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FOREWORD

failure mode, effects, and criticality analysis (FMECA) is an essential
tlon in design from concept through development. To be effective,
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used in the FMECA will be dependent upon th
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

ision. A properly performed FMECA is invaluable
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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 FMECA has been its limited use in improving designs
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is perhaps the most important factor in differentiating between effective

and ineffective implementation of the FMECA. While the objective of an
FMECA is to identify all modes of failure within a system design, its
irst purpose is the early identification of all catastrophic and critical
ilure possibilities so tney can be eliminated or minimized through
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detecLlon and is olatlon subsv tem design. This coincident use must be a
consideration in planning the FMECA effort to prevent the proliferation
of requirements and the duplication of efforts within the same contractual
program.
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MIL-STD-1629A

1.1 Scope. 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

oo L2
1

hn fnlrnn to n14m'lna&a or co 3 5[1 l..l.bl\ {tems.

eliminate or control the

1.2 Application. This standard applies to the acquisition of
all designated DoD systems and equipment. It primarily applies to the
program activity 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 not 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 this standard with the first task being number

mn
AVA e

1.4 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.

1NN
a0

1.4.2 Tasks. Any revisions of FMECA tasks are indicated by a
letter following the task. For example, for task 101, the first revis
is 101A, the second revision is 10l1B. When the basic document is
revised, those requirements not affected by change retain their existing
date.

' [

i.5 Method of reference. The tasks contained herein shall be
referenced by specifving:

a. This standard number.
b. Task number(s).

c. Other data as called for in individual task.

Y~ —————

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 information and guidance.
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3. DEFINITIONS
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721, MIL-STD-780, MIL-STD-785, MIL-STD-882 6 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" inciudes
ONVTOrnmAant naoamnmatbad antderd bl an Anwsntlandon ~e meadcafonns mdTdetnarey cwatrames
oY ¥ wauuTiiLe VpTilialicd aCliVvViCiE€s ucvolivpanyg VL pPluldulldlilg maidacai SySLTus
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,

3.1.4 Criticality. A relative measure of the consequences of a
failure mode and its frequency of occurrences.

3.1.§ Crid*-imsality analucie (rAY A nrarodara hvyv whicrh eanr

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
th injury, property damage, or system damage that could

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.
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3.1.7.2 Secondary damage effects. The result(s) or consegquence(s)
indirectly caused by the interaction of a damage mode with a system,
subsystem, or component thereof.

3.i.8 Damage mode. The manner by which damage is observed.
Generally describes the way the damage occurs.




3.1.9 Damage mode and effects analysis (DMEA). The analysis of
a system or equipment conducted to determine the extent of damage sustained

from given levels of hostile weapon damage mechanisms and the effects of
such damage modes on the continued controlled operation and mission
completion capabilities of the system or equipment.

be
be

3.1.11 Environments. The conditions, circumstances, influences,

stresses and combinations thereof, surrounding and affecting systems or
transportation, testing, installation,

equipment during storage, handling,
nnAd 11ea den otandler ab ot o~ emd mmd men memmmemb d oo
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3.1.12 Fajilure 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 operation, function, or status of an 1tem. Failure effects are
classified as local effect, next higher level, and end effect.

The consequence(s) a failure mode has on

3.1.
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3.1.13.2 Next higher level effect. The consequence(s) a failure
mode has on the operation, functions, or status of the items in the next
higher indenture level above the indenture level under consideration.
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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. 16 FMECA-Maintainability information. A procedure by which
each potential railure is analvzed to determine how the failure is
detected and the actiovas Lo be taken Lo repair the tailure,

3.1.17 Indenture levels. The item levels which identify or
describe relative complexity of assembly or function. The levels progress
from the more complex (system) tc the simpler (part) divisions.
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3.1.17.1 1Initjial indentyre level. The level of the total, overall
item which 1s the subject of the FMECA.

~ .

3.1.17.2 Other indenture levels. The succeeding indenture levels
\secoﬁd, 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 would
result in failure of the system and is nat 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 postulated failure mode in the
FMEA for whick there is no failure detection method by which the eperator
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. The FMECA 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 which documents 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 to a severity classification of

failure effect. This procedure is the resuit of Lwo steps which, when
combined, provide the FMECA. These two steps are:

a. Failure mode and effects analysis (FMEA).
b. Criticality analysis (CA).
4.3 FMECA planning. Planning the FMECA work involves the

n t
contractor's procedures for implementing the specified requirements of
this standard, updating the FMECA Lo reflect design changes, and use of
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to pro;ide design guidance. Worksheet formats,

ground rules, analysis assumptions, identification of the lowest indenture
ievel of analysis, coding system description, failure definitions, and
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organization and other organi zational elementa ghall be congidered in

the FMECA planning.

4.3.1 Works

heet formats. The contractor's formats, which

organize and document the FMECA and other anaiysis methods contained
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Figures 101.3, 102.1,

analysis shall be id
successive indenture
or group of workshee

103.1 and 104.1. The initial indenture level of
entified (item name) on each worksheet. and each
level shall be documented on a separate worksheet
ts.

4.3.2 Ground rules and assu@ptions. The contractor shall
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the lowest 1ndenture level to be analvzed, and include general stateme
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and allowable limits
record all ground ru
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nalysis assumpti ons
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a failure of the item in terms of performance criteria
. Every effort should be made to identify and

les and analysxs assumptions prior to initiation of
r, ground rules and analysis assumptions may be

f requirements change. Additional ground rules and
shall be documented and separately identified for

inclusion in the FMECA report.

4.3.3 Inden

ture level. The indenture level applies to the

bybLtm uuxuware or I
Unless otherwise spe
indenture level of a

a.

4.3.4 Codin

unctional level at which failures are postulated.
cified, the contractor shall establish the lowest
nalysis using the following guidelines:

The lowest level specified in the LSA candidate list
to assure complete inputs for each LSA candidate.
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a catastrophic (Category I) or critical (Category
IT) severity classification category (see 4.4.3).

The specified or intended maintenance and repair
level for items assigned a marginal (Category TIT)
r minor {Categorv IV) severity classification
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1g system. For consistent identification of system

functions and equipm
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ent and for tracking failure modes, the contractor

ding system based upon the hardware breakdown structure,

ring system of MIL-STD-780, or other similar uniform

he coding system shall be consistent with the reliability
diagram numbering system to provide complete visibility
{
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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

nrooram in accordance with MTT-QTn-?RR maintainahility nrooram in
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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 diagnosis

analysis in general accordance with MIL-STD-1591, and other conttactual
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be used by other organizat ional

lements to preclude duplication of

4.4 General procedure. The FMECA shall be performed in
dCcordance with the requiremenis 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 performed to
the lowest possible indenture level to provide optimum results. When

system definitions and functional definitions are complete, the analysis
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4.4.1 Contributing information. System definition requires a

review of all descriptive information available on the system to be
analyzed. The following is representative of the information and data

required for sysiem definition and analysis.

4.4.1.1 Technical specifications and development plans. Technical

ic
specifications and development plans generally describe what 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 determining the time-stress as well as feasibility
of various means of failure detection and correction in the operatling
system. Acceptable performance limits under specified operating and
environmental conditions will be given for the system and equipments.

i developing mission and environmental profiles w111
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conditions can be developed shall be presented. A definition of the

operational and environmental stresses the system is expected to undergo,

as well as fallure 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-art design and explain any design
compromises and operating restraints agreed upon. This information will

ek aL Y SR R
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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. Systc- de51gn data and drawings will usually describe

and progréssiﬁg to the lowest indenture level of the system. Design
data i1l 1n1g11a1ly inclisda aiebhas £ inctional block disgrams or sclieniatics
“aLa wadd uosualiliy 4dllLiuurT TalLlilcl TUncoionails LviocCcn uLdSLdllD vl SULlIClilalLldilo
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 MIL-HDBK-217 or from operational experience

and tests performed under similar use conditions on items similar to
those in the systems should be used.

4,2 FME

—1- .

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

major consideration at cach 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
T

also be used e 1ﬁe SPECial test LODSIG@TBCIOHS, quaLlLy lﬂSPECLan
ngin[si preveutl e maintenance a”flﬂnb, npnr:r1qn31 CORStraintS, useful
life, and other pe tinent information and activities necessary to minimlze

failure risk. All recommended actions which result from the FMEA shall
be evaluated and formally dispositioned by appropriate implementaticn or
documented rationale for no action. Unless otherwise specified, the
following discrete steps shall be used in performing an FMEA:

B2y Jofine the cvetom -~ hoa arnaluosad Comblete svstem

Qe T paa T LT SyocLTil i UT agiiglyatiu, wUll pL(LC SYyo LTl
d:flnlrlon includes identification of internal and
interfa 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 functions which identify tasks to be performed
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for each mission, mission phase, and operational
mode. Narratives should describe the environmental
profiles, expected mission times and equipment

a2 _

utilization, and the functions and outputs of each

{item
A WLTile

b. 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.

c. 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.

d. Evaluate each failure mode in terms of the worst
potential consequences which may result and assign
a severity classification category (see 4.4.3).

e. Identify failure detection methods and compensating
provisions for each failure mode.

f. Identify corrective design or other actions required
to eliminate the failure or control the risk.

g. Identify effects of corrective actions or other
system attributes, such as requirements for logistics

support.

h. Document the analysis and summarize the problems
which could not be corrected by design and 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 of 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 the loss statements below. Where

it wmay not be possible to identify an item or & 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 procuring activity approval.
Severity classification categories which are consistent with MIL-STD-882
severity categories are defined as follows:
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a. Category I - Catastrophic - A failure which may
cause death or weapon system loss (i.e., aircraft,
tank, missile, ship, etc.)

b Natnmasee TT Nea2ar__a A £ 39 e A Bl mr mmiiemm
Ue VairLcgulry 14 T Luiltlcal — A 1dllul®€ wllilIl uay taudce
covora iniurv mainr nraonoartyv Aamaoco AY madinr
severe 1njury, major property damage, Cr major

system damage which will result in misgion loss.

c. 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

mission degradation.

o)
Lo}

d. 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_§ FMECA Renort, The re
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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
natrative, resultant analysis data, and worksheets. The worksheets

L._‘I“ _____

ulrs of the FMEA and other relared
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shall be organized to first display the highest indenture level of
analysis and then nroceed down through decreasing indenture levels of

.............................................

the system. The ground rules, analy51s 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 singlie failure points, and
4
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design and provide identification of the Category I and Category II
failure modes and the single failure points which could not be eliminated

from the design.

D
b
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4.5.1 Summary. The report shall contain a summary which provides
the contractor's conclusions and recommendations based upon the analysis.
Contractor lananpt'ar‘lnn and comments concerning the qn':ﬂvc*le and the

tor interpretation and comments erning the anal gis and
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 shall be provided in the final
report. A list of items omitted from the FMEA 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 shall include the following:

a. Item identification and FMEA cross-reference.

> -
(9
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ign features wh

b. Description of des i
occlirrence of failure for the liste d ite

c. Description of tests accomplished that verify design
features and tests planned at hardware acceptance or
durifig 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
maintenance that could detect the failure mode or
evidence of conditions that could cause the failure

a
moae.

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
o

.1

f the failure mode is detected by the operator, and
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£. Rationale for nnt eliminating the related failure
mode(s) .

for each Category 1 and Ca ego
possible to identify directly the FMEA entry and its related draw ngs
and schematics.

4.5.2.2
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its related drawings and schematics. The Lrltlcallty cla ifica
each single failure point shall be included in the listing.

5.1 Tasks., The
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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 according to its severity.

2. Documentg referenced in Task 101:
SPECIFICATIONS
Military
WTTY W N 1NN | WU | Ly JJPPNE SUNIRK R | 1 cmm e L nm ) Tar MNamd nea b nd Mad i e o =
NdL—Ti—<410UV fldlidali, l€CiiliiCal, runcLionally viicuLeu rialt ntenance
amiale (FN) Y for Eouinment and Qugtome
Manuals (FOMM) for Equipment and Systems
STANDARDS
Military
MTY _CTnN_78& DAat1TLatd VT 2o, Daen 12 d ~n
VIR LTO LU JU [ANCliidDLILI AL y rreagiacueion
MIL-STD-780 Definitions of item Levels, ltem Exchangeability,
Models and Related Terms:
3. Analysis approach. Variations in design complexity and
avajlable data will generally dictate the analysis approach to be used.
Thoara arae twa nrimariy annraarhas fAy anmramnliching an I'MEA Nno 1 tha
LR A= A =R - 3 S =4 LWwWuU PL.Llldl.y GVPKUQLIICD A0U1 CIK_LUHIP.LLDII.Llls aii AR Y SOV 5 WY vViilc P -] eLlic
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

<

2
functional and hardware approaches may be considered. The FMEA 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
1 ( 1)

o
O
oD

proceed through decreasing indenture t dc 3 oF:
the part or assembly level and proceed throubh increasing in denture
levels (bottom-up approach) until the FMFEA for the system i

3.1 Hardware approach. The hardware approacr is normally
used when hardware items can be uniquely identified from schematics,
Arawvineg and otheyr encineerino and dwucion data The harduare annraach
Viuwanugoy (SRR LS Sy R ey § LHipAllCLL Ay Giivg T O 4Lt Ua Ld e 411 licdl UUw@i © (jlllll.UO\.l|
is normally utilized in a part level up fashion (hnLtom—Lp approach);

L ¥ N M ’
however, it can be imitiated at any lcvel 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.

TASK 101
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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-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.

3.3 Failure mode severity classification. Severity cl
are assigned to each failure mode and each item to provide a basi
establishing corrective action priorities. First priority shall be
given to the elimination of the identified Category 1 (catastrophic) and
Category II (critical) (see General Requirements, 4.4.3) failure modes.
Where the loss of input or output at a lower indenture level is critical
o the operational success of a higher indenture level, action shall be

dmin or control the identified failure mndnc_ When identified

wmais ABAadcvar T WMVaTT s
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ry I1 failure modes cannot be eliminated or controlled
to 1evels acceptable to the procuring activity, alternative controls and

recommendations shall be presented to the procuring activity.
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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 II) 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 missi
phase and operational mode, expected mission times and equipment u
functions and output of each item, and conditions which constitute
system and part failure.

SySwSin iUule
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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

101-2
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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
The use t1me-env1ronment phaslng is used in determining the
and e detection
rov

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 dcvcioped 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

i 1s of indenture. Both

tracing failure mode effects through all leve
functional and reliability block diagrams are required to show the
functional flow sequence and the series dependence or independence of

functions and operations. Block diagrums 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 numbering
system developed in functional system breakdown order is required to
provide traceability and tracking through all levels of indenture. MIL-
STD-780 provides an example of a uniform numbering system for aeronautical

3

equipment that can be used as a guide in the development of a consistent
and logical identification code fo* block diagrams. Figures 10l.1 and
101.2 depict examples of functional ana reliability block diagrams.

4.1.4.1 Functional block diagrams. A functional block diagram
illustrates the operation and interrelationships between functional
ntities of a system as defined in engineering data and schematics. A

(]
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functional block diagram will provide a functional flow sequence for the
r

system and each indenture level of analysis and present hardware
1~
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may be used for guidance in developi ng'Eunc

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 11:e-cyc1e event. The rel

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

FMEA workshe
Figure 101, 3,

+5=2< ACL.
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et. An example of an FMEA workshlieet format is shown in

5.1 Identification number. A serial number or other reference
designation identification number is assigned for traceability purposes
and entered an the worksheet | A uniform identification code 1n ncrnrdance
with General Requirements, 4. hall
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5.2 Item/functional identification. The name or nomenclature
item or system function being analvzed for fa 11ure mode and
r w

t
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O properly 1d9n11fv the item or function.

5.3 Function. A concise statement of the function performed
by the hardware item shall be listed. This shall include both the
inherent function of the part and its relationship to interfacing items.

Potential falgure modes shall he determined by examination nf item

outputs and functional outputs identitied in applicable block diagrams

and schematics. Failure modes of the individual item function shall be
postulated on the basis of Lhie stated requircments in the system definition
narrative and the failure definitions included in the ground rules The

most probable causes associated with the postulated failure mode shall
ho dAdame 824 0 a2 r~:_ PP I mo A ey lianra emeaw ¢ by

oC 1dentitiea ana (H.“al I ll)(‘Ll. O LT J01dd Ith‘ moae may iave morg tnan
one cause, al | for cach failure mode shall
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be identified and described. The tailure causes within the adjacent
indenture levels shall be considered.  For example, failure causes at
the third indenture Jevel shall be considered when conducting a second
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indenture level analysis. Where functions shown on a block diagram are
performed 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 inputs

Py | sl oams ol o e 2L o S £_29 —_ A - Py o POl Ty a2 Y o P Sy 2 a. 2 .. cod o 1
afna OUTpuULsS QE&€SCT1ip€ Un€ 1aillure modades o1 ncéc moduie wnen 1c as vieweda
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. Faillure to cease operation at a prescribed time.

e. Loss of output or failure during operation.

£ MNanoadod - A ee oA mma o o A f e =L 27 2 o0

L. vegrauea outrput oOr perdclonaz CapdbDlilly.

g. Other unique failure conditions, as applicable,
based upon system characteristics and operatlonal
requirements or constraints.

[ 4 & A VX B R T e Y N R Y P P o &= Ny -4

De Jd rissi1o pnasesoperationdl mode. A Concise statement OrI
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.
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element whi ch 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 hlgher 1evel," and iiendii effects shal] be evaluated. Failure
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sonnel and system safety.

5.6.1 Local effects. Local effects concentrate qpegifinully on
the impact an assumed failure mode has on the operation and function of
the item in the indenture level under considcration. The consequences
of each postulated failure affecting the item shall be described along

with any second-order effects which result. The purpose of defining
1 F=
1 L

ocal effari : ¢ - 1 : . P
0Ca. errects 1is to provide a basis for evaluating compensating provisions
and for recommending corrective actions. 1t is possible for the "local"
effect to be the failure mode itself. -
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2 Next higher level. Next higher level effects concentrate
e impact an assumed
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5.6.3 End effects. End effects evaluate and define the total
effect an assumed failure has on the operation, function or
the uppermost system. The end eifec
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the safety device is set and the safety
dev:ce fails. Those end effects resulting from a double failure shall
be indicated on the FMEA 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 Other indications Descriptions of indicaticns which are
evident to an operator that a system has malfunctioned or failed, other
than the identifiecd warning devices, shall be recorded. Proper correlation
of a system malfunction or failure may require identification of normal
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 to an operator.
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 normally.

b. Abnormal. An indication that is evident
operator when the system has malfuncti

(]

due to the malfunction or fai
(i.e., instruments, sensing de
audible warning devices, etc.).

Incorrect. An erroneous indication to an operator
r

5.7.2 Isolation. Describe the most direct procedure that
allows an operator to isolate the malfupction or failure. An operator
will know only the initial symptoms until further specific action is
taken such 3c-nerforming a more detailed built-in-test (BIT). The
failure being considered in the analysis may be of lesser importance or -
likelihood than AnoLhcr failure that could produce the same symptoms and
this must be considered. Fault isolation procedures require a specific

TASK 101
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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 C
either design pr

win

: d and evaluated. This
is required to record the true behavior of the item in the presence
an internal malfunction or failure.

or standby items or systems shall be described. Design compensating
provisions include:

a. Redundant items that allow continued and safe operation.

b

a1

provisions wi
limits damage.
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c. Alternative modes of operation such as backup or
standby items or systems.

5.8.2 perator actions. Compensating provisions which require

Operator a 1s. Compensatin 1s which requir
operator action to circumvent or mitigate the effe t 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
termined. This may requ1re the inves tlga ion of an interface

b ommee S oa + )

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

- a3 -1

egorized.
voels
A D
5

5.10 Remarks. Any pertinent remarks pertaining to and clarifying
any other column in the worksheet line shall be noted. Notes regarding
recommendations for design improvements shall be recorded and

101-7
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further amplified in the FMECA report, General Requirements, 4.5. 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 ampiify the line entry. Since it is improbablie
that all failure modes in C&tegG’" I and deegGIy II can be uc:;sucd
id

-~
out, information shall be prov eé that other reasonabhle 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. 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
derating criteria, etc.

b. 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,

c. Insgection. The 1nspeccion accompliqhed to ensure
that the havdwere is heding beilt fo the dexign
requirements and the inspection accomplished during

turnaround operations or maintenance that would
detect the failure mode or evidence of conditions
that could cause the failure mode.

d. History. A statement of hlStOry relating to this
narticnlar decion nor a < ilar desien
particular design or a similar design.
6. Ordering data. The following details shall be specified

in the appropriate contractual documents:

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

c. DI-R-7085 (FMECA Report should be specified when
deliverehle cata is cezirec in conjunction with

general requirements, Scction 4.5).

TASK 101
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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

nrabhald 12 .. £ o s o |

ProOs&a0111Ly OI oOccurrence based upon the best available data.

he FMEA,

| o

1.1 Application. The CA, Task 102, supplements t
Task 101, and shall not be imposed without the imposition of Task 10l.

2. Documents referenced in Task 102:

HANDBOOKS

Military

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 are not available. The failure probability

levels, when used, should be modified as the system is better defined.

As parts configuration data and failure rate 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 probability 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, which establish the qualitative failure probability

f
level for entry into the appropriate CA worksheet column. Probability
of occurrence levels are defined as follows:
a. Level A - Frequent. A high 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 the overall probability
of failure during the item operating time interval.

b. Level B - Reasonahly probable. A moderate probability
of occurrence during the item operating time interval.
Probable may be defined as a single failure mode

probability of occurrence which is more than U.10
but less than 0.20 of the overall probability of
failure during the item operating time.

TASK 10?2
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c. Level C - Occasional. An occasional probability of
occurrence during item operating time interval.
Occasional probability may be defined as a single
failure mode probability of occurrence which is more

than 0.0l 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., environmental and quality 7=
factors) shall be derived as follows:

a. MIL-HDBK-217 shall be the primary source of failure
rate data for electronic parts. Both the base
failure rate and all failure rate adjustment factors
shall be identified.

b. When parts are similar to those listed in MIL-HDBK-
217, base failure rates shall be selected from MIL-
HDBK-217 and shall include cother adjustment factors,
such as special quality "~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 MIL-HDBK-

217 shall be selected from alternative data sources

3.2.1 CA worksheet. 1Items in this section and related subsectio
apply when a quantitative approach has been specified. The calculation
of a criticality number or assigoment 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 102

24 November 1980
102-2
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shown in Figure 102.1. Completed CA worksheets shall be included in the
FMECA report, General Requirements, 4.5, following the FMEA worksheet

t for the same indenture level. The following information is the same as
given in the FMEA worksheet 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 bhe listed. When failure
rate data are to be used in the calculation of criticality numbers, the
data source of the failure rates used in cach calculation shall be
listed. When a failure probability is listed, the remaining columne are

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 B 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 analvst's judgment as to the conditional
probability the loss will occur and should be quantified in general
accordance with the following:

Failure effect B value

Actual loss 1.00

Probable loss >0.10 to <1.,00
Possible loss >0 to = 0.10
No effect 0

3.2.1.3 Failure mode ratio (n). The fraction of the part failure
rate (A ) 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 valuesg far thae
part or item will equal one. Individual failure mode multipliers may be
derived from failurc rate source data or from test and operational data.
If failure mode data are not available, the « values shall represent the
analyst's judgement based upon an analvsis of the item's functions.

- AC "
TASK 102
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3.2.1.4 Part failure rate ().)). The part failure rate (X)) from
the appropriate reliability prediction or as calculated using the procedure
described in MIL-HDBK-217, shall be listed. Where appropriate, application
factors (m,), environmental factors (np), and other m-factors as may be
required shall be applied to the base failure rates (Ab) obtained from
handbooks or other reference material to adjust for differences in
operating stresses. Values of m-factors utilized in computing lp shall

be listed.

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.

=122l ailQ 11l&sled

3.2.1.6 Failure mode criticality number (C,). The value of the
failure mode criticality number (Cp) shall be calculated and listed on
the worksheet. Cp is the portion of the criticality number for the item
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:

}l
where:

Cm = Criticality number for failure mode.

™
n

Conditional probability of mission loss
(3.2.1.2 of Task 102).

@ = 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 second criticality
number calculation is for the item under analysis. Criticality numhers
(Cy) 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 duc to the item's failure
modes. The specific tvpe of system failure is cxpressed by the
severity classification for the item's failure modes. For a parcicular
severity classification and mission phasec, the C, for an item is the
sum of the failure mode criticalitv numbers, €., under the severity

classification and mav also be calcu. 2ted esire the follewing formula:
J
Ce = l(Salpt)n n=1,2,3,...3
n—l
TASK 102
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where:
Cy = 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
occurrente level or the criticality number (C.) 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

action priorities. As shown in Figure 102.2, the further along the
diagonal 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 show how either the criticality number (Cy) 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.

TASK 102
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TASK 103
FMECA-MAINTAIRABILITY INFORMATION

1, Purpose. The purpose of the FMECA-maintainability infor-
mation analysis is to provide early 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.

- — ———

€ o &
11ity information

b y by}
01, and shall not be

-l

oy Vg o _ 4 -
n. The FMECA-maintaina

1.1 Applica

2ppasta8eiln
analysis, Task 103, supplements the FMEA, Task
lmposed without imposition of Task 101.

1.2 'Pléﬁning. 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-STD-1388 and the maintenance planning analysis in
accordance with MIL-STD-2080 are required by contract.

2. Documents referenced in Task 103:

STANDARDS

MIL-STD-2080 Maintenance Plan Analysis for Aircraft and

Ground Support Equipments
3. 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 103.1.

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. Identification number

b. Item/functional identification

C. Function

d. Failure modes and causes
e. Failure effects (local, next higher level, end) "
f. Severity classification

TASK 103
24 Newvoaher 1580
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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

Cu

tha AdAata +thae

the data that must be llected, 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- 1n-test features and indicate when ancillary test equipment will

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 the probable adjustment and calibration

nnnnn I vroma £~ .2

-~ e o e
requirements following repair,

3.4 Remarks. Any pertinent remarks 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, General Requirements, 4.5.

4, Ordering data. The following details shall be specified

in the appropriate ontractual documents:

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

TAandardn ciimmArs amalucse (Cap 1 2 ~F Tocl 107
. LUELISLIT SUpporl drnidlysils (oee 1.< 01 L1dSK 11Ul ).,

f‘»

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

TASK 103

24 November 1980



MIL-STD-1629A

JBW10} 3J29YSHicom UOTJIBWIOIUT AITTFqeuleBIUTRW-YIW] Jo aT7dwexy

1°€0l @and1y

SFL¥E
SNOILIV SNV3IN §133443 | ¥3noIH{S103343]  S3Snv) {38NLYIININON)
SHYVNIY JONVNIINIVN|NOILI3130 {ALINGVLIIOINA| g5y 1) o3 | 1xan | w207 aNv NOILY J141IN30I B3BWAN

5V8 38014 3WN V4 ALINIAIS (5193343 38nv4 $3QON J8NTIYS | NOILINAS | TWNOILONN /W3 LI NOILT DI 31ENT QI
A8 03A0HddV NOISSIN
A8 Q34NOY - T ONIMVEC ION3¥IA3Y
40 133HS 73A37 JUALNIGNI
31v0 W3I1SAS

NOILYWHOANI ALITIBVNIVINIVI
SISATVNY ALITVOILI¥D QNV S133433 3QOW 38NV

TASK 103

1073-1

24 November



MIL=ST- 10294

TASK 104

DAMAGE MODE AND EFFECTS ANALYSIS
. Furpose. The purpose of the damage mode and etfects
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.

[

i.2 Application. The DMEA, Task 104, utilizes the results of
Task 101, and shall not be imposed without imposition of Task 10l.

DMEA includes the cantractor's

1.2 Planning. [Planning the
e t——— el

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 required for vulnerability assessments.
It is primarily applicable te new weapon system acquisiticons but may be
applied to developed (existing) weapon systems where data is required to

provide criteria for a survivability enhancement program,

2.1 New weapon systems. The DMEA is an expansion of the FMEA
conducted and maintained for the weapon system design during conceptuail,
validation, and full scale development. The DMEA shall consider all
failure modes and damage modes that can occur to each item and the
effect each has on the weapon system., The relationship between the
weapon system essential functions, missinon capahilities, hostile threat
capabilities, and hostile weapon effects shall be analyzed to provide

design criteria for survivability enhancement.

ied, a DMEA dis

[E it 7 S S §

2.2 Developed wveapon

svstems. When gpeci
conducted to identify all subsystems and components in a developed
(existing) weapon system to the lecvel defined by the procuring agency.

The DMEA is used to provide data related to the impact of Engineering

-

o"ﬂ

Change Propousals (ECPs) and retrofit programs on total weapon system
survivability. Threats should be periodically assessed to determine if
the weapon system is still capable of cperating effectively in a hostile
environment.

3. Procedure. The FMEA shall be expanded to provide data
related to the damage caused by threat mechanisms and the c¢ffects upon
weapon system operation and missicn essential functions. The damage
mode(s) for each essential component as caused by the gspecified threat
mechaniem(ed ahall be ddentificd and “he offert onm “Ye Crtial Tarctiond s
of the weapon svstem determined.  The analvsis shall

Y.
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all identified ODeration and mission essential subsystems and components.
‘The type 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 1dentitied. Each nonessential component also
hazardous environment may be created

a
1 ~Af A 4da 4f4a Thda chall
4+ Oi Gamage ident 1ffed . A1i40 DG 4iad

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.

o ﬂllﬂ" drndn rha twvna Ae
-~no ubua.l.t.n.l.cb (S ¢i \.,y& va &

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 10l1. 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 Tdentification of critical comnonents Usino the system

e lt v AR AUl Va i awalTaA RN Ve aiin =1ct

schematic or functional block diagram, the as51gned severity codes, and
the established weapon system operation and mission essential functions,
each subsystem and major component required to perform each mission

essential functlion shall be identified. The reliability block diagram
shall be used to identify subsystem and function redundancies. A critical
compeonents listing shall be included with the functional narrative and
with the DMEA worksheets in the FMECA report, General Requirements, 4.5.
4. DMEA worksheet. Documentation of the DMEA is accomplished

by completing the columns of the approved DMEA worksheet. An example of
a DMEA worksheet format-is shown in Figure 104.1. Completed DMEA work-
sheets shall be included in the FMECA report, General Requirement, 4.5,
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

f. Severity classification

TASK 104
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4, 1 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 part. 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
P ST SR ML ~£f€antb=e ~F ola mnacncdhla Adamas mode shall include
aescriptions. Lhe eirects 01 tne possioviée Gatidage méae Ssaaasa aniCaud
performance degradation as well ag total item failure. To assist in
assuring that a complete damage mode analysis is performed, each damage

mode and function shall, as a minimum, be examined in relation to the
following typical damage conditions.

c. Shattered, cracked

d. Jammed
e. Deformed
H lgnited, decvonatea
g. Burned out (i.e., electrical overload)
h. Burn through (i.e., threat caused fires)
4.2 Danmage 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

PR, BNV T R T £ mma n etin Ao At bt An simdav AnanatTAnrabiaAan
clicmene wiiicil J.D CLlCLkC:U Dy LIe uamagc LUIIULL.L\)H unger ¢onsiageracion.,
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 consgideration The consegquences

the item the indenture level under consideration, The equences
of each postulated damage mode affecting the item shall be described

along with any second-order effects which results. Potential conditions
wvhere the damage of one item results in a conditional failure probability

or effect of a second item which differs from the failure probability or
effect when the second item is considered independently shall be identified.
The purpose of defining local effects is to provide a basis for evaluating
Lumyenqa“;nk Pro by
It is possible rfor

R L e N T R R nhancement
Ml diid L O SECOoimeite Ly Ul vivabld LL) Tir daueiit

it
the "local' effect to be the damage mnde itself.
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of the 1tems in the next higher indenture level above the indenture

yJ » a - 3 2 - - -~ - . -~ o - -

4.2.3 End effects. End effects evaluate and define the total
affant an aacnmoad damaos mdds Leoc me sbha ~omeos 2 Y-S S, e ctmtiio
E4ittL Gl aSpultu vyauwapce mode nas on tne operacion, i1uncrion, OI Status
of the unnoermact avatam Mho affant ~F anck damags madse unnan tha cccontial
~a LUT VUpPPpPTLLUIVOL OSYyOiLtil,. 41l TLilTLL Ul Talll uauiagpc HUu < pPUH LUT TDOHOCLILiIaL
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 faflure. 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 fails. Those end effects resulting from a
double failure shall be indicated on the DMEA worksheets.
4.3 Remarks. Any pertinent remarks pertaining to and clarifying

any other column in the worksheet 1ine shall be noted. Notes regarding
recommendations for design improvement shall be recorded and further
amplified in the FMECA report, General Requirements, 4.5. This entry

Tan mass 4= - . P ~ 1

a1s80 may include a notation of unusual conaglitions, aamage effects of
redun danf {tamc yornonitinn nf navrrdernnlarly criticral docion foat iTes or
hadhadh g ] - —hiilo gy LL\-UbIlL\-LVl‘ A yulhl\_ulﬂllv “iALaiaival uca‘ﬁu A W AL =l ~T A

any other remarks that amplify the line entry. Information shall be
provided that reasonable actions and considerations are or have been
accomplished to enhance survivability through recommended design changes.
Infermation provided shall address tae fullowing:

a Necion Thnca foatiiroac nf +ha doacdon thae ra late to
“ e U\ah}‘-hll. ABIVOC LdCQ LUl O AV S Ll uca.lel Llla . ‘C L= S — -
the identified damage mode that minimize the vulnerabili

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. Thoge tegtg recommended to Verifv rhe decion
Those tests recomm fy the design
features recommended or incorporated for survivability
enhancement.

c. History. Identification of previous testing and
analysis relating to this particular case which will

W oo -~
be used to support the validity.

5. Ordering data. The fcllowing details shall be specificd
in the appropriate contractual documents:

a. Task 101 (scc 1.2 of Task 104).

b. Threat mechanisms (see 3. of Task 104).
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TASK 105

FAILURE MODE, EFFECTS, AND CRITICALITY ANALYSIS PLAN

1. Purpose. The purpose of the FMECA plan is to document
the contractor's planned activities implementing the Failure Mode,
Effects, and Oriticality Analysis Tasks.

1.1 Interrelationship. The FMECA plan shall not be required
unless Task 101 is required.

WD/ A

1.2 Application. This plan
i t

is used to evaluate planned FMECA
Task efforts by a contractor prior to plan approval. Hhen approved, by
the procuring activity, the plan is used for monitoring and eva aluating

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 105:
STANDARDS
Military
{IL-STD-470 Maintainability, Human Factors and Safety
MIL-STD-780 Work Unit Codes for Aeronautical Equipment;

Uniform Numbering System

MIL-STD-785

Reliability Program for Systems and Equipment
Develcopment and Preduction

MIL-STD-1388 Logistics Support Analysis

MIL-STD-1591 On Aircraft, Fault Diagnosis, Subsystems,

Analysis/Synthesis of

MIL-STD-2072 Survivability, Aircraft; Establishment and
Conduct of Programs for
MIL-STD-2080 Maintenance Plan Analysis for Aircraft and
Ground Support Equipments
HANDBOOKS
Military
MIL-HDBK-217 Reliability Prediction of Electronic Equipment -

TASK 105
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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 FMECA to reflect design changes, and use of the analysis
uits to provide design guidance.

esu
ules.

level of analysis=

aample worksheet Iormats, grou
'

~ratdan nf the lowagt indent:
gattien ¢ ingentu
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cription, failure definitions, and
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identification of coincident use of the FMECA by the contractor's reliability

organization and other organization elements shall be included in the
plan.

£ wmon
LOTaiacs,

-

2.1 WUnrlkehaant+ £
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, 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

sl d AL
wiiiii

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 1dentify the FMECA approach (e. g..
Tnavdrrarna [ A T e | or comb ,‘AA_A_\ LU U [NPGRS BT | ~
falflUwaic, runiCcrotidy, SLoLuomninacron,) n"‘ 1OWeEtl Lngenture revesr o J'
analyzed, and include general statements of what constitutes a failur°
of the item in terms of performance criteria and allowable limits.

Every effort should be made to identifyv and record all ground rules and

analysls 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 an
4

chall be documented and

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 establiish the lowest
indenture level of analysis using the followirng guidelines:

The lowest level specified in the LSA candidate list

a.
to assure complete inputs for each LSA candidate.

b. The lowest indenture level at which items are assigned
a catastrophic (Category 1) or critical (Category
IT7) gseveriryv rclascification catecorv (see 4 4 3)
) severi ty classification category (see 4.4.3),
C. The specified or intended maintenance and repair

level for items assigned a marginal (Category 11T)
or minor (Category IV) severity classification
category (See 4.4.3).

TASK 105

24 November 1980
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3.4 Coding system. For consistent identification of system
functions and equipment and for tracking failure modes, the contractor

LanaHd unon the hardware breakdown structure
vadc uyuu tneé naradware oreaLalwn sIiuciure,

m
rk unit n ng s em of MIL-STD-780, or other similar uniform
numberin 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.

Failure definition. The contractor shall develop opnprnT

3.5
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 relia bllity 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, alntalnabxlltv program in

accordance with MTIT _QTN_LTND cisvesdse mmrald
aLiCuUiliualive wi il r'tii.~- Llll"‘i‘ll HL“\’\\‘DAA..L‘ an (J Ul PR O -
accordance with MIL-STD-2072, 10°1St1c5 support analvﬁi@ in acco
with MIL-STD-1388, maintenance plan analysis (MPA) in accordance w

MIL-STD-2080, fault diapnosis analysis in general accordance with MIL-
STD-1591, and ocher contractual provisions. The contractor shall
1dent11y gram organlzation responsible for performing the FMECA
used by other organizational
Ffart

(4 m
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"
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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. MIL-1IDBK-217 shall be the primary
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 identified in the

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

4, Ordering data. The following details shall be specified
in the appropriate contractual documents:

a. Task 101} (Sea 1.1 Af Tack 108)

3 LGS A \wWET 1.4 Ui daobh LU .,

b. Other requirements as necessary for tailoring.

. DI~R-7086 (FMECA Plan) should he specified when
deliverable data is desired in conjunction with this
s —~ 1,
task.

TASK 105

24 November 1980
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APPENDIX A
APPLICATION AND TAILORING GUIDE
10. GENERAL
10.1 Scope. 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 applicabilirty. 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 cailoring
F‘MT-‘[‘A reaqm ~ A
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0.3 Duplication of effort. It is incumbent upon the procuring
to review the contractual requirements to avoid duplication of
t

a5 emamm s m

ween the reliability program an
nta‘xnah‘l‘lirv human enoine n

=]
o
b £
»
.,y
b O
O

2
a
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and vulnerab111ty, malntenance planning, and integrated logistics sup
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.

e I 2
0 «

20, REFERENCED DOCUMENTS (not applicable)
30. DEFINITIONS (not applicable)
40 GENERAL REQUIREMENTS

40.1 Ordering data. The
following'

e
e
<
rt
1]

a. Title, number and date cf this standard.

b. Task number{s) required.

c. FMECA plan (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).

i€ and rad
L. LERA S LY, i . 144 LCyuLLEa.

f. FMECA report (4.5)
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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 APPLICABRLE DID
Task 105 Failure Mode, Effects and DI-R-7086
Criticality Analysis (FMECA) Plan
Vo P ey, | L~ I R V DR L o3 -3 S | NnNT D_7NnocC
weEilleradal ralidre ri UC, LiIiLecCcLs ana LTI VUVOJ

Damnidvramanteo Nrd tdraldevy Arnalucde TMECAY Dannre

l\\—\iua.n.‘.uu.-uua Wik dAdbLiALGd 4 Ol LO \Nd oy l\CPULl—

Section 4-5

and Task 101

50. APPLICATION CRITERIA

50.1 General considerations. This standard has been structured
tn Ffamrd1deata +hnn e adMmad o~ ~ £ e i foem i e Lmmnd ccom e R e |
~w o oa@vdlldiialt LIC LGLLULLH5 o1 I.‘l'uJ\.;ﬂ LCqULLﬂllEllLb Dad>tcu upuu llIULVLUUdL
program needs. Program variables such as system complexity, funding,

and schedule influence the level of detail dnd timing of the FMECA and
must be considered when tailoring the requirements., All programs do not
require the same leyel of detail and all programs should not wait until
tull scale development to implement the FMECA requirements.

cENn 1 T nernl ~€ s .21 my o L 1 . _ s e . et

TV ede d Leyc)y Ul deildlil, inc 1evel Ol detall appiies Lo rLae
level of indenture at which failures are postulated. The FMECA 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. The choice of the level of indenture
i i h the program cost and schedule constiraints and

1

auirements A Tocc Aota
gquiraments. a 2855 Gela

he gvyster e
available in time to contribute to system reliabilit
than a more detailed analysis which is late and makes changes costly and
unfeasible. In general, the FMECA should not be performed below the
level necessary to identify critical items or to the level required by

e

<o
o
{
[

the LSA candidate list, whichever is lower. The depth and detail of the
TMENA affFAavts miinct ha AA€Iomnd <o msmcarmeand o coniractu A N U,
diruLva €raUl e MUSCe OoE ul:l. t:u Lu dprUpLLst conicraciuyal ana pLopgrdaim
documentation.

50.1.2 Timing. The objective of the FMECA is to support the
decision making process. If the analysis fails to provide usable infor-

mation at or before a2 project decision point, then it has made no contribution

and is untimely. The time-phasing of the FMECA effort is important and
should be identified in the FMECA plan to assure that analysis results

will ha vatlakhla +A oisee~ thn mee sy J5 S B Y S S
wili 0€ avaliabie to support the project decision points during system
development. Since proeram cost and schedule constraints recuire that

program CoO eduyle constraints require that

3
-
T

available resources be Qsed where they are most cos t
earliest possible availability of FMECA results is impo
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. FMECA 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 initial FMEA should be done early in the
conceptual phase when design criteria, mission requirements, and conceptual
designs are being developed to evaluate the design 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 fajlure points, some of which can be 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 the maintenance and logistic
support requiremeuts for the system. Since the criticality numbers are
established based upon subjective judgments, they should only be used as
indicators of relative priorities.
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50.4 FMECA-maintainability information (task 103). The FMECA-
maintainability information analysis is utilized to provide early design
criteria for test methods, accessibility, and repairability for the item
being analyzed. This anaiysis 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. The failure mode listing
which 1s 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 to
survive the effects of the specified hostile threats. 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 (Cr) 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 environmental
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 in
Task 101. A failure mode criticality number, Cp, for a particular

severity classification is given by the expression:

C = Rur.t (1)

m P

The item criticality number, Cr, under a particular severity classification,
is then calculated by summing the Cm for cach failure mode under that
severity classification. This summation is given by the expressions:

]
= )
Cr ) (Cm)n or
n=]
] 6
Cp = 1L Parpt x 10 Jp o =1,2,3, j (2)
n=1
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Cry = Criticality number for the item.

Cp = Criticality number for a failure mode under a particular
severity classification (see 4.4.3).

B

R = Conditional probability of mission loss given that the

LadTM.iommn —mada lac ~nmccorsea
i1dilulre muue llab ULLUI.LCU.

-0 = Failure mode ratio. The probability, expressed as a decimal
fraction, that the part or item will fail in the identified
mode.
kp = Part failure rate.
It should be noted that failure rates are usually defined in terms of
failures per million hours (fx10'6) and, 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, it is easier to enter criticality number on the worksheets as 1.08
than to enter 1.08 x 10-6 or 0.00000108. The importance of the criticaliry

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

For example, the calculations for G, and C, for a given mission phase
under severity classification Cateyory II is as follows:

A, = 0.10 failures per million hours = (0.10 x 10-6)

aswe rmwmes A

Solve for Rp using typical part failure rate model from MIL-HDBK-Z217.

)

p }\b HA IIE‘ IQ
no=1.5; m. = 40; . = 1,2

A L Y

-6 o s A

AD = 0.10 x 10 =~ (1.5 x 40 % 1.2)
) -6
Ao =7.2 x 10

p

For a specific mission phase there are two (2) failure modes under
severity classificaticn Category II and cne (l) failure mode severity
classification Category 1IV.

o] 3 for first failure mode under severity classification

PP e

~
U.
Ca

Lategory I11.

anr = 0.2 for second failure mode under severity classification
Category 1II.
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Find: Cp and C. for the mission phase under severity classification
Category II.

14
rt

Q = N § naed & = Y N L _ P S . . .
o] Ves aliu ¢ = 1.V nOUur I10r tne mission phase.

t-ﬂ

For ag: Ch = (Ballpt X 106) = (0.5 x 0.3) (7.2 x 10-6) (1) x 106

C'm=1.08
For ap: Cp = Bash.t x 10°) = 2 -6 6
2 m 24pt x ) (0.5 x 0.2) (7.2 x 10 ") (1) x 10
Cy = 0.72
Then:
h|
Cr= L (Cpin
n=1
2
Cc, = X- (Cp)p = 1.08 + 0.72 = 1.80
li= 4
3 6 2 ;
or Cr = I (Bal t x 10 )n = T (Ffal t x IOD)
n=1 P n=1 P
C_ = (Ba,A 6 6
r = oy pt x 10%) + (Sazlpt x 107)

. -6
C_=(0.5x 7.2 x 10 7 x 1) (0.3 + 0.2) x 106

r
-6 6

Cr = (3.6 x 10 ") (0.5) x 10

C_ = 1.80 under severity classification Category 11
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