ia required for each alternative
mode of operation is identified by a contact along a path. All paths
terminate at the same point (success). The logic diagram is developed
so that all paths are mutually exclusive; by use of a few simple manipulations,
the amount of effort involved over the Boolean truth table method can be
shortened.

Logic diagrams for series, parallel, and series-paralleldiagrams are
easy to draw as shown in Table 1003-1.

For complex configurations the procedure ia to reduce the reliability
diagram to a series-parallel configuration by successively splitting the
diagram into aubdiagrams by removing one equipment and replacing it with
a short circuit and an open circuit. An example will clarify the procedure.

1003-1
ME~OD 1003
18 November 1981
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Table 1003-1. Logic Diagram Examples 1

MISSION RELIABILITY DIAGRAM LOGIC DIAGRAM

.Ez%:g:’

\ \

~ A

@. +;;*

- \

OR&-.

OTHER SERIES PARALLEL COMBINATIONS
CAN BE QUITE SIMPLY ORAWN.

NOTE: Nhen one logic switch A is open, all must be open and all ~ must be
closed and similarly for B and C logic switches.

—

FfETSOD1003
18 November 1981 1003-2
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.. .

c Remove equipment A by split~ing the diagrsm as follows:

(In the diagrams which follow, the term “short” indicates a circuit
which is always operative; the term “open” indicates a circuit which is
never operative).

‘x Y

Now start the logic diagram

X and Y are now in series parallel

c

therefore, the logic diagram would

LJ

form and can be drawn directly,
appear as follows:

If removing one equipment by replacing it by ‘a open snd short circuit
will not reduce the system to two series parallel diazrams. ~o equipments
must be removed. The logic diagram would then look as follows:

E 1AND2

--c -0

EoI

[ :=!n 12s0s12D
?.Cevl

M2 1mu

--c

z 2s0sTED
m

a 8AND2
C#EN

METHOD 1003

1003-3
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After the logic diagram is drawn, two approaches are possible for a
numerical answer. l%e first involves writing an equation for the probability
of aucceas, PS, by writing down every path with an addition sign joining
all paths. The second approach is to insert values for the various
probabilities directly into the logic diagram and multiply series terms
and add parallel terms until just one series term remains. This result is
the answer. For the above example:

2.2 Multifunctioned systems. Multifunctioned aystams can be
treated similarly to single-functionedsystems if one of the following
applies:

a. If no equipment appears in more than one function.

b. If functions are time independent, i.e., they are either time
sequenced functions or they are never used simultaneously.

If either (a) or (b) above applies, the procedure is as follows:

Treat each function separately aa described under single functioned
systems. For the system, the functions are treated as equipments and
can be combined in series or parallel depending on the requirements.
The resultant diagram is treated as a single functioned system. Each
separate function can be compared with a reliability requirement for
that function if desired.

When an equipment appears in several f“nc tions, the functions cannot be
! treated separately. The following sxample illustrates the point.

A aysten has two functions. The first function requires A or B for
success and the second function requires B or C for success. Both
functions are required for mission success. Mission Reliability diagrsms
for Function i, Function 2, and the system are shown below.

-@

A
/

B

Function 1

Assuming

PA = 0.9.

PB= 0.8

Pc= 0.7

MSTHOD 1003
.18November 1981
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c

Function 2
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the reliability of the function wuuld be

Function 1 = 0.9 + 0.8 -

= 0.98

Function 2 = 0.8 + 0.7 -

= 0.94

Mission Reliability cannot be
because of the common element

(O.9) (0.8)

(0.8) (O.7)

derived by multiplying function reliabilities
B.

Mission Reliability # (O.98) (O.94) = 0.9212

Mission Reliability = PB + PA PC - PA PB PC

= (0.8) + (0.9) (0.7) - (0.9) (0.8) (0.7)

= 0.926 (2)

The equivalent Basic Reliability mathematical model for this systam is:

‘S = ‘A ‘B ‘C
(3)

(’

and the Basic Reliability is 0.’504.

2.2.1 Logic diagram method. The logic diagram would be as follows:

PS=PB+PAYBPC (4)

ps = 0.926

Using the logic diagram method, there must be no two similar Itams’in any
success path. This is the only difference for multiple functioned systems.
If the system is a complex system and elements are taken out for convers*on
a series-parallel system, an element must be shorted or opened every where
it appears before reducing to a series parallel systam.

-1

to

1003-5
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MONTE CARLO SIMULATION

-1

.

1. PURPOSE. The purpose of the Monte Carlo simulationmethod is
to synthesize a system reliabilityprediction from a reliability block
diagram by means of random sampling. The Monte Carlo simulation.method
ia employed in instances where individual equipment probabilities (or
equivalent reliability parameter) are known but the mission reliability
model is exceedingly complex to derive a general equation for solution.
The Monte Carlo simulationmethod does not result in a general probability
.of success equation but computes the ayatem probability of success from
the individual equipment probabilityies and the reliability block diagram.
A Monte Carlo simulation can be performed manually hut ia invariably
performed by computer due to the large number of repetitive trials and
calculations required to obtain a significant result. The Monte Carlo
simulation method is applicable to single functioned and multifunctioned
systerns.

2. PROCEDURE.

2.1 Single functioned systems. Single functioned systems consist
of equipments considered to have a single function associated with
equipment performance. The single functioned system Mission Reliabilityy
diagram can take the form of equipments connected in series, parallel,
series-parallel,or a complex configuration. Alternate modes of operation
can be considered in single functioned system models. The single functioned
system Basic Reliability diagram can only be a series configuration in
which any equipments provided for redundancy or alternate modes of
operation for mission success are modeled in series.

The Monte Carlo simulation procedure is to det&mine the distribution of
a function of one or more.variables from”the distribution of the individual
variablea. The method involves random sampling from the distributions
of all variables and inserting.the values so obtained in the equation
for the function of interest. Suppose the function whose probability of
success distribution is to be estimated is P(xl.... xn) md that the xi,
X2. ... ~ are independent random variables whose distributions are
presumed to be known. The procedure is to pick a set of x’s randomly
from the distributions of the X’a, calculate P for that set, and store
that value of P. The procedure ia repeated many times until enough
values of P are obtained. From this sample of P values, its distribution
and parameter can be estimated.

The Monte Carlo simulation method is based on several principles of
probability and on the techniques of probability transformation. One of
the underlying principles is the law of large numbers, which states that
the larger the sample the more certainly the asmple mean will .bea good
estimate of the population mean. The procedure for the Monte Carlo
simulation method is illustrated by the following exsmple. The Mission
Reliability diagram is given as:

c
1004-1 14ETROD1004
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PA = 0.’3

PB = PB2 = 0.1
1

Pc =Pc = 0.2
1 2

Select a random number between 0.01 and 1.00 from a table of random numbers
or generated by a computer. Compare the random number with PA. If the
random number ia equal to or leas than 0.3 then equipment A is a auccesa.
Once aucceaa (S) or failure (F) is determined, it is recorded aa in Table
1004-1 and the procedure is repeated for equipments B1, B2, Cl and C2. A
new random number for each equipment is used to compare againat that
equipment and results are recorded. If a success path can be found
among the failed and nonfailed equipments then the system function is
determined to be a success. PS is the ratio of System succeasea to triala.

Table 1004-1 diaplaya.the outcome of ten trials of a typical Monte Carlo
aimulation. In this particular outcome, there waa one system success
for the ten triala (trial 8) resulting in Ps = 0.10. Depending upon
the random numbers generated, the aucceaa/failure array may differ from
aimulation to aimulation and the number of aystem succeaaes may vary for any
fixed number of trials. However, aa the number of trials increase,
the ratio of ayatem aucceaaea to triala should kpprnach the actual
PS of 0.13572. The degree of Monte Carlo precision ia determined by the
number of trials conducted. Typically, a minimum of 100 trials ia required.

The equivalent Basic Reliability mathematical model

Ps
= PA PB1 PB2 Pcl PC2

for this system is:

(1)

and the Basic Reliability probability is 0.00012.

2.2 Multifunctioned systems. Multifunctioned &yatems can be treated
similarly to single-functionedsystems if one nf the following applies:

a. If nn equipment appears in more than one functinn.

b. If functions are time independent, i.e., they are either time’
aequence”dfunctions or they are never used aimultaneoualy.

METHOD 1004
18 November 1981 1004-2
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Table 1004-1. Success/FailureArray for the
Mission Reliability Diagram.

Trial No. A ‘1 ‘2 c1 C2 System
—. . ._ _

1 s F s “F F P

2 F F F F s F

3 s F F -F F F

4 F F F F F F

5 s F F F F F

6 F F F F F F

7 F F F F “s F

8 s F s F s s

9 F F F ‘F F F

10 F s F F F F
,.

1
‘s ‘m= 0“10

NOTE : This is only one possible array and one possible outcome among
many that can result from a Monte Carlo simulation of ten
trials. Additional trials are required to obtain meaningful
precision with which the Monte Carlo result will approximate
the actual answer.

./”, If either (a) or (b) applies, the procedure is as follows:

(
, Treat each function separately as described under single functioned

systems. For the system, the functions are treated aa equlpmenta and
can be combined in series or parallel depending on the requirements.
The resultant diagram is treated aa a single functioned system. Each
separate function can be compared with a reliability requir&nent for
that function if desired.

Nhen an equipment appears in several functions, the functions cannot be
treated separately. The following ~-ample illustrates the point.

c
A system haa two functions. The first function requires A or B for
success and the second function requires B or C for success. Both
functions are required for mission succeaa. Mission Reliability diagrams
for Function 1, Function 2, and the system are shown aa follows. 1

1004-3 METHOD 1004
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-B
A

B

Function 1

Assuming

PA= 0.9

PB= 0.8

Pc= 0.7

+3
B

c

Function 2

-@+3
system

Then the reliability of the function %muld be

Function 1 = 0.9 + 0.8 -

= 0.98

Function 2 = 0.8 + 0.7 -

= 0.94

Mission Reliability cannot be
because of the common element

Mission Reliability ~

Mission Reliability =

.

.

(0.9) (0.8)

(0.8) (0.7)

derived by multiplying function reliabilities
B.

98) (0.94) = 0.9212(o.

PB+PAPC-PAPBPC

(0.8) + (0.9) (0.7) - (0.9) (0.8) (0.7) (2)

0.926

The equivalent Basic Reliability mathsmatibal tidel for this system is:

P~.= PAP* Pc

and the Basic Reliability is 0.504.

2.2.1 MoriteCarlo simulation method. The Monte Carlo simulation
solution based upon ten trials is shown in Table 1004-11. Additional
trials are required to better approximate the actual answer of 0.926.

MSTROD 1004
18 November 198]
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Table 1004-11.
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Success/Failure Array for the
-------- ..---- .----, ---=. — ,

Trial No. A B c System

1 s s s s

2 F F s F

3 s s s s

4 s s F s

5 s F s s

6 s s s s

7 s F s s

8 s s s s

9 s F F F

10 s s s s
,.

8
‘s = m= 0“80

NOTS: This ia only one possible array and one possible outcome among
many that can result from a Monte Csrlo simulation of ten trials.
Additional trials are required to obtain meaningful precision
with which the Monte Carlo result will approximate the actual
answer.

c MsTHOD 1004
18 November 1981
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MBTROD 2001

SIMILAR ITEM METROD

1. PURI’OSE. This prediction method utilizes specific experience
on similar items. The most rapid way of estimating reliability is to
compare the item under consideration with a similar item whose reliab~ity
haa previously been determined by snme means and has uqdergone field
evaluation. This method has a centinuing and meaningful application for
items undergoingorderly evolution. Not only is the contemplated new
design similar to the old design, but small differences can be easily
isolated and evaluated. In addition, difficulties encountered in the
old design are signposts to improvements in the new design. Tbe similar
circuit method should be considered if a similar item comparison cannot
be made.

2.

2.1
include:

a.

b.

c.

d.

e.

f.

2.2

PROCEDURS.

Major factors for a direct compariann of

Item physical and performance comparison

Design similarity

I@nufacturing similarity

similar items should

Similarity ,yftbe serVice “se profile ~logistic,operational,

a@ en.vir~qmental).

Program and project similarity

Proof of reliability achievement

The validity of the similar item method is dependent upon the
degree Qf equivalence-between the items and not simply the generic term
used to describe the it~s. For example, although bnth are powar auppliea
.(generictype), the achieved reliability of a ten watt power supply
should not normally be used as a prediction method for a proposed one
kilowatt power supply as the much higher power level of the proposed
power supply may result in much lower reliabilityy achievement due to
design differencea and stresses. A comparison may be made if there are
scale factors to realistically relate reliability with item parameters
such as power levels.

2.3 GIDEP Failure Rate Summaries are a data source for this method.

c
2001-1

MsTROD 2001
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METHOD 2002

SIMILAR CIRCUIT MSTHOD

1. PURPOSE. This prediction method utilizes specific experience
on similar circuits such as oscillators, discriminatoramplifiers,

modulatora, pulse transforming networks, etc. This method ia employed
either when only a circuit is being considered or the similar item
method.cannot be utilized. The most rapid way of estimating reliability
ia to compare the circuits of the item under considerationwith similar
circuita whose reliabilityy has previously been determined by some means
and haa undergone field evaluation. Individual circuit reliabilities
can be combined into an ita reliabilityy prediction. This method has a
continuing and meaningful application for circuits undergoing orderly
evolution. Not only is the contemplated new design similar to the old
design, but small differences can be easily isolated and evalue.ted. In
addition, difficulties encountered in the old design are signposts to
improvements in the new design.

2. PRocEDURS

2.1 Msjor factors for a direct comparison of similar circuits
should include:

a.

b.

c.

d.

e.

‘f.
,.

\ 2.2

Circuit physical and performance comparison

Design similarity

Manufacturing similarity

Similarity of the service uae profile (logistic,operational,
and environmental)

Program and project similarity

Proof of reliability achievement

Individual circuit reliabilities can be combined into an itsm

reliability prediction. Circuit interconnect reliability factors should
be considered when combining individual circuit reliabilityies in order
to determine a realistic item reliability prediction.

2.3 The validity of the similar circuit method is dependent upon
the degree of equivalence between the circuits and not simply the generic
term used to describe the items. For example, although both are amplifier
circuits (generic term), the achievsd reliability of a one milliwatt
amplifier circuit should not normally be used aa a prediction method for
a proposed ten watt amplifier circuit as the much higher power level of
the proposed amplifier circuit may result in much lower reliability
achievement due to design differences and stresses. A comparison may be

c
made if there are scale-
item parameters such as

factors to realistically relate reliabilityWith
power levels.

METHOD 2002
2002-1 18 November 1981
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2.4 Various equipment manufacturers and military agencies have
preferred circuit m@nuals or documents with aaaociated failure rates
which may be utilized with this type prediction. GIDEP Failure Rate
Summaries may be a ‘datasource for this method.

3

!

I

i

MSTHOD 2002
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METHOD 2003

ACTIVE ELEMSNT GROUP METSOD

1. PURPOSE. The Active Elament Group (AEG) method
feasibility estimating procedure becauee it is useful for

is termed a
ftrossestimates

of a design in the concept’formulation and preliminary design stages.
OrIlyan estl.mateof the number of series AEGs required to perform the
design function is needed. The AEG method relates item functional
Complexity (active element groups) and application environment to failure
rates experienced in fleet ueage. Available data for this method is
currently limited to ships and ships’ missiles.

2. DOCUMENTS REFERENCED IN MSTHOD 2003:

PUBLICATIONS
—.

Naval Sea Systems Command

NAVORD 01)44622 Reliability Data Analysis and Interpretation
Volume 4

3. DEFINITIONS

3.1 Active element. A part that converts or controls energy;
e.g., transistor, diode, electron tube,.relay, valve, mOtOr, hydraulic
e-.

3.2 Active element y,roup. h active elsment and its associated
supporting @asSive) parts; e.g., an amplifier circuit, a relay circuit,
a pump and its plumbing and fittings.

3.3 Passive element. by part, not itself an active element, used
in conjunceion with an active element to perform a desired function;
e.g., capacitor, resistor, fitting.

4. PROCEDURS.

4.1 General considerations. In the ASG method enough is known
about the design so that the number and types of active elements are
known or can be estimates. Considerationmust be given to the itam
reliability model in the application of ASG failure rates used to derive
an item reliability prediction as AEGs may be utilized in redundant as
alternate mode hardware configurations. The ASG method is based on
several generalized assumptions which csn be.s~arized a? fOllOws:

a. AM active elements can be defined and classified as representative
types, and the quantity Of suppOriing Passive e~~ents ‘s
effectively constant for each type, regardless of the end use
item.

2003-1

~r@D 20°3
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b. The inaccuracy inherent in aasigning a single failure rate to
each of the active element typea is acceptable.

c. A single failure rate can be used for each generic passive
elemen~ type.

d. The change in failure rate with environmental severity is
identical for all part types.

The shaded areas in Figures 2003-1, 2003-2, and 2003-3 represent upper\
and lowsr failure rate bounds for the data upon which the figures were

! prepared.

4.2 Detailed Procedure. For each reliability block determine if
the block!s function is primarily analog, digital, or mechanical. Once
the nature of the function is determined, proceed with one of the

! following steps.

4.2.1 Electronic Analog Function Failure Rate Estimation.

i 4.2.1.1 For each electronic analog reliability block, determine the
number of series analog active elements necessary to ‘performthe block’s
function. Use Table 2003-1 to convert different classes of electronic
AEGs to equivalent analog AEGs.

4.2,1.2 Determine the block’s failure rate from Figure 2003-1 based
upon the number of series equivalent analog AEGs and mission application. 2

Table 2003-1. Weighting Factors for”Different Classes
of Electronic AEGs Used in Estimating Analog”

Complexity for Figure 2003-1.

ARG Type Analog Electronic AEGs

Analog signsl functions:
Transistor 1.0
Electron tube 1.0
Integrated circuit 1.0
Diode 0.1’

Power supply functions:
Transistor 2.0
Electron tube 2.0
Diode (rectifier) 1.0

Microwave power tube 100.0

Digital Functions:
Transistor 0.1
Integrated circuit 0.1
Diode 0.”01

Relays (general) 1.0

METHOD 2003
18 November 1981
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EQUIVALENT ANALOG FUNCTIONAL COMPLEXITY
N ACTIVE ELEMENTS

Figure 2003.1. Failure-Wte Estimating Chart for
.ElectronicAnalog Function.

2003-3
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4.2.2 Electronic Digital Function Failure I@te Estimation

4.2.2.1 For aach electronic digital reliability block, determine the
number of series digital active elements,necessary to perform the block’s
function. Use Table 2003-11 to convert different classea of electronic
AEGs to equivalent digital ARGs.

4.2.2.2 Determine the block’a failure rate from Figure 2003-2 based
upon the number of series equivalent digital AEGS and mission application.

4.2.3 Mechanical Devices Function Failure Rate Estimation

4.2.3.1 For each mechanical device reliability block, determine the
number of series mechanical active elements necessary to perform the
blockvs function. Use Table 2003-111 to convert different classes of
mechanical ABGs to equivalent analog AEGs.

4.2.3.2 Determine the block’s failure rate from Figure 2003-3 based
upon tbe number of series equivalent mechanical analog AF,Gsand mission
application.

4.2.4 Reference. Additional details on the AEG method are provided
in NAVORD OD 44622, Volume 4.

.3

‘,MJITROD2003
18 November 1981 2003-4
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FUNCTIONAL COMPLEXITY IN DIGITAL AEGs

Figure 2003.2. Failure-Rate
Digital Electronic

Estimation

Functions.

Chart for

Table 2003-11. Weighting Factors for Estimating

Digital Electronics AEG Complexity for

Use With Figure 2003-2.

AEG Type

Transistor

Integrated circuit

Diode

Digital
Electronic AEGs

1.0

1.0

0.1

c
2003-5
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Table 2003-111. Weighting Factors for Shipboard
Mechanical Elements for Use in Conjunction

With Figure 2003-3.
I

Analog

Mechanical
AEG Type AEGs

Actuator - hydraulic 2

Bearing 1

Clutch 1

Cylinder and piston - hydraulic, pneumatic
.
., 1

Gear train (per gear) 1

Cavernor - speed regulating 2

Gyro 3

Limiter - hydraulic flow 1

Link mechanism - mechanical drive 1

Motor - hydraulic, vacuum, turbo, pneumatic, electric 1

Pump - hydraulic, pneumatic, vacuum 1

Quick disconnect 1

Regulator - pneumatic, hydraulic, flow, pressure 1

Relay - thermal, pressure, electromechanical 1

Safety and ar&ng device 4

Sensor - pressursy temperature 1

Switch - cam, interlock, pressure, thermal 1

Switch - sensitive,micro, etc. 2

Transducer - pressure, feedback 1

Valve - bleed, diaphragm, gate, needle, relief 1

Valve - servo 2

3

3

—

MSTROD 2003
18 November 1981 2003-6
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MECHANICAL COMPLEXITY IN AEGs

Figure 2003.3. Failure-Rate Estimation Chart for
Mechanical Devices. .—
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NETHOD 2004

PARTS COUNT METROD

1. PuRPOSE. .Theparts count method is a
in the preliminary design stage when the number
type class such as capacitors, resistors, etc.,

prediction method used
of parts in each generic
are reasonably fixedand

the overall design complexity is not expected to change appreciably
during later stages of development and production. The parts cnunt
method aasumes the time to failure of the parts is exponentiallydistributed
(i.e., a constant failure rate).

2. DOCUNENTS REFERENCED IN METHOD 20~4:

HANDB@3KS

Military

MIL-HDBK-217 Reliability Prediction of Electronic Equ~pment

OTHER PUBLICATIONS

RADC-TR-73-248 Dnrmancy and Power On-Off Cycling Effects on
Electronic Equipment and Part Reliability

(_
RADC-TR-74-269 Effects of Dormancy on Nonelectronic Components

and Msteriala

LC-78-1 Storage Reliability of Missile Naterial Program,
Missile Material Reliability Handbook Parts
Cnunt Prediction

*
GIDEP Cnvernment Industry Data Exchange Program,

Summaries of Failure Rates

1’ NPm-1 Nonelectronic Parta Reliability Data, 1978

3. PROCEDURE.

;3.1 The item failure rate can be determined directly by the summation
,ofpart failure rates if all elements of the item reliability model are
in series or can be assumed in series for purposes of an approximation.
In the event the item reliabilitymodel consists of non-series elements
(e.g., redundancies, alternate modes of operation), item reliability can
be determined either by considering only the series elements of the
model as an approximation or by summing part failure rates for the
individual elements and calculating an equivalent series failure rate
for the non-series elements of the mndel.

c

METHOD 2004
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The information needed to support the parts count method

Generic part types (including complaxity for microelectronics) ,

part quantity,

part”quality levels (when known or can be assumed) , and

item environment.

The general expreaaion for item failure rate with this method ia:

-. L

.3

i=n
A
ITEM

=ZNi (AT)
i=1 GQi

for a given item environment where:

A~Tm =

‘Gi =

‘Qi =

%=

n .

total failure rate

generic failure rate for the ith generic part

quality factor for the ith generic part

quantity of ith generic part

number of different generic part categories

Equation (1) applies to an entire itam being used in one environment.
If the itam comprises several units operating in different environments
(such as avionica with units in airborne, inhabited, fighter (AIF) and
uninhabited, fighter (AUF) environment), then equation (1) should be
applied tO the portions of the itsm in each environment. These “environment-
item” failure rates should be added to determine total item failure
rate.

-

.-)

3.4 Quality factors are to be applied to each part type where
quality level data exists or can be reasonably assumed. Multi-quality
levels and data exist for parta, such as microelectronics, discrete
semiconductors,and for established reliability (ER) resistors and
capacitors. For other parts such as nonelectronics, mQ = 1 prOviding

that parts are procured in accordance with applicable parts specifications.

3.5 Failure rate data sources such as f.fIL-RDBK-217,NPRD-1, GIDEP,

I
RADC-TR-73-248, RADC-TR-74-269 and LC-78-1 should be used with this
method. However, GIDEP should only be used if the part of interest is
not included in the other stated failure rate sources. Other failure

~
rate data sources, including contractor in-house data, shall require
procuring activity approval.

METROD 2004
18 November 1981
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c’ METHOD 2005

PARTS STRESS ANALYSIS METHOD

1. PURPOSE. The parts streaa snalyais method iS a prediction
methcd used in the detailed design stage when there are fsw o? no assumptions
necessary about the parts used, their stress derating, their quality
factora, their operating .streases or their environment in order tO
determine part failure rates. These should be all known factors or
capable of being .detenninadbased upon the state of hardware definition
for which the parta stress analyaia method is applicable. Nhere unique
parts are used, any aaaumptions regarding their failure rate factors
should bs identified and justified. The parts streaa analysis method ia
the most accurate method of reliability prediction prior to measurement
of reliability under actual or sfmulated use conditions. The parts

. stress analysis method aasumes the time to failure of the parta is
exponentially diatributed (i.e., a constant failure rate).

2. DOCUMENTS IC3FERENCEDIN METHOD 2005.

HANDBOOKS

Military

MIL-HDBK-217

b

.C ‘OTHERPUBLICATIONS):

! BADC-TR-73-248

~

~ BADC-TR-74-269

t

c

LC-78-1

GIDEP

NFRD-1

Reliability Prediction of Electronic Equipment

Dormancy and Power On-Off Cycling Effects on
Electronic Equipment and Part Reliability

Effects of Dn~ncy on Nonelectronic Components
and Materials

Storage Reliability of Missile Material Program,
Missile Material Reliability Handbook Parts
Count Prediction.

Government Industry Data Exchange Program,
Summaries of Failure Rates

Nonelectronic Parta Reliabilityy Data, 1978

2005-1
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3. PROCEDURS

3.1 The item failure rate can be determined directly by the summation
of part failure rates if all elements of the item reliability model are
in aeriea or can be assumed in aeriea for purposea of an approximation.
In the svent the item reliability mdel consists of non-aeriea elements
(e.g., redundancies, alternste modes of operation), item reliability can
be determined either by conaideririgonly the serie”selsmenta of the
model as an approximation or by summing part failure rates for the
individual elements and calculating an equivalent series failure rate
for the non-series elements of the model.

3.2 The information needed to support the parts etreas analysia
method included:

a.

b.

c.

d.

\,
e.

\

3.3

for a

Specific part types (including complexity for microelectronics),

part quantity,

part quality levels,

item enviro~ent, and ,

part operating stresses.

The general expression for item failure rate with this method is:

~
i=n

?,
ITRN

= i~l ‘i’‘as ‘Q‘i

given item environment where:

a ITEM. total failure rate

1.
s~

= specific failure rate for the i~h specific part

‘Qi =
quality factor for the ith specific part

Ni = quantity of ith specific part

n = number of different specific part categories

METHOD 2005
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Equation (1) applies to an entire item being used in one environment.
If the itam comprises several units operating in different environments
(..uchas avionics with units in airborne, inhabited, figbter (AIF) and
uninhabited, fighter (AUF) environment), then equation (1) should be

aPPliSd tO the portiona of the itsm in each environment. These “environment-
item” failure rates should be added to determine total itsm failure
rate.

3.4 Quality factors are to be applied to aach part type where
quality lsvel data exists or can be reasonably assumed. Multi-quality
levela and data exist for parts, such as microelectronics, discrete
semiconductors,and for established reliabilityy (ER) resistors and
capacitors. For other parts such qa nonelectronics, nQ = 1 providing
that parta are procured in accordance with applicable parts specifications.

3.5 Failure rate data sources such as MIL-HDBK-217, NRPD-1, GIDEP,
RADC-TR-73-248,RADC-TR-74-269 and LC-78-1 should be used with this
method. Howsver, GIDEP should only be used if the part of interest is
not includsd in the other stated failure rate sources. Other failure
rate data sources, including contractor in-house data, shall require
procuring activity approval.

I

c
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APPENDIX A

Application and Tailoring Guide

10. “GENERAL

10.1 =. This appendix provides notes for the guidance of the
procuring activity in generating the contractual requirements for reliability
modeling and a reliability prediction.

10.2 Tailoring requirements. Each provision of this standard
should be’~eviewed to determine the a e?t of applicability. Tailoring
of requirementsmay takf the form of deletion, addition, or alteration
to the statements in sections 3, 4,-and 5 aid any specified tasks or
methods to adapt the requirements to specific item characteristics,
procuring activity optiona, contractual structure, or acquisition phase.
Due to the number of possible reliability modeling and reliability
prediction methods, methods other than those identified in this standard
may and should be used if another method is more suitable for the evaluation
of the specific item and is coat effective in its implementation. The
tailored reliability modeling and prediction requirements are specified
in the contractual provisions to include input to the statement of work,
contract data requirements list (CDRl,), and other contractual means.
The depth and detail of the reliability modeling and prediction effort
will be defined in appropriatee centracttialand dther program documentalion.

10.3 Duplication of effort. A review of the contractual.requirements
is necessary to avoid duplication of effort between the reliability
program and other program efforts such aa maintainability, human engineering,
safety, survivability, vulnerability;and integrated logistics support.
Identification of the coiricidentgeneration of reliability modeling and
prediction tasks or uae of such taaks by the reliability program and
other disciplinary ateaa is required in the reliability plan or other
appropriate program documentation to avoid duplication of effort by the
procuring activity and the contractor.

.:,
10.4 Limitations. Reliability nodeling and prediction is only as
accurate as the assumptions and data sources used ‘inits preparation,
and to the extent all pertinent influences are considered. The primary
value of the reliability prediction is as a design tool for comparison
of alterrwtive approaches. Although the absolute value of item reliability
derived by the prediction may be used in the deviation of expected field.
use reliability, it must be used with.great.caution and with full disclosure
of the data sources and assumptions used. -As an example, when field
experience data for similar items in a like environment are utilized,
the prediction reflects anticipated field performance after design
maturity has been achieved. Conversely, when laboratory data are util”ized,
the prediction reflects expected performance under laboratory conditions.

20. REFERENCED DOCUMENTS (not applicable)

30. DEFINITIONS (not applicable)

A-1
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40. GENERAL

40.~ . $@@g+z. The procuring activity shall specify information
as lndlcate In the Oetalls to be specified” following each Task Section.

40.2 Data item descriptions. Data items generated in accordance
with this standard are not deliverable unless specified on the Contract
Data Requirements List (DO Form 1423) or the contract schedule. Format
and content requirements shal1 be as specified by the procuring activity
and in accordance with one of the following data requirements.

Source

Paragraph 4.9
and Task Section

Paragraph 4.9
and Task Section

Paragraph 4.9

Data Requirements

‘Reliabi1ity B1ock Diagrams and DI-R-7094
100 -MathematicalModels Report

Reliability Prediction and 01-R-7095
200 Documentation of Supporting

Data

Reliability Report for DI-R-71OO
EXP1oratory Advanced

,

Oevelopment Model

50. APPLICATION CRITERIA

50.1 General considerations. This standard has been structured to
facilitate the tailoring of reliabilitymodeling and prediction requirements
based upon individual program needs. Program variables such as item
complexity, funding, and schedule influence the level of detai1 and
timing of the reliabi1ity modeling and prediction effort and must be

. ~
considered when tailoring the requirements. Not al1 Programs require
the same level of detail and the level of detail will also vary depending
on the acquisition phase..

50.1.1 Level of detai1. The 1evel of detai1 applies to the level of
I indenture for which failure rate data can be applied. The reliability
‘modeling and prediction effort can be accomplished at various levels of
indenture from system to part level depending upon the information
avai1able and the needs of the program. The lower the indenture level,
the greater the”1evel of detai1 since more elements of the item wi11 be
considered. The choice of the level of indenturemust be compatible
with the program cost, schedule constraints and the item reliabi1ity
requirements. A less detailed model and prediction which is available
in time to contribute to.item relia-bi1ity is more valuable than a .Wre
detailed effort which is 1ate and makes changes costly or unfeasible.

50.1.2 m. The objective of the reliabi1ity modeling and prediction
effort is to support the decision making process in establishing numerical
reliability requirements, assessing the-adequacyof a design in meeting
numerical requirements,and as a basis for selection
If the effort fails to provide usable information at
deciston point, then it has made no contribution and

among design alternatives.
or before a project
is untimely. The

A-2
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c’
time-phasing of the reliability.modeling and prediction effort is of
paramount importance and should be identified in appropriate contractual
and program documentation. Since program cost and schedule constraints
require that available resources be used where they are most coet effective,
the earliest possible availabilityy of reliabilitymodeling and prediction
results is important so that the impact on cost and’schedule be minimized.

50.1.3 Irttendeduse. Reliability modeling and prediction is a beneficial
and.productive task in a well structured reliability program. Reliability
modeling and prediction serves to help verify design integrity, identify
and quantify sources of undesirable failure frequency, and document the
reliability risks. Reliability modeling and prediction results can be
used to provide the rationale for design changes to either improve item
reliability or decrease item’coat with lfttle or no effect on item
reliability. The reliability modeling and prediction results are not
only used to provide design guidance, but they are used advantageously

? in and for maintenance planning analysis, logistics support amlysis,
survivability and vulnerability assessments, safety snd hazards analyses,
and for fault detection and isolation design. This coincident use of
reliability modeling and prediction must be considered in program plan-
ning and every endeavor made to prevent duplication of effort by the
program elements which utilize reliability modeling and prediction
results.

c:
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