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FOREWORD

I
The~failure mode, effects, and criticality analysis (FMECA) is an essential

function in design,from concept through development. To be effective,

the FMEcA must be iterative to correspond Wit}l ~he nature of the design

process itself. The extent of effort and sophistication of approach
used in the F~CA will be dependent upon the nature and requirements of

the individual program. This makes it necessary to tailor the requirements

for an FMECA to each individual program. Tailoring requires that,
regardless of the degree of sophistication, the FMECA must contribute

meaningfully to program decision. A properly performed F’MECA is invaluable

to those who are responsible for making program decisions regarding the

feasibility and adequacy of a design approach.

The usefulness of the FMECA as a design tool and in the decision making

process is dependent upon the effectiveness with which problem information

is communicated for early design attention. Probably the greatest

criticism of the ~~A has been its limited use in improving designs.

The chief causes for this have been untimeliness and the isolated performance

of the F~CA without adequate inputs tO the design process. Timeliness

is perhaps the most important factor in differentiating between effective

and ineffective implementation of the FITECA. While the objective of an
FMECA is to identify all modes of failul-e~ithin a system design, its

first purpose is the early identification of all catastrophic and critical

failure possibilities so they can be eliminated or minimized through

design correction at tt~eearliest possible time. Therefore, the FMECA
should be initiated as soon as preliminary design information is available

at the higher system levels and extended to the lower levels as more

information becomes available on the items in question.

Although the FMECA is an essential reliability task, it also provides

information for other purposes. The use of the FMECA is called for in
maintainability, safety analysis, survivabili~y and vulnerability,

logistics support analysis, n~ai~~tenarlceplan anaiysis, and for failure

detection and isolation subsystem desi~n. This coincident use musL be a
consideration in planning the F~CA effort LO prevent the proliferation

Of requirements and t}leduplication of efforts within the same contractual

program.
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1. SCOPE

1.1 SssE” This standard establishes requirements and procedures

for performing a failure mode, effects, and criticality analysis (FMECA)

tO systematically evaluate and document, by item failure mode analysis,

the potential impact of each functional or hardware failure on mission

success, personnel and system safety, system performance, maintainability,

and maintenance requirements. Each potential failure is ranked by the
severity of its effect in order that appropriate corrective actions may

be taken to eliminate or control the high risk items.

1.2 Application. This standard applies to the acquisition of

all designated DoD systems and equipment. It primarily applies to the

program ac~ivity phases of demonstration and validation and full-scale

engineering development; e.g. , design, research and development, and

test and evaluation. This standard also can be used during production

and deployment to analyze the final hardware design or any major modifica-

tions. The FMECA tasks contained in this standard apply to all items of

equipment. This standard does no~ apply to software. Appendix A contains

additional application and tailoring guidelines.

1.3 Numbering system. The tasks are numbered sequentially as

they are introduced into tt-iisstandard with the first task being number

101.

J;4 Revisions,

1.4.1 Standard. Any general revision of this standard which

results in a revision of sections 1, 2, 3, or 4 will be indicated by

revision letter after this standard number, together with date of revision.

1.4s2 Tasks. Any revisions of FMECA tasks are indicated by a

letter following the task. For example, for task 101, the first revision

is 101A, the second revision is 101B. When the basic document is

revised, those requirements not affected by change retain tl~eir existing
date.

1.5 Method of reference. The tasks contained herein shall be
referenced by specifying:

a. This standard number.

b, Task nurriber(s).

co Other data as called for in individual task.

2. REFERENCED DOCUMENTS

*

2.1 Issues of documents. The following documents of the

issue in effect—on the date cf invitation for bid or request for proposal,

are referenced in this standard for il]form;+tjnrland ~uict,ance.
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.
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shc’Uld be oi):(lincdfrom l.h[:l)r(~cllrj‘)}-,lc~ivj!.v(1-;l~111r’ef”.I.’(ihv !}’[J
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.
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3. DEFINITIONS

3.1 Terms. The definitions of terms used herein are in

accordance with the definitions in MIL-STD-280, MIL-STD-470, MIL-STD-

721, MIL-sTD-780, MIL-STD-785, MIL-STD-882, and MIL-sTD-1388, with the

exception and addition of the following:

3.1.1 Contractor. A private sector enterprise engaged to

provide services or products within agreed limits specified by a procuring

activity. As used in this standard, the term “contractor” includes

government operated activities developing or producing military systems
and equipment.

3*1.2 Corrective action. A documented design, process, procedure,

or materials change implemented and v~lid~ted to correct the cause of

failure or design deficiency.

3.1.3 Compensating provision. Actions that are available or

can be taken by an operator to negate or mitigate the effect of a failure

on a system.

3.1.4 Criticality. A rela~ive mcasur~ 0: Lhe Cbnsequcllces of d

failure mode and its frequency of occurrences.

3.1.5 Criticality analysis (CA). A procedure by which each

potential failure mode is ranked according to the combined influence of

severity and probability of occurrence.

3.1.6 Severity. The consequences of a failure mode. Severity

considers the worst potential consequence of a failure, determined by

the degree of injury, property damage, or system damage that could

ultimately occur.

3.1.7 Damage effects. The result(s) or consequence(s) a damage

mode has upon the operation, function, or status of a weapon system or

any Component thereof. Damage effects are classified as primary damage

effects and secondary damage effects.

3.1.7.1 Primary damage effects. The result(s) or consequence(s)

a damage mode has direc~~y upon a weapon s~~s~em or any components thereof.

3.1.7.2 Secondary damage effects. The result(s) or consequence(s)

indirectly caused by the interaction of a damage mode with a system,

subsystem, or component thereof.

3.1.8 Damage mode, The manner by which damage is observed.

Generally describes the way the damage occurs,

●✎ ✎✎�✍✍✍✍✍
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3.1.9 Damage mode and effects anaQsis (DMEA). The analysis of

a system or equipment conducted to dete~ine Me extent of damage sustained

from given levels of hostile weapon damage mechanf~s and tile effects of

such damage modes on the continued controlled operation and mission

completion capabilities of the system or equipment.

3.1.10 Detection mechanism. The means or method~ by which a

failure can be discovered by an operator under normal system operation

or can be discovered by the maintenance crew by some diagnostic action.

3.1.11 Environments. The conditions, circumstances, influences,

stresses and combinations thereof, surrounding and affecting systems or

equipment during storage, handling, transportation, testing, installation,
and use in standby status and mission operation.

3.1.12 Failure cause. The physical or chemical processes,

design defects, quality defects, part misapplication, or other processes

which are the basic reason for failure or which initiate the physical

process by which deterioration proceeds to failure.

3.1.13 Failure effect. The consequence(s) a failure mode has on

the operation, function, or status of an item. Failure effects are

classified as local effect, next higher level, and end effect.

3.1.13.1 Local effect. The consequence(s) a failure mode has on

the operation, function, or status of :he specific item bei:~ganalyzed.

3.1.13.2 Next higher level effect. The consequence(s) a failure

mode has on the operation, functions, cr status of the items in the next

higher indenture level above the indenture level under consideration.

3.1.13.3 End effect. The consequence(s) a failure mode has on the

operation, function, or status of the highest indenture level.

3.1.14 Failure mode. The manner by which a failure is observed.

Generally describes the way the failure occurs and its impact on equipment

operation.

3.1.15 Failure mode and effects analysis (FMEA). A procedure by

which each potential failure mode in a system is analyzed to determine

the results or effects thereof on the svstern and to classify eacl~potential

failure mode according to its sevcK i!_\.

3.1.16 FMECA-Maintainability information. A procedure by which——
each potential ~i~ilur(~is analyzed tIJdt’~i?I”l:liilt’iic)wthe failure is

det.cc~ed anti;Ilc.lcLicjllsl,)be ~;~ke:lL!.Irt’f):lirthu tailure.

.

A. A

3.1.17 Indenture levels. The item levels which identify or

describe relative complexity of assembly or function. The IL’VCISprogress -

from the more Comp]ex (system) tc tht’~impler (part) divisions.

—
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3.1.17.1 Initial indentyre level. The level of the total, overall

Item which Is the subject of &he FMECA.

3.1.17.2 Other indenture lqvels. The succeeding indenture levels

(second, third, fourth, etc~) which represent an orderly progression to

the simpler division of the item.

3.1.18 Interfaces. The systems, external to the system being

analyzed, which provide a common boundary or service and are necessary

for the system to perform its mission in an undegraded mode; for example,

systems that SUpply power, cooling, heating, air services, or input

signals.

3.1.19 Single failure point. The failure of an item which WCUIICI

result in failure of the system and is not compensated for by redundancy

or alternative operational procedure.

3.1.20 Threat mechanism. The means or methods which are embodied

or employed as an element of a man-made hostile environment to produce

damage effects on a weapon system and its components.

3.1.21 Undetectable failure. A pos~ulated failure mode in the

FMEA f@r which there is l}{)fai;ur+ det~rti(~llwet}~cd by ~’l~irl~t}~t+optw+’l~r

is made aware of the failure.

4. GENERAL REQUIREMENTS

4.1 General. The failure mode, effects, and criticality

analysis (FMECA) shall be planned and performed in accordance with the

general requirements of this standard and the task(s) specified by the

procuring activity.

4.2 Implementation. Tl~eFMECA shall be initiated early in

the design phase to aid in the evaluation of the design and to provide a

basis for establishing corrective action priorities. The FMECA is an

analysis procedure wl]iclldocuments all probable failures in a system

within specified ground rules, determines by failure mode analysis the

effect of each failure on system operation, identifies single failure

Points, and ranks each failure according LO a severity classifica~ion of

failure effect. Tilisprocedure is t}:eresu~L c’ftwf!steps wi~ich, when

combined, provide the FMECA. These two steps arc:

a. Failure mode and effects analysis (FMEA).

b. Criticality analysis (CA).

4.3 FMECA planning. Planninf\ the FNECA work involves Lhe

contractor’s procedures for implementing the specified requirements of

this standard, updating the FM’ECA LO reflect design changes, and ~Iseof
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the analysis results to pro~ide design guidance. Worksheet formats,
ground rules, analysis assumptions, identification of the lowest indenture
level of analysis, coding system description, failure definitions, and

identification of coincident use of the FMECA by the contractor’s reliability

organization and other organizational elements shall be considered in

the F’KECAplanning.

4.3.1 Worksheet formats. The contractor’s formats, which

organize and document the FMECA and other analysis methods contained

herein, shall include the information shown in the example formats in

Figures 101.3, 102.1, 103.1 and 104.1. The initial indenture level of

analysis shall be identified (item name) on each worksheet, and each

successive indenture level shall be documented on a separate worksheet

or group of worksheets.

4.3.2 Ground rules and assumptions. The contractor shall

develop ground rules and analysis assumptions. The ground rules shall

identify the FMECA approach (e.g. , hardware, functional or combination),

the lowest indenture level to be analyzed, and include general statements

of what constitutes a failure of the item in terms of performance criteria

and allowable limits. Every effort should be made to identify and

record all ground rules and analysis assumptions prior to initiation of

the analysis; however, ground rules and analysis assumptions may be

added for any item if requirements change. Additional ground rules and

analysis assumptions shall be documented and separately identified for

inclusion in the FMECA report.

4.3.3 Indenture level. The indenture level applies to the

system hardware or functional level at which failures are postulated.

Unless otherwise specified, the contractor shall establish the lowest

indenture level of analysis using the following guidelines:

a. The lowest level specified in the LSA candidate list

to assure complete inputs for each LSA candidate.

b. The lowest indenture level at which items are assigned

a catastrophic (Category I) or critical (Category

II) severity classification category (see 4.4.3).

c. The specified or intended maintenance and repair

level for items assigned a marginal (Category ITT)

or minor (Categorv IL’)severity classification

category (see 4.4.3).

4 .3 .4 Coding system. For consistent identification of system

functions and equipment and for tracking failure modes, the contractor

shall adhere to a coding system based upon the hardware breakdown structure,

work unit code numbering system of MIL-STD-780, or other similar uniform
.

numbering system. The coding system shall be consistent with the reliability

and functional block diagram numbering system to provide complete visibility

of each faililr[;mode arid j1% rc,l,ttjI_II-IL.jIiI,f+(~t.~,f~s:;~(l-,pl,

(i

.
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4.3.5 Failure definition. The contractor shall develop general

statements of what congtitute8 a failure of the item in terms of performance

parameters and allowable limits for each specified output. The contractor’s

general statements shall not conflict with any failure definitions

specified by the procuring activity.

4.3.6 Coordination of effort. Consideration shall be given to

the requirements to perform and use the FMECA in support of a reliability

program in accordance with MIL-STD-785, maintainability program in

accordance with MIL-STD-470, safety program in accordance with MIL-STD-

882, survivability and vulnerability program in accordance with MIL-STD-

2072, logistics support analysis in accordance with MIL-STD-1388, maintenance

plan analysis (MPA) in accordance with MIL-STD-2080, fault diagnos~s

analysis in general accordance with MIL-sTD-1S91, and other contractual

provisions. The contractor shall identify the program organization

responsible for performing the F’MECA and assure that the FMECA results

will be used by other organizational elements to preclude duplication of

effort.

4.4 General procedure. The FMECA shall be performed in

accordance with the requirements specified herein to systematically

examine the system to the lowest indenture level specified by the procuring

activity. The analysis shall identify potential failure modes. When

system definitions and functional descriptions are not available to the

specified indenture level, the initial analysis shall be perfomed to

the lowest possible indenture level to provide optimum results, When
system definitions and functional definitions are complete, the analySiS

shall be extended to the specified indenture level.

4.4.1 Contributing information. System definition requires a

review of all descriptive info~ation available on the system to be

analyzed. The following is representative of the information and data

required for system definition and analysis.

4.4.1.1 Technical specifications and development plans . Technical

specifications and development plans generally describe wl]at constitutes

and contributes to the various types of system failure. These will

state the system objectives and specify the design and test requirements

for operation, reliability, and maintainability. Detailed information
in the plans will provide operational and functional block diagrams

showing the gross functions the system must perform for successful

operation. Time diagrams and charts used to describe system functional

sequence will aid in dctcmining the time-stress as well as feasibility
of various means of failure detection ~nd correction in the operdLing

system. Acceptable performance limits under specified operating and

environmental conditions will be given for the system and equipments.

Information for developing mission and environmental profiles will

describe the mission performance requirements in terms of functions

describing the tasks to be performed and related to the anticipated

environments for each mission phase and operating mode. Function-time
b.

relationships from whicl] the time-stress !t’1.{ti(lns}lipof the environmental

.
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conditions can be ue~eloped shall be presented. A definition of the

operational and environmental stresses the system is expected to undergo,

as well as failure definitions, will either be provided or must be

developed.

4.4.1.2 Trade-off study reports, These reports should identify

areas of marginal and state-of-the-drt design and explain any design

compromises and operating restraints agreed upon. This information will

aid in determining the possible and most probable failure modes and

causes in the system.
.

4.4.1.3 Design data and drawings. Design data and drawings

identify each item and the item configuration that perform each of the

system functions. System design data and drawings will usually describe

the system’s internal and interface functions beginning at system level

and progressing to the lowest indenture level of the system. Design

data will usually include either functional block diagrams or schematics

that will facilitate construction of reliability block diagrams.

4.4.1.4 Reliability data. The determination of the possible and

probable failure modes requires an analysis of reliability data on the

item selected to perform each of the system internal functions. It iS

always desirable to usc reliability data resulting from reliability

tests run on the specific equipment to be used with the tests perforned

under the identical conditions of use. When such test data are not

available, reliability data from MIL-liDBK-217 or from operatio[~al experience

and tests performed under similar use conditions on items similar to

those in the systems should be used.

4.4.2 FMEA process. The FMEA shall be initiated as an integral

part of early design process of system functional assemblies and shall

be updated to reflect design changes. Current FMEA analysis shall be a

major consideration at each design review from preliminary through the

final design. The analysis shall be used to assess high risk items and

the activities underway to provide corrective actions. The FMEA sl]all

also be used to define special test considerations, quality inspection

points, preventive maintenance actions, operational constraints, useful

life, and other pertinent information and activities necessary to minimize

failure risk. All recommended actions which result from the FMEA shall

be evaluated and formally dispositioned by appropriate implementation or

documented rationale for no action. Unless otherwise specified, the

following discrete steps shall be used in performing an FMEA:

a. Define the system tc be analyzed. Complete system

definition includes identification of internal and

interface functions, expected performance at all

indenture levels, system restraints, and failure

definitions. Functional narratives of the system

should include descriptions of each mission in terms

of funccions which identif~’ tasks to be perfc~rmed

—
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b.

c.

d.

e.

f.

g“

h.

for each mission, mission phase, and operational

mode. Narratives should describe the environmental

profiles, expected mission times and equipment

utilization, and the functions and outputs of each

item.

Construct block diagrams. Functional and reliability

block diagrams which illustrate the operation,

interrelationships, and interdependencies of functional

entities should be obtained or constructed for each

item configuration involved in the system’s use.

All system interfaces shall be indicated.

Identify all potential item and interface failure

modes and define their effect on the immediate

function or item, on the system, and on the mission

to be performed.

Evaluate each failure mode in terms of the worst

Potential consequences which may result and assign
a severity classification category (see 4.4.3)0

Identify failure detection methods and compensating

provisions for each failure mode.

Identify corrective design or other actions required

to eliminate L1-]ef~ilure or concrol the risk.

Identify effects of corrective actions or other

system attributes, such as requirements for logistics

support.

Document the analysis and summarize the problems

which could not be corrected by desigt~ al)d identify

the special controls which are necessary to reduce

failure risk.

4.4.3 Severity classification. Severity classifications are

assigned to provide a qualitative measure 0[ the worst potential con-

sequences resulting from design error or item failure. A severity

classification shall be assigned to each identified failure mode and

each item analyzed in accordance with t}]e1{)ssst.~temcllt.sbelow. Nllcre

it ray not be possiblu to idull~ifv da iLeIil(Jr.I f,]ilt.lr~’mode accordil~g

to the loss statements in Ll~cfour categories below, similar 10SS statements

based upon loss of system inputs or outputs shall be developed and

included in the FMECA ground rules for procurirlg activity approval.

Severity classificati~)rlcategories ‘~”hichare c:’nsistent witt] PIIL--STD-882

severity caLegorics are cjefined as f~)ll(~ws:

9
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a.

b.

C9

d.

Category I - Catastrophic - A failure which may

cause death or weapon system loss (i.e., aircraft,

tank, missile, ship, etc.)

Category II - Critical - A failure which may cause

severe injury, major property damage, or major

system damage which will result in mission loss.

Category III - Marginal - A failure which may cause

minor injury, minor property damage, or minor system

damage which will result in delay or loss of availability

or mission degradation.

Category IV - Minor - A failure not serious enough

to cause injury, property damage$ or system damage,

but which will result in unscheduled maintenance or

repair.

4.5 FMECA Report. The results of the FMEA and other related

analyses shall be documented in a report that identifies the level of

analysis, summarizes the results, documents the data sources and techniques

used in performing the analysis, and includes the system definition

narrative, resultant analysis data, and worksheets. The worksheets

shall be organized to first display the highest indenture level of

analysis and then proceed down through decreasing indenture levels of

the system. The ground rules, analysis assumptions, and block diagrams
shall be included, as applicable, for each indenture level analyzed.

Interim reports shall be available at each design review to provide

comparisons of alternative designs and to highlight the Category I and

Category II failure modes, the potential single failure points, and the

proposed design corrections. The final report shall reflect the final
design and provide identification of the Category I and Category II

failure modes and the single failure points which could not be eliminated

from che design.

4.5.1 Sunmary. The report shall contain a summary which provides

the contractor’s conclusions and recommendations based upon the analysis.

Contractor interpretation and comments concerning the analysis and the

initiated or recommended actions for the elimination or reduction of

failure risks shall be included. A design evaluation summary of major
problems detected during the analysis sh:)llbe provided in the final

report. A list of items omitted from the F?U?A shall be included with

rationale for each item’s exclusion.

4.5.2 Reliability critical item lists. Reliability critical

item lists extracted from the FMEA shall be included in the summary.

The information provided for each item listed s}lall include t})e f~)llowing:

a. Item identification and FMEA cross-reference.

-’1

—
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b. Des~ripGlon of design features which minimize the

occurrence of failure for the listed item.

c. Description of tests accomplished that verify design

feathres and tests planned at hardware acceptance or

duri~g operations and maintenance that would detect

the failure mode occurrence.

d. Description of planned inspections to ensure hardware

is being built to design requirements, and inspections

planned du’ing down-time or turnaround or during
T

maintenance that could detect the failure mode or

evidence of conditions that could cause the failure

mode.

e. A statement relating to the history of this particular

design or a similar design.

f. Description of the method(s) by which the occurrence

of the failure mode is detected by the operator, and

whether a failure of a redundant or alternative

operating mode, when available, can be detected.

4.5.2.1 Category I and Category II failure mode list. A list of

all Category I (catastrophic) and Category II (critical) failure modes

shall be provided. The information described above shall be provided

for each Category 1’and Category 11 failure mode listed such that it is

possible to identify directly the FMEA entry and its related drawings

and schematics.

4.5.2.2 Single failure points list. A separate list of all
single failure points shall be provided. The information described

above shall be provided in the summary for each single failure point

listed such that it is possible to identify directly the FMEA entry and

its related drawings and schematics. The criticality classification for
each single failure point shall be included in the listing.

<
d . DETAIL REQUIRE~.NTS

5.1 Tasks. The detail tasks for performing an FMEA and other—-.
related analyses follow. The tasks for the related analyses supplement
and are dependent upon performing an FMEA in accordance with Task 101.

Custodians: Preparing Activity

Army - CR Navy - AS
Air Force - 17 (Project No. RELI-0003)

Review Activities:

Navy - SH, 0S

Army - EA, AR
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TASK 101

FAILURE MODE AND EFFECTS ANALYSIS

1. Purpose. The purpose of the FMEA is to study the results

or effects of item failure on system operation and,to classify each

potential failure ~ccording to its severity.

2. Documents referenced in Task 101:

SPECIFI CATIONS

Militarv

HIL-M-24100 Manual, Technical, Functionally Oriented Maintenance

Manuals (FOMM) for Equipment and Systems

STANDARDS

Military

MIL-STD-756 Reliability Prediction

MIL-STD-78Cl lkfinitions of item Levels, item Exchangeability,

Models and Related Terms:

3. Analysis approach. Variations in design complexity and

available data will generally dictate the analysis approach to be used.

There are two primary approaches for accomplishing an FMEA. One is the

hardware approach which lists individual hardware items and analyzes

their possible failure modes. The other is the functional approach

which recognizes that every item is designed to perform a number of

functions that can be classified as outputs. The outputs are listed and

their failure modes analyzed. For complex systems, a combination of the

functional and hardware approaches may be considered. TileFMEA may be

performed as a hardware analysis, a functional analysis, or a combination

analysis and may be initiated at either the highest indenture level and

proceed through decreasing indenture levels (top-down approach) or at

the part or assembly level and proceed t}]rougllincreasing indenture

levels (bottom-up approach) until the FMEA for the system is complete.

3.1 Hardware approach. The hardware approach is normally

used when hardware items can be uniquely identified from schematics,

drawings, and other engineering and design data. The hardware approach

is normally u~ilized in a part level up fashion (boLtom-up approacl~);

however, it can be initiated at i~ny lC!VC1of indenture and progress in

either direction. Eat}) identified f,~ilurt-mode shall be assigned a

severity classification wl]ichwill be utilizud during design LO establish

priori~ies for corrective actions. *

‘-)1*
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3.2 Functional approach. The functional approach is normally

used when hardware items cannot be uniquely identified or when system

complexity requires analysis from the initial indenture level downward

through succeeding indenture levels. The functional approach is normally

utilized in an initial indenture level down fashion (top+own approach);

however, it can be initiated at any level of indenture and progress in

either direction. Each identified failure mode shall be assigned a

severity classification which will be utilized during design to establish

priorities for corrective actions.

3.3 Failure mode severity classification. Severity classifications

are assigned to each failure mode and each item to provide a basis for

establishing corrective action priorities. First priority shall be

given to the elimination of the identified Category I (catastrophic) and

Category 11 (critical) (see General Requirements, 4.4.3) failure modes.

Where the loss of input or output at a lower indenture level is critical

to the operational success of a higher indenture level, action shall be

taken to eliminate or control the identified failure modes. When identified

Category I and Category II failure modes cannot be eliminated or controlled

to levels acceptable to the procuring activity, alternative controls and

recommen~at~ons shall be presented to the procuring activity.

4. Procedure. Each single item failure, as its effects are

analyzed, is to be considered the only failure in the system. Where a

single item failure is non-detectable, the analysis shall be extended to

determine the effects of a second failure, which in combination with the

first undetectable failure, could result in a catastrophic or critical

failure condition. Passive and multiple failures which may result in

catastrophic or critical conditions shall also be identified. When

safety, redundant, or back-up items exist, failure assumptions shall be

broadened to include the failure conditions which resulted in the need

for the safety, redundant, or back-up item. Design changes or special

control measures shall be identified and defined for all catastrophic

(Category I) and critical (Category 11) failure modes. All single

failure points identified during the analyses shall be uniquely identified

on the FMEA worksheets to maintain visibility of these failure modes.

4.1 System definition. The first step in performing the FMEA

is to define the system to be analyzed. Functional narratives shall be

developed for each mission, mission phase, and operational mode and

include statements of primary and secondary mission objectives. The

narratives shall include system and part descriptions for each mission

phase and operational mode, expected mission times and equipment utilization,

functions and uu~put of each item, and conditions which constitute

system and part failure,

4.1.1 Mission functions and operational modes. The system

definition shall include descriptions of each mission in terms of functions

which identify the task to be performed and the functional mode of

TASK 101

24 November 1980
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operation for performing the specific function. Mission functions and

operational modes shall be identified starting at the highest system

level and progressing to the lowest indenture level to be analyzed.

When more than one method of performing a particular function is available,

the alternative operational modes shall be identified. All multiple

functions utilizing different equipment or groups of equipment also

shall be identified. The functions and outputs for each indenture level

also may be presented in a function-output list or in narrative form.

4.1.2 Environmental profiles. The environmental profiles which

present the anticipated environmental conditions for each mission and

mission phase shall be defined. When a system will be utilized in more

than one environment each different environmental profile shall be

described. The intended use, through time, of the system and its equipments

shall be developed from the mission time statements for each environmental

profile. The use time-environment phasing is used in determining the

time-stress relationships and the feasibility of failure detection

methods and compensating provisions in the operating system.

4.1.3 Mission time. A quantitative statement of system function-

time requirements shall be developed and included in the system definition.

Function-time requirements shall be developed for items which operate in

different operational modes during different mission phases and for

items which function only if required.

4.1.4 Block diagrams. Block diagrams which illustrate the

operation, interrelationships, and interdependencies of functional

entities of a system shall be constructed to provide the ability for

tracing failure mode effects through all levels of indenture. Both

functional and reliability block diagrams are required to show the

functional flow sequence and the series dependence or independence of

functions and operations. Block diagrams may be constructed in conjunctic]n

with or after defining the system and shall present the system as a

breakdown of its major functions. More than one block diagram will

usually be required to display alternative modes of operation, depending

upon the definitiolt established for the system. All inputs and outputs

of the item as a whole shall be shown on the diagram and clearly labeled.

Each block shall be designated by a consistent and logical item number

that reflects the functional system breakdown order. A uniform numbering

system developed in functional system breakdown order is required to

provide traceability and tracking throu~h all Ieveh of indenture. ??lL-

STD-780 provides an example of a uniform numbering system for aeronautical

equipment that can be used as a guide in the development of a consistent

and logical identification code for block diagrams. Figures 101.1 and

101.2 depict examples of functional anu reliability block diagrams.

4.1.4.1 Functional block diagrams, A functional block diagram

illustrates tileoperation and interrelationships between functional

entities of a system as defined in engineering data and schematics. A

TASK 10I
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functional

system and

and can be

block diagram will provide a functional flow sequence for the

each indenture level of analysis and present hardware indenture

used for both hardware and functional method FMEA’s. MIL-M-

24100 procedures and techniques for dcvcl.opins major functiol~dia~rnms

may be used for guidance in developing functional block diagrams.

4.1.4.2 Reliability block diagrams. A reliability block diagram

defines the series dependence or independence of all functions of a

system or functional group for each life-cycle event. The reliability

block diagram will provide identification of function interdependencies

for the system and can be used for a functional method FMEA. MIL-STD-

756 procedures illustrate a me~hud which may be used to develop reliability

block diagrams.

5. FMEA worksheet. The documentation of the FMEA is the

next step and is accomplished by completing the columns of the approved

FMEA worksheet. An example of an FMEA worksheet format is shown in
Figure 101.3.

5.1 Identification number. A serial number or other reference

designation identification number= assigned for traceability purposes

end er.!-eredOn :h~’l~J~>~ksbf>[J~. ~,~!.!iff,!-,-}idOT)t.ifjcal jI)7 4-mje in itc’(.’.(lrddrlre

with Ceneral Requirements, 4.3.4, shall bs used to provide consistent

identification of system functions an equipment and provide complete

visibility of each failure mode and its relationship to the system

function identified in the applicable block diagram.

5.2 Item/functional identification. The name or nomenclature

of the item or system function being analyzed for failure mode and

effects is listed. Scl~ematic dia~ram symbols or drawing numbers shall

be used to properly identify the i~enlor function.

5.3 Function. A concise statement of the fui~ction performed

by the hardware item shall be listed. This shall include both the

inherent function of t]~epart and its relationship to interfacing items.

5.4 Failure modes and causes. All predictable failure modes

for each indenture level analyzed shall be identified and described.

Potential failure modes si}a~ll~etic~t’rl::il]edb~ ux~mination of item

c)u~puts and functional outputs ider)~illed in ,:pplicable block cli~~rams

and schematics. Failure modes of tileindiy~idu~l item function shall he

postulated 011~~~eb~sis ~[ L]I~StdtuU ~uquiru~iunts in t]leSyStem deflnitiOll

narrative and the failure definitions incl~ldcd in the ground ru]es. Tl]e

most probable causes associated with tilepostulated failure mode shall

be identified and described. Sinct”:]f“;+ilure mode may have more than

LJ!lecause, all prob;lbl~>indt’pCIIIdc’n:c;{u‘<L’‘<f(’rl.’LiL’i:~ciilure Iml(ieSlitl]1

be identified a[]ddesct-ib(’d. ‘Itl(’I.iliurt’ca[lses wit}]in the adi:]c[’n~

indenture levels sl~allbc’con:;idcred, }’~)rux;lm~~le,f~ilure causcIs .It

the third indenture lCVCJIS}lUI1 1)(Ic~lnsidc’r~’d~’llel]conductin~ a s(’c(~nd

.-
●

.
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indenture level analysis. Where functions shown on a block diagram are

performd by a replaceable module in the system, a separate FMEA shall

be performed on the internal functions of the module, viewing the module

as a system. The effects of possible failure modes in the module lnp~lts

and outputs describe the failure modes of tl}emodule wl~en it is viewed

as an item within the system. To assist in assuring that a complete

analysis Is performed, each failure mode and output function shall, as a

minimum, be examined in relation to the following typical failure conditions:

a. Premature operation.

b. Failure to operate at a prescribed time.

c* Intermittent operation.

d. Failure to cease opera~ion at a prescribed time.

e. Loss of output or failure during operation.

f. Degraded output or operational capability.

g“ Other unique failure conditions, as applicable,

based upon ~y~~en characteristics and operti~iundl

requirements or constraints.

5.5 Mission phase/operational mode. A concise statement of

the mission phase and operational mode in which the failure occurs.

Where subphase, event, or time can be defined from the system definition

and mission profiles, the most definitive timing information should also

be entered for the assumed time of failure occurrence.

5.6 Failure effect. The consequences of each assumed failure

mode on item operation, function, or status shall be identified, evaluated,

and recorded. Failure effects shall focus on the specific block diagram

element which is affected by the failure under consideration. The

failure under consideration may impact several indenture levels in

addition to the indenture level under analysis; therefore, “local,”

“next higher level,” and ‘“endt’effects shall be evaluated. Failure

effects shall also consider the mission objectives, maintenance requirements

and personnel and sys~ernsafety.

5.6.1 Local effects. Local effects concentrate specifically on—— -—
the impact an assumed failure mode has on the operation and function of

the item in the indenture level under consideration. The consequences
of each postulated failure affecting the item shall be described alnn~

with any second-order effects which result. T!ICIpurpose of definin}-,

lc)CaI effects is to provide a basis for evaluating compensatin~ prn’risi~)ns

and for recommending corrective action:;. It is j)ossible for ~l]e“lf)cal”

effect to be the failure mode its~’lf.
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5.6.2 Next higher level. Next higher level effects concentrate

on the impact an assumed failure has on the operation and function of

the items in the next higher indenture level above the indenture level

under consideration. The consequences of each postulated failure affecting

the next higher indenture level shall be described.

5.6.3 End effects. End effects evaluate and define the total

effect an assumed failure has on the operation, function, or status of

the uppermost system. The end effect described may be the result of a

double failure. For example, failure of a safety device may result in a

catastrophic end effect only in the event that both the prime function

goes beyond limit for which the safety device is set and the safety

device falls. Those end effects resultil~g from a double failure shall

be indicated on the FMRA worksheets.

5.7 Failure detection method. A description of the methods

by which occurrence of the failure mode is detected by the operator

shall be recorded. The failure detection means, such as visual or

audible warning devices, automatic sensing devices, sensing instrumen-

tation, other unique indications, or none shall be identified.

.5.7.1 (3Cher indications. Description+ of indicati(’~nswhich are

evident to an operator that a system has malfunctioned or failed, other

than the identified warning devices, shall be recorded. Proper correlation

of a system malfunction or failure may require identification of nomal

indications as well as abnormal indications. If no indication exists,

identify if the undetected failure will jeopardize the mission objectives

or personnel safety. If the undetected failure allows the system to

remain in a safe state, a second failure situation should be explored to

determine whether or not an indication will be evident tu alloperator.

Indications to the operator should be described as follows:

a. Normal. An indication that is evident to an operator

when the system or equipment is operating nomally.

b. Abnormal. An indication that is evident to an

operator when the system has malfunctioned or failed.

c. Incorrect. An errone:)us indication to an operator

duc to the malfunction or failure of an indicator

(i.e., instruments, s~nsin~ devices, visual er

audible warning devices, etc.).

5.7.2 Isolation. Describe the most direct procedure that

allclws an operator C(-Iis(~latcthe mal fIII’ction [-’rfailure. An operator

will kno~’only tlILJinitial symptom:; unril further specific action is

taken such as performing a more detailed built-in-test (BIT). The

failure being considered in the analysis may be of lesser importance or

likelihood than anwther failure tIlaLcuuld produce the snme symptoms and

this must be considered. Fault isolatio[l pro(:edurt>srequire a spt’cific

“1

... , —— . .
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action or series of actions by an operator, followed by a check or cross

reference either to instruments, control devices, circuit breakers, or

combinations thereof. This procedure is followed until a satisfactory

course of action is determined.

5.8 Compensating provisions. The compensating provisions,

either design provisions or operator actions, which circumvent or mitigate

the effect of the failure shall be identified and evaluated. This step

is required to record the true behavior of the item in the presence of

an internal malfunction or failure.

5.8.1 Design provisions. Compensating provisions which are

f-tures of the design at any indenture level that will nullify the

effects of a malfunction or failure, control, or deactivate systern”items

to halt generation or propagation of failure effects, or activate backup

or standby items or systems shall be described. Design compensating

provisions include:

a. Redundant items that allow continued and safe operation.

b. Safety or relief devices such as monitoring or alarm

provisions which permit effective operation or

limits damage.

c. Alternative modes of operation such as backup or

standby items or systems.

5.8.2 Operator actions. Compensating provisions which require

operator action to circumvent or mitigate the effect of the postulated

failure shall be described. The compensating provision that best satisfies

the indication(s) observed by an operator when the failure occurs shall

be determined. This may require the investigation of an interface

system LO determine the most correct operator action(s) . The consequences

of any probable incorrect action(s) by the operator in response to an

abnormal indication should be considered an(itl~eeffects recorded.

5.9 Severity classification. A severity classification

category (see 4.4.3) shall be assigned to each failure mode and item

according to the failure effect. The effect on the functional condition

of the item under analysis caused by the loss or degradation of output

shall be identified so the failure mode effec~ Wi].1be properly ca~egorizet].

For lower levels of indenture W}lere effects ,J[~}li&i]erindenture levels

are unknown, a failure’s effect on the indenture level under analysis

shall be described by the severity classification categories.

5.10 Remarks. Any pertinent remi~rks pertaining to and clarifying

any other column in the worksheet line shall be noted. Notes regarding
recommendations for design improvements shall be recorded al~d

*

TASK !01

24 November 1980
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further amplified in the FMECA report, General Requirements, f+.5. This

entry also may include a notation of unusual conditions, failure effects

of redundant items, recognition of particularly critical design features

or any other remarks that amplify the line entry. Since it is improbable
that all failure modes in Category I and Category 11 can be designed

out, information shall be provided that other reasonable actions and

considerations are or have been accomplished to reduce occurrence of a

given failure mode and provide a qualitative basis or rationale for

acceptance of the design. The rationale for acceptance of Category I

and Category II,failure modes shall address the following:

a.

b.

c.

d.

EQan” Those features of the design that relate to

the identified failure mode that minimize the occurrence

of the failure mode; i.e. , safety factors, parts

derating criteria, etc.

Test. Those tests accomplished that verify the

design features and tests at hardware acceptance or

during ground turnaround or maintenance that would

detect the failure mode occurrence.

Inspection. The inspection accomplished to ensure

rI],<t the ?I,3Ydw,~rti:j~ l-lt.itl~!21ilt 5L\ t!)e Ce:;ign

requirements and the inspection accomplished during

turnaround operations or maintenance that would

detect the failure mode or evidence of conditions

that could cause t!)e failure mode.

History. A statement of history relating to this

particular design or a similar design.

6. Ordering da~a. The following details shall be specified

in the appropriate’ contractual documents:

a. FMECA plan, if required (see Task 105).

b. lnc!enture level (see General Requirements, 4.3.3).

c. DI-R-7085 (FNECA Report should be specified when

d~’li~’u~.Jblc c.~ta is ~csirc:c in conjunctillrlwith

general require’ments, Stc[i~:l 4.5).

.
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TASK 102

CRITICALITY ANALYSIS

1. Purpose. The purpose of the criticality analysis (CA) is

to rank each potential failure mode identified in the FMEA Task 101,

according to the combined influence of severity classification and its

probability of occurrence based upon the best available data.

1.1 Application. The CA, Task 102, supplements the FMEA,

Task .101, and shall not be imposed without the imposition of Task 101.

2. Documents referenced in Task 102:

llANDBOOKS

Militarv

MIL-HDBK-217 Reliability Prediction of Electronic Equipment

3. Analysis approach. One approach from the two specified

in 3.1 and 3.2 of Task 102 shall be selected. The availability of

specific parts configuration data and failure rate data will determine

the analysis approach to be used. The qualitative approach is appropriate

when specific failure rate data arc not available. The failure probability

levels, when used, should be modified as L})esystem is better defined.

As parts configuration data and failure race data become available,

criticality numbers should be calculated and incorporated in the analysis.

3.1 Qualitative approach. Failure modes identified in the

FMEA are assessed in terms of probabili~y of occurrence when specific

parts configuration or failure rate data are not available. Individual

failure mode probabilities of occurrence should be grouped into distinct,

logically defined levels, h’hich establish cllequali~ative failure probability

level for entry into the appropriate CA worksheet column. Probability

Of Occurrence Ieve]s are defined as follows:

a. Level A - Frequent. A higl]probability of occurrence

during the item operating time interval. High

probability may be defined as a single failure mode

probability greater than 0.20 of tl]eoverall probability

ot failure during the item operating time interval.

b. Level B - Reasonably probable. A moderate probability

of occurrence during the item operating time interval .

Probable may be defined as a single failure mode

p~(lhability Of (j~~(jrr~~]]~~w!li~j~is m~re Ll)an (J.1O

buL less than 0.20 of the overall probability of

failure during the item operating time. .

-. -———-——....= —————=-.—.-—.=-_>_—_-—_—_—— —.
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c. Level C - Occasional. An occasional probability

occurrence during item operating time interval.

of

Occasional probability may be defined as a single

failure mode probability of occurrence which is more

than 0.01 but less than 0.10 of the overall probability

of failure during the item operating time.

“d● Level D - Remote. An unlikely probability of occurrence

during item operating time interval. Remote probability

may be defined as a single failure mode probability

of occurrence which is more than 0.001 but less than

0.01 of the overall probability of failure during

the item operating time.

e. Level E - Extremely Unlikely. A failure whose

probability of occurrence is essentially zero during

item operating time interval. Extremely unlikely

may be defined as a single failure mode probability

of occurrence which is less than 0.001 of the overall

probability of failure during the item operating

time.

3.2 Quantitative approach. The failure rate data source used

for the quantitative approach shall be the same as that used for the

other reliability and maintainability analyses required by contract.

When other analyses are not required by contract or a failure rate data

source has not been specified by the procuring activity, failure rates

and failure rate adjustment factors (e.g., enVirO~enta~ and quality r-

factors) shall be derived as follows:

a. MIL-HDBK-217 shall be the primary source of failure

rate data for electronic par~s. Both the base

failure rate and all failure rate adjustment factors

shall be identified.

b. When parts are similar to those listed in MIL-Hl)BK-

217, base failure rates shall be selected from FfIL-

HDBK-217 and shall include other adjustment factors,

such as special quality :r-factors,as may be required

to modify the MIL-HDBK-217 data for applicability to

the particular part.

c. Failure rate data for parts not covered bv ?l_II.-l{D13K-

217 shall be selected from alternative data sourc(’~.

3.2.1 CA worksheet. Items in this section and related subsections

apply when a quantitative approach has been specified, The calculation

of a criticality number or assignment of a probability of occurrence

level and its documentation are accomplished by completing the columns

of the approved CA worksheet. An example of a CA worksheet format is

TASK 102zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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shown in Figure 102.1. Completed CA worksheets shall be included in the

FMECA report, General Requirements, 4.5, fallowing the FMEA worksheet
i for the same indenture level. The following information is the same as

given in the FM.EAworksheet and shall be transferred to the CA worksheet:

a. Identification number

b. Item/Functional identification

c. Function

d. Failure modes and causes

e. Mission phase/operational mode

f. Severity classification

3.2.1.1 Failure probability/failure rate data source. When
failure modes are assessed in terms of probability of occurrence, the

failure probability of occurrence level shall be listed. When failure

rate data are to be used in the calculation of criticality numbers, the

data source of the failure rates used in each calculation” shall be-

listed. When a failure probability is listed, Ll]t:remaining c(~l(!mnsarc’

not required and the next step will be the construction of a criticality

matrix (see 4 of Task 102).

3.2.1.2 Failure effect probability (B). The 6 values are the

conditional probability that the failure effect will result in the

identified criticality classification, given that the failure mode

occurs . The ~ values represent the analyst’s judgment as ro the conditional

probability the loss will occur and sho~lld be quantified in g[’neral

accordance with the following:

Actual 10SS 1.00

Probable loss >o.1~ to <1.00

Possible loss >0 to = 0.10

No effect o

3.2.1.3 Failure mode ratio (n). The fraction of the part failure

rate (~ ) related to the particular failure mode under consideration

shall b: evaluated by the analyst and recorded. The failure mode ratio

is the probability expressed as a decimal fraction that the part or item

will fail in the identified mode. If all poten:ial failure modes of a

particular part or item are listed, th~-”SIITII~Jf!’IEI{Jv’111.I(Jsfor t-l::)t

part or item will equal une. Individual f;lilurcm~~dem~]ltipliers mav bc

derived from fai]urc rate source data or from test and operational data.

If failure mode data are not available, the m v~lues shall represent the

anal~~st’s judgernent based upon allanalvsis of tl~eitem’s functions.

l-ASK 1(.)2
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3.2.1.4 Part failure rate (an). The part failure rate (~p) from

the appropriate reliability prediction or as (calculated using the procedure

described in MIL-HDBK-217, shall be listed. Where appropriate, application
factors (n ),

t

environmental factors (TE), and other n-factors as may be

required s all be applied to the base failure rates (~b) obtained from

handbooks or other reference material to adjust for differences in

operating stresses. Values of n-factors utilized in computing ~p shall

be listed.

-

-
,,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3.2.1.5 Operating time (t). The operating time in hours or the

number.of operating cycles of the item per mission shall be derived from

the system definition and listed on the worksheet.
,

3.2.1.6 Failure mode criticality number (~) . The value of the

failure mode criticality number (Cm) shall be calculated and listed on

~he worksheet. Cm is the portion of the criticality number for the iLem

due to one of its failure modes under a particular severity classification.

For a particular severity classification and operational phase, the Cm

for a failure mode may be calculated with the following formula:

where:

cm = Criticality number for failure mode.

~, = Conditional probability of mission loss

(3. 201.2 of Task 102).

a = Failure mode ration {3.2.1.3 of Task 102).

Ap = Part failure rate (3.2.1.4 of Task 102).

t = Duration of applicable mission phase usually

express in hours or number of operating

cycles (3.2.1.5 of Task 102).

3.2.1.7 Item criticality numbers (c,.). The seconu criticality

number calculation is for the item under analysis. Criticality numbers

(Cr) for the items of the system shall be calculated and listed on

the worksheet. A criticality number for an item is tl]enumber of

system failures of a specific typ~ expected duc to the item’s failure

modes. The specific type of system failure is txpr(sse(i h!’~1)(’

severity classification for the item’s f~ilur(~modes. For a pnrrjcul:r

severity classification and mission phase, tt]cCr for an item is Ll~e

sum of the failure mode critiralitv numbers. (-’r., under LI)Gs~’vcri~~

c]a~~ificc~ti~n t][ldm~~v ;~qsU}W c:]lc:{l..]~f,(~~;,sj!:1L/.[If[l?l(~\\~~~’i’,[[’~l;llj~,-~:

J
Cr = ];(f?dpt)n n = 1,2,’3,...j

n–l

TASK J02
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where:

C* = Criticality number for the item.

n = The failure modes in the items that fall under

a particular criticality classification.

j = Last failure mode in the item under the criticality

classification.

4. Criticality matrix. The criticality matrix provides a

means of identifying and comparing each failure mode to all other failure

modes with respect to severity. The matrix is constructed by inserting

item or failure mode identification numbers in matrix locations representing

the severity classification category and either the probability of

occurrence level or the criticality number (Cr) for the item’s failure

modes. The resulting matrix display shows the distribution of criticality

of item failure modes and provides a tool for assigning corrective

I action priorities. As shown in Figure 102.2, the further along the

‘ dia~onal line from the crigin the failure mode is recorded, the greater

the criticality and the more urgent the need for implementing corrective

action. The example criticality matrix in Figure 102.2 was constructed

to shc~whow either the criticality number (Cr) or probability of occurrence

level can be used for the vertical axis. The completed criticality

matrix shall be included in the FMECA report, General Requirements, 4.5.

5. Ordering data. The following details shall be specified

in the appropriate contractual documents:

a. Task 101 (see 1.1 of Task 102).

b. Analysis approach (see 3 of Task 102).

c. Failure rate data source(s) (see 3.2 of Task 102)

if quantitative approach is specified.
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INCREASING

CRITICALITY

a
v.

*

* NOTE:

HIGH) -

A

.

d
>t-

*-

(LOW)

—

E

—

I I I

/’
/

/
/

/
/

II

SEVERITY CLASSIFICATION

(hJcREAs ING LEVEL OF SEVERITY ~)

BOTH CRITICALITY NUMBER (Cr) AND PROBABILITY OF

OCCURRENCE LEVEL ARE SHOWN FOR CONVENIENCE.

Figure 102.2 Example of criticality matrix

I
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TASK 103

FMECA-MAKNTH??IIBILITY INFORMATION

1. Purpose. l%e purpose of the FMECA+naintainability infor-

mation analysis is to provide ~rly criteria for maintenance planning

analysis (MPA), logistics support analysis (LSA), test planning,

inspection and checkout requirements, and to identify maintainability
design features requiring corrective action.

1.1 Application. The FMECA-maintainability information

analysis, Task 103, supplements the FMEA, Task 101, and shall not be

imposed without imposition of Task 101.

‘1.2 ‘-. Planning for the FMECA-maintainability infor-

mation analysis includes the contractor’s procedures for assuring the

coincident use of this analysis when logistic support analysis in accordance

with MIL-ST&1388 and the maintenance planning analysis in

accordance with MIL-sTD-2080 are required by contract.

2.

STANDARDS

Military

-Mcurnents referenced in Task 103:

MIL-STD-2080 Maintenance Plan Analysis for Aircraft and

Ground Support Equipments

3. FMECA-xuaintainability information worksheet. Documentation
of the maintainability information is accomplished by completing the

approved FMECA-maintainability information worksheet. An example of an
FM’ECA-maintainability workshee~ format is shown in Figure 103.1.

Completed worksheets shall be included in Che FMECA report, General

Requirements, 4.5, following the FMEA worksh+t for the same indenture

level. The following information is the same as that given in the FMEA

worksheet and shall be transferred to the FMECA-maintainability information

worksheet:

a. Identification number

b. Item/functional identification

c. Function

d. Failure modes and cduscs

c. Failure effects (Jocal, next higher level, end)

f. Severity classificaLioIl

TASK 103
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3* 1 Failure predictability. Enter information on known

incipient failure indicators (e.g., operational performance variations)

which are peculiar to the item failure trends and permit predicting

failures in advance. When a failure is predictable in advance, describe

the data that must be collected, how it will be used to predict failure,

and identify any tests or inspections that may be accomplished to detect

evidence of conditions which could cause the failure mode.

3.2 Failure detection means. Identify how each failure mode

will be detected by the organizational level maintenance technician and

to what indenture level they will be localized. Describe the method by

which ambiguities are resolved when more than one failure mode causes

the same failure indication. Describe any monitoring or warning device

that will provide an indication of impending failure and any planned

tests or inspections which could detect occurrence of the failure mode.

Identify to what indenture level failures can be isolated by the use of

built-in-test features and indicate when ancillary test equipment will

be required for fault isolation.

3.3 Basic maintenance actions. Describe the basic actions

which, in the analyst’s judgement, must be taken by the maintenance

technician to correct the failure. Identify the special design provisions

for modular replacement and tileprobable adjustmcn~ and calibril&iun

requirements following repair.

3.4 Remarks. Any pertinent remarks pertaining to and clarifyln~

any other columns shall be noted. Notes regarding recommendations for

design improvement shall be recorded and further amplified in the FMECA

report, General Requirements, 4.5.

4. Ordering data. The following details shall be specified

in the appropriate contractual documents:

a. Task 101 (see 1.1 of Task 103).

h. Logistic support analysis (See 1.2 of Task 103).

c. Maintenance planning analysis (see 1.2 of Task 103).

TASK 103
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TASK 104

DAMAGE MODE AND EFFECTS ANALYSIS

1. I’urpose. The purpose of the damage mode and e~fects

analysis (DMEA) iS to provide early criteria for survivability and

vulnerability assessments. The DMEA provides data related to damage

caused by specified threat mechanisms and the effects on weapon system

operation and mission essential functions.

1.2 Application. The MEA, Task 104, utilizes the results of

Task 101, and shall not be imposed without imposition of Task 101.

~,: I’lani’i’in&.I’larming LlieWIIL4 i~lcludeb the contLacLoK”is

procedures for assuring the timeliness of the analysis and its utilization

in the vulnerability assessments of the weapon system.

2. Analysis approach. The DMEA is an expansion of the FMEA——
to include the generation of data reclui.recifor vulnerability assessments.

It is prim3ri2y a~~li~abl~ to new weapan sysLem acquisitions but may be

applied to developed (existing) weapon systems where data is rec]uired to

provide criteria for a survivability enhanccrncnt program.

2.1 New weapon systems. The DMEA is an expansion of the FMEA

conducted and maintained for the weapon system design during conceptual,

validation, and full scale development. The LV4EA shall consider all

failure modes and damage modes that can occur to each item and the

effect each has on the weapon system. ‘l’herelationship between the

weapon sysLem essential f~Jnctions, mi.s%~on capabilities, hnst.1.l.e threat

capabilities, and hostile weapon effects shall be analyzed to provide

design criteria for survivability enhancement.

2.2 Developed weapon s~stems. When specified, a DMEA is——
conducted to identify all subsystems and components in a developed

(existing) weapon system to the 1.CVC1defined by the procuring agency.

The DMEA is used to provide data related LO L]leimpact of Engineering

Change Proposais (ECPs) and retrofit propr~ms on rota] w[’apon ~ystc>m

survivab~lity. Threats should be periodi~:ll~~;●ssessed to duterninfi j[”

the weapon system is still capable of operaLing effectively in a hostile

environment,

.--— .-—--— , --—— ——— —.
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I

all identified operation and mlSS~On essentia] sl~~systems and component~.

The the of damage’mode that each component can experience (i.e., fire,

explosion, engine fuel ingestion, tOXiC fumes, smoke-corrosive materials,

etc.) and the primary and secondary damage effects to which each component

can be exposed shall be identified. Each nonessential component also

shall be examined to determine if a hazardous environment may be created

by its sustaining the type or level of damage identified. This shall

also include any cascading effect on other subsystems from an initial

system or component response. The essential components that may be

exposed to the hazardous environments shall be identified.

.zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3.1 Weapon system operation and mission essential functions.

The requirements for weapon system operation and mission essential

functions shall be determined for each mission phase and included in the

functional narrative developed in 4. of Task 101. The weapon system

operation and mission essential functions shall be established down to

the indenture level that individual subsystems and major components

required to perform the function can be identified.

3.2 Identification of critical components. Using the system

schematic or functional block diagram, the assigned severity codes, and

the established weapon system operation and mission essential functions,

each subsystem and major component required to perform each mission

essential func:ion shall be identified. The reliability block diagram

shall be used to identify subsystem and function redundancies. A critical

components listing shall be included with the functional narrative and

with the DMEA kwrksh(~ets In the FMECA report, Cenera~ Requirements, 4.5.

4* DMEA worksheet. Documentation of the DMEA is accomplished

by completing the columns of the approved MEA worksheet. An example of

a DKEA worksheet forma&-is shown in Figure 104.1. Completed DMEA work-

sheets shall be included in the FMECA report, General Requirement, 4.S,

following the FMEA worksheet for the same indenture level. The following

information is the same as given in the FMEA worksheet and shall be

transferred to the DMEA worksheet:

a. Identification number

b. Item/functional identification

c. Function

d. Failure modes and causes

e. Mission phase/operational mode

f, Severity classification

TASK 104
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4\l Damage modes. All possible damage modes which could

result from exposure to the specified threat mechanism(s) shall be

determined through analysis of each subsystem, component, or Parts The

analysis shall include both primary and secondary damage effects.

Damage modes of individual item functions shall be postulated on the

basis of the stated mission requirements, specified threats, and system

descriptions. The effects of the possible damage mode shall include

performance degradation as well as total item failure. To assist in

assuring that a complete damage mode analysis is performed, each damage

mode and function ghall, as a minimum, be examined in relation to the

followlng typical damage conditions.

a. Penetration

b. Severed

c. Shattered, cracked

d. Jammed

e. Deformed

g“ Burned out (i.e., electrical overload)

h. Burn through (i.e., threat caused fires)

4.2 Damage effects. The consequences of each assumed damage

mode on item operation, function or status shall be identified, evaluated,

and recorded. Damage effects shall focus on the specific block diagram

element which is effected by the damage condition under consideration.

The damage mode under consideration may impact several indenture levels

in addition to the indenture level under analysis; therefore, “local,”

“next higher level,” and “end” effects shall be evaluated.

4.2.1 Local effects, Local effects concentrate specifically on

the impact an assumed damage mode has on the operation and function of

the item in the indenture level under consideration. The consequences

oi each postulated damage mode affec~ii~g Liieitem shall De described

along wi:h any second-order effecls whici~ resul~s. P~Jtentidl cullditions

wl}ere the damage of one item results in a c~~ntiitionalfailure probability

or effect of a second item which differs fr-~)m the failure probability or

effect when the second item is considered independently shall be iden~ified.

The purpose of defining local effects is TO provide a basis for ev.al~latinp,

corlpensating pr:)~-isions and for recommerlci;lj;:;urviv:ibi 1 ity enhancement ,

It is possii)ie ior the “local” effect. L(J ‘h!: t?)t- 4am:3fic- mnc{e itself.

.
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4.2.2 Next hfgher level. Next higher level effects concentrate
on the impact an assumed damage mode has on the operation and function

of the items In the next higher indenture level above the indenture

level under consideration. The consequences of each postulated damage

mode affecting the next higher indenture level shall be described.

4.2.3 End effects. End effects evaluate and define the total

effect an assumed damage m~de has on the operation, function, or status

of the uppermost system. The effect of each damage mode upon the essential
function(s) affecting weapon system operating capability and mission

completion capability shall be determined. The end effect described may

be the result of a double failure. For example, failure of a safety

device may result in a catastrophic end effect only in the event that

both the prime function goes beyond limit for which the safety device iS

set and the safety device falls. Those end effects resulting from a

double failure shall be indicated on the DMEA worksheets.

4.3 Remarks. ~Y pertinent remarks pertaining to and clarifying

any other column in the worksheet line shall be noted. Notes regarding

recommendations f~r design iulpr~vement shall be recorded and fur~her

amplified in tileFMECA report, General Requirements, 4.5. This entry

also may include a notation of unusual conditions, damage effects of

redundant items, recognition of particularly critical design features or
any other remarks t}latamplify the line entry. Information shall be

provided that reasonable actions and considerations are or have been

accomplished to enhance sllrvjvability through recommended desi~n changes.

Infcrmat:on r>ro~~jd$~dsh~ll ~dd~~ss ~:~~~~ll~bing:

a. EQW Those features of the design that relate to

the identified damage mode that minimize the vulnerability

with respect to the specified threat mechanisms;

i.e., redundancy, separation of components, lines,

and structure, elimination of fire paths, integral

armor, etc.

b. Test. Those tests recommended to verify the design

features recommended or incorporated for survivability

enhancement.

c. History. Identification of previous testing and—.——.— -
analysis rela~lng to this particular case which will

be used to support the validity.

5. Ordering data. The frllo~’in~ details shall kc specifi~d

in the appropriate contractual documents:

a. Task 101 (SQL 1.2 of Task 104),

b. Threat mechanisms (see j. of Task 104).

-
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TASK 105

FAILURE MODE, ~FECTS, ND CRITICALITY ANALYSIS PIAN

1. Purpose. The purpose of the FMECA plan is to document

the contractors planned activities implementing the Failure ~de~

Effects, and (criticality Analysis Tasks.

1.1 Interrelationship. The FMECA plan shall not be required

unless Task 1~1 is required.
.

1.2 Application. This plan is used to evaluate planned FMECA

Task efforts by a contractor prior to plan approval. When approved. by

the procuring activity, the plan is used for monitoring and evaluating

contractor implementation of the FMECA tasks. When a Reliability Program

Plan, as a selected task from MIL-STD-785, has been proposed by the

procuring activity, the requirements of this Task shall be satisfied by

incorporating the FMECA plan in the Reliability Program Plan.

2. Documents referenced in Task 10S:

STANDARDS

Military

MIL-STD-470

MIL-STD-780

MIL-STD-785

MIL-STD-1388

MIL-STD-1591

MIL-STD-2072

MIL-STD-2080

HANDBOOKS

Military

MIL-HDBK-217

Vajntainability, Human Factors and Safety

Work Unit Codes for Aeronautical Equipment;

Uniform Numbering System

Reliability Program for Systems and Equipment

Development and Production

Logistics Support Analysis

C)nAircraft, Fault Diagnosis, Subsystems,

Analysis/Synthesis of

Survivability, Aircraft; Establishment and

Conduct of Programs for

Maintenance Plan Analysis for Aircraft and

Ground Support Equipments

Reliability Prediction of Electronic Equipment “

105-1
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3. Content. The FMECA plan shall describe the contractor’s

procedures for implementing the specified requirements of this standard
updating the F~CA to reflect design changes, and use of the analysis

results to provide design guidance. Sample worksheet formats, ground

rules, analysis assumptions, identification of the lowest indenture

level of analysis, coding system description, failure definitions, and

identification of coincident use of the FMECA by the contractor’s reliability

organization and other organization elements shall be included in the

plan.

3.1 Worksheet formats. The contractor’s formats, which

organize and document the FMECA and other analysis methods contained

herein, shall include the information shown in the example formats,ln

Figures 101.3, 102.1, 103.1, 104.1. The initial indenture level of
analysis shall be identified (item name) on each worksheet, and each

successive indenture level shall be documented on a separate worksheet

or group of worksheets. A sample of the contractor’s worksheet formats

shall be included with the FMECA plan.

3.2 Ground rules and assumptions. The contractor shall

develop ground rules and analysis assumptions and include them in the

FMECA plan. The ground rules shall identify the FMECA approach (e.g.,

hardware, functional, or combination) , the lo~’rst indenture level to be

analyzed, and include general statements of v’hat constitutes a failure

of the item in terms of performance criteria and allowable limits.

Every effort should be made to ide~~tify ~[~d rec~rd al] ground rules and

analysis assumptions prior to initiation of the analysis; however,

ground rules and analysis assumptions may be added for any item if

requirements change. Additional ground rules and analysis assumptions

shall be documented and separately identified for inclusion in the FMECA

report.

3.3 Indenture level. The indenture level applies to the

system hardware or functional level at which failures are postulated.

Unless otherwise specified, the contractor shall establish the lowest

indenture level of analysis using the foll~)wing guidelines:

a. The lowest level specified in the LSA candidate list

to assure complete inputs for each 1.SAcandidate.

b. The lowest indenture level at which items are assigned

a catastrophic (Category I) or critical (Category

II) severity classifica&ion category (see 4.4.3).

c. The specified or intended maintenance and repair

level for items assigned a marginal (Category III)

or minor (Category lV) sevet-ity classification

category (See 4.4.3).

‘1,
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3.4 Coding system. For consistent identification of system

functions and equipment and for tracking failure modes, the contractor

shall adhere to a coding system basep upon the hardware breakdown structure,

work unit code numbering system of MIL-STD-780, or other similar unif~~

numbering system. The coding system shall be consistent with the reliability

and functional block diagram numbering system to provide complete visibility

of each failure mode and its relationship to the system. The contractor

shall describe the coding system to be used in the FMECA plan.

3.5 Failure definition. The contractor shall develop general

statements of what constitutes a failure of the item in terms of performance

parameters and allowable limits for each specific output. Failure

definitions shall be included in the ground rules submitted with the

FMECA plan. The contractor’s general statements shall not conflict with

any failure definitions specified by the procuring activity.

3.6 Coordination of effort. The coincident performance and

use of the FMECA by reliability and other porgram elements shall be

identified in the FMECA plan. Consideration shall be given to the

requirements to perform and use the FMECA in support of a reliability

program In accordance with MIL-STD-785, maintainability program in

accordance wi th MI1.-STD-47O, survi~~ahi]it~’,~v.d‘:ulnernbilit’;pToqraT, ir

accordance with MIL-STD-2072, logistics support analysis in accordance

with MIL-STD-1388, maintenance plan analysis (MPA) in accordance with

MIL-STD-2080, fault diagnosis analysis in general accordance with MIL-

STD-1591, and other contractual provisions. The contractor shall

identify the program organization responsible for performing the FMECA

and show how the FMECA results will be used by other organizational

elements to p~eCiucie duplication ot effort.

3*7 Failure rate data sources. The failure rate data source

shall be the same as that used for the other reliability and maintainability

analyses required by the contract. NIL-HDEK-217 shall be tl~eprimary

source of failure rate data for electronic parts. Failure rate data for

parts not covered by MIL-HDBK-217 shall be selected from alternative

data sources. The failure rate data sources shall be identifi~d in the

FMECA plan and shall be approved by the procuring activity prior- to USe.

4. Ordering data, The followin
.-.,

g details s}lall-

in the appropriate contractual documents:

a. Task 101 (See 1.1 of Task 105).

b. Other requirements as necessary for tailorlng.

i(’~i w}~(~t~

ion with this

.
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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 a

failure mode, effects, and criticality analysis (FMECA).

.10.2 Tailoring requirements. Each provision of this standard

should be reviewed to determine the extent of applicability. Tailoring

of requirements may take the form of deletion, addition, or alteration

to the statements in Sections 3 and 4 and any specified tasks to adapt

the requirements to specific system characteristics, procuring activity

options, contractual structure, or acquisition phase. The tailoring
FMECA requirements are specified in the contractual provisions to include

input to the sratement of work, contract data item list (CDRL), and

other contractual means.

10.3 Duplication of effort. It is incumbent upon the procuring

activity to review the contractual requirements to avoid duplication of

effort between the reliability program and other program efforts such as

safety, maintainability, human engineering, test and evaluation, survivability

and vulnerability, maintenance planning, and integrated logistics support.

Identification of the coincident use of FMECA results by the reliability

program and other disciplinary areas is required in the FMECA plan or

other appropriate ,program documentation to avoid duplication of effort

by the procuring activity and the contractor.

20, REFERENCED DOCUMENTS (not applicable)

30. DEFINITIONS (not applicable)

40 GENERAL REQUIREMENTS

40.1 Ordering data. The procuring activity shall specify the

following:

a. Title, number and date cf this standard.

b. Task number(s) required.

c. FFIECAplan (Task 105) if required.

d. Indenture level of analysis (4.3.3) required.

e. Steps to be used in the FMECA process (4.4.2).

&

f. FMECA report (4.5) if required.

A-1
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40.2 Data item descriptions (DID). The following listed DIDs

provide a source of possible data item description and format require-

ments for required data.

SOURCE DATA REQUIREMENTS APPLICABLE DID

Task 105 Failure Mode, Effects and DI-R-7086

Criticality Analysis (FMECA) Plan

General Failure Mode, Effects and D1-R-7085

Requirements Criticality Analysis (FMECA) Report

Section 4-5

and Task 101

50• APPLICATION CRITERIA

50.1 General considerations. This standard has been structured

LO facilitate the tailoring of ~CA requiraents based upon individual

program needs. Program variables such as system complexity, funding,

and schedule influence the level of detail and timing of the FMECA and

must be considered when tailoring the requirements. All programs do not

require the same level of detail and all programs should not wait until

full scale development to implement the F?fECArequirements.

50.1.1 Level of detail. The level of detail applies to the

level of indenture at which failures are posLulaLed. TileFMECA can be

accomplished at various levels of indenture from system to part level

depending upon the information available and the needs of the program.

The lower the indenture level, the higher the level of detail since more

failure modes will be considered. Th; choice of the level of indenture

must be compatible with the program COSt and schedule constraints and

the system reliability requirements. A less detailed analysis which is

available in time to contribute to system reliability is more valuable

than a more detailed analysis which is late and makes changes costly and

unfeasible. In general, the FMECA should not be performed below tl~e

level necessary to identify critical items or to the level required by

the LSA candidate list, whichever is lower. The depth and detail of the

FMECA effort must be defined in appropriate contractual and program

documentation.

50.1.2 U!!@l” The objective of the l%ECA is to support the

decision making process. If the analysis fails to provide usable infor-

mation at or before e project decision pc~iI;:, LIlen it h:l.s made no c(~ntribu: ion

and is untimely. The time-phasing of the F?IECA effort is important and

should be identified in the FMECA plan to assure that analysis results

will be available to support the project decision points during system

development. Since program cost and scl]edulktconstraints require that

available resources be used wllcre they arc most CDSt etfective, the

earliest possible availability of FMECA results is important. so ll~atthe

impact on cost and schedule can be minimized.

●

✟
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50.1.3 Intended use. The FMECA is potentially one of the most

beneficial and productive tasks in a well structured reliability program.

Since individual failure modes are listed in an orderly, organized

fashion and evaluated, the FMECA serves to verify design integrity,

identify and quantify sources of undesirable failure modes, and document

the reliability risks. FKECA results can be used to provide the rationale

for changes in operating procedures for ameliorating the effects or for

detecting the incipience of the undesirable failure modes. Although the

FMECA is an essential reliability task, it supplements and supports

other engineering tasks through identification of areas in which effort

should be concentrated. The FMECA results are not only used to provide

design guidance, but they are used advantageously in and for maintenance

planning analysis, logistics support analysis, survivability and vulnerability

assessments, safety and hazards analyses, and for fault detection and

isolation design. This coincident use of the FMECA must be considered

in FMECA planning and every endeavor made to prevent duplication of

effort by the program elements which utilize FMECA results.

50.2 FMEA (task 101~. The FMEA is an essential design evaluation

procedure which should not be limited to the phase traditionally thought

of as the design phase. The ini~ial FMEA should be done early in the

conceptual phase when design criteria, mission requirements, and conceptual

designs are being developed to evaluate t]ledesign approach and to

compare the benefits of competing design configurations. The FMEA will

provide quick visibility of the more obvious failure modes and identify

potential single failure points, some of which can bc eliminated with

minimal design effort. As the mission and design definitions become

more refined, the FMEA can be expanded to successively more detailed

levels. When changes are made in system design to remove or reduce the

impact of the identified failure modes, the FMEA must be repeated for

the redesigned portions to ensure that all predictable failure modes in

the new design are considered.

50.3 CA (task 102). The CA is a procedure for associating

failure probabilities with each failure mode. Since the CA supplements

the FMEA and is dependent upon information developed in that analysis,

it should not be imposed without imposition of the FMEA. The CA is

probably most valuable for maintenance and logistics support oriented

analyses since failure modes which have a high probability of occurrence

(high criticality numbers) require investigation to identify changes

which will reduce the potential impact on rhe maintenance and logistic

support requireme~l~s for the system. Since the criticality numbers arc

established based upon subjective judgments, they sk)uld only be used as

indicators of relative priorities.

*
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50.4 FFfECA-maintainability information (task 103). The FMECA-

maintainability information analysis is ut~l~zed to provide early design

criteria for test methods, accessibility, and repairability for the item

being analyzed. This analysis is an extension of the FMEA and is dependent

upon FMEA generated information; therefore, the FMECA-maintainability

information analyses should not be imposed without imposition of the

FMEA . The identification of how each failure will be detected and

localized by the operational level maintenance technician will provide

information for evaluating the effectiveness of built-in-test. Descriptions

of the basic organizational level maintenance actions required for

failure localization and correction will identify Potential accessibility

problems permitting early design correction. Th; failure mode listing

which is included on the completed worksheets should be utilized to.

provide this required data for both the maintenance plan and logistics

support analyses.

50.5 DMEA (task 104). The DMEA provides essential inputs for

the vulnerability assessment of a weapon system to aid in the identification

of deficiencies and the evaluation of designs for enhancing survivability.

Since the DMEA utilizes the failure mode information from the FMEA, it

should not be imposed without imposition of the FMEA. The DMEA, like

the initial FMEA, should be done early in the conceptual phase to provide

data related to the capability of the conceptual weapon system design LO

survive the effects of the specified hostile Lllreats. Development of

this data before weapon system design configuration is finalized will

provide significant survivability benefits with minimal impact on cost

and schedule.

50.6 Criticality number (C=) calculation example. Calculation

of meaningful criticality numbers requires the use of specific failure

rate and part configuration data. When part configurations are known,

failure rate data can be obtained from the appropriate reliability

prediction, field data from past systems of similar design and environment,?l

use, or failure rate data sources such as MIL-HDBK-217. With known

failure rates, the criticality number for an item is the number of

failures of a specific type expected per million hours due to the item’s

failure modes under a particular severity classification as discussed jn

Task 101. A failure mode criticality number, ~, for a particular

severity classification is given by the expression:

(1)

The item criticality number, CrJ under n particular sever~~y cl,lssifjcation,

is then calculated by summing the Cm for each failure mode under that

severity classification. This summation is given by the expressions:

j
cr=~ (Cm)n or

n=]

j

cr=z-
6

fl~lptX i(l )n R = 1,2,3, ...j (2)
n=1

.-
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Where:

C= “ Criticality number for the item.

Cm = Criticality number for a failure mode under a particular

severity classification (see 4.4.3).

fi= Conditional probability of mission loss given that the

failure mode has occurred.

“(3= Failure mode ratio. The probability, expressed as a decimal

fraction, that the part or item will fail in the identified

mode.

A = Part failure rate.
P

It should be noted that failure rates are usually defined in terms of

failures per million hours (fx10‘6) a[ld, for simplification purposes,

equation (1) may be multiplied by a factor of 106 to eliminate an

unnecessary degree of arithmetic precision in worksheet entries. That

is, ic is easier to enter criticality number on the worksheets as 1.08

than to enter 1.08 x 1o-6 or 0.00000108. Tl)e importance of the criticality

number is in providing a relative ranking of the failures or failure
modes and not in the absolute value of the riurner’ic.

For example, the calculations for C,nand ~r for a given mission ph<ase

under severity classification Ca~e~Ory 11 is as follows:

Given: Base failure rate

Ab = 0.10 failures per million hours = (0.10 x 10+

Solve for 1P using typical part failure rate model from MIL-HDBK-217.

1P = ‘b ‘mAx ‘~ x ‘Q)
‘.

= 1.5; TrE = 40; ITq = 1* 2
‘A

1P = 0.10 x 10-6 (1.5 X40X 1.2)

Ap = 7.2 X 10
-6

(“) failure modes underFor a specific mission phase there are t~w ,-

severity classification Categorj II a[ldcne (1) failure mode severity

classification Category IV.

u ~ = 0.3 f~)r first failure mode under Sel’erity ~laSSifi~atiOIl

Category 11.

.(l~ = 0.2 for second failure mode under severity classification

Category II.
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(X3 = 0.5 for failure mode under severity classification Category IV.

Find: Cm and C= for the mission phase under severity classification

Category II.

Let /3= 0.5 and t = 1.0 hour for the mission phase.

Fora~: ~= ((hl~pt x 106) = (0.5x 0.3) (7.2 X 10-6) (1) x 106

For a2: Cm = 6(+ x 106) = (0.5 X 0.2) (7.2 X 10-6) (1) x 106

cm = 0.72

Then:

Cr = E (~)n = 1.08 +0.72 = 1.80

lA-A

or
j 2

Cr = Z (Balpt x 106) = E
n (Lu’jt x 106)

n=l n=l

Cr = (6a1Apt x 106)+ (fh2Apt x 106)

Cr = (0.5 x 7.2 x 10-6 x 1) (0.3+0.2) x 106

Cr = (3.6 X 10-6) (0.5) X 106

A

Cr = 1.80 under severity class~ficat:ion Category 11.

‘,..t ,
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