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FOREWORD

Maintainability, a characteristic of design and installation
and affected by various personnel and |ogistic factors, is one of
many system requirements which rmust be considered during the
system engineering effort, The degree of maintainability achieved
depends upon the requirements inposed and management enphasis on
maintainability. This standard defines a carefully planned program
to be inplemented for verification, denonstration and eval uation of
mai ntai nability.

The purpose of this standard is to establish uniform procedures,
test nethods, and requirenents for verification, denonstration, and
evaluation of the achievenent of specified maintainability require-
ments and for assessment of the inpact of planned |ogistic support.

This standard is applicable to all Departnent of Defense
procurenents which require a maintainability verification/denmonstra-
tion/evaluation of maintainability requirements
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1. SCOPE

1.1 Purpose. This standard provides procedures and test methods for
verification, denonstration, and evaluation of qualitative and quantita-
tive maintainability requirements. It also provides for qualitative
assessment of various integrated |ogistic support factors related to
and inpacting the achievenent of maintainability paraneters and item
downtime, e.g., technical manuals, personnel, tools and test equipnent,
mai nt enance concepts and provisioning.

1.2 Application. The standard is intended for use when verification
denonstration, and evaluation of maintainability requirenents for hard-
ware procurenents is required. The verification, demonstration, and
eval uation of achievenent of maintainability requirements shall normally
be conducted in three (3) phases, as described in Section 4, and in
conjunction with verification, denonstration, and eval uation of the
requirements for total Integrated Logistic Support. Exceptions to the
three phases shall be as specified by the procuring activity.

2. APPL| CABLE DOCUMENTS

The issues of the followi ng documents in effect on the date of invitation
for bids or request for proposal forma part of this standard to the

extent specified herein:
STANDARDS

M LI TARY

ML-STD-280 Definitions of Item Levels, |tem Exchangeability,
Model s, and Rel ated Terns

M L-STD-470 ‘Maintainability Program Requirenents (For Systens
and Equi pnents)

ML-STD- 721 Definition of Effectiveness Terms for Reliability,
Mai ntainability, Human Factors, and Safety

“Copi es of specifications, standards, draw ngs and publications required
by suppliers in connection wth specific procurenent functions should be
obtained fromthe procuring activity or as directed by the contracting
officer.”

3. DEFINITIONS

Meani ngs of terms not defined herein are in accordance with ML-STD 280
and M L-STD 721. 1
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3.1 Maintenance Task. The maintenance effort necessary for retaining
an itemin, changing to, or restoring it to a specified condition, The
procuring activity will provide to the contractor any terns that wll
be considered synonymous with the termtask and will provide definitive
criteria for determning different types of maintenance tasks and the
timng of the tasks during verification/denmonstration/eval uation

3.2 Maintainability Mdel. A quantifiable representation of a test or
process the purpose of which is to analyze results to determne specific
rel ationships of a set of quantifiable maintainability paraneters.

3.3 Verification. The contractor effort, nonitored by the procuring
activity, fromdate of award of the contract, progressing concurrently

t hrough hardware devel opnent from conponents to the configuration

item (Cl); to determne the accuracy of and update the analytica
(predicted) data obtained fromthe maintainability engineering analysis;
to identify maintainability design deficiencies; and to gain progressive
assurance that the maintainability of the item can be achieved and
denonstrated in subsequent phases.

3.4 Denmpnstration.  The joint contractor and procuring activity effort
to determne whether specifice maintainability contractual requirenents
have been achi eved.

3.5 Evaluation. The procuring activity effort to determne, at al

| evel s of maintenance, the inpact of the operational, maintenance and
support environnent on the maintainability paraneters of the itemand to
denonstrate depot |evel nmaintenance tasks.

3.6 Devel opment Test and Eval uation (DT&F). Test and eval uation which
focuses on the technol ogi cal and engineering aspects of the system
subsystem or equipment itens.

3.7 perational Test and Evaluation (OT&E). Test and eval uation which
focuses on the devel opnent of optinum tactics, techniques, procedures, and

concepts for systens and equi pnent, evaluation of reliability, maintain-
ability and operational effectiveness, and suitability of systems and equip-

ment under realistic operational conditions.

3.8 Maintenance Concept. A description of the planned general schene for
mai nt enance and support of an itemin the operational environment.

3.9 Muintenance Environment. The climatic, geographical, physical and
mai ntenance and support conditions (e.g., conbat, nmobil, continental) under which an
itemw || be maintained.
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4.  REQUI RENENTS

4.1 General. Miintainability (M verification, denonstration, and

eval uation shall be perforned in-accordance with the Mtest plan

(see 4.2) prepared by the contractor and approved by the procuring
activity. The Mtest plan shall for a part of the integrated support

pl an when an integrated support plan is required. The Mtest plan shal

be prepared and subnitted as part of the contractor's proposal, and
progressively updated as design, devel opnent, and fabrication proceed.
It shall be available for in process review by the procuring activity.
Those portions of the total M test plan applicable to specific phases
(verification, denonstration, evaluation) shall be submtted to the
procuring activity for approval prior to its inplementation and no |ater
than the date specified by the contract. The Mtest plan shall be totally
responsive to the qualitative and quantitative requirenments and suppl ementa
information contained in the procurement documents and the M program pl an
required by ML-STD-470, "Mintainability Program Requirenents." The
suppl emental information shall include, but not be linmted to, maintenance
concept, nmaintenance environnment, skill levels of personnel, |evel(s) of
mai nt enance to be denonstrated, and nodes of operation for test, including
configuration and nmissions. Coordination of the Mverification, denonstra-
tion, and evaluation with other required denonstrations shall be
acconpl i shed whenever possible to avoid unnecessary duplication of effort.
The environnment and procedures shall represent, as closely as practical
that which can be expected in the intended operational use of the item

The plan, when applied to the systemlevel, shall enbody the three (3)
phases: verification (Phase |); denonstration (Phase Il); and eval uation
(Phase 111), When the plan is applied to I ess than systemlevel, the
procuring activity shall specify the applicable phases, Figure 1 depicts
a general tine-phase relationship of the three (3) phases. It should be
recogni zed that Figure 1 depicts a general time-phasing only, which may
differ for individual procurements. The procuring activity will provide
gui dance to the contractor as to the relationship between systemlife
cycle phases and the verification/demonstration/evaluation phases.
particular inportance to the acconplishment of the procedures contained in
this standard is the detailed information contained in the contractor’s

mai ntainability analysis as defined in ML-STD-470. This analysis must
contain a conprehensive description of the predicted mintenance tasks.

For exanmple, the maintainability analysis shall contain the follow ng:

a. Failure nmode or synptom and "how mal function code," which would
initiate the corrective maintenance task

b. Frequency of occurrence of each failure mode and synpt om of
every maintenance task.
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c. Appropriate "action taken codes" and "work unit codes" for
each maintenance task.

d. Predicted times for each element of mmintenance tinme as
defined in ML-STD-721

e. Skill levels and nunber of people required for each maintenance
t ask.

f." Support equipment and tools required for each maintenance task.
g. Technical order interface for each maintenance task.
h. ldentification of preventive naintenance tasks.

i. ldentification of those maintenance tasks which are not normally
or under any circunstances will not be prmtted to be performed concurrently
with other maintenance tasks. It is assuned that all other maintenance
tasks can be performed unrestricted by the performance of on-going
mai nt enance

4.1.1 Phase |. During Phase |, the contractor shall conduct an
incremental verification effort, comencing with initial design and
continuing through hardware devel opnent from conponents to the configura-
tion item The basic objectives of this phase are

4.1.1.1 To verify and uqdate the contractor's naintainability nodel.

4.1.1.2 To insure economical correction of design deficiencies and to
provi de assurance that maintainability requirements will be achieved
and dermonstrated, by performng early in the design process, Mverifica-
tions such as limted | ow confidence maintainability tests, time-notion
measurements or such other tests as may be proposed by the contractor
subj ect to approval by the procuring activity.

4.1.1.3 To provide progressive assurance that the naintainability
requi rements can be achi eved and denonstrated and that el ements of the
integrated support plan directly related to Mare valid.

Maxi num use shall be made of data resulting from maintenance perforned
in conjunction with such tests as devel opnent, prototype, nock-up
qualification, and reliability tests. en the procurenment docunents
specify that the maintainability demonstration shall be part of Phase 1
the M dermonstration and requirenents of Phase Il (see 4.1.2) shall apply.
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4,1.2 Phase Il. The objective of this phase is to determne during
Devel opnent, Test and Evaluation (D, T&E) whether all specified M
contractual requirements, except as noted under Phase IIl have been

achieved. During this phase, the procuring activity will mnage and
conduct a maintainability denonstration as part of the total system
demonstration.  For those procurements which do not require a tota
system denonstration, the maintainability denmonstration to be conducted
during Phase Il shall be an extension of Phase |I. To assure acceptabil -
ity of recorded data and resultant analysis, the contractor shal
participate to the extent provided in 4.4 of this standard. The
following requirenents apply to all naintainability dermonstrations.

Addi tional requirenents or changes may be inposed on individua

procurements

4.1.2.1 The maintainability denonstration shall be conducted in an

envi ronment which sinulates, as closely as practicable, the operationa
and mai ntenance environnent planned for the item This environnent

shall be representative of the working conditions, tools, support

equi pment, spares, facilities, and technical publications that woul d be
required during operational service use at the maintenance |evel defined
in the approved nai ntenance plan.

4.1.2.2 CGovernnent personnel assigned to the test organization shal
operate and maintain the denonstration items (see 4.2.3 and 4.4.1). Wen
denmonstration is conducted as an extension of Phase 1, the procuring
activity shall specify the personnel (CGovernnent or contractor) who will
operate and naintain the itens.

4,1.2.3 In conjunction with the maintainability denonstration, the
approved integrated support plan, when required, and established by the
contractor, scaled to the number of test items enployed in the denonstra-
tion, shall be inplemented by the test teamto identify the logistic
support provided during Phase I1I.

4.1.2.4 Al naintenance data, including depot |evel, shall be recorded
and reported to the test teamas specified by the procuring activity.

4,1.2.5 Unless approved otherwise by the procuring activity, the
configuration of the itens of the system selected for M demonstration
shal | be docunented and certified by a physical configuration audit (PCA)

4.1.2,6 Unless approved otherwise by the procuring activity, all support
equi pment used during the denonstration shall be certified by PCA

4.1.2.7 Maintenance tasks which may require fault sinulation (see
4.3.1.2 and 4.3.1.3) shall require that the item be checked for normal
operation prior to failure simulation and after conpletion of the
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specified maintenance task. Wen a failure is simulated, it will be
the responsibility of the test teamto select the maintenance task,
the failure to be sinulated, and the failure node; and to verify that
the degree of failure is representative of the maintenance task to be
denonstrated. The work area in which parts degradation or failure has
been sinul ated shall contain no obvious evidence other than that
normal |y resulting fromthe sinulated node of failure. The appearance
of defective parts that are substituted for serviceable parts shall be
that of a normally failed part. The technician shall not witness any
fault insertion. Sinulation of failures by introduction of faulty
parts will not be used when the normal procedures could result in
extensive damage to the equipnent or itembeing tested. FEach defective
part is to be installed in the equipment in the sane manner as the
original part.

4.1.2.8 For maintenance tasks, whose faults have been simulated, the
presence of necessary spares, tools, test and support equipnent, or
techni cal publications shall not assist in fault isolation by
prematurely identifying the work to be done. Such items shall be
covered or otherwise kept out of sight from the technician. However,
simul ated di screpancy data shall be made available, if applicable.

4.1.2.9 Mintenance personnel perfornming maintenance tasks for the
demonstration shall be nmilitary or civil service personnel, with the excep-
tion that contractor personnel will performthose tasks specified to be
perforned by contractual personnel during the operational service use

(see 4.1.2.2) . Technicians shall have received the training and be of

the equivalent skill level as specified in the standard personnel resource
documentation for the specified |level of maintenance. Exception to the
training and skill level requirements may be nade for specified tasks
which will be perfornmed by contractor personnel during operationa

service use

4.1.2.10 Each maintenance task will be docunented by personnel

designated by the test team The total tine measured for a technician

to performeach maintenance task shall be recorded and will include the
time to performeach el enent of maintenance tine defined in ML-STD 721
Each elenent will be docunented separately. The total delay time for each
mai nt enance task shall be docunented. The test plan and procedures shal
include delay time rules.

4,1.2.11 The time required to obtain support items (appropriate test and
support equi pment, tools, spare parts, technical publications, etc.) from
the defined work center area shall be recorded. This time shall not,
however, be chargeable as naintenance task time for the item being
dermonstrated unless this time is controlled or influenced by the design of
the item being denonstrated,
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4.1.2.12 Items to be furnished by the contractor shall be provided

in the type, quality, and quantity required for planned operation
requirements scaled to the demonstration and eval uation requirements,
prior to the start of the phase being perfomed. Itens to be furnished
by the procuring activity shall be identified and requested by the
contractor in time to be available prior to the start of the phase
bei ng performed.

4.1.3 Phase II1l. The objective of this phase is to (1) evaluate the

i npact of the actual operational, maintenance, and support environnent
on the maintainability parameters of the system (2) to evaluate the
correction of deficiencies exhibited during Phase Il, and (3) to
demonstrate depot |evel maintenance tasks when applicable. A maintain-
ability evaluation will be managed and conducted, by the procuring
activity, during Operational, Test and Evaluation as part of the tota
system evaluation, To assure acceptability of recorded data and
resultant analysis, the contractor shall participate in Phase Ill to the
extent described in 4.4 of this standard or as otherw se provided. The
same conditions outlined for Phase Il (see 4.1.2) shall apply, except
for the follow ng:

4.1.3.1 Al evaluation itens shall be production or production equival ent
nodel s

4.1.3.2 The evaluation shall be conducted in the actual operational and
mal ntenance environnment unless otherwi se directed by the procuring
activity.

4.1.3.3 All maintenance tasks will be acconplished by mlitary or civi
service personnel with the exception that contractor personnel wll
perform those tasks specified to be performed by contractual personne
during operational service use.

4.1.3.4 Depot |evel nmaintenance tasks shall be denonstrated and the
data collected applied to the maintainability denonstration and

eval uation

4.1.3.5 Miintenance tasks to be evaluated shall be those resulting
directly fromand incidental to actual operation and nmaintenance. These
tasks shall be supplemented by fault sinulation only to evaluate specific
tasks or special tasks (see 4.3.1.3) that do not occur by chance during
the eval uation phase.

4.2 Maintainability Verification/Denonstration/Evaluation Plan. The plan
prepared by the contractor in accordance with the Contract Data Require-
ments List (CDRL), shall include the follow ng sections, as a m ni num
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identified wth each of the three (3) phases, unless instructions to
the contrary are provided in the specific procurement. Certain
sections cover material subject to other, nore specific, contractua
requi renents and nay be included in the plan as they are prepared in
response thereto. They are included to Insure adequate attention and
continuity.

4.2.1 Background Information. A description of:

4.2.1.1 Quantitative and qualitative maintainability requirements;

4.2.1.2 Maintenance concept;
4.2.1.3 Mintenance environnent;
4.2.1.4 Level (s) of naintenance,;
4.2.1.5 Sites;

4.2.1.6 Facilities’ requirenents;
4.2.1.7 Participating agencies;

4.2.1.8 Mde(s) of operation of the itens, including configuration
and mssion requirenments

4.2.1.9 Items subject to verification, denonstration and eval uation; and

4.2.1.10 Contractual data required for conpletion of the verification/
denonstration/ eval uation

4.2.2 ltem Interfaces. A description of the adequacy or inadequacies of

the item support elements and an estimte of their effect on the item
mai ntainability. These elenents would include the fol | ow ng:

4.2.2.1 Maintenance planning;

4.2.2.2 Support and test equipnent;

4.2.2.3 Supply support;

4.2.2.4 Transportation, handling and storage
4.2.2.5 Technical data;

4.2.2.6 Facilities; and

4.2.2.7 Personnel and training
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4,2.3 Test Team A description of:
4.2.3.1 Organi zation

4.2.3.2 Degree of contractor and procuring activity participation,
i ncludi ng managerial, technical, maintenance, and operation personnel

4.2.3.3 Assignment of specific responsibilities; and

4.2.3.4 Qualifications, quantity, sources, training, and indoctrination
requirements for the test team personnel

4,2.4 Support Material. A description of:
4.2.4.1 Support equi pment;

4.2.4.2 Tools and test equipnent;

.4.3 Technical manuals;

.4.4 Spares and consumabl es;

.4.5 Safety equi pment; and

O
N NN NN

.4.6 Calibration equipment.

4.2.5 Preparation Stage. A description of and schedule for:
4.2.5.1 Organization and assenbly of the test team

4.2.5.2 Training of personnel;

4.2.5.3 Preparation of facilities; and

4.2.5.4 Availability, assenbly, checkout, and prelimnary validation of
support material

4.2.6 Verification/Denonstration/Evaluation Stage. A description of:
4.2.6.1 Test objectives;

4.2.6.2 Schedul e of tests;

4.2.6.3 Procedure for selection of maintenance tasks when faults are

sinulated (see 4.3.1.2);

10
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4.2.6.4 ldentification of special maintenance tasks (see 4.3.1.3);
4.2.6.5 Test method, including accept/reject decision criteria, risks, etc.
4.2.6.6 Data acquisition method

4.2.6.7 Data analysis methods and procedures;

4.2.6.8 Specific data elenents

4.2.6.9 Units of measurement;

4.2.6.10 Type and schedule of reports;

4.2.6.11 Schedul e of maintenance task acconplishnment such as time change
conpliance tasks, inspection, lubrication, and turn around tasks; and

4,.2.6.12 The maintenance tasks, other than those listed in 4.2.6.11, to
be verified, dermonstrated, and evaluated. These tasks may be prepared
and submitted in a referenced docunent.

4.2.7 Retest Stage. A provisional schedule for special or repeat tests
to investigate deficiencies or trouble arreas. Deficiencies shall be
corrected in any itemwhich has failed to meet the acceptance criteria.
The corrected portions of the itemand any other portions of the item
affected by the correction shall be retested during this stage. The

mai nt enance tasks to be denonstrated shall be as designated by the
procuring activity.

4.3 Test procedures. In designing the maintainability test procedures,
both qualitative and quantitative requirements shall be verified
denonstrated, and evaluated. Unless instructions to the contrary are
provided in the specific procurement contractual documentation
qualitative maintainability requirements will be verified, dermonstrated
and evaluated using contractor prepared checklists. These checklists

to be approved by the procuring activity, will permt observation,
analysis, and identification of nmaintainability characteristics
incorporated or onmitted. Quantitative requirements shall be verified
denonstrated, and evaluated by actual denonstration of naintenance tasks.

4.3.1 Maintenance Tsk Ceneration. Al maintenance tasks shall be
performed at the maintenance |evel approved by the procuring activity and
In accordance with the approved maintenance plan. Mintenance tasks, both
corrective and preventive, shall be generated by the follow ng nethods as
identified in the final approved maintainability verification, denmonstra-
tion, and evaluation plan.

11
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4.3.1.1 Actual operation of the itemin the specified test, operational
and maintenance environment. This nethod is preferred, provided that
assurance can be given that sufficient nunber of maintenance tasks will
occur during the test period to satisfy the mnimum sanple requirenents
for the test method enployed (see Appendi x B)

4,3.1.2 Fault sinulation by introduction of faulty parts, deliberate

m sal i gnnent, open |eads, shorted parts, etc. A nmaintenance task
sanpling plan shall be prepared by the contractor in accordance with
the procedure described in Appendix A or as directed by the procuring
activity for approval by the latter. The actual task selection, by the
test team shall not be acconplished until inmediately prior to the
denonstration

4.3.1.3 "Special" mintenance tasks which require unique skills,
equipment, test nethods, etc., will be selected by the procuring
activity. The nethod of demonstrating these tasks will be specified
by the procuring activity.

4.3.2 Turnaround Tasks. Tasks conprising turnaround shall be
denonstrated.  These tasks shall be determined fromthe planned
operational use of the item

4,3.3 Test Method. Statistical test nethods and criteria for deciding
whet her specified maintainability requirements have been net are described
in Appendix B. Guidance on selection and application of the test methods
is included with each, Selection of the test nethod shall be from
Appendi x B, subject to procuring activity approval or as otherw se
specified

4.4 Administration. The followi ng shall apply in the adninistration of
the verification, denonstration and evaluation of the maintainability of
the item

4.4.1 Test Team Responsibility. The procuring activity/contractor
verification, denmonstration, and evaluation tean(s) for each of the
three (3) applicable phases-shall be enpowered to make decisions for
their respective organizations. Each menber of the team may have
advisors from his organi zati on who are know edgeable in the various
aspects of the dnonstration and the requirenents of the verification/
denonstration/eval ution plan. The responsibilities of the teamare in
accordance with the contractors approved maintainability verification/
denonstration/eval uation plan and shall include, but are not limted

to the fol | ow ng:

12
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4.4.1.1 To maintain surveillance over maintenance and inspection
operations. Any apparent discrepancies in maintenance task acconplish-
ment and docunentation observed by any menmber of the teamwill be
brought to the attention of the remaining test team menbers within

one working day of the occurrence for appropriate action

4.4.1.2 To evaluate and validate naintenance and operational data to
determ ne applicable manhours, flying hours, operating tinme, maintenance
time, downtine, item status, etc.

4.4.1.3 To assure that the denmonstration item selected has been
adequately prepared in accordance with applicable technical nanuals
and that no maintenance has been deferred that will conpromse the
successful conpletion of the next schedul ed operation or nission
prior to being placed in an operational ready status.

4.4.1.4 To decide if rsulting failures, naintenance tine, elapsed
downti ne, maintenance manhours, etc., should be chargeable in cases
where operator or maintenance crew errors have been conmtted.

4.4.1.5 To rule on questions of whether or not the verification,
denonstration, and evaluation plan has been adhered to.

4.4.1.6 To rule on controversial points which may arise that are not
specifically covered by applicable specifications or other pertinent
documentation. To determine those matters which require contractua
interpretation or resolution by the appropriate governnent and
contractor organizations. For these matters, the test teamngjority
and mnority statements shall be submtted to the procuring activity
contracting officer for resolution

4.4.1.7 To prepare and submt denonstration status reports to the
procuring activity and the contractor

4.4.1.8 To analyze data and determ ne the extent of achievenent of
specified maintainability requirenents.

4.4.1.9 To prepare and submt final results of each of the phases to
the procuring activity and the contractor within the time period indicated
in the approved test plan.

4.4.1.10 To assure that the follow ng conditions have been fulfilled
prior to the start of Phase Il and Phase Ill and that a letter has been
sent to the procuring activity which so attests.

4.4.1.10.1 Each test item conplies with the established configuration
or that all deviations reported have been accepted by the procuring

13
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activity. It shall be the responsibility of the contractor to
report all deviations from the approved configuration

4.4.1.10.2 Al required technical manuals have been updated as
necessary.

4.4.1.10.3 The support resources are available in the type and
quantity specified in the verification, denonstration, and
eval uation plan.

4.4.1.10.4 Al operator or maintenance crew personnel are properly
trained and meet established skill |evel requirenents.

4.4.1.10.5 Al records of approved changes in personnel requirenents,
operating and maintenance manual s, data handling procedures, and

anal ysi s techni ques have been incorporated in the final revision of
the verification, denonstration, and eval uation plan.

4.4.2 Test Director. An individual, designated by the procuring
activity, as test director, shall decide in all cases of deadl ock
between the menbers of the team (subject to contract negotiations where
contractual obligations are in question).

4.4.3 |nstrunentation Failures. Any failures of test instrumentation
used to instrument the denonstration itemfor test purposes or failures
i nduced by such test instrumentation installation or operation, and al
associ ated nai ntenance, shall not be chargeable.

4.4.4 Maintenance Due To Secondary Failures. If any secondary failres
result froma chargeable primary failure, the total resultant naintenance
time to restore the items shall be chargeable as a single maintenance
task, except when the secondary failure results fromthe nethod used to
similate a fault rather than fromthe fault itself. |f the reason for
the secondary failure is renoved (corrected), the time charge for the
secondary failure shall be deleted.

4.4.5 | nadequate Technical Manuals O Support Equipnent. If, in the
acconpl i shnent of a maintenance task, a technician finds the applicable
technical nanuals or support equipment to be inadequate, these-instances
shall be brought to the attention of the test teamand, if the inadequacy
is verified, this portion of the demonstration shall be term nated

and times neasured shall not be chargeable, Action shall be taken to
correct the inadequacies of the technical manuals or support equipment,
after which the sanme nmaintenance task shall be repeated.
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4.4.6 Cautions. If anitemis damaged or maintenance errors induced
by item design conplexity, by poor design practice, or by follow ng

i mproper procedures that allow inproper maintenance (e.g., inter-
changeability of connectors] w thout proper caution in the technica
manual s. the failure and resultant maintenance tines shall be
chargeable. Action shall be taken to correct the inproper procedures
or deficiencies and the corrective action verified. Wen this action
is conpleted, the maintenance tine saved shall be del eted

4.4.7 Personnel Nunmber and Skill. Each task shall be performed by
the prescribed nunber of personnel with the prescribed specialty codes
and skills. If personnel are required on an intermttent or sequenced
basis, the manhours assessed agai nst the maintenance task will include
the required standby tine only-if the standby time is of a type or
duration which prevents standby personnel from perforning other
productive tasks.

4.4.8 Cannibalization. The mai ntenance associated with the renmoval or
reinstallation of the itemor support equi pnment assenblies and/or
conponents for cannibalization purposes shall not be chargeabl e unless
the-deficiency can be directly related to lack of contractor recomrenda-
tions for proper level of support spares or expendables. If the
contractor takes action to correct the deficiency, the tine charged
shal | be del eted.

4.4.9 Availability. An itemshall be considered in an operationally
avai | abl e or operationally ready status (for aircraft) if-it is capable
of performng in accordance with the items specification or capable

of performing the next schedul ed assigned m ssion.

4.4.10 Mintenance Inspection. The look portion of any inspection
such as pre-flight, post-flight, or phase of a phased inspection shal
be considered a separate preventive maintenance task. Each fix of the
fix portion of an inspection shall be considered a separate corrective
mai nt enance task

4.5 GFE/ GFAE Itens. For Government Furnished Equi pment (GFE) and
Government Furni shed Aeronautical Equipment (GFAE) itens, the contractor

is responsible for determning the CFE/ GFAE namintainability characteris-
tics and values required for his Configuration Item (Cl), and for

assuring that the GFE/ GFAE maintainability characteristics and val ues

are not degraded unl ess conpensated for by the denonstrated characteristics
and values for other Contractor Furnished Equi pnent (CFE) or GFE/ GFAE

The government will furnish data on known or estinmated val ues of GFE/ GFAE
reliability and nmaintainability which shall be used, as applicable, in the
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contractor’s judgnent. The contractor is responsible for estimating
and denmonstrating the maintainability requirenments of the entire C

4.6 Data Collection. The data collection systemused in Phase | and
data elements collected shall nmeet the needs of the objectives of

Phase 1. In addition, the data system and data el ements shall be
conpatible with the data system used and data el ements collected in
Phases Il and Ill. During Phase Il and Phase Ill, the test team shall

establish and operate a data center. Al data recorded by the test
team shall be made available to the contractor through the data center.
The test teamshall utilize the data system specified by the procuring
activity, to record all mssion debriefing, failure and naintenance
data. The contractor shall describe maintenance tasks in a manner
which will allow proper identification within the services maintenance
data collection systemthat a particular task has occurred. For
exanpl e, when using the System Effectiveness Data System (SEDS), the

mai nt enance task description nust contain a Wrk Unit Code, How

Mal functioned, and Action Taken Code which uniquely identify that task.
Suppl enentary data collection may be incorporated if approved by the
procuring activity. For those items which the contractor has depot
level repair responsibilities, he shall be resPonsible for preparation,
accuracy, and feedback of the depot level verification, demonstration,
eval uati on maintenance data for all depot repairable generated. Al
depot |evel data elenments collected shall be conmpatible with the data
el ements collected and recorded at the organizational and intermediate
mai ntenance levels. Al direct maintenance downtinme or manhours, as
applicable, which is not specifically determned to be nonchargeabl e shal
be included in the demonstration data and in the cal cul ated quantitative
val ue which determ nes conpliance or nonconpliance. Mintenance which
m ght not be chargeable could result from such causes as:

4.6.1 Miintenance and operational errors not chargeable to technica
manual s, contractor furnished training or faulty design

4.6.2 Mscellaneous tasks such as keeping of records, taxiing and tow ng
of aircraft to or froman area other than the assigned work center area.

4.6.3 Repair of accident danmage

4.6.4 Docurmented delay downtinme (supply or admnistrative) which is
clearly outside the responsibility of the contractor

4.6.5 Modification tasks.
4.6.6 Miintenance of test instrunentation exclusive of nornmal

configuration.
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4.6.7 Miintenance time accountable to test instrunentation installations
(other than normal configuration) accrued during nmaintenance task
per f omance.

4.7 Maintainability Paraneter Calculations. Al data acceptable to the

team and generated by the denonstration shall be used in calculating the
M paraneters. The following are typical maintainability paraneters which
may be stated in the specification: Mean-Time-To-Repair (MITR), manhour
rate, critical maintenance tinme or manhours, critical percentile, and
chargeabl e mai ntenance downtine (a parameter for denostration of avail-
ability). Appendix B provides nethods for calculating these values and
the criteria for determning whether the requirenents have been achieved.
O her methods of calculation tailored to 2 specific procurement may be
provi ded/ approved by the procuring activity.

4.8 Maintainability Verification/Denonstration/Evaluation Reports. A
final report shall be submitted by the test team after each phase, to
the procuring activity in accordance with the schedule incorporated in
the verification/denonstration/evaluation plan and the data requirenents
per Contractor Data Requirenments List (DD Form 1423). The procuring
activity may require interimreports where additional detail or extended
test durations may be involved. The final report shall include, as a

m ni mum the follow ng:

4.8.1 Summary of data collected and |ocation of data file.
4.8.2 Factors which influence the data.
4.8.3 Analysis of the data.

4.8.4 Results of the phase and certification that the specified objectives
and requirenents have or have not been met.

4.8.5 Assessnment of the integrated |ogistic support factors, such as
technical mnuals, personnel, tools and test equipnents, support equip-
ment, nai ntenance concept and provisioning for their effect on quantita-
tive and qualitative denmonstrated maintainability paraneters.

4.8.6 Deficiencies.

4.8.7 Reconmendat i ons:

4.8.7.1 to correct deficiencies and

4.8.7.2 for suggested inprovenents

4.8.8 Results of retest (if applicable). To be subnmtted as a supplenent
to the final report.
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5. ORDERI NG DATA

The selected data requirenments in support of this standard shall be
reflected in the Contractor Data Requirenments List (DD Form 1423)

attached to the Request for Proposal, |nvitation for Bid, or the Contract,
as appropriate. The following information will be included in the
appl i cable contractual docunents

a. Phases applicable to the procurenent (see 1.2).

b. Dates for submission of the test plan and test procedures for
each phase (see 4.1, 4.2).

c. Type of personnel (governnment or contractor who will operate
and maintain the itemfor naintainability demonstration) (see 4.1.2.2).

d. Dates for submission of the final, interimand supplementa
(if required) reports for each phase (see 4.8).

e. Data collection system (4.6)

f.  Specification Requirenments and Test Method (see Appendix B
B.10.2 for major characteristics for the test nethod specified).

CQUSTODI ANS PREPARI NG ACTI VI TY
Arny - EL Air Force - 17
Navy - AS Project M SC 0855

Air Force - 17
REVI EW ACTI VI TI ES

Arwy - EL, M, SC TE
Navy - EC
Air Force - 10, 11, 13, 15, 22, 26

USER ACTIVITIES

Arny -
Navy -
Air,Force - 19, 71, 80
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APPENDI X A
MAI NTENAI NCE TASK SAMPLING FOR USE WTH FAI LURE SI MULATI ON
A. 100 SCOPE.
A 10.1 Purpose. This appendix outlines a procedure for the selection of

a sanpl e of corrective maintenance tasks for maintainability denonstration
when the tasks result fromfailure sinulation.

A 10.2 Application. The procedure described herein is applicable onl¥
when failure sinmulation is to be used to generate maintenance tasks. The
procedure is applicable to the equipnent [evel and it is assumed that
system | evel maintainability requirenents have been allocated to the

equi pment | evel for demonstration. The mean estinates for equi pnent nay

be enployed to determ ne achievenent of sisten1naintainability requirenents
If sanpling of preventive maintenance tasks or servicing is permtted, a
procedure and tables simlar to that illustrated in this appendix for
corrective maintenance nust be devel oped for each type of task

(i.e., preventive maintenance, servicing].

A 10.3 Sample Stratification. A major objective of stratification is to
divide a heterogeneous popul ation into homogeneous. subpopul ations or strata
Selection of a sanple of maintenance tasks froma stratumw !l yield a
representative sanﬁle of that stratum The sum of sanples fromall strata
shoul d represent the total maintenance task population. Proportional strat-
ified sanpling may be used for selection of maintenance tasks to be
denmonstrated using the fixed sanple size test methods described in

Appendi x B.  Sequential test method shall enploy sinple random sanmpling

A 10.4 Stratification Procedure. The following exanple illustrates the
procedure for tasks which would be classified as corrective maintenance.
Preventive maintenance or servicing tasks would not be combined with
corrective maintenance tasks for the purpose of task stratification. For
system | evel denonstration of maintainability requirements, the procedure
woul d be applied to each equi pment and through appropriate techniques, the
achi evenent of system maintainability requirements may be denonstrat ed.

Mai nt enance tasks may be performed concurrently or serially provided that
provision has been made to record the expended maintenance tine for each
mai ntenance task. The requirement to be dempnstrated shall deternine the
manner in which the data shall be analyzed. The following, Table I,
illustrates the application of this procedure to a radar equi pment
consisting of: Antenna, Receiver/Transmtter, Frequency Tracker, Radar Set
Control, and Drift Angle Indicator:
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a. Colum 1 - ldentify the mgjor units which conprise the equipnent.

b. Colum 2 - Subdivide each unit to the functional |evel at which
mai nt enance for the denonstration is to be performed in accordance with
the approved maintenance plan. This |evel may be an assenbly, nodul e,
printed circuit card or piece part.

c. Colums 3 & 4 - For each functional |evel of maintenance
identified in Colum 2, identify in Colum 3 the nmaintenance task or tasks
to be performed and in Colum 4 the estimted nean maintenance time for the
task. The nmmintenance task time shall include the time to perform each
el ement of maintenance tine as defined in ML-STD 721B. The maintenance
tasks and estimated maintenance tinme woul d be derived froma maintenance
engineering analysis, a maintainability prediction effort, or from
historical data. The same maintenance task, such as "renove and repl ace"
of a nodule may result fromdifferent faults within the nodule. Colum 3
woul d identify the maintenance task and not the fault or failure which
results in the occurrence of the task

6
~d. colum s - Determine the failure rate (F/10 hr) for each nodul e
printed circuit card, etc., for which the maintenance task was identified
in Colum 3 at the functional |evel of maintenance identified in colum 2.
The failure rates used shall be the latest available fromthe associated
reliability program |If there is no reliability program the failure
rates may be selected or extrapolated from sources approved by the

procuring activity.

e. Colum 6 - Determine the quantity of itens in each major unit
associated with each task in Colum 3.

f. colum 7 - Deternmine the duty cycle for each item associ ated
with each task in Colum 3 (e.g., operating time of a receiver to the
operating time of the radar; engine operating hours to aircraft flight
hours) .

g. Colum 8 - Goup together the maintenance tasks identified in
Col um 3 which have bot h:

(1) Simlar maintenance actions. NOTE: A naintenance action
is an elenment of a maintenance task. Although the estimted naintenance
time for different maintenance tasks may be simlar, the actions may be
different, that is, one task may involve significant diagnostics and
anot her invol ve mni num di agnostics but significant access tine.

(2) Simlar estimated maintenance tines. The range of mnaintenance

times for each group shall not vary more than = 25 percent fromthe nean
val ue of the group.
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Task grouping shall be limted to within major units identified in
Colum 1

h. Colum 9 - Determine the total failure rate for each task
grouping identified in Colum 8. The total failure rate is equa
to the sumof the products of Colums 5 x 6 x 7 for all tasks within
the group

i. Colum - Determine the relative frequency of occurrence
for each task grouping by dividing the sumof the total failure rate
(sumof Colum 9) into the individual total failure rate for each group

j. Colum 11 - A sanple of rmaintenance tasks
equal to at least four times the sanple size specified for the
selected test method (Appendix B) or as specified by the procuring
activity, shall be allocated among the task groups in accordance with
the relative frequency of occurrence of the task group. Exanple:
Assume the test method to be enployed requires that a sample of 50
mai nt enance tasks be denmonstrated, a sanple of 200 tasks (4 x 50)
shal | be allocated anmong the task groups as follows:

Goup 1 - 17.7 percent x 200 - 35 tasks;

Goup 2 = 17.8 percent x 200 = 36 tasks;

Goup 3 = 1.6 percent x 200 3 tasks, etc.

This allocation is shown in Colum 11. The naintenance tasks allocated
to each group shall be randomy selected and identified fromthe

popul ation of naintenance tasks applicable to that group. The tota
number of maintenance tasks which nust be identified for the equi pment
must be equal to or greater than four times the denonstration sanple
size (i.e., greater than 4 x 50 = 200 for this exanple) in order that
the nunber of tasks identified with each | group is sufficient such that
the allocation of tasks to each group (i.e., 35 tasks for Goup 1;

36 tasks for Goup 2, etc.), may be randonly selected fromthe popul a-
tion of tasks identified as applicable to that group. The naintenance
tasks whi ch have been randomy selected shall not be returned to the
sanple pool. \hen a task group consists of nore than one nodul e or
assenbly, etc., such as group 2 of Table I, the maintenance tasks
assigned to the group (Colum 11, 36 tasks for this exanple) shall be
allocated to the nodul es, assenblies, etc., within the group in
accordance with the relative frequency of occurrence of maintenance for
each module, etc., within the group. The procedure would be the sanme
as that used to determne the relative frequency of occurrence of the
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task groups (Colum 10) but would be applied to the nodules, etc. ,
within the group. This is illustrated below with the allocation
shown included in Table I, Colum 11, Goup 2.

Denonstration

Tot al Rel ative Popul ation
Goup 2 Failure Rate Freq. of Ccc. Al |l ocation
A-1F-A 23 . 217 7.8 »8 (.217 X .6 = 7.8)
B-1F-B 21 198 7.4 »7
C Amplitier 21 198 7.1 »7
D- Mbdul at or 18 170 6.0 6
E- Power Supply —r%% 217 2 8 »8

k. Colum 12 - The maintenance tasks to be denonstrated ( 50 tasks
for this exanple) shall be allocated among the task groups in accordance
with the relative frequency of occurrence of maintenance for the group.

Exanpl e:
Goup 1 17.7 percent

Goup 20 17.8 percent x 50
Goup 3 1.6 percent x 50 = ,80 »1 task,

X 50

8.85 »9 tasks

8.90 »9 tasks

If a task group consists of more than one nodul e,
group 2, Table I, the maintenance tasks to be denonstrated fromthe group

(colum 12, 9 tasks for this exanple) shall

etc.

assenbly, etc.,

be allocated to the nodul es,

assenblies, etc., within the group in accordance with the relative frequency
of occurrence of maintenance for each nodule, etc., within the group.
is illustrated below with the sanple allocation shown included in Table 1,

colum 12.

Rel ative Freq.
Goup 2 of Cccurrence
| F- A . 217
| F- B . 198
Amplifier . 198
Modul ar . 170
Power Supply . 217

22

Denonstration

Si ze

Sane

1.95
1.78
1.18
1.53
1.95

»2 217 X9 = 1.95
»2
»2
»1
»2

9 total
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The maintenance task to be denmonstrated shall be randomy selected from

t he mai ntenance tasks allocated to the group or nodul es, assenblies, etc.,
within the group or nodul es, assenblies, etc., within the group (colum 11)
The mai ntenance task to be denonstrated shall not be returned to the
sanpl e pool and shall be dermonstrated once only unless otherw se permtted
by the procuring activity.

1. Colum 13 - Variable Sanpl e/ Sequential Test - When variable
sanpl e size, sequential test nethods are enployed a sinple random sanpling
of the total population of maintenance tasks using a random nunber table
based on a uniformdistribution fromO to 1 shall be used. Using Table I
colums 1 through 10 determine fromthe relative frequency of occurrence
(colum 10), the cumul ative range of frequency of occurrence for each task
group. A maintenance task is selected fromthat group whose cunul ative
range of frequency of occurrence includes the nunber selected fromthe
random nunber table. The nunber selected fromthe random nunber table
shall be “returned” to the table before selecting a second nunber. The

“specimen” task denonstrated shall be returned to the sanple pool

A 10.5 Failure Mde Selection. A failure node and effect analysis (FMEA)
applied to the functional |evel at which maintenance is to be perforned,
shall be used to determne the failure nmodes or faults (open, short, etc.),
which will result in the occurrence of the maintenance task of interest.

To avoid duplication of effort, the FVMEA shall utilize inputs from and

be coordinated with the reliability program efforts. The relative
frequency of occurrence of the failure node will determne the fault

to be sinulated, This procedure is illustrated in Table II.

a. Colum 1 - ldentify the maintenance task of interest.

bh. Colum 2 - Determine the failure nodes which will result in the
mai nt enance task of interest.

. c. Colum 3 - Determine the effect of each failure node identified
in colum 2.

d. Colum 4 - Determine the relative frequency of occurrence of each
failure node

e. Colum 5 - Sinple Random Sanmpling - Determine the cunul ative range of

frequency of occurrence for each failure node. Using a random nunber table
a number is selected and the failure node to be induced is that whose

cunul ative range of frequency of occurrence includes the number selected.
The nunber selected fromthe random nunber table shall be “returned” to the
table before selecting a second number. The specimen denonstrated shall be
returned to the sanple pool
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APPENDI X B
TEST METHODS AND DATA ANALYSI S

B. 10 Scope

B.10.1 Purpose - This appendix contain test nmethods and criteria for
denonstrating the achievement of specified quantitative maintainability
requirements

B.10.2 Application - The following matrix (Fig. B-1) summarizes the
maj or characteristics of each test method as well as the quantitative
requirenents which nust be specified for each test method. The data
anal ysi s method included with each test method provides the decision
criteria for acceptance or rejection of the itembeing denonstrated.

B.10.3 Sanple Size - Each of the test plans contained in this appendix
includes an equation or other directions for determning a nininum sanple
size of maintenance tasks. Any departure fromthe minimm sanple size
requi rement can affect the statistical validity of the test procedures
Sone of the test plans in the appendix require a prior estimate of the
variance of the distribution of interest for the calculation of sanple
size. Such prior estimates, subject to governnent approval, can be
obtained fromdata on sinilar equiPnent provided simlarities in main-
tainability design, skill levels of maintenance personnel, test equip-
nent, manual s and the maintenance environnent are considered in the
estimation process. Equations for predicting the variance when prior
estimates are not available are presented in DDC docunment AD- 869396,

Mai ntainability Prediction and Denonstration Techniques, Vol. 11

cited in para B.10.6, which can be used, provided the infornation
needed for the prediction is available. The 85th - 95 th upper con-
fidence bound on the predicted or estimted variance shall be used

to insure preservation of desired risk values. Average observed

val ues of the variance have ranged from62 = .5 to 62 = 1.3

B.10.4 Task Selection - Selection of tasks to be sanpl ed when enpl oying
fault simulation will be made in accordance with Appendix A of this

standard. Care must be exercised in selecting and sanpling tasks to

insure that a true sinple random sanple is obtained when sequential tests

are enployed. Departures from sinple random sanpling, such as proportionate
stratified sanpling, can effect the validity of the test procedures presented
herein, however this effect is considered mninmumfor the sanple sizes re-
quired by the test procedures. Sinple random sanpling shall be used for
sequential tests.

B.10.5 Test Selection - In general, the test index to be denobnstrated is
the primary consideration in selecting a test procedure. Considerabl e
savings in sanple size can be obtained by use of sequential test procedures
in preference to fixed sanple tests. As a general rule, however, the
sequential test should be wed only when prior know edge (e.g., fromthe
prediction) indicates that the equi pment may be nuch better (or worse) than
the specified val ues.
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The justification for use of the log-normal assunption for corrective
mai ntenance tinmes is based on extensive analysis of field data which have
shown that the |og-normal distribution provides a good fit to the data.
However, in those cases where it is suspected that the |og-normal assunp-
tion does not hold (e.g., equipments with a high degree of built-in
di agnostics) then a distribution-free method should be enployed to in-
sure preservation of specified risks.

B.10.6 References - Details and additional references for the test plans
(1, 2, 3) presented in this appendix can be found in RADC Technical Report
69-356 (AD 869 396), Volume II, entitled: ‘Miintainability Prediction
and Denonstration Techniques.” Copies of this document may be obtained
from the Defense Documentation Center, Canera Station, Alexandria, VA
22314,

B. 10. 7 Sunmbols - The follow ng synbols and notations are common
the test methods 1 - 3 contained in this appendix:

~ X = the random variable which denotes the maintenance characteristics
of interest (e.g., X can denote corrective naintenance tinme, preventive

mai ntenance tine, fault location time, manhours per maintenance task,
etc.).

Xji = the ith observation or value of the random variable X.

n = the sample size

¥ = the sample mean (i.e., X = —Z (Xi)
€2, E [(1nx-0)2:] = the twue variam:e1 of 1nX
4( = E(X) = the true mean of X,
2
d = Var(X) = E[_(_X-A/)zj = the true variance of X,

2 . the sample variance of X (1o, @ = fgr B (xi-TD)=
i=1

(G

2
Z2_ Xi" -nX
i=] /
~2

d” = the prior estimate of the variance of the maintenance time

g =< ze_ux
]
K
(74
o
' ’
22
[ ]
8
Q.
ey
g
o
M
*

= the sample mean of Y

= E(In X) = ihe true mean of 1ln X.

»
N

= the prior estimate of the variance of the logarithm of main-

tenance times
28
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s2 = the sanple variance of in X

Zp = the standardized normal deviate exceeded with probability p
(i.e,.
o

Zp
Zx Z(3.p) - standardized normal deviate exceeded with
probagnlities o and (1-B) respectively.

e = the producer’s risk, the probability that the equipnent will
be rejected when it has a true value equal to the desired
val ue (Hy).

B = the consumer’s risk; the probability that the equipment will be
accepted when it has a true value equal to the maxinum tolerable
val ue (H,)

H_ = the desired value specified in the contract or specification
and is expressed as a nean, critical percentile, critical
mai nt enance tine.
Hy= the maxinum tolerable value. Note: Hy <H,.
Wen X is a log-normally distributed random variabl e:
, Y AE—— ) .
‘f’(X)= C—XJ-— e -l(‘z’ (,an—e oL XL

If Y =1in X the probability density of ¥ is normal with mean @ and e

variance o
)’-4/ /}’(9} & )

Properties of the |og-normal distribution:

& + &*
mean = Y= —z< =3 )

. (e +63~) = )
variance = d = £ (6, -/

+ &
medi an = M = £

(6-62)
node = M= 2
6+ Z,5)

(1-p)th percentile = )(p = 2_( 4
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Table of standardized normal deviates:
P z
b

.01 2.33
. 05 1.65
.10 1.28
.15 1.04
. 20 . 84
.30 .52
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TEST ON THE MEAN

B.20 General - This test provides for the denonstration of maintain-
ability when the requirenent is stated in terns of the mean value. The
test plan is subdivided into two basic procedures, identified herein
as Test Plan A and Test Plan B. Test A nakes use of the |og-nornal
assunption for determning the sanple size, whereas Test B does not.
Both tests are fixed sanple tests, ém' ni mum sanpl e size of 30), which
enploy the Central Limt Theorem and the asynptotic normality of the
sanple mean for their devel opnent.

B.20.1 Assunptions - Test A - Miintenance times can be adequately
described by a log-normal distribution. The variance, e20f the logarithns
of the maintenance times is known from prior information or reasonably
precise estimtes can be obtained. Test B - No specific assunption
concerning the distribution of maintenance times are necessary. The
variance d of the maintenance times is known from prior information

or reasonably precise estimtes can be obtained.

B.20.2 Hypotheses - Hg Mean = o (1-1)
Hyp Mean = p 1, (K1 > Ko) (1-2)

Il'lustration: Hpug 30 mn.
Hiipg = 45 nin.

B.20.3 Sanple Size - For a test with producer's risk aand consumer's
risk b, the sanple size for Test Ais given by:

— (Zag"(o + Zg Y, -)1 P
i’ (41 — 10 )2 ({ -/ (1-3)

wher e ’?éz_ is aprior estimate of the variance of the logarithm of main-
tenance tines. The sanple size for Test B is given by:

- Zoc + 2ﬁ A
7= =
e (1-4)

where ¥ is a prior estimate of the variance of the maintenance times.
Zy and g are standardized normal deviates.

B.20.4 Decision Procedure. (btain a random sanple of n maintenance
tines, X4 X5,..., Xy ,and conpute the sanple nean,

Xen S x

i=1 (1-5)
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and the sanple variance

2
- L (2 % la% (1-6

i=1
/\
Test A: Accept Hy if X < 2fp + Z o < (1-7)
\/A’77
Test B: Accept Hy if X < _of, 4z f’_;[,_ (1-8)

Reject Hy otherwise,

B.20.5 Discussion - By the central limit theorem, the sample mean ¥
1s approximately normal for large n with mean E(X) gnd variange Var (X)
In Test A under the log-normal assumption Var Y = where d§ = |
e(20 +&%) (% 3 i zeNc.

(e -1):‘»( e -1) thus the sample size®can be computed using
a prior estimate of&2, 1In Test B, a prior estimate of d° is assumed to
be available to calculate the sample size. A critical value C is chosen
such that 4%+ Zo|Var X = C a(f; - zg[Var X, If 4 = <, . Then

P (¥C) =ofand if & =41, then P (X<C) = B

B.20.6 Exanple - It is desired to test the hypothesis that the nean
corrective maintenance time is equal to 30 minutes against the alternate

hypot hesi s that the nmean is 45 mnutes'o(;_."s=.05.
ThenHo:,qa = 30 minutes.
Hy: ¢, = 45 minutes.

Test A Under the log-normal assunption with prior estimte of g2 _ ¢

the sanple size using equation 1-3 is: n = [1,65(30) + 1.65’&45).]2
(eb-1) = 56 (45-30)
L .

Test B: Under the distribution-free case wiht a prior estimte of
900, (or d = 30), the sanple size using eauation 1-4 is:

2
n=|_3.29 .43

&2
B.20.7 O C_Curve - The OC curve for Test B for this exanple is given

in Figure B-3. It gives the probability of acceptance for values of the
nmean maintenance time from20 to 60 mnutes. The OC curve for Test A for
this exanple is given in Figure B-2. It gives the probability of acceptancd
for various values of the mean maintenance tinme. Thus, if the true value

of pwis 40 mnutes, then the probability that ademonstration will end in

acceptance is 0.21 as seen from Fig. B-2.
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TEST METHCD 2
TEST ON CRITI CAL PERCENTI LE

B.30 General - This test provides for the denonstration of maintain-
ability the requirement is stated in terns of a critical percentile
value. If the critical percentile is set at 50 percent, then this test
method is a test of the median. The test is a fixed sanple size test.
The decision criterion is based upon the asynptotic normality of the
maxi mum | i kel i hood estimate of the percentile val ue.

B.30.1 Assunption - Mintenance times can_be adequately described b
a log-normal distribution. The variance g% of the logarithms of the
mai ntenance times is known from prior information or reasonably precise

estimates can be obtained.

B.30.2 Hypotheses - Hg (1-p)th percentile, XIO =T (2-1)
or P[X>T4§ =p
Hy (1-p)th percentile, Xp: U] (2-2)

or P[X>T{ =p, (T1=To)
Illustration: H'O95th percentile = X X 05:2hours:

p
To: 1nTq = . 4055
Hy: 95th percentile = X 5 X o5 = 2 hours =
Ty InT 4= . 6932
B.30.3 Sa%rple Size - To meet specified e and B risks, the sanple size
to be used 1s given by the formula
2 2
2+ ZP ~ .t 5 '
ns= &2 (Round up to next integer)
2 InT, - InT (2-3

wher e

gzis a prior estimite of &2, the true variance of the logarithns of
the maintenance tines.

Z.isthe standardi zed normal deviate corresponding to the (1 - p)th
perE’ent| le.

B. 30.4 Decision Procedure - Conpute
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1 Z
* = = + P
X* = InTg + ZecS | n m:} (2-6)

Accept i, if ¥ + 2,8 < x+ (2-7)
Reject Hy otherwise.

B.30.5 Discussion - This test is based upon the fact that under the 0 . 268
log-normal assumption, the (l-p)th percentile value is given by Xp p°

Takina loogarithme aivace In Y - 0 &« 7 ‘Q and eing mavimiwm Jikalihand
sandiiy aCgaliinis gives an l\p S e T & ana uaLll5 maximum 1iKC.iinll0

estimates for the normal paraneters Opandc? th 1-p)th percentile
maximum likelihood estimate is lnx - Y . Z s,/n=1 lnxp is approximately

normal. To meet the producer's and consumar ] r12k requzrements, a

crritical valua Y‘. 1e rhncan faw ¢ha camdla acelmata AL eha £1_ VYol oo
ViAvaLvaas VaiuT J.a WAUOTIl LVI LT SaiiplC CoLlimale VL e \L-P}L per-

centile Xp. Note Y = 0 an estimate for 0 .

B.30.6 Exanple - The following hypotheses are to be tested at:x=f= .10
Hys 95th percentile = X g5 = 1.5 hours = To; InTo = ,4055
Hl‘ 95th percentile = x_os = 2.0 hours = Ty; InT) = ,6932

A prior estimte of &% s equal to 1.0 using equation 2-3.
2
n =2+ (1.65)2%) (1) (2.56)
(o)

(1n 2.0 - 1n 1.5)°

or
n = 187

The critical value %* is given by equation 2-5

X* =1n To* ZxS|1 *

2
= 1n 1.5 + 1.285[:%37 + Sl&gél;] 1/2

or
X* = 4055 + 0. 1437S

B.30.7 OC Curve - The OC curve for Test Method 2 for this exanple

is given in Figure B-4. It gives the probability of acceptance for
various values of the 95th percentile of the maintenance tine distribu-
tion. If the true value of X is 1.7 hours, then the probability
that a denonstration will end in~acceptance is 0.57 as seen from
Figure B-4.
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TEST METHOD 3
TEST ON CRITICL MAINTENANCE TIME OR MANHOURS

B. 40 General - This test provides for the denonstration of maintain-
abilitY when the requirenment is specified in terms of a critica

mai ntenance time or critical manhours. The test is distribution-free and
is applicable when it is desired to establish controls on a critica

upper value on the time or manhours to perform specific maintenance tasks.
In this test both the null and alternate hypothesis refer to a fixed

time and the percentile varies. It is different from Test Method 2

where the percentile value remains fixed and the tine varies.

B.40.1 Assunptions - No specific assunption is necessary concerning the
distribution of maintenance time or manhours.

B.40.2 Hypothesis - Hy: T = Xpo (3-1)
(PPPy)
e 1= Xp, (3-2)
For specifiedec and®:
50th percentile (nmedian)

Ilustration - Hy: 30 min., = X, gq

Hy: 30 min, = X5 95 = 25th percentile

B.40.3 Sample Size. n, and Acceptance Nunber, ¢ - The nornm

approxinmation to the binomial distribution is enployed to find n
and ¢ when py is not a small value. Qhherw se, the Poisson

approxi mation is enployed. The equations for n and c¢c are as follows:

For 0.20 $g £0. 80

A
Z2e/R 8 + Z.\6 8 | (Use next higher
n= integer value.) (3-3)
P - fo
n Zep )% + Z=Fi VP2 (wfmmlm%
i nteger val ue. 3.4
Z<Vrg.+Ze/fi s =

For Po <0. 20

For this case n and ¢ can be found fromthe follow ng two equations:
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Cc ’)7P ( s
e~ 7o (mp,
pa F7 ©) > imw 3y
< e~ 7 (’”’f&)lﬁ.
A — < B (3-6)

Tabl e B-1 provides sanpling plans for various W and brisks and
ratios pllpomhen po<0.20.

B.40.4 Decision Procedure. Random sanples of maintenance tines are

taken, yielding n observations X g Xo, . . . . X . The nunber of such
observations exceeding the specified time T is counted. This number is

called r

Accept Hyif r £Ec. (3-7)

MeMHOHr>c. (3-8)

B.40.5 Discussion. In the devel opment of the decision criteria and
sanple size, equations for this test, the normal or Poisson approxim-
tion to the binomal distribution is used.

B.40. 6 Exanple. A median value of 30 minutes is considered acceptable
whereas if 30 minutes is the 25th percentile then this is considered
unaccept abl e. The foll owing hypotheses result: ( a= b= .10)

Hy: 30 minutes = X, 5= 50th percentile median

Hp: 30 minutes = X g 75 = 25th percentile

Then Z a=Z b=1.28 pg=.50, pp = .75 using equations 3-3 & 3-4

n = (1.28)2[\L('75)(-25) ,1(,‘50)(.50)] 2: s

(.25)

and,

c = 23 ;Eg4

B.40.7 OC Curve - The OC curve for Test Method 3 for this exanple is

given in Figure B-5. It gives the probability of acceptance for val ues

of probability p, varying from0.3 to 1.0. Here Xp is (1-p) th percentile
Thus, if the true value of the given critical maintenance time is 40th
percentile, i.e., if the true value of the given critical maintenance tinme is 40th
demonstration will end in acceptance is 0.61 as seen fromFig. B-5.
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TEST METHOD 4
TEST ON THE MEDI AN (ERT)

B.50 General - This nethod provides for denonstration of maintain-
abilitY the requirement is stated in terms of an equi pnent
repair time (ERT) nedian, which will be specified in the detailed
equi pment  speci ficati on.

B.50.1 Assunption - This nmethod assumes the underlying distribution of
corrective naintenance task times is |ognormal.

B.50.2 Sanple Size - The sanple size required is 20. This sanple size
must be used to enploy the equation described in this test method.

B.50.3 Task Selection and Performance - Sanple tasks shall be selected
in accordance with the procedure outlined in Appendix “A’. The duration
of each shall be recorded and used to conpute the follow ng statistics:

Ne
| og MTTRG: 2 (log Mct(i))
i=1 (4-1)
Ne
Ne
S = 'Zl (log Mct(i))z - (log W'I"I‘RG)2 (4-2)
1= N
c

Wiere: MITR Ais the neasured geometric mean time to repair. It is
the equivalent to the Mct used in other plans included in this docunment.

B.50.4 Decision Procedure - The equi pnent under test will be considered

to have net the nmaintainability requirement (ERT) when the measured
geonetric mean-time-to-repair (MITR@ and standard deviation(S) as determ ned
in 50.3 satisfies the follow ng expression:

Accept if log MITR g £10og ERT + .397(9) (4-3)

where: log ERT = logarithm of the equipnent repair time
|log MITRg = the value determined in accordance with para. 50.3
S = the value determned in accordance with para. 50.3

B.50.5 Discussion - The value of equipnent repair tinme (ERT) to be
specified in the detailed equipment specification should be determ ned
using the follow ng expression:

ERT (specified) = 0.37 ERTmax (4-4)
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wher e
ERT mx = the maximum val ue of ERT that should be accepted
no nore than 10 percent of the tine.
0.37 = a value resulting fromapplication of "student’s t"

operating characteristics that assures a 95 percent
probability that an equi pment having an acceptable
ERT will not be rejected as a result of the maintain-
ability test when the sanple size is 20, and assun ng
a popul ation standard deviation ¢) of 0.55.

B.50.5.1 Derivation of Criteria - The follow ng are brief explana-
tions of the derivations of various criteria specified herein, and
are intended for information purposes only. The acceptance

criterion, log MITR £log ERT ¢  0.397(S), assures a probability of
.95 of accepting an equipnent or systems as a result of one test
when the true geonmetric mean-time-to-reptir is equal to the specified
equi pment repair time (that is, a probability of 0.05 of rejecting an
equi pment or systens having a true MITR; equal to the specified ERT).
This was derived by using conventional nethods for establishing
acceptance criteria. The The conventional methods for establishing
acceptance based on the measured mean of a small sanple, (that is,
sanpl e size less than 30), and when the true standard deviation )
of the population can only be estimated, is to compare the neasured
mean with the desired mean using the expression

G - ;0) Nc-l
v

C(xs - X2
S =\li1(x; x) or the standard deviation of the sanple;
c

X = the sanple or neasured nean
Xo= the specified or desired mean
Ne= the sanple size
xi= the value of one nmeasurenent of the sanple
The decision to accept the product will be made when the test results

give a value of t, as calculated fromthe above expression nunerically
less than or equal to a value of t obtained from"student’s t"
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