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1. Objective

The failure mode, effects, and criticality analysis (FMECA\) is an essential function in design from concept through
development and outward through sustainment of the weapons platform. To be effective, the FMECA must be
iterative to correspond with the nature of the design process itself. The extent of effort and sophistication of
approach used in the FMECA will be dependent upon the nature and requirements of the individual acquisition
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 FMECA 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. While the objective of an FMECA is to identify all mode ilure within a system
design, its first purpose is the early identification of all catastrophic and critical fai possibilities so they can be
eliminated or minimized through design correction at the earliest possible tim ore, the FMECA should be

initiated as soon as design information is available at the higher system lev: ed to the lower levels as
more information becomes available on the items in question. Although sential reliability task,
it also provides vital information for other purposes. The use of the F intainability, safety
analysis, survivability and vulnerability, logistics support analysis for failure
detection and isolation subsystem design. This coincident use he FMECA
effort to prevent the proliferation of requirements and the du ithin the same contractual

program.
2. Referenced Documents

¢ MIL-HDBK-505
Definitions of Item Levels, Item Exchangeabilit and Related Terms

¢ MIL-HDBK-470
Designing and Developi
¢ MIL-STD-882E
System Safety
¢ MIL-HDBK-50
Product Suppo
¢ GEIA-STD-0009

cts and Systems

ard for Systems Design, Development, and Manufacturing

3. DEFINITIO

3.1 Terms. The definit
HDBK-470, MIL-STD-88%
addition of the following:

s used herein are in accordance with the definitions in MIL-HDBK-505, MIL-
IL-HDBK-502A, GEIA-STD-0009, and GEIA-STD-0007 with the exception and

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 certain 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 validated
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.
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3.1.4 Criticality. A relative measure of the consequences of a 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 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.

3.1.8 Environment. The conditions, circumstances, influences, stresses and combinati
and affecting systems or equipment during storage, handling, transportation, testin
standby status and mission operation.

s thereof, surrounding
llation, and use in

3.1.9 Failure cause. The physical or chemical processes, design defects,
other processes which are the basic reason for failure or which initiate t
proceeds to failure.

part misapplication, or

3.1.10 Failure effect. The consequence(s) a failure mode has o
Failure effects are classified as local effect, next higher level,

3.1.10.1 Local effect. The consequence(s) a failure mode has on t ion, function, or status of the specific
item being analyzed.

3.1.10.2 Next higher level effect. The consequence A 1 operation, functions, or status of
the items in the next higher indenture level above th d

3.1.13 FM * ormation Analysis. A procedure by which each potential failure is analyzed
to determined howtthe fai i ed and the actions to be taken to repair the failure.

3.1.14 Indenture leve
function. The levels prog

levels which identify or describe the relative complexity of assembly or
om the more complex (system) to the simpler (part) divisions.

3.1.14.1 Initial indenture level. The level of the total, overall item which is the subject of the FMECA.

3.1.14.2 Other indenture levels. The succeeding indenture levels (second, third, fourth, etc.) which represent an
orderly progression to the simpler division of the item.

3.1.15 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 un-degraded mode; for example, systems that
supply power, cooling, heating, air services, or input signals.
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3.1.16 Logistics Product Data (LPD). The data and results of FMECA or other Logistics Support Analysis (LSA)
required for the planning and execution of Integrated Product Support of a system or systems acquired by the US
Government.

3.1.17 Single failure point. The failure of an item which would result in failure of the system and is not
compensated for by redundancy or alternative operational procedure.

3.1.18 Undetectable (Hidden) failure. A postulated failure mode in the
FMEA for which there is no failure detection method by which the operator is made aware of the failure during
normal operations.

4. GENERAL REQUIREMENTS

4.1 General. The failure mode, effects, and criticality analysis (FMECA) shall b ned and performed in

the Government.

a. Failure mode and effects analysis (FMEA).
b. Criticality analysis (CA).

4.3 FMECA planning. Planning the FMECA wor e ocedures for implementing the
specified requirements of this document, updating the i design changes, and the use of the

analysis results to provide design gmdance Workshe es, analysis assumptions, identification
of the lowest indenture level of analysi ption, failure definitions, and the method for
documenting the FMECA LPD IA delivering these results per the Government’s
requirements shall be considered

4.3.1 Ground rules and assu develop ground rules and analysis assumptions. The
ground rules shall |dent|fy the FMEGA@pproach (e.g. , hardware, functional or combination), the lowest indenture

level to be analyzed ane statements of what constitutes a failure of the item in terms of
performance crite 3 sle li very effort should be made to identify and record all ground rules and
analysis assu i Fthexanalysis; however, ground rules and analysis assumptions may be
added for a

4.3.2 Indenture evel applies to the system hardware or functional level at which failures are
postulated. Unless 0 d, the Contractor shall establish the lowest indenture level of analysis using

the following guideline

a. The lowest level required to assure complete inputs for each LSA candidate. At a minimum, all items
with a “P” or “X” in the first position of its Source, Maintenance, and Recovery (SMR) code shall be
analyzed and documented.

b. The lowest indenture level at which items are assigned a catastrophic (Category 1) or critical (Category 1)
severity classification category (see 4.4.3).

c. The specified or intended maintenance and repair level for items assigned a marginal (Category I11) or
minor (Category V) severity classification category (see 4.4.3).

4.3.3 Coding system. For consistent identification of system functions and equipment, and for tracking associated
failure modes, the Contractor shall adhere to a coding system based upon the hardware breakdown structure and
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LCN coding assigned to each part, sub-system, next-higher assembly, etc. as established within the required LPD
information management system.

4.3.4 Failure definition. The Contractor shall develop general statements of what constitute 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.

4.3.5 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 IAW GEIA-STD-0009, maintainability program IAW MIL-
HDBK-470, safety program IAW MIL-STD-882E, logistics support analysis IAW with MIL-HDBK-502A,
Logistics Product Data (LPD) IAW GEIA-STD-0007, and other contractual provisionsqI'he Contractor shall insure
that FMECA results will be used by other elements within the acquisition program clude duplication of

effort.

4.4 General procedures. The FMECA shall be performed in accordance wi ments specified herein to
systematically examine the system to the lowest indenture level specified b ctivity. The analysis
shall identify potential failure modes. When system definitions and f not available to the
specified indenture level, the initial analysis shall be performed to vel to provide
optimum results. When system definitions and functional defin Il be extended to

4.4.1 Contributing information. System definition requires a rev | descriptive information available on
the system to be analyzed. The following is representati i ion and data required for system

4.4.1.1 Technical specifications and development
generally describe what constitutes and contributes to types‘apsystem failure. These will state the
for operation, reliability, and maintainability.
Detailed information in the plans 0 i nd functional block diagrams showing the gross
functions the system must perfo [ime diagrams and charts used to describe system

ell as feasibility of various means of failure

environmental condltlons will be and equipment. Information for developing mission and
environmental profil i |3$|0n performance requirements in terms of functions describing the
tasks to be perforp elated : |pated enwronments for each m|SS|on phase and operatlng mode.

e operational and environmental stresses the system is expected to

will either be provided or must be developed.

explain any design co
possible and most probab

d operating restraints agreed upon. This information will aid in determining the
Ure 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 use
reliability data resulting from reliability tests run on the specific equipment to be used with the tests performed
under the identical conditions of use. When such test data are not available, reliability data from OEM projections,
reliability modeling from sources such as RAIC 217Plus or other industry standard models, or from operational
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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 the
design/development/testing/production processes of system acquisition and shall be updated to reflect design
changes. 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 shall 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:

ication of internal and
aints, and failure definitions.
in terms of functions
which identify tasks to be performed for each mission, mission ph al mode. Narratives
should describe the environmental profiles, expected missio i ilization, and the

a. Define the system to be analyzed. Complete system definition includes i
interface functions, expected performance at all indenture levels, sys

b. Construct block diagrams. Functional and reliability i ich illustrate the operation,
interrelationships, and interdependencies of functional i be obtained or constructed for each

c. Identify all potential item and interface fa
item, on the system, and on the mission to

e.

f.

g ons or other system attributes, such as requirements for logistics support

h the problems which could not be corrected by design and identify
4.4.3 Severity classification. classifications are assigned to provide a qualitative measure of the worst
potential consequene ing 4 design error or item failure. A severity classification shall be assigned to

each identified failure ach item analyzed in accordance with the loss statements listed below. Where it
may not be possible to ide an item of failure mode according to the loss statements in the four categories
below, similar loss statements based upon loss of system inputs or outputs shall be developed and included in the
FMECA ground rules for subject to Government approval. Severity classification categories which are consistent
with MIL-STD-882E severity categories are defined as follows:

Category | - Catastrophic-A failure which may cause death or entire weapon system loss (i.e., aircraft,
tank, missile, ship, etc.)

Category 11 - Critical-A failure which may cause severe injury, major property damage, or major system
damage which will result in mission loss.

Category Il - 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.
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Category 1V - 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 Documentation. The results of the FMEA and CA shall be documented in a format 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. Analysis
documentation can be collected/stored via computer spreadsheet or database to aid in performing the analyses.
Worksheet examples for presenting the analysis findings have been provided. 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 and final analysis reports shall be available for the Government to review to
ensure compliance, and shall be discussed at each design review to provide compari of alternative designs and
to highlight the Category | and Category Il failure modes, the potential single fai oints, and the proposed
design corrections. The final report shall reflect the final design and provide i tion of the Category | and
Category Il failure modes and the single failure points which could not be the design. All LPD
resulting from FMECA shall be IAW GEIA-STD-0007 and input, updated aintained in the
Government’s LPD information management system for review and

TASK 101
FAILURE MODE AND EFFECTS ANALYSIS

tem failure on system
D outputs from the Failure
as required, and maintained

1. Purpose. The purpose of the FMEA is to study the results or e
operation and, to classify each potential failure accordi
Mode and Effects Analysis shall be IAW GEIA-ST
in the Government’s LPD information management

2. Analysis approach. Variations in design complex
analysis approach to be used. There are

complex systems, a combina .
FMEA may be performed as a ha g ans nal analysis, or a combination anaIyS|s and may
be initiated at either the highest inde e level and proceed through decreasmg indenture levels (top-

down approach) or eveI and proceed through increasing indenture levels (bottom-
up approach) u complete.

identified from
utilized in a part [¢

and other engineering and design data. The hardware is normally
om-up approach); however, it can be initiated at any level of
classification which wi d during design to establish priorities for corrective actions.

2.2 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-down 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.

2.3 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 | (catastrophic) and Category Il (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
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identified failure modes. When identified Category | and Category Il failure modes cannot be eliminated
or controlled to levels acceptable to the Government procuring activity, alternative controls and
recommendations shall be presented to the procuring activity.

3. 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 1) and critical (Category Il) failure modes. All single failu ints identified

all include descriptions of each

mission in terms of functions which identify the task to be performe the functional mode of operation for
performing the specific function. Mission functionsne i all be identified starting at the
highest system level and progressing to the lowest : d. When more than one
method of performing a particular function is avail i nal modes shall be identified
All multiple functions utilizing different equipment o also shall be identified. The
functions and outputs for each indentureleme ented in a function-output list or in narrative
form

3.1.2 Environmental profiles i i ich present the anticipated

environmental conditions fo issi Missi hall be defined. When a system will be
utilized in more than one environment e; onmental profile shall be described. The

intended use, through time, of the and its equment shall be developed from the mission time
statements for each € The use time-environment phasing is used in determining

the time stress re S of failure detection methods and compensating

provisions in

3.1.3 Missio e, itativ@statement of system function-time requirements shall be developed

Function-time requirements shall be developed for items which
operate in differen during different mission phases and for items which function only if

required.

3.1.4 Block diagrams. Blagk 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 conjunction 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 definition 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
identification code IAW General Requirements, 4.3.3, shall be used to provide consistent
identification and traceability of system functions and equipment.
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3.1.4.1 Functional Block Diagrams. A functional block diagram illustrates the operation and
interrelationships between functional entities of a system as defined in engineering data and
schematics. A functional block diagram will provide a functional flow sequence for the system and
each indenture level of analysis and present hardware indenture and can be used for both hardware
and functional method FMEAs.

3.1.4.2 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.

4. FMEA worksheet. The documentation of the FMEA is the next step and is accom
completing the columns of the approved FMEA worksheet. An example of a FME
shown in Figure 101.

lished by
ksheet format is

4.1 Identification number. A reference designation identification number j
purposes and entered on the worksheet. A uniform identification code 1A

for traceability
irements, 4.3.3, shall

be used to provide consistent identification of system functions and equi omplete visibility
of each failure mode and its relationship to the system function identi diagram

4.2 Item/Functional Identification. The name or nomencla ystem functioneing analyzed
for failure modes and effects is listed. Schematic diagram sy numbers shall be used to

properly identify the item or function.

4.3 Function. A concise statement of the functiongae are item shall be listed. This shall
include both the inherent function of the part and itS'f

4.4 Failure modes and causes. All predictable failu ; enture level analyzed shall be

identified and described. Potential failure_modes shall & examination of item outputs and
functional outputs identified in applig ~ schematics. Failure modes of the individual
item function shall be postulated o guirements in the system definition narrative and
the failure definitions included probable causes associated with the postulated

within the adjacent indenture leve pe considered. For example, failure causes within the 3rd indenture
level shall be consid a.a 2nd indenture level analysis. Where functions shown on a block

the module S e the failure modes of the module when it is viewed as an item within
the system. To@ complete analysis is performed, each failure mode and output function
shall, as a minim elation to the following typical failure conditions:

a.  Premature op

b.  Failure to operate at a prescribed time.

c.  Intermittent operation.

d.  Failure to cease operation 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 system characteristics and operational
requirements or constraints.
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4.5 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.

4.6 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 end” effects shall be evaluated. Failure effects shall also consider the mission objectives,
maintenance requirements and personnel and system safety.

lure mode has
he consequences

4.6.1 Local effects. Local effects concentrate specifically on the impact an assum
on the operation and function of the item in the indenture level under considerati

provisions and for recommending corrective actions. It is possible for the failure
mode itself.

4.6.2 Next higher level. Next higher level effects concentrate i i as on the
operation and function of the items in the next higher indentu indenture level under

consideration. The consequences of each postulated failu i
shall be described.

4.6.3 End effects. End effects evaluate and define the s ailure has on the operation,
function, or status of the uppermost system. The eng@ result of a double failure. For
example, failure of a safety device may result in a ca only in the event that both the prime
functlon goes beyond I|m|t for which the safety device device fails. Those end effects

4.7 Failure detection method.
detected by the operator shal
devices, automatic sensing de
identified.

by which occurrence of the failure mode is
ion means, such as visual or audible warning

4.7.1 Other indicg . ipti pdications which are evident to an operator that a system has
malfunctioned @ ied warning devices, shall be recorded. Proper correlation of a
system malf] ification of normal indications as well as abnormal indications
If no indicatio ndetected failure will jeopardize the mission objectives or personnel
safety. If the une i S the system to remain in a safe state, a second failure situation should
be explored to dete ot an indication will be evident to an operator. Indications to the

a. Normal. An indical
normally.

on that is evident to an operator when the system or equipment is operating

b. Abnormal. An indication that is evident to an operator when the system has malfunctioned or failed.

c. Incorrect. An erroneous indication to an operator due to the malfunction or failure of an indicator
(i.e., instruments, sensors, devices, visual or audible warning devices, etc.).

4.7.2 Isolation. Describe the most direct procedure that allows an operator to isolate the malfunction or
failure. An operator will know only the initial symptoms until 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 another failure that could produce the same symptoms and this must be
considered. Fault isolation procedures require a specific action or series of actions by an operator, followed
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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.

4.8 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.

4.8.1 Design provisions. Compensating provisions which are features of the design at any indenture
level that will nullify the effects of a malfunction or failure, control, or deactivate system 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 effective

operation or limits damage.

c. Alternative modes of operation such as backup or standby ite systems.

4.8.2 Operator actions. Compensating provisions which re n to circumvent‘or
mitigate the effects of the postulated failure shall be described: ing provision that best
satisfies the indication(s) observed by an operator when the failu all be determined. This
may require the investigation of an interface system to determine th correct operator action(s).
The consequences of any probable incorrect actio i onse to an abnormal

4.9 Severity classification. A severity classification Gate Requirements section 4.4.3)
shall be assigned to each failure mode and.item accorc ; effect. The effect on the
functional condition of the item und loss or degradation of output shall be
identified so the failure mode effegtSwi \ agorized. For lower levels of indenture where
effects on higher indenture levg i ect on the indenture level under analysis

4.10 Remarks. Any pertinent rema taining to and clarifying any other column in the worksheet line
shall be noted. Notes adations for design improvements shall be recorded and further
amplified in the

ation shall be provided that other reasonable actions and
considerations are\@rih plished to reduce occurrence of a given failure mode and provide a

Category Il failure mode ddress the following:

a. Design. 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 de-rating criteria, etc.

b. Test. Those tests performed that verify the design features and those tests performed pre-operation
or during maintenance that would detect the failure mode occurrence.

c. Inspection. The inspection accomplished to ensure that the hardware is being built to the design
requirements and the inspection accomplished during pre-operations or maintenance that would
detect the failure mode or evidence of conditions that could cause the failure mode.

d. History. A statement of history relating to this particular design or a similar design.
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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. LPD outputs from the Criticality Analysis shall be IAW GEIA-STD-0007 and
input, updated as required, and maintained in the Government’s LPD information management system for review
and use.

1.1 Application. The CA, Task 102, supplements the FMEA, Task 101, and shall not be performed without first
performing Task 101.

02 shall be selected. The
alysis approach to be used.

2. Analysis approach. One approach from the two specified in 2.1 and 2.2 of T,
availability of specific parts configuration data and failure rate data will det

2.1 Qualitative approach. Failure modes identified in the F terms of probability of occurrence
when specific parts configuration or failure rate data are not avai ual failure mode probabilities of
occurrence should be grouped into distinct, logically defined levels, establish qualitative failure probability
level for entry into the appropriate CA worksheet caliim urrence levels are defined as follows:

a. Level A - Frequent. A high probability of o€
probability may be defined as a single failure
of failure during the item operatimgytime inter

erating time interval. High
ater than 0.20 of the overall probability

less than 0.01 G all 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.

2.2 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., environmental and quality factors) shall be derived as follows:
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a. RAIC 217Plus or another current, industry-standard process or model shall be the primary source of failure
rate data for electronic and electro-mechanical parts. Both the base failure rate and all failure rate
adjustment factors shall be identified.

b.  When parts are similar to those listed in the selected model, base failure rates shall be selected from the

model and shall include other adjustment factors such as special quality ®-factors, as may be required to
modify the model data for applicability to the particular part.

c. Failure rate data for parts not covered by the selected model shall be selected from appropriate alternative
data sources.

2.2.1 CA worksheet. Items in this section and related subsections apply when a
specified. The calculation of a criticality number or assignment of a probabilit rrence level and its
documentation are accomplished by completing the columns of the approv et. An example of a CA
worksheet format is shown in Figure 102.1. Completed CA worksheets i e FMECA report,
IAW General Requirements, 4.5, following the FMEA worksheet fo i he following
information is the same as given in the FMEA worksheet and sh

ative approach has been

Identification number
Item/Functional identification
Function

Failure modes and causes
Mission phase/operational mode
Severity classification

~® o0 o

2.2.1.1 Failure probability/failure rg ailure modes are assessed in terms of probability of

occurrence, the failure probability gf e listed. When failure rate data are to be used in the

calculation of criticality numb rates used in each calculation shall be listed. When a
: ired and the next step will be the construction of a

B value
1.0
Probable"_oss >0.10t0 <1.0
Possible Loss >0to=0.10
No Effect 0

2.2.1.3 Failure mode ratio (Q). The fraction of the part failure rate ().p) related to the particular failure mode

under consideration shall be 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 potential failure modes of

a particular part or item are listed, the sum of the O values for that part or item will equal 1.0 (one). Individual
failure mode multipliers may be derived from failure rate source data or from test and operational data. If failure
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mode data are not available, the @ values shall represent the analyst’s judgment based upon an analysis of the
item’s functions.

2.2.1.4 Part failure rate (/11,). The part failure rate (/11,) from the appropriate reliability prediction or as calculated
using the procedure from the selected process or model, shall be listed. Where appropriate, application factors
(TT»), environmental factors (n’E), and other TT-factors as may be required shall be applied to the base failure

rates (/1p) obtained from models, handbooks or other reference material to adjust for differences in operating

stresses. Values of TT-factors utilized in computing /1p shall be listed.

2.2.1.5 Operating time (t). The operating time in hours or the number of op
shall be derived from the system definition and listed on the worksheet.

les of the item per mission

iticality number (C,,) shall be
calculated and listed on the worksheet. C,, is the portion of the'Griticali er for the item due to one of its
failure modes under a particular severity classification. For a parti rity classification and operational
phase, the C,,, for a failure mode may be calculated i

where:

C,,, = Criticality number for faj

t = Duration of app issi ase usually expressed in hours or number of operating cycles (2.2.1.5 of Task
102).

2.2.1.7 Item criticality numbers (C,.). The second criticality number calculation is for the item under analysis.
Criticality numbers (C,.) for the items of the system shall be calculated and listed on the worksheet. A criticality
number for an item is the number of system failures of a specific type expected due to the item’s failure modes. The
specific type of system failure is expressed by the severity classification for the item’s failure modes. For a
particular severity classification and mission phase, the C,. for an item is the sum of the failure mode criticality
numbers, C,,,, under the severity classification and may also be calculated using the following formula:
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j
C, z (Baryt)
n—1

and

n=123,..j

where:
C,.= Criticality number for the item.
n = The failure modes in the items that fall under a parti criticality classification.

J = Last failure mode in the item under the criticality ¢

s failure modes. The resulting matrix display shows
des a tool for assigning corrective action priorities. As
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Figure 102.1 Criticality Analysis Worksheet Example
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Figure 102.2 Criticality Matrix Example
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TASK 103

FMECA- ION

1. Purpose. The ) A-maintainability information analysis is to provide early criteria for
maintenance planni aalysi A), logistics support analysis (LSA), test planning, inspection and checkout
requirements, and to ide maintainability design features requiring corrective action. LPD outputs from the
FMECA-Maintainability ation Analysis will be IAW GEIA-STD-0007 and input, updated when required,
and maintained in the Government’s LPD information management system for review and use.

1.1 Application. The FMECA-maintainability information analysis, Task 103, supplements the FMEA, Task 101,
and shall not be performed without first performing Task 101.

1.2 Planning. Planning for the FMECA-maintainability information analysis includes considering the requirements
to perform and use the FMECA in support of a reliability program in accordance with IAW GEIA-STD-0009,
maintainability program IAW MIL-HDBK-470, safety program IAW MIL-STD-882E, logistics support analysis
IAW with MIL-HDBK-502A, Logistics Product Data (LPD) IAW GEIA-STD-0007, and other contractual
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provisions. The Contractor shall insure that FMECA results will be used by other elements within the acquisition
program to preclude duplication of effort.

2. FMECA-Maintainability Information worksheet. Documentation of the maintainability information is
accomplished by completing the approved FMECA-maintainability information worksheet. An example of an
FMECA-maintainability worksheet format is shown in Figure 103. Completed worksheets shall be included in the
FMECA report, IAW General Requirements, 4.5, following the FMEA worksheet 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. ldentification number

b. Item/functional identification

c. Function

d. Failure modes and causes

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

f. Severity classification

2.1 Failure predictability. Enter information on ki
variations) which are peculiar to the item failure tre
predictable in advance, describe the data that must be
any tests or inspections that may be accemplished to detecig@vidence of conditions which could cause the failure
mode.

pient failure tors (e.g., operational performance
edictin lures in advance. When a failure is

2.2 Failure detection means : ill be detected by the Field-Level maintenance
technician and to what indent g.” Describe the method by which ambiguities are
resolved when more than one failtgg mo0e causes the same failure indication. Describe any monitoring or warning
device that will provi dicati mpending failure and any planned tests or inspections which could detect

occurrence of th hat indenture level failures can be isolated by the use of built-in-test
features and ent will be required for fault isolation.

2.3 Basic maint ions. Deseribe the basic actions which, in the analyst’s judgment, must be taken by the
maintenance tech * failure. Identify the special design provisions for modular replacement and

the probable adjustme ation requirements following repair.

2.4 Remarks. Any pertinentfemarks pertaining to and clarifying any other columns shall be noted. Notes regarding
recommendations for design improvement shall be recorded and further amplified in the FMECA report, IAW
General Requirements, 4.5.
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Figure 103 FMECA-Maintainability Information Worksheet Example
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