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2. REFERENCED DOCUMENTS

2.1 | ssues of documents. The follow ng documents of the
issue in effect on the date of invitation for bids or request for proposal,
forma part of this standard to the extent specified herein:

SPECI FI CATI ONS
M LI TARY
M L- E- 9426 -Escape Systens, Requirenents Conformance Denmon-
strations and Performance Tests for; General
Specification for
ML-S-18471 -System Aircrew Automated Escape, Ejection Seat
Type; Ceneral Specification for
M L- A- 23121 -Aircraft Environmental, Escape and Survival
Cockpit Capsul e SystemGeneral Specification for
M L- A- 81815 -Aircrew Automated Escape Systens, General
Specification for
AR- 30 -Integrated Mintenance Mnagement for Aeronautical
WWapons, Weapon Systems, and Related Equi pnent
AR- 105 -Aircrew Automated Escape System In-process Design
Conformance Inspection Articles, Standard Pro-
cedures for Evaluation of; Requirements for
STANDARDS
M LI TARY .
M L- STD- 280 -Definitions of Item Levels, Item Exchangeability
Mdel s, and Related Terms
M L- STD- 470 -Mai ntainability Program Requirenments
M L-STD- 471 -Maintainability Demonstration
M L- STD- 721 -Definition of Effectiveness Terns
M L- STD- 756 -Reliability Prediction
M L- STD- 757 -Reliability Evaluation from Demonstration Data
M L- STD- 780 -Work Unit Code
M L- STD- 785 -Reliability Program Requirenents
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STANDARDS
M LI TARY
M L- STD- 882 - System Saf ety Engineering of Systems and Associ at ed
Subsystens and Equi pment
M L- STD- 1472 -Human Engineering Design Criteria for Mlitary
Systenms, Equipnent and Facilities
M L- STD- 2070 -Procedures for Performng a Failure Mde, Effects
and Criticality Analysis for Aeronautical Equipnent
PUBLI CATI ONS
M LI TARY
M L- HDBK- 217 -Reliability Stress and Failure Rate Data for
El ectronic Equi pment
M L- HDBK- 472 -Maintainability Prediction

NAVAL Al R SYSTEMS COMVAND

SD- 24 -Ceneral Specification for Design and Construction
of Aircraft Weapon Systens

2.2 Availability of documents. (Wen requesting any of the
appl i cabl e docunents, refer to both title and number. Al requests should be
made via the cognizant CGovernment quality assurance representative. Copies
of this standard and other unclassified standards and draw ngs required by
contractors in connection with specific procurement functions should be
obtained upon application to the Commanding Oficer, Naval Publications
and Forms Center (Code (1051), 5801 Tabor Avenue, Philadel phia, Pennsylvania
19120. Al other documents should be obtained fromthe Governnent procuring
activity or as directed by the contracting officer,)

(I'ndices indicating the paragraphs in which the above
listed specifications are cited begin on page 51.)
I
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3. DEFINITIONS

3.1 Ceneral.  Technical terms, abbreviations, and acronyns
other than those terms defined herein are defined in: ML-STD 721,
M L-STD- 882, and ML-STD 280. The neanings of other terns used, but not
defined herein, are as defined in an unabridged dictionary unless otherw se
i ndi cat ed.

3.2 Ter ns.

3.2.1 Contractor. The term "Contractor" is defined as any
corporation, conpany, association, or individual which undertakes perfornmance
under the terms of a contract, letter contract, letter of intent or purchase
orders, project orders, and allotnent, in which this document may be incor-
porated by reference. For the purpose of this standard, the term "contractor”
i ncl udes government operated activities undertaking performance under an
airtask, project order, or allotnent

3.2.2 I nspection. The exam nation and testing of systems, sub-
systems, conponents, and itens to determne whether they conform to specified
requirements

3.2,3 First article. For the purpose of this standard, the
preproduction or first articles shall be defined as the SRT articles identi-
fied in ML-E 9426

3.2.4 Aircrew autonated escape system An interrelated
assenbl age of conponents, assenblies, and subassenblies specifically or-
ganized to perform autonatically, after manual systeminitiation, all func-
tions necessary to effect safe aircrew escape from a disabled aircraft and
to return the aircrew safely to the earth's surface

3.2.5 Probability of success. That probability that the tota
escape system functioning at the extreme required performance envelope limts,
wi |l function in a non-degraded manner to effect safe escape and recovery
of aircrew.

3.2.6 | n-service success rate. That percentage of ejecting
aircrew who survived through separation from the escape system and surface
contact, includes many "lucky" or "fluke" saves from anong the "out-of-
envel ope" ejections, unsuccessful (non-malfunction) “out-of-envelope”
ej ections, other non-malfunction fatalities, and system mal function caused
fatalities. Separation of these effets to correct the success rate to
obtain a neasure of in-service reliability is a matter of judgmental inter-
pretation of accident data of varying veracity and as such is not as accep-
table quantification of AAES reliability.

3.2.7 Single point failure. A single point failure, which
occurring by itself, 1s capable of preventing successful AAES operation
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when the AAES is functioning under any condition of escape, including the
extreme required performance envelope limts.

3.2.7.1 Catastrophic single point failure. A single point

failure which, occurring by itself, precludes continued successful AAES
operati on.

3.2.7.2 Degraded performance single point failure. A single point
failure which, by occurring, reduces AAES performance capabilities from the
required extrenme envel ope,

3.3 Abbreviations, acronyns, and synbols.
AAES Aircrew Automated Escape System
CDRL Contract Data Requirement List

(DD Form 1423)
DD Data Item Description (DD Form 1664)
DMVH FH DirI_gct Mai nt enance Man Hour s/ Fli ght
urs
EPA Engineering Proofing Article
FMA Field Mintainability Evaluation
Article
me : Maxi mum Corrective Mintenance Tine
c

MOS Marginality of Success
MITR Mean Time to Repair
MUA Mck-Up Article
PPA Production Proofing Article
SFPS Single Failure Point Summary
SRT Service Release Test
SSE Speci al Support Equi pnent

3.4 Design eval uation program flow sequence. Figure 1,

“Aircrew Aut omated Escape System Design Eval uation Program Event Fl ow
Sequence Diagram” is provided to illustrate the time and general inter-
rel ationships between the program mjor elenents and phases.
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4, GENERAL  REQUI REMENTS

4.1 Quantitative design requirenments. In accordance wth
the contract and ML-S- 18471, (or ML-A-23121, if applicable), ML-A 81815,
and SD-24 the AAES shall conply with the following reliability and main-
tainability requirenents.

4.1.1 Reliability. A systemreliability program shall be
devel oped and conducted to ensure that the AAES will equal or better the
follow ng requirenents.

4.1.1.1 System design reliability. The AAES shall be designed
to achieve or better the follTowmng relrabiTity levels for the specified
operational nodes. (General information concerning reliability- and factors
contractors should consider are presented for information in Appendix A)

4.1.1.1.1 Automatic escape reliability. The system reliability,
expressed as the probabiTity that the M5 shall perform successfully and
automatically follow ng system manual initiation all escape capabilities
(including the extreme limts) requirements specified in the contractual
documents, shall be equal to or better than 0.98 at the 90 percent |ower
confidence |evel.

4.1.1.1.2 Manual emergency egress reliability. The system relia-
bility, system shall perform successfully upon actuation to permt safe,
rapid manual egress, shall be at least 0.98 at 90 percent |ower confidence
level .

4,.101.1.3 Non- emergency (mission) reliability. The System
reliability expressed as the probabiTity that the AAES shall perform
successfully all aircraft/mssion requirements specified in the contractual
documents, shall equal or better requirements specified in aircraft sub-
systens allocations.

4.1.2 Mai ntai nability. A system maintainability program shall
be devel oped and conducted to assure that the AAES will equal or better the
following requirenents:

4,1.2.1 System desi gn maintainability. The MS shall be de-
signed to achieve at Teast the folTowng maintainability levels for opera-
tional enployment (nore stringent maintainability levels may be required
by aircraft subsystem allocations):

a. Based upon a flying hour rate of 35 hours/month,
the DMW FH (Direct Mintanence Man Hours/Flight
Hours) at organizational and internediate mainte-
nance levels for corrective and preventive mainte-
nance, including the preparation of items to be
inserted into the AAES, shall not exceed 0.05
hours for a single ejection seat AAES. (The
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DMWH FH may be adj usted by the Government procuring
activity for application to a nultiple seat system
In addition, the Government procuring activity may
adjust the DMMH FH for different flying rates to
assure that the total DMVH nmonth/aircraft remains
less than 1.75 hours.)

b. The MITR (Mean Time to Repair) shall not exceed 0.85

¢. The Nth (Maxi num corrective Maintenance Tine) for
C
the 95th percentile individual maintenance action
ranked on basis of corrective tines, shall not
exceed 2.5 hours including time for parachute packing,
if required, and time for systemrenoval fromre-
installation in the crew station, if applicable.

d. Mai nt enance personnel not previously tested or
rated greater than service pay grade E-4 (or
civilian equivalent) shall be able to perform at
| east 95 percent of the total maintenance actions

4.1.2.1.1 Depot |evel maintenance, Depot maintenance shall involve
total refurbishment of the AAESanmdshaft—nclude, but need not be limted to
the followng: Inspection, test, repair, cleaning, repainting, and renova
and replacenment of subsystens and/or conponents

4.2 General denmonstrations requirenents.

4.2.1 System reliability demonstration. Demonstration of
system reliability stat—be—acconptistied—througtr—two appr oaches

a. System bl ock diagram constructed reliability. Using
The system block diagram and nmath nodel devel oped
and approved in accordance with 5.2.1 herein and
the procedures ML-STD 757 incorporate the conponent
and subsystem reliabilities (at the 90 percent |ower
confidence level) determned through tests defined
in 5.5.2 herein and available, Covernnent procuring
activity approved, conponent and subsystem relia-
bility history data. This constructed system
reliability should be equal to or greater than 0.98.
The contractor shall include the following in the
docunentation of the systems block diagram con-
structed reliability.

(1) The achieved constructed systemreliability.
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(2) Using the block diagramformat, the bl ock-by-
bl ock conparison of the allocated and denon-
strated reliabilities.

b. Systens tests. System tested reliability shall be
demonstrated by the conpletion of systens service
rel ease tests conformng both in quality and quantity
to the requirements of ML-E-9426 as nodified by
the contract.

4.2.2 System mai ntainability demonstration. System maintain-
ability shall be dendbnstrated in {wo parts

a. Mai nt enance actions. The capability of the system
to comply wth the requirements for DMWH FH, MITR,
MT&%; cand skill level shall be demonstrated

t

during the FMAS established by and conducted in
accordance with 5.6 (herein), ML-E-9426 and
AR- 105.

b. Mai nt enance-free life/cycle life. The capability
of the systemand its elenments to meet the stipu-
| ated maintenance-free life/cycle life requirements
shall be denonstrated by special test prograns
establ i shed and conducted in conformance with
testing standards established by ML-E-9426 for
AAES tests

4.3 CGeneral programrequirenents. To assure maxi mum i npact
upon system and el ement design, test, inspection procedures, and manufacturing
and production processes and procedures, and to maxinize overall econony
o; Frfgrt, the herein required reliability and maintainability program
sha e

a. Coordinated thoroughly with all other systens
ef fectiveness programs (i.e., vulnerability
anal yses, system safety, human factors,quality
assurance, etc.) in a manner providing the maxi mum
timely interchange and consideration from all
viewpoints of the effects of identified potentia
desi gn/ eval uation deficiencies, and

b. Integrated into the system design and system efforts
in a manner assuring (1) the timely systematic
availability and consideration of identified
potential design/evaluation deficiencies, and (2)
the timely devel opnent and inplenentation of
appropriate renedial actions.
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4.3.1 General program plan requirenents. The contractor shal
prepare, submt for Government procuring activity approval and, follow ng
that approval, inplenent detail reliability and maintainability program
plans for effecting the requirements of this standard at all system levels
throughout the program The followi ng general requirements in addition to
the specific requirements contained in this standard shall be included in
each reliability and/or maintainability program plan:

a. Classification of causes degraded reliability/
mai ntainability affecting, or potentially
affecting, escape capability shall be based upon
their effect upon the system ability to neet or
better the performance requirements herein specified.
Degradation of the escape system performance envel ope
shall require the cause to be classified as a
Category | Hazard in accordance with M L-STD 882.

b. For each cause of degraded reliability/maintaina-
bility the effect upon escape capability, effective
safe performance of mission tasks, and/or safe
performance of escape system and aircraft mainte-
nance tasks shall be defined.

C. For each cause of degraded reliability/maintaina-
bility, the probability of its occurence and the
basis for that assessment shall be defined.

d. For each cause of degraded reliability/mintaina-
bility, the corrective actions considered, the
recoomended action and the supporting rationale fur
the selection shall be presented.

€. For each cause of degraded reliability/mintaina-
bility, the cost and time to correct or, if reduc-
tion of its inpact in lieu of correction is
recoomended, the cost and time to reduce the inpact
and the resulting change in system reliability/
mai ntainability and probability of occurrence of
the degraded reliability/maintainability shall be
def i ned.

f. Planned tasks shall be defined carefully and sup-
ported by planned schedule mlestones and planned
man- | oadi ng schedul es integrated denmonstratively
with the overall system program plan

g. Summary progress reports shall include task-by-task
analysis of reliability and maintainability, de--
gradations, cause definitions, analyses and
correction progress, and man-hour expenditures
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The plan(s) shall identify clearly and conpletely
all deviations from the requirements of this
standard and the applicable escape system speci-
fication, and shall document clearly the rationale
for each such deviation

The plan(s) shall state clearly the procedures for
resolving within the contractor®corporate structure
risk and benefits associated with hazards and the
correction/acceptance/ reduction in severity prob-
ability of occurrence

Each plan(s) frontispeice shall have provision for
Government procuring activity representative or

desi gnee approval signature and approval date. Once
signed, the plan may not be nodified by the con-
tractor without witten approval from the Government
procuring activity.

The plan(s) frontispiece shall bear a statenent that:

“Upon (Government procuring activity) approval in
accordance with paragraph 3.7.2.1 of ML-S 18471
revision letter and amendment nunber) under
ntract , this Aircrew Automated
Escape System Relirability (Mintainability) Pro-
gram Plan shall supercede M L-STD 2067."

The plan shall require that up-to-date interim
summary reports shall be submitted to designated
activities at least 2 weeks prior to each design
review neeting (mock-up, engineering proofing “
article field maintainability review article,
production proofing article).

The plan(s) shall include a post-production release/
post-incorporation system reliability/mintaina-
bility program plan covering at least the first two
years of system service life following first in-
service installation flight or through conpletion

of new aircraft full scale devel opment program

whi chever is the |ongest.

The System Reliability/Maintainability Program
Plan(s) shall ensure a close coordination between
the system reliability and maintainability analyses
and those analyses conducted for systens effective-
ness, human factors, vulnerability, systenms safety
engi neering, quality assurance, and other purposes

10
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to ensure full, thorough analysis of each factor
by all specialties and to avoid ineffective and
costly duplication of efforts.

0. For each cause for degraded performance for which
the contractor reconmends non-design corrective
action or acceptance without any corrective action,
the progress summary report shall provide a ful
supporting rationale and shall identify the fina
corporate level at which the decision was reviewed
and appr oved.

p. The System Reliability/Mintainability Program
Plan(s) shall ensure a docunented tinely, frequent
coordination of the system reliability/mintainabi-
ity analyses and contractor engineering, manu-
facturing/productiongtest,quality assurance, and
other affected departments to assure timely,
econom ¢ initiation of appropriate remedial actions

q. The plan(s) shall provide for a docunented devel op-
nent and/or nodification of testing criteria for
success/failure classification using the results of
the System Reliability/Mintainability analyses.

11
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5. DETAI L REQUI REMENTS

5.1 First article sanple. A first article sanple of the AAES
shall be tested, as specified in 5.5 arid 5.6, to demonstrate conpliance with
reliability and namintainability design requirements. Acceptance-of the test
results by the Covernnment procuring activity is required prior to commence-
nent of production.

5.2 Reliability and maintainability programs. In accordance
with ML-STD 785 ML-STD-470, and this standard, the contractor shal
establish, inplement, and document the reliability and maintainability pro-
grans and plans. The program shall be coordinated with, and shall provide
input data for, the integrated Logistic Support Program in accordance wth
AR- 30.

5.2.1 Bl ock diagrams and mathenatical nodels. Reliability and
mai ntainability block diagrams and mathematical models of the AAES for each
of the modes in 4.1.1.1 shall be prepared and used in allocations, predic-
tions, and the analyses of maintenance action rates. \Wenever design eval ua-
tions, engineering analyses, test results, and/or demonstration results revea
and/ or create discrepancies between the AAES and the nodels; the nodels shal
be revised as necessary to reflect the AAES. The nodels shall relate directly
to the quantitative requirements of 4.1,

5.2.1.1 Ef fect of degraded performance upon system reliability.

5.2.1.1.1 Aut omat ed escape. Al though when reverting to a redun-
dant or back-up node of operating, the total escape system may not have
incurred a total failure; if the alternative node is incapable of achieving
the herein required extreme performance limts that reversion shall consti-
tute a failure for the purposes of calculating the system automated escape
system reliability, i.e.

R = I - 1 2 - P
gs. | Failure Revision to
Auto . Degraded Mbde
Escape
5.2.1.1.2 Manual energency egress. In a simlar manner should an

el ement(s) of the manual energency egress subsystem function in a degraded
manner but not actually have failed inpeding and/or slow ng acconplishnent of
manner energency egress, the system manual energency egress reliability shal
be:

R = 1 - P -P

9s. | Failure Functi oni ng
Man. in Degraded
Egress Manner

12
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5.2.1.1.3 Non-energency. In a simlar mariner, should escape sys-
tem el ements, without actually failing, function in a degraded node inpending
normal ingress and/or system performance during flight, the reliability
shal | be:

R = 1 - P - P
Non- Ener g. Failure Functi oni ng
in Degraded Mde

5.2.2 Al locations. The quantitative reliability and maintain-
ability requirements of 4.1.1 and 4.1.2 shall be conducted at the Ievel(s)
of assenbly necessary for design evaluation, interface control, logistic
support and mai ntenance. The definitions used to describe the |evel of
assenbly shall be as specified in ML-STD 280.

5.2.3 Predictions. Reliability and naintainability predic-
tions shall be nade for each node of AAES operation. The predictions shall
be made in accordance with ML-STD 756, ML-STD-470, and M L-HDBK-472 using
realistic, measured failure rates for itenms identical or simlar to the
el ements of the design. The failure rates for electronic equi pment shal
be determined utilizing the prediction methods specified in M L-HDBK-217.

5.2.4 Failure nmode effect and maintenance action rate anal yses.

5.2.4.1 Failure node effect analyses. These analyses shall be
performed on each level of assembly for each required environnental condition,
and for each operational mode (4.1.1.1), and shall identify and eval uate all
failure nodes. ML-STD-2070 provides guidance concerning the failure nodes
and effects anal yses nethodol ogies. In addition, for each failure node,
the likelihood of occurrence shall be determined for the failure identified,
a determnation shall be made as to its effect and criticality upon parts
circuit or subsystemin question and of the ultimate significance of this
effect upon the AAES overall system performance, reliability manintainability
and safety. These analyses shall include a description of the factors in-
herent in the design, or in the quality program that will mnimze the pro-
bility of occurrence of those failures having the nost significant potentia
adverse effect on system performance, reliability, maintainability, and
safety. (See Figure 2.)

The criticalality of the effects of each identified failure node upon specific
nodes of AAES operation will be classified or ranked into the follow ng
categories for AAES operating at the extreme required performance envel opes

I Catastrophic - will cause death or severe injury to personnel or
system | 0ss.

Il. Critical - will cause personnel injury or major system damage,
or will require inmmediate corrective action for personnel or
system survival

13
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111. Marginal - can be counteracted or controlled without injury to
personnel or major system danmage

V. Negligible - will not result in personnel injury or system damage.

5.2.4.2 Mai nt enance action rate analysis. The failure nodes
and effects analyses shall be extended to include a maintenance action rate
analysis for replacenent and repair of failed itenms and to determine the
character and magnitude of the maintenance support values specified in the
item specification. The analysis shall be revised as necessary to account
for actual denonstrated and approved elapsed maintenance tinme and mainte-
nance nanhours.

5.2.5 Single failure point summary. A SFPS (Single Failure
Point Summary) will be prepared for all cafegory | and Il failures, as
identified in 5.2.4.1. The contractor shall investigate and propose cor-
rective actions for all identified single failure points. Comencing at
the MJUAjany single failure points remaining unresolved thirty (30) days
following identification and inclusion in the SFPS shall be brought to the
attention of the Government procuring activity and the alternatives con-
sidered and problens encountered in attenpting the resolution discussed. Al
unresol ved category | and Il single failure points must be subnmitted to the
Governnent procuring activity for review and a deternmination whether to
accept or reject the contractor’s recommendations. As a mininum the SFPS
will contain the following information; See Figure 3.

a. [tem identification and nonenclature
b. Failure mode, cause, and effect
C. Rationale for acceptability
d. Probability of occurrence
e. Recurrence contro
5.2.6 Marginality of success. To assist in the early detec-

tion, identification and correction of AAES operation inconsistent wth
specification requirenents, system requirements and/or good design prac-
tices (including adequate safety factors), the contractor AAES reliability
program shal |l provide for, and require, the thorough, detailed post-test
evaluation of (a) all test articles and (b) all test data to determne the
marginal ity of success, and, if marginal, the cause(s). The contractor
shal | prepare, subnit to thee Governnent procuring activity for approval, and
foll owm ng approval, inplenment a marginality of success plan. The plan may
be integrated into the test plan required under ML-E-9426. Test data shal
be recorded and treated in a manner aiding the detection of operating anoma-
lies and shall be examined for operating results and/or statistical distri-
bution of operating results trending near specification limts and/or con-
siderably out of line with previous results. Cause(s) shall be detern ned
for all anomalies identified in the test articles and/or test data. Test
articles shall be exam ned for non-operating conponents, excessive wear,
damage or other signs of unusual behavior, failure and/or incipient failure
and the cause(s) shall be deternmined. In addition, a record shall be main-
tained for all test articles, presenting for each test the physical relation-
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ships (location, orientation, etc.) of test article conponents to each other
and the pretest quality assurance test article assenbly/conponent critica
characteristics records. Al anomalies identified shall be documented and
evaluated to ascertain their potential for inducing failures in service,

to ascertain the consequences of such failures, and to determne recommenda-
tions for appropriate renedial action and shall be reported to the Govern-
ment procuring activity.

5.2.6.1 Marginal ity of success analysis. The Marginality of
Success Analysis shall be conducted for each test of the AAES. Subsystens
and conmponents Marginality of Success Analysis reports, in accordance with
Table VIl of ML-E-9426, shall be appended to the applicable test report
No test report will be considered conplete without a Marginality of Suc-
cess Analysis. In the event a test report is not issued for each test, a
brief interimMOS analysis report shall be issued for each test or for each
grouping of tests occurring within a one-week period, Each MOS anal ysis
report shall have a cover sheet and as a mininum shall contain the follow

ing:

a. Test nunber and date

b. Test article nomenclature, part number (s)

C. Test conditions (those test condition variables
control l ed/ mani pul ated and measured by the testing
activity, i.e. tenperature, humidity, shock, center
of gravity, weight, etc.)

d. et her:

(1) Failures occurred
(2) Marginal/anomal ous performance was detected

e Brief synopsis of each failure and/or marginal/
anomal ous performance detected

f. Date marginal success analysis conpleted for

(1) Test article assenbly/conponent hardware
(2) Test data

g. Analyzers; nanmes and signatures
h. Design section reviewers; name(s) and signatures

i.  \Wether design nodification deened necessary

j. Test section reviewers' nanes and signatures
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k. Vhet her test/instrumentation nodification
deemed necessary

L Brief synopsis of each recommended nodification

5.2.6.2 Marginality of success program establishment. Figure
4 through 8 outline the phases and typical tasks of an acceptable MOS
program  (Appendix B provides general information to assist contractors
in developing their MOS prograns.)

5.2.7 Environmental study. Using the environnental extrenes
specified in ML-S 18471, ML-A-23121, or ML-A-81815 as applicable, the
contractor shall analyze the results from the environmental conditioning
conducted in accordance with 3.8.3 of ML-E-9426, for detrimental effects
to AAES reliability, maintainability and safety. 1In addition, the con-
tractor shall perform a study defining the operational and maintenance
environnents for the AAES and for the logistic phases of transportation and
storage.

5.2.8 Conponents, parts and material selection. The selec-
tion of conponents, parts and materials shalT Dbe reviewed to ensure that
the selections satisfy the AAES system performance safety, reliability,
and maintainability requirements for their intended application.

5.2.8.1 Changes history. The contractor shall maintain, avail-
able for inspection by the Government procuring activity or its designee
a changes history of all changes affecting the AAES or directing affecting
the system manufacturing processes/procedures or system quality assurance
procedures. The history should include at least the follow ng informtion

a Date of problem occurrence

b. Description of how problem was discovered
¢t Description of problem

d. List of alternative actions considered

e. Bases for selection/rejection of alternatives
(i.e. cost, schedule, technical, contractual
legal, "ilities" analyses, etc.)

f. Renedi al action, inplementing action taken
(i.e. how, when) ’

5.2.9 Parts and materials (Qualification). Were adequate
qualification data are not availTable on parts and maierials to be incor-
porated in the design, qualification tests shall be performed to deternine
the adequacy of such parts and materials relative to the specified require-
nents for performance, reliability, maintainability and safety. Ballistics

16



Downloaded from https://www.everyspec.com

M L- STD- 2067( AS)

and other itens specifically governed by separate specifications shall be
qualified in accordance with those specifications identified in paragraph
3.8.1 of ML-E-9426.

5.2.9.1 Reliability qualified itens list. The contractor shall
prepare and maintain available for inspection a current list of itens that
have been reliability qualified for use in the system This list shal
identify those materials, parts, conponents, assenblies, or nodifications
thereto, etc., which, thru tests, have nmet the specified design qualifica-
tion requirements. The environnental limts, stresses, etc., to which the
item has been subjected will be provided and anotated (whether successful)
as a part of the list.

5.2.9.2 Approved non-standard parts and materials. Lists of
non-standard parts and material, approved by the Governnent procuring acti-
vity shall be prepared and maintained by the contractor in an up-date status
Upon request, these lists shall be made available to the Government procur-
ing activity, for review As a mininmum the approved parts and materia
list shall contain the follow ng information:

a. Nane of part

b. Mlitary nomenclature or other applicable part
nunber

C. Procurenent specification
d. Reliability rating

€. K-Factor used for derating
f. Test report references

The detailed verification data substantiating this information shall be re-
tained, by the contractor, for total elenent/systemlife, and upon request,
shall be made available to the Government procuring activity for review.

5.2.10 Conmerci al equi pment.  The contractor shall prepare and
mai ntain available for Tnspection current service and life-test reliability
and maintainability data on designated commercial equipment. The infornma-
tion shall include the conditions under which the data were generated; the
mean time/cycles between failures; the man-hour rate for each corrective
mai nt enance, preventative maintenance. and servicing task or other relia-
bility anti/or maintainability paraneters; expected service life of the
equi pment; and an explanation of the deviations. The data shall be pre-
sented in contractor’s format in a clear, consise, and easily repro-
ducible for.

5.2.11 Subcontractor, vendor, and supplier control, The con-
tractor, in his program plan, shall stipulate nethods for assuring that
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each subcontractor’s and suppliers reliability, nmaintainability, and
safety efforts are consistent with overall AAES requirenents; that pro-
visions are made for source selection of subcontractors and suppliers, and
for surveillance of their reliability, maintainability and safety activi-
ties |

5.2.12 Design reviews. Formal reliability and maintainability
design reviews shall be schedul ed and conducted periodically during the
course of the contract to coincide with major program mlestones, e.g
Mock-Up Review, Engineering Proofing Article, and at other, and at other appro-
priate program stages. Participants in the reviews shall include Govern-
ment procuring activity personnel, as well as qualified contractor per-
sonnel from managenent, design, manufacturing, reliability, human factors,
safety, maintainability, quality control, parts application, and other
areas of the contractor’s organization.

The reviews may be held at Covernment facilities, contractor's facilities,
or at those of a major subcontractor if the latter case enhances the effec-
tiveness of the review in question. Prior to each major review the con-
tractor shall prepare and submit a Reliability and Mintainability Design
Review Report, As minimum this report shall contain the follow ng infor-
mat i on:

a. Current reliability and maintainability
estimtes and achievenents for each node
of AAES or AAES el ements operation.

h. Potential or unresolved design and production
probl ens.

¢*  Corrective action(s) necessary to assure attain-
nent of the design requirenents

d. Reliability trend analyses with graphical illustra-
tions for the AAES and also for each major sub-
system or conponent of the AAES, as derived from
reliability analyses and/or tests

e The current status of subcontractor and suppliers
reliability and maintainability program

5.2.13 Program reviews. The contractor and cogni zant Covern-
nment procuring activity personnel shall conduct joint quarterly reviews of
the reliability and maintainability programs to assess their progress and
effectiveness and to determine the need for changes. These reviews wll
be scheduled to include safety, system survivability, vulnewability, human
factors, and quality assurance program reviews, as well as reviews of
avai |l able MOS anal ysis findings.

5.3 Data collection. The reliability and Miintainability
Data Col | ection SystemshalT be conpatible with the Naval Aviation
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Mai nt enance and Material Management System (3-M. The identification of
data shall include Wrk Unit Codes in accordance with ML-STD 780, detailed
part nunbers, and other applicable identification. All data shall be re-
tained in a formsuitable for automatic data processing at the origina

| evel of detail and identification.

5.3.1 Failure data collection, analyses, and correction
action. The contractor shall have, and shall require subcontractors also
to have a closed |oop systemfor identifying analyzing, and recording al
failures that occur prior to production acceptance of the AAES or subsys-
tem Reports generated by this systemshall be nmade available to the
Covernment procuring activity. As part of the program plan, the contractor
shal | describe his proposed systemfor initiating failure reports, the
anal ysis of failures, and feedback of corrective action. The analysis
and recording of a failure shall differentiate between, but need not be
restricted to, those due to equipment failure and those due to human error
manufacturing> handling, transporting, storing,and naintaining the equip-
ment. The contractor's failure reporting system shall include provisions
to assure that effective, corrective actions are taken on a tinely basis
to reduce or prevent repetition of the failure as noted in paragraph
5.2.4. The program shall include fooowup audit to review all open
failure(s) analysis and corrective action, close out dates and subsequent
reporting through all phases of design, devel opment and production.

5.3.2 Failure summaries. The contractor shall inlude on a
quarterly basis, a detalled failure report sunmmary as part of the nonthly
status report. As a mininum these reports shall identify the failed parts
by part number and | ocation in systemand shall identify the cause of
failure and any investigative reports

5.4 Reliability and maintainability interface conpati-
bility. ~Reliability and Maintainability Programs shall be coordinated
with other interface efforts (including but not limted to those |isted
below) to assure an integrated and effective contractual effort:

a. Human resources (personnel subsystens) in-
cluding human engineering (M L-STD 1472)
human factors, and training

b. System Safety engineering (M L-STD 882).

C. Qual ity assurance and quality contro

d. Standardi zation program plans

e System engi neering

f. Configuration managenent

0 System Survivability/Vulnerability
(ML-S-18471 para 3.7.2.3)
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5.5 Reliability testing and demonstration.

5.5.1 Reliability test plans. The integrated test and denon-
stration plans prepared in accordance with ML-E-9426 shall be reviewed
prior to submittal to the Government procuring activity for approval to
ensure that the plan includes all reliability testing and |ongevity denon-
strations to be performed during the program These test plans shall be
designed to make maxinmum use of data and reliability information obtainable
fromall relevant sources, and the procedures for the utilization of such
data. Approval of the test plan by the Governmeent procuring activity shal
be obtained prior to the initiation of tests. The reliability test pro-
gram shall be integrated with other systenfequi pment test programs to the
maxi mum extent practical in order to avoid costly duplicate testing (e.g.
performance testing, flight testing, reliability and maintainability,
denonstration, etc.). In the test plan, the ground rules shall be estab-
| ished for conduct of testing (including GFE inpact), and for accept/reject
criteria in accordance with 4.2 of ML-E-9426 and the accepted test stan-
dards. The reliability test plans (or reliability portion of test plans)
shall require the preparation of reliability test analyses reports which
may be conbined with test reports prepared and submitted under M L-E-9426.

5.5.1.1 Devel opment testing. A planned and schedul ed program
of operational environnental testing of equipment, shall be conducted dur-
ing design and devel opment phases to estimte achieved reliability inprove-
ments. These tests shall be integrated with other such programs to the
extent that different objectives can be integrated without loss. In addi-
tion, reliability maintainability requirements shall be superinposed upon
and included in the plans and procedures for all ML-E-9426, environnmenta
tests. Unless given specific witten proor approval by the Government
procuring activity no environnental conditioning (3.8(c) and 3.8.3 of
M L-E-9426) are to be conducted solely for reliability purposes. Data
obtained from all environnental tests shall be subjected to reliability
and maintainability analysis and shall be enmployed in reliability and
mai ntai nabi lity analyses of the AAES and AAES el ements

5.5.1,2 Reliability demonstration. A plan for demonstration
of achieved reliability at contractually specified milestones, including
pl anned nunber of test articles, accept/reject criteria, discrimnation
rationale, or the associated confidence or risk levels, shall be prepared
and submtted to the CGovernment procuring activity for consideration. The
plan for denonstrating achieved reliability shall conply with the provi-
sions of ML-E-9426 and shall include the test procedures and the ground
rules and criteria for deciding whether a test shall be classified as a
success or as a failure, or whether the test shall be nullified due to
invalid data, or other factors interfacing with the established test con-
ditions as described in ML-E- 9426

5.5.2 Subsystem and conponent tests. Prior to conmencenent
of the AAES Service Release Tests, subsystem and conmponent test prograns
devel oped and approved in accordance with ML-E-9426 shall be conducted
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and inplenented by the contractor and/or specified CGovernment or indepen-
dent test activity. Al available conponent and subsystemtest data and
test results, including data and results obtained in other prograns and
accepted by the Government procuring activity in accordance with M L-E-9426,
shall be utilized to determne both the conponent/subsystem reliabilities
and the constructed reliability in accordance with 4.1.1.2, herein. Test
results of all individual tests and test series conducted within the re-
porting period, shall be reported in the quarterly report

5.5.3 Systemreliability tests. The system service rel ease
(SRTS) performance tests (3.8.4.3.2.1 of ML-E-9426) using the production
configured AAES manufactured in accordance with production processes and
procedures, specified in ML-E-9426 shall be utilized to assess attainnent
of the specified reliability requirements for the AAES. Due to the destruc-
tive nature and expense of the AAES system tests, except as provided in
3.8.4.3.2.1 and 4.2 of ML-E-9426, such tests shall not be conducted
solely for the purpose of statistically demonstrating conpliance with 4.1
without the witten prior approval of the Governnent procuring activity.

5.6 Mai ntai nability denonstration tests. The contractor
shal | prepare and submt to the Government procuring activity for approva
a maintainability denonstration test plan in accordance with M L-STD 471
and this document. The maintainability denonstrations shall be coodirnated
and conducted in conjunction with, and shall utilize, the same personnel
equi pment, material s;and facilities as required for the FMA eval uations.
The denonstration plan shall be divided into two separate phases, each
having three separate parts

a. The phases shal |l be:

(1) Phase | will be conducted with an EPA con-
figured escape systemthirty days prior to
the contractually required EPA. Early
identification of design deficiencies,
mai nt enance problens, and safety hazards
wi |l permt 1ncorporation and verification
of required corrective actions prior to
system tests, Phase | evaluation results
will be reported during the EPA review

(2) Phase Il will be conducted utilizing the PPA
production configuration including SSE
(Special Support Equi pment) and con-
tractually required docunentation
and will be divided into two parts.
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b. The parts applicable to each of the phases shall be

(1) Part “A” wll include all maintenance that
will be performed on the installed systens.

(2) Part “B" will include all nmintenance tasks
that will be performed on the AAES and AAES
el ements removed fromthe aircraft or in the
shop .

(3 Part “C will include evaluation of system
susceptibility to mal maintenance through
eval uator deliberate introduction of mainte-
nance errors, nmsuse of tools and equipnents
use of inproper tools and equi pnents, msin-
stallation of parts, onmission of parts, etc

The actual testing/evaluation shall be conducted in accordance with the
Covernnent procuring activity approved maintainability denonstration test
plan by Governnment selected personnel having the requisite skills and skil
level s. The results of theses denpbnstration tests shall be evaluated by the
contractor and reviewed by the Governnment procuring activity to deternne
whet her the specified objectives of 4.1.2 have been met. A final report
shall be submitted to the Government procuring activity.

5.7 Production proofing article and field maintainability
review Article Il approval. ReltabiTity and maintainabiTity approval of

the production proofing article and field maintainability review Article 1l
shall be by the Government procuring activity upon satisfactory conpletion
and denonstration of all tests specified herein.

5.7.1 Service release. Failure of an AAES to achieve the
herein specified maintainability and reliability requirenments shall con-
stitute grounds, as provided in ML-S-18471, ML-A- 23121, ML-A-81815 and
M L-E-9426 for the Government procuring activity to disapprove the US
for service release and to require the contractor to undertake such addi-
tional design and/or testing as is required to achieve these requirenents

5.8 Qual ity conformance test. Al tests of subsystens and
conponents manufactured for production equipment shall provide assurance
that the production AAES will conply with the reliability design requirenent
and shall be reviewed by the Government procuring activity. In addition
the data derived fromall such testing shall be enployed to track the re-
liability trend.

5.9 Status reports. The reliability and maintainability pro-
grams shall include the submssion of quarterly and final status reports as
specified by the CGovernment procuring activity. The reports should provide
a conplete accounting of progress on elenments defined by the reliability
program plan, results achieved, and status of actions to resolve ngjor
probl ems and correct weak links. Charts may be included which conpare
obj ectives, mninum requirements, predictions, and the |evel of achieved
reliability for the system subsystem and equi pnents
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6. SUPPLEMENTAL | NFORMATI ON

6.1 General . This section contains information of a genera

or explanatory nature and is intended for use by the Governnment only. No
contractor requirenents appear within this section

6.2 Intended use. This standard is intended for incorporation
in whole or in part, by reference or appendage to contracts and internally
by the Naval Air System Command for aircrew automated escape systens opera-
tionally in use or being procured for future use

6.3 Precedence of documents. \Wen the requirements of the
contract this standard, or applicable subsidiary docunents are in conflict,
the followng order or precedence shall apply

a. The contract
b. The system or equi pnent detail specification

C. This standard. Any deviation from this standard, or
from subsidiary specifications where applicable,
must be specifically approved in witing by the
Government procuring activity.

d, Any reference docunment shall have precedence
over all applicable subsidiary docunents
referenced therein. Al referenced docunments shall
apply only to the extent specified.

6.4 Reports. Reports shall be provided to the Government
procuring activity in accordance with the CORL (DD Form 1423) and the fol | ow
ing DID (Data Item Descriptions).

DD NO DD TITLE PARA. No
a. UD-R-21131 REPORT, RELIABILITY AND MAINTAINABILITY 5.2
PROGRAM
b. UDl-R-21132 RELI ABI' LI TY AND MAI NTAI NABI LI TY BLOCK 5.2.1

I DI AGRAM AND MATHEMATI CAL  MODELS
¢. UD-R21133 REPORT, RELIABILITY AND MAINTAINABILITY 5.2.2

ALLOCATI ON

d. UD-R-21134 REPORT, RELIABILITY AND MAI NTAI NABI LI TY 5.2.3
PREDI CTI ON

e. UDI-R-21140 REPORT, ANALYSIS, FAI LURE MODES AND 5.2.4.1
EFFECTS

23



Downloaded from https://www.everyspec.com

M L- STD- 2067( AS)

DI D NO. DID TITLE PARA. NO
f. DI-E-5251 SINGLE FAI LURE POINT SUMMARY 5.2.5

0 MARG NALI TY OF SUCCESS PLAN 5.2.6

h, MARGI NALI TY OF SUCCESS REPORT 5.2.6.1

i, UDI-R-21138  REPORT, ENVI RONVENT 5.2.7

j. DI-R1733 LI ST, RELIABILITY QUALIFIED | TEMG 5.2.9.1
k. DI-R-3547/ REPORTS, RELIABILITY AND MAI NTAI NA- 5.2.10

R-115-1 BILITY ON COWERCI AL EQUI PVENT
1. UDI-R21141  REPORT, FAILURE 5.3.1
m UDI-R21139  REPORT, DEVELOPMENT AND PRODUCTI ON 5.3.2

FAILURE SUMVARY

n. UDl-R-21135 REPORT, RELIABILITY AND MAI NTAI NA- 5.5
BILITY TEST PLAN

0. UDI-R-21136 REPORT, RELIABILITY AND MAI NTAI NA- 5.5
BILITY TEST RESULTS

6.5 Special information. Appendices A and B furnish general
information concerning (1) reliability and factors which should be considered
when fornulating an AAES program reliability policy and (2) background in-
formation concerning the intent and function as well as information con-
cerning the conduct of a marginality of success (MXS) program

Preparing Activity
Navy- AS
(Project No. 1680- N447)
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FIGURE 2. Failure mode and effects analysis.
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PHASES OF MDS ACTIVITIES [1]

@ PRE-TEST PLANNI NG

REVIEW “I LI TIES" ANALYSES

A POSSIBLE TEST CONDITION | MPACT UPON ARTI CLE OPERATI ON
A TYPES OF ARTICLE CONDITION CHANGES [ TRANSI TORY& PERVANENT]

q CORRECT OPERATI ON
q PARTIALLY | NCORRECT OPERATI ON
| NCORRECT OPERATI ON

A TYPES OF DATA NEEDED TO DOCUMENT ARTI CLE CONDI TI ON CHANGES

REVI EW MOS ARCHI VAL DATA
— REVIEW TEST PLANS& DATA PROGRAM PLANS

A TEST DATA ACQUI SI TI ON PROCEDURES& SYSTEM ADEQUACY

q TEST SET-UP DOCUMENTATI ON PLANS
q TEST DATA ACQUI SITION SYSTEM .

- - DATA PRICRITIES

- T BACK-UP DATA ACQUI SITION
— — SYSTEM CHECK- QUT

-~ SYSTEM CALI BRATI ON

q POST-TEST DATA ACQU SI TI ON PLANS

- - TEST SITE PROTECTI OV ACCESS CONTROL PLANS
=~ TEST SITE SAFETY | NSPECTI ON' DOCUMENTATI ON PLANS
- ©  MXS ONSITE DATA ACQUI SITION PROVI SI ONS

MOS TEST ARTI CLE RECOVERY/ TRANSPORT PROVI SI ONS
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PHASES OF MOS ACTIVITIES [11]

TESTING SI TE

— PRE-TEST

A REVI EW TEST SET- UP DOCUMENTATI ON FOR ADEQUACY
TEST ARTI CLE PRE- TEST CONDI TI ON' COVPLI ANCE W TH PLAN
TEST EQU PMENT PRE-TEST CONDI TI ON COVPLI ANCE W TH PLAN
«| TEST SITE PRE- TEST CONDi T\ ON' COVPLI ANCE W TH PLAN

REVI EW TEST DATA ACQUI SI TI ON SYSTEM DOCUMENTATI ON FOR ADEQUACY
q SYSTEM COWPLI ANCE WTH PLAN
q SYSTEM CALI BRATI ON

- POST-TEST

REVI EW TEST DATA ACQUI SI TI ON SYSTEM POST- TEST CALI BRATI ON CHECKS
A CHECK TEST SITE SAFETY | NSPECTI ON DOCUMENTATI ON

«1 ELEMENTS DI STRI BUTI ON DOCUMENTATI ON

-~ - ELEMENT |DENTIFIED

-~ ELEMENT LOCATION & CONDI TI ON DESCRI BED

— ~ NATURE OF DI STRIBUTI ON DESCRI BED (LE. MOVED,
SAFETI ED, ETC.]

q SI TE DECLARED SAFE

A CONDUCT (I N-SITE DOCUVENTATI ON OF POST- TEST CONDI TI ON OF ARTI CLE,
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PHASES OF I TEMS ACTIMITIES (111)
POST- TEST | NVESTI GATI ON
— PRELI M NARY TEST ARTI CLE POST-TEST CONDI TI ON DESCRI PTI ON

A PREPARE UTILIZING ALL PRE-TEST & OR-SI TE DOCUMENTATI ON
A | DENTI FY ALL KNOAN ANOMALI ES

g TRANSITCRY CONDI TIONS & CONDI TI ON | NTERRELATI ONSHI PS
PERVANENT CONDI TI ONS& CONDI TI ON | NTERRELATI ONSHI PS
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APPENDI X A
RELIABILI TY: I TS ACH EVEMENT AND QUANTI FI CATI ON

Reliability is considered to be an inherent feature of a product’s
design, as much so as its weight, size or shape. It represents an ex-
pression of confidence in the design of a product since reliability is the
probability that the product will function in a manner that satisfactorily
acconplished the product’s specific m ssion.

Probl ens, however, arise when attenpting to quantify a products
reliability since unlike physical features, i.e. weight, size or shape, it can
neither be seen nor neasured directly. Accordingly, a product's reliability
must be quantified through estimations. And sine=ce reliability is an in-
herent feature of a product’s design, achievement of desired/required high
level s can be assured only through deliberate efforts to introduce reliable
design from the beginning by thorough, continuing systematic product design
anal ysis and the enployment of techniques known to produce reliable designs.

The process of reliability estimation starts during the conceptualization

of a product and continues throughout the product's devel opnent, eval uation
and service, The function of the earliest reliability estimates is to
assist the designer by indicating the reliabilities that the product's

el ements must have if the full product is to have a specific desired/

required reliability. This iterative estimtion process is acconplished
through bl ock diagramng the product by elements operating along functiona
trains (Figure A1) and then allocating the product reliability downward to
each of the elements along the trains, successively tier by tier, mathe-
matically.

Through this process a designer, using historical data, can determne for
each el ement whether it is likely that the el ement can have the necessary
reliability and, if not, whetherr a substitutuion or design modification is
rEEUiéﬁd to assure achievement of the full product desired/required
reliability.

Among ot her often enployed techni ques available to designers fur assuring
reliable product design are various negative approaches in which failure
is presuned, for instance

(a) Fault Tree Analysis (FTA) In FTA specific failures are presunmed
to occur and the design analyzer attenpts to develop a |ogica
sequence of events likely to occur with the design and capable of
producing the presumed failure. In this approach the anal zer
starts at the top and works downward toward the |owest elenent
| evel analyzing the functional failures which nust occur at suc-
cessively lower element levels to produce specified failures at
their next higher level in the functional trains (Figure A-2).
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(b) Failure Mdes and Effects Analysis (FMEA) In FNEA, specific
failures are presuned to occur and the design analyzer attenpts
to develop a logical series of consequences (or effects) which
could result fromsuch a failure. In this approach the analyzer
starts at the lower element |evels analyzing how a presumed
failure would affect successively higher tiers in the functiona
train of elements (Figure A-3).

(c) Single Point Failure Point Analysis SPFP  |n SPFP analysis,
using information generated through the FTA and FMEA and separate
design functional analyses, the design analyzer attenpts to
identify those design elenments which, should they fail singly to
perform their specific functions in an acceptable manner, wll
cause the product to fail its mssion.

Conbining the information generated through these review approaches, provides
the designer means for ascertaining the location and nature of design changes
and element substitutions necessary to assure achievement of highly reliable
product designs.

A point often nmade, validly so is that reliability cannot be tested into a
design; it nust be deliberately described into t-hat design. This beconmes
nore apparent as one examnes the function of testing in providing estinmates
of product reliability.

Testing generally is conducted to acconplish economically a multiplicity of
rol es: engineering checkout of design, verification of conpliance wth
contractual paraneter values, devel opnent of user and performance data, and
demonstration of product reliability, for exanple

In denmonstrating product reliability, tests are enployed to ascertain
measures of how often the product functions in a manner assuring the
satisfactory performnce of specific mssions and these neasures in turn,

are enployed in projecting estimates of the product's capability to continue
to do so in future usages. As the tests of a series (M are conducted an
actual observed reliability (R) occurs where

Ns i s the nunber of successes experienced
Nris the total nunber of tests conducted
N.is the nunber of failures experienced
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However, although this is an estimate of reliability of the product being
tested (assuming that no design variances other then those associated with
normal production tolerances are introduced in the series of test articles)
it has major shortcomings. For instance, whenever a failure occurs, the
actual observed reliability (R) is subject to large variations, sonetimes

uite significant in magnitude, particularly when the total nunbers of tests
%N) is small. Therefore, R ,represents a reliability estimate that nay

rise or fall often and rapidly especially when NT is small (Figure A-4)

To reduce this problemof estimating the systemtrue reliability (R), a
statistical concept of confidence limts is enployed in an effort to describe
the probability that the R i s bounded by the upper and |ower reliability

estimtes (R ,., and R . , respectively). That is:

R ,co. > R> R [

For exanple, the lower single sided confidence limt R  __of 95 percent
indicates that, based upon the data obtained, ielieved that 95 percent
of the likely values of Rare e or greater than R . (Figure A5).
In a simlar manner (Figure A-6), an R ,.,, where the upper single sided
confidence limt is 95 percent, represents a probability of 95 percent that
the likely values of R are equal to or less than the R ., Thus, in
these instances it is believed that the probability of Rbeing |ess than
R ... is no greater than 5 percent and the probability that the R being
greater than R ,., is no greater than 5 percent and the conbined probability
t hat Rris either less than R .p- Or greater than R ,. . (Figure A7) is
no greater than 10 percent. This gives, then, a 90 percent probability that

i s bounded by the conbined R LCL and R ,. * estimtFor zero
failures, the relationship between confidence | evel and reliability is defined
by the follow ng mathematical expression (for binomal distribution which
characterizes single shot devices and systens):

L.C L. = 1 - R
wher e

L.C.L. is the lower confidence limt
of the R estimtes

Ris the reliability estimate at the |ower
confidence limt

N is the number of tests conducted.
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Mani pul ation of this expression permts evaluating a number of factors
pertinent to denonstrating some level of reliability based upon testing.
For exanple, assumng no failures during the testing:

(a) Where the L.C.L, is arbitrarily defined and Nnis known, the ,
demonstrated system R ., may be calculated through

In (1-L.C.L.)
N

RL.C.L.

where in indicates natural |ogarithns
e is the base of natural |ogarithns.

(b) Where both L.C.L. and the R, are arbitrarily defined
the nunber of tests (N) without failure necessary for

demonstrating that R ... nay be calculated through

_1n (L-LCL
N= nl(n(R) :

Table | presents a small sanple of calculations of N It is interesting to
note the patterns, j.e. increasing L.C.L, from.90 to .99 doubles the N required
and from .900 to .999 trebles the N required; while changing the R

. . . . L.CL ‘rem
.90 to .99 requires increasing N ten tinmes, i i i
N one hundredfold, and from .9000 to .9999 réagmésgoionéroeas?%% I\ ur%eretshdunscz{necﬁscl)lnoq
As can be observed increasing either the L.C.L. or the R, b

| ““k« or both can

exert a dramatic inpact upon N.

Another inportant relationship is defined as follows:

Cf "1-P.71- R,
Where P is the probability that at |east one failure will occur in a

series of tests.

Psis the probability that the series of tests will be conpleted
successfully (i.e. without any failures)
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Ris the true systemreliability

N is the nunber of tests in the series

Thus, once the management decision is made concerning the acceptable l|evel of
risk of experiencing at least one failure during a specific series of tests
(N), the mninum system R necessary to assure that the risk is no greater
can be calculated through:

[In(1-P,)

Figure A-8 illustrates theRRTT\?ersus N relationship for specific values of p,
(P, = 10% 5% 2% and 1%. To further illustrate this relationship. Figure A9
shows the relationship between P,and N for specific values of R

(R =90% 95% 98% 99% 99.5% and 99.9%.

From this information on reliability, goals representing trade-offs anongst
risk of failure, cost, time, reputation damage, etc., can be made and the

designer presented a specific system reliability goal representing a managenent
optimzation of these generally disparate factors.

Figure A-10 conbines information calculated using these basic relationships:
In(l-P)

N
(a) R.=e

() R L.C.L.='eL J

and denonstrated the very large differential existing between the systemR
necessary to assure a risk of failure no greater than 10 percent during N
tests and the maximum R achievable for specific values of L.C L (L CL =
90% 95% 98% and 99% in the case where N tests are conpleted wthout
failure. Fromthis coparison, it should be readily apparent that reliability
can only be designed into a product and cannot be tested into a product,

Referring to Figure A-11 depicting the interrelationship between L.C L. and

denonstrated R ., when N is given (assumng no failures) and remenbering
the function of the L.C.L. in defining the probability that Ris greater
than or equal to R ... it should be apparent that the denmonstrated p
Is a direct function of the acceptable level of risk that Ris, in fact,

L.C L.
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| ess than rather than greater than or equal to As  * hat
accept abl e risk level declines (i.e, L.CL. 100%, the dembnstrated
mist decline, As that acceptable risk level increases, however, (i.e. 1.C'L. 0),

the demonstrated R ., increases. It becones very inportant, then in
enpl oyi ng R ... estimates of to understand the risk concept underlying
the L.C L. and to define deliberately the acceptable |evel of that risk,
otherwise the R .. nerely becomes a meaningl ess nunbers gane.

From the preceing, it should be apparent that an understanding of a stated
specific R requires an appreciation of several inportant relationships,
anong the more critical of which are:

(a) Degree of risk accepted that the system Ris not bounded by the

denonstrat ed
RL‘.C.L. and R U C L.

(b) Degree of risk accepted that within a specific series of tests
(or uses) there will be experienced one or nore failures.

(c) The actual observed systemreliability as a direct function of
failures experienced within a specific series of tests.

Finally in evaluating systemreliability, it nust be borne constantly in mnd
that all of the nmeasures enployed to quantify the systemreliability are but
estimates of R predicated upon specific assunptions and ground rul es

acceptable to specific individuals and organizations. Qhers approaching the
estimting task with different assunptions and ground rules can expect to
obtain quite different estimtes.
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APPENDI X B
MARG NALITY OF SUCCESS

In every test, whether successful or not, there occurs a nyriad of observ-
able results or consequences, whether in fact observed or not,usually

mani festing thenselves in the form of either changed or unchanged conditions
of the test article, test equipment and/or test site. Some of these results
or consequences are transitory, occurring but briefly before being changed
again, sometimes in ways which obliterate many or all traces of internediate
conditions and frequently in ways precluding post-test observations re-
veal i ng exact sequences and interrelationships anong the intermediate and
final conditions.

The task of the marginality of success (MJXS) investigator is to observe and
record faithfully or to assure the faithful observation arid recording, of
these results or consequences and then, to ascertain the nost probable sets
of conditions and sequences of events (condition changes) |eading to those
results observed.

Thus MXS in fact begin long before a test actually is conducted to assure
that transitory conditions likely to occur during a successful or during an
unsuccessful test are anticipated and that adequate provision has been nade
for their faithful observation and recording. During the pre-test period
the MOS investigator nust exanmine conpletely both the results of "ilities"
anal yses performed upon the article to be tested and the test planning to
assure that the analyses appear conplete and that the test planning has
taken into account and benefited from the results of the “ilities” analyses
particularly concerning test condition inpact upon test article condition
changes, both transitory and permanent, The MOS investigator nust ensure
that test planning ensures adequate post-test site protection to permt
observing and recording the post-test undistrubed in site condition, |oca-
tion and interrelationships of the test article, test equipnent and test
site.

Imediately following a test, the initial task of the MOXS investigator is
the thorough, careful observation of the undisturbed in sites condition,
both changed and unchanged, of the test article, test equipnent and test
site. The scape of this effort includes such pst-test tasks as assuring
proper observation and recording of test data acquisition equipnent calibra-
tion, as well as a thorough, careful examnation of the test article, test
equi pment and test site. Following conpletion of the in-site observation
and recording task, the MOS investigator should identify (permanently> if
possible) and transport to a controlled-access post-test investigation |ab-
oratory the test article with care given to prevent condition changes re-
sulting from handling and transportation. Cccasionally, (usually in the
case of a test article or test equipment failure), it may be necessary to
treat test equipment in a simlar manner to assure adequate data collection.
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Prior to initiation of the second phase of observing and recording the test
article final conditions the MOS investigator should conduct a prelimnary
analysis of all available data to ascertain which specific test article

el ements should be examined further, what conditions mght be observed, how
best to conduct the nore detailed exam nations, and the priorities for each
pl anned detailed exam nation. Many of the detailed anal yses may be pre-
establ i shed procedures based upon pre-test MOS analyses planning and/or past
experience, however, all such pre-planned detailed examnations should be
reconsi dered during this prelimnary analysis. The results of this pre-
imnary analysis along with all supporting rationale and all data should be
presented to the responsible designers and "ilities” personnel for considera-
tion and concurrence or recomendations before the detailed exanminations are
initiated.

Performance of the approved detailed exam nations or the subsequent analysis
of the recorded observations, may suggest either changes to the approved
detailed exam nations or additional detailed exam nations which, prior to
initiation, should be docurmented conpletely, reviewed and approved in a
manner identical to that for the prelimnary analyses. The only valid
exception to the normal nethodical approach, is when a detailed exam nation
results in a transitory condition not subject to the control of the MXS
investigator and requiring rapid follow through to assure observing and
recording the transitory condition and its results or consequences,

Upon conpletion of all observations of test article (and, if appropriate

or required, test equipnment) condition, the MOS investigator nust then

anal yze the data to ascertain the nost probable sets of conditions and
sequences of events capable of producing the observed conditions. This
analysis along with conplete supporting rationale and all data should be
reviewed thoroughly and critiqued carefully by responsible design and
"ilities" personnel. The result of the review may be to order either fur-
ther MOS investigation,bench testing to corroborate prelimnary findings
or to assist in resolving uncertainties, nodifications to the proposed MXS
findings, or concurrence with the proposed MOXS findings. Care nust be
exercised to ensure that the critiques do not become rubber stanp reviews
since problens can emanate from correcting a non-existing problem or from
not correcting an existing problem Both situations can occur easily during
an analysis, particularly when the investigator msunderstands aspects of
desi gned operation,

Throughout the MOS process, the participants should bear in mind that the
prinme function of MOS is the identification of failures and incipient
failures, their consequences and their |ikelihood of occurrence soas to
focus managenent attention upon the failures and incipient failures and to
assi st management make crucial resource allocation decisions
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