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ABSTRACT

The importance of reliable and maintainable equipment
in the hands of our service members cannot be overstated.
Reliability has been identified as the 1life cycle cost
driver for defense weapon systems. Knowing that the
reliability of a weapon system directly impacts upon that
system’s operational capability and life cycle costs makes
it of fundamental importance to the warfighter. In
recognition of its dimportance, it is mandatory for all
program managers within the Department of Defense (DoD) to
ensure their program accounts for the user’s reliability
objectives. However, ©reliability failures continue to
disappoint operators, maintainers and testers of DoD
systems.

This thesis evaluates reliability management within
the acquisition process of Naval Aviation ©programs.
Reliability, logistical, and program management personnel
directly involved with the issues of reliability management
provided empirical insight to help the researcher identify
root causes and risk mitigation techniques that are

critical to reliability optimization.
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I. INTRODUCTION

A. PURPOSE
The purpose of this thesis 1s to examine the
managerial methods and practices used to optimize

reliability of weapon systems 1in selected Naval Aviation

acquisition programs. Based on the aforementioned, a
secondary purpose is to examine opportunities for
improvement. The objective of this endeavor 1is to

determine how reliability management can best serve the
ultimate acquisition goal of equipping warfighters with the
tools they required while maximizing available resources.
This analysis may lead to recommendations for

implementation by acquisition workforce personnel.

Examination of multiple aspects of reliability
management will identify program risks and opportunities to
mitigate those risks. Ultimately the goal is to identify
reliability management issues, which may affect reliability
optimization throughout the stages of the acquisition 1life

cycle.

B. BACKGROUND

The 1998 National Research Council study of
Statistics, Testing and Defense Acquisition recommended
that, "“The Department of Defense and the military services
should give 1increased attention to their reliability,
availability, and maintainability data collection and
analysis procedures because deficiencies continue to be
responsible for many of the current field problems and

concerns about military readiness.” [Ref. 2] In the period



between 1996 and 2000, approximately 80 percent of Army
systems tested failed 1in excess of half of their
reliability requirements during operational testing. [Ref.

12]

Reliability is a fundamental component of operational
capabilities of weapon system, as well as a primary cost
driver of that system’s life cycle costs (LCC). Either of
these issues 1is expected to be of the utmost concern to our
nation’s warfighters. The combination of operational
capability and LCC makes the issue of weapon system
reliability, a paramount concern for every acguisition
professional. The Director, Operational Test and
Evaluation has taken renewed efforts to improve the process
of reliability testing 1in hopes of fielding operationally

suitable systems to the end user. [Ref. 13]

However, testing 1s only one tool available to a
program. Multiple opportunities are present throughout the
acquisition life cycle to address reliability. Beginning
with the initial requirements development, through each
iteration of the systems engineering process, and
ultimately during post-production support reliability must
be planned for, monitored, accessed, and improved during

the maturation of a weapon system.

C. RESEARCH QUESTIONS

The primary research question is:

What strategies should Program Managers implement to

optimize reliability in their weapon system?



The subsidiary research questions are as follows:

1. What is reliability and what is its significance

within acquisition management?

2. What policies and regulations governing
reliability management are available to Program

Managers (PM)?

3. What significant factors contribute to weapon

system reliability?

4. What strategies are currently used to monitor

reliability within an acquisition program?

5. How can the program office mitigate risk
associated with reliability throughout the

acquisition life cycle?

D. SCOPE

This thesis examined reliability management from a
program management perspective throughout the acquisition
life cycle. Governing policies and regulatory documents
have been reviewed from the viewpoint of a PM with respect
to applicability as a managerial tool. The focus of the
data collected will be from current systems 1in various
stages of development managed at the Naval Air Systems
Command (NAVAIR), and 1limited to managerial processes,
tools and techniques. This research 1is 1intended to
identify  both enablers and inhibitors of effective
reliability management. The resulting analysis will aide
in the development of a set of conclusions and
recommendations applicable to acquisition professionals in

current and future endeavors.



E. METHODOLOGY
This thesis sought to determine the current

environment for reliability management within Naval Air

acquisition. This task was accomplished through a thorough
examination of literature, reports, and regulatory
documents. Additionally, the researcher obtained

information through the conduct of personal and telephonic
interviews with acquisition professionals. The final method
of data collection was an electronic survey of specific
acquisition programs managed at NAVAIR. The survey used
was a modification of a previously designed reliability
performance survey intended to gather data from within a
specific Army Program Executive Office in pursuit of

similar research objectives. [Ref. 39]

The information collected during the conduct of the
reliability performance survey, was obtained through
Government and contractor personnel who had first-hand
experience with reliability management and/or reliability
engineering. Responses to the survey were instrumental in
construction of this thesis. Respondents provided a good
cross-section of programs in various stages of the
acquisition life cycle. The questions posed were intended
to emphasize the perspective of program management on the

varied tasks involved with reliability management.

F. ORGANIZATION

This thesis contains five chapters.

Chapter I provides an introduction to the subject of

reliability and a basis for the study, outlining the scope,



methodology, and structure for conducting the analysis

which will be used to address the research gquestions.

Chapter II will provide a foundation of information on
reliability, regulatory documents and opportunities to

affect reliability throughout the acquisition life cycle.

Chapter III will present the information obtained from
the research conducted about the NAVAIR programs and the
results of the reliability performance survey. This data
will indicate how the wvarious programs have implemented
reliability management processes and practices and will

highlight significant examples and experiences.

Chapter IV will provide the analysis of the collected
data and identify the techniques and strategies wused to
manage reliability within the surveyed acquisition

programs.

Chapter V will present findings, address the primary
and subsidiary research questions, and make conclusions and

recommendations.

G. BENEFITS OF STUDY

The intended Dbeneficiaries of this research are the
warfighters within our military services, through the
acquisition programs that manage reliability within their
weapon systems. The compilation of lessons learned and the
identification of processes, policies and strategies
pertaining to reliability management can assist any program
attempting to apply risk management with respect to

reliability performance.



The examination of common ©practices, issues, and
concerns of programs wrestling with reliability issues will
provide a stepping stone for improvement or root cause
determination for future programs allowing them to

capitalize on the lessons of their predecessors.



II. RELIABILITY OVERVIEW

Reliability is the single most powerful lever in
all logistics-if it doesn’t break it doesn’t need
support (Ref. 21)

A. INTRODUCTION

“"Reliability isn’t everything, it is the only thing.”
[Ref. 17] The nature of National Defense and our system of
Government, has led to a complex systems acquisition system
that produces equally complex and expensive weapon systems.
The costs of the weapon systems combined with the Nation’s
requirement for defense dictate the need for Thighly
reliable tools placed in the hands of trained warfighters.
After spending in excess of 40 million in procurement
dollars for an aircraft it simply 1is not feasible to
discard the system when it does not work perfectly.
Therefore, it is imperative to properly design and
manufacture each system to optimize its reliability

potential.

This purpose of this chapter is to establish a common
ground and set the stage for the discussion to follow about
reliability management. This will be accomplished through
a presentation of background information intended to
provide a fundamental understanding of reliability and its
importance within systems acquisition. Definitions of
terms relating to reliability are provided to facilitate in

understanding and consistency.

Mandatory and discretionary documentation have been
identified and discussed. Additionally, the discussion

focuses on the importance of reliability management within
7



systems acquisition and opportunities to optimize

reliability will be highlighted

B. DEFINITIONS AND CONCEPTS

Surprisingly, definitions, as well as the terms
themselves, seem to vary depending on the user, service
component, specific system program, or source
documentation. This seems to be unexpected knowing that
the discipline of reliability falls in the realm of
engineering, which tends to maintain uniform definitions
even while measurement methods wvary. [Ref. 7] Prior to the
1996 specification and standards reform, MIL-STD-721
“Definition of Terms for Reliability and Maintainability”
appropriately stood as a definitive authority. After the
cancellation of this standard several ‘authoritative’

sources are often quoted.

The IEEE Reliability Society has yet to publish a
commercial standard. Mil-STD-785B “Reliability Program for
Systems and Equipment Development and Production” remains a
common reference, and portions of it often are included in
the Statement of Work (SOW) . Rome Laboratories’ The
Reliability Toolkit 1s an excellent reference, and 1is
currently considered a commercial standard for practicing
reliability engineers. Finally, the Defense Systems
Management College (DSMC) refers to the Reliability,
Availability, and Maintainability (RAM) Dictionary, Dby
Tracy Omdahl the Webster’s of RAM terms. [Ref. 7]

There are more than 2000 terms defined 1in

documents reviewed so far, many of which have the

same meaning but different definitions. (Ref.
40)



It is therefore, important to have a solid
understanding of terms and their wusage, relative to a
particular ©project. The following common terms and
concepts are provided to give the reader an understanding
of terminology widely used within the practice of

reliability.

Reliability, Availability, and Maintainability

(RAM) . Requirement 1imposed on acquisition systems to

insure they are operationally ready for use when needed,
will successfully perform assigned functions, and can be
economically operated and maintained within the scope of

logistics concepts and policies. [Ref. 10]

Reliability. The probability an item will

perform its intended functions for a specified period under
stated conditions. Informally: It does what 1t 1is
supposed to, for as long as you need it. Commonly

quantified in terms of mean time between failure (MTBF).

Mission Reliability. The ability of an item to

perform its required functions for the duration of a
specified period. Informally: A measure of system’s

ability to complete its mission.

Logistics Reliability. The probability that no

corrective maintenance or unscheduled supply demand will
occur following the completion of a specific mission
profile. Informally: A measure of system’s ability to

operate without logistics support.



Logistics Reliability Mission Reliability

° Measure of system’s ° Measure of system’s
ability to operate ability to complete
without logistics mission
support

° Recognize effects of all |e Consider only failures
occurrences that demand that cause mission
support without regard abort

to effect on mission

° Degraded by redundancy ° Improved by redundancy
° Usually equal to or ° Usually higher than
lower than mission logistics reliability
reliability
Table 1. Reliability Requirements and Characteristics

[From Ref. 38]

Maintainability. The probability that an item

will conform to specified conditions within a given a given
period when corrective or preventative action is performed
IAW prescribed procedures and resources. Informally: It

is guick and easy to fix when it breaks.

Availability. A measure of the degree to which

an item is in operable and committable state at the start
of a mission when the mission is called for at an unknown
(random) time. Informally: It is there and working when

you call upon it.

Operational Availability (Ao). The probability

that an item, when used under stated conditions in an
actual operational environment, will operate satisfactorily
when called upon. Informally: It is mission ready when I

need it at any random time.

Operational availability is a preferred readiness

measure for weapon systems, because it reflects the real-

10



world operating environment. [Ref. 371 Commonly
operational availability is considered: Ao=(Uptime)/ (Uptime
+ Downtime) . Downtime consists of both scheduled and
unscheduled maintenance and any administrative delays (e.g.
time spent waiting for parts not in stock). Therefore, Ao
is what system operators’ care most about--Performance on

demand.

Mean Time Between Failure (MTBF) . For a

particular interval, the total functional 1life of a
population of an item divided by the total number of
failures within the population. MTBF is the Dbasic

technical measure of reliability. [Ref. 10]

Life Cycle Cost (LCC). The total cost to the

Government of acquisition and ownership of that system over
its useful 1life. It includes the cost of development,
acquisition, operations, and support (to include manpower),

and where applicable, disposal.

C. POLICY AND REGULATIONS

1. DoD 5000.2-R, Mandatory Procedures for Major
Defense Acquisition Programs (MDAPS) and Major
Automated Information System (MAIS) Acquisition
Programs

This regulation sets mandatory ©procedures to Dbe
followed by PMs and has specific identified reliability

requirements:

The PM shall establish RAM activities early in
the acquisition cycle. The PM shall develop RAM
system requirements based on the ORD and TOC
considerations, and state them in quantifiable,
operational terms, measurable during DT&E and
OT&E. RAM system requirements shall address all
elements of the system, including support and
training equipment. They shall be derived from,

11



and support, the user’s system readiness

objectives. Reliability requirements shall
address mission reliability and logistic
reliability. Availability requirements shall
address the readiness of the system.
Maintainability requirements shall address
servicing, preventive, and corrective
maintenance.

The PM shall plan and execute RAM design,
manufacturing development, and test activities so
that the system elements, 1including software,
used to demonstrate system performance before the
production decision reflect the mature design.
IOT&E shall use production representative
systems, actual operational procedures, and
personnel with representative skill levels. To
reduce testing costs, the PM shall utilize M&S in
the demonstration of RAM requirements wherever
appropriate.

This policy applies not only to the system, but
also to technical manuals, spare parts, tools,
and support equipment. [Ref. 14]

2. DoD 5000.1, The Defense Acquisition System

This directive describes management principles
applicable to Defense acquisition programs, provides
mandatory policies and procedures for the management of
acquisition programs, except when statutory requirements

override.

Logistics transformation shall be accomplished
through.. A support environment that maintains
long-term competitive pressures; continuous
improvement of weapon system reliability,
maintainability, and supportability through
technology refreshment and other means; and
effective integration of weapon system-focused
support to provide total mission logistics and
optimum support to the user. Acquisition program

12



managers shall focus on logistics considerations
early 1in the design process to ensure that they
deliver reliable systems that can be cost-
effectively supported and provide users with the

necessary support infrastructure to meet
peacetime and wartime readiness requirements.
[Ref. 15]

3. Military Standards and Handbooks

In June 1994, the Secretary of Defense, Dr, William
Perry, 1issued a memorandum entitled Specifications and
Standards—A New Way of Doing Business. This acquisition
reform memorandum was aimed at the acqguisition management
community in an attempt to increase access to commercial
state-of-the-art technology and to facilitate adoption of
commercial best practices. Specifically, the Secretary
made an immediate policy change requiring programs to use
performance specifications and non-Government standards.
In cases where PMs determine that exact design solutions
are required, and no suitable performance or commercial
standard exists, they may use military standards only as a
last resort and with the specific waiver approved by the

Milestone Decision Authority (MDA). [Ref. 34]

Use of specifications and standards became available
primarily as guidance to Program Managers. It appears this
was a significant shift in procedure. The use of military
standards had been a fundamental component of reliability

engineering and management.

The following 1is a 1list of frequently referenced

military standards and handbooks (Mil-Stds/Hdbks) that,

13



although they have Dbeen <cancelled, still remain an

available reference on reliability:

° MIL-HDBK-781D Reliability Test Methods, Plans,
and Environments for Engineering, Development
Qualification, and Production

This handbook details techniques that may be
used in reliability test programs but is for
guidance only. This handbook cannot be cited
as a requirement. [Ref. 25]

° MIL-STD-785B Reliability Program for Systems and
Equipment Development and Production

This military standard contains reliability
tasks, requirements and rationale, which can be

tailored to fit specific program needs. [Ref.
26]
o MIL-STD-1629A PROCEDURES FOR PERFORMING A FAILURE

MODE, EFFECTS AND CRITICALITY ANALYSIS (FMECA)

4. Other Discretionary References

There are multiple discretionary references available
to PMs depending on service and program specifics. Listed
below are discretionary references that have application

across the spectrum of DoD acquisition programs:

a. Defense System Management College (DSMC)
Series of Technical Management Educational
Guides.

A family of guides written from a non-service
specific perspective published by DSMC intended for use as
instructional aides and as practical references to be used
by acquisition professionals. In both cases they are
written for acquisition management personnel who are

familiar with basic terms and definitions. Used as a desk

14



reference, these manuals provide assistance to Government
and industry personnel in the execution of their management
responsibilities. The following guides have application in

the management of reliability programs:
1. Acquisition Logistics Guide (December 1997).
2. Systems Engineering Fundamentals (January 2001).

3. Defense Manufacturing Management Guide for Program

Managers (April 1989).

4. Test and Evaluation Management Guide (November

2001) .

b. Rome Laboratory Toolkits

The Rome Research Site, now part of a
consolidated Air Force Research Laboratory system, was
formerly known as Rome Laboratory. Their Systems
Reliability Division developed and published a toolkit
intended for use by reliability and maintainability
engineers. The Reliability Engineer’s Toolkit (April 1993)
is a widely wused technical reference document as “an

application oriented guide.”

In 1995 the Rome Laboratory released an updated
edition "Reliability Toolkit" Commercial Practices. The
latest edition takes a broader view of reliability
engineering and management and addresses both commercial

and military needs. [Ref. 37]

5. Navy References

a. SECNAVINST 5000.2B, Implementation of
Mandatory Procedures for Major and Nonmajor
Defense Acquisition Programs and Major and
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Nonmajor Information Technology Acquisition
Programs

This document supports the DoD 5000.2-R
instruction on reliability management. Specifically RAM is
identified as an integral part of systems engineering
process, with emphasis placed on mission needs and reducing
life cycle costs. Some direction 1s provided in reference
to reliability analysis.

b. NAVAIR INSTRUCTION 4200. 36B, Acquisition
Plans

This document provides policy and guidance on the
construction of Acquisition Plans within NAVAIR.
Reliability concerns are to be addressed by logistic
considerations with reference to tailoring and quality

assurance requirements.

D. IMPORTANCE OF RELIABILITY, AVAILABILITY AND
MAINTAINABILITY (RAM)

Reliability, maintainability and availability of a
weapon system directly impact upon that system’s
operational capability and life cycle costs, thereby making
it of fundamental importance to the warfighter. Because of
its recognized importance, it is mandatory for all program
managers within the Department of Defense to plan for and
execute measures to ensure their program accounts for the

user’s RAM objectives. [Ref. 14]

The importance of reliable and maintainable equipment
in the hands of military service members cannot Dbe
overstated. Ultimately each system maturated through the
DoD acquisition system, is statutorily required to Dbe

tested and evaluated to determine its operational
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effectiveness and operational suitability. Operational
suitability most directly encompasses reliability and
logistical considerations. Informally a suitable weapon
system has been defined as

A system that is available for combat when

needed, 1is reliable enough to accomplish its

mission, operates satisfactorily with service
personnel and other systems, and does not impose

an undue logistics burden in peacetime or

wartime. [Ref. 2]

Essentially effectiveness equates to “Does it work?”
while suitability equates to: “Can we use, maintain, and
support it?” Suitability notably impacts the fielded
weapon system; particularly in terms of life cycle costs.
It is widely known, within the acquisition community, that
the costs of operating and supporting (0&S) a weapon system
far exceed the actual procurement costs incurred through
the design, development and production of new systems.
Figure 1 depicts a historical breakdown of life cycle costs

for a typical major defense system. [Ref. 37]

- LIFE CYCLE COST r.

+FT ‘ FWEMMMDSUWMEA.-I DISPFOSAL PHASE
EXPLORATION
DEFIMITION
£ DEPLOYMENT ngf
DEMONSTRATION
VALIDATION PHASE
ENGINEERING!
MANUFACTURING
DEVELOPMENT PHASE
Figure 1. Life Cycle Cost Breakdown of a Typical Weapon

System [From Ref. 31]
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The 1life cycle of a weapon system, which began with
the initial determination of its need, continues through
its design, development, production, deployment and
concludes with the system’s disposal. As shown 1in Figure
1, the cost estimation categories are normally separated

into four overlapping areas:

° Research and Development. Includes costs of
studies; analysis; design; test and evaluation;
pre-production article development; and
documentation

] Investment. Accounts for all production and

deployment costs including any required training
and military construction.

° Operations and Support. Consists of all cost
associated with usage and maintenance of the
fielded equipment.

] Disposal. Although a relatively small percentage
of LCC, and therefore often overlooked, this area
accounts for demilitarization, destruction, or
deactivation of the system. [Ref. 31]

Many factors are involved with the estimation of 1life
cycle costs. Reliability considerations, estimates, and
the accuracy of those estimates, play a significant role
within each of the four overlapping cost estimation
categories. The fundamental objective of LCC reduction
analysis is to identify the cost drivers that most
significantly contribute to LCC. This allows for trade off

considerations with respect to different courses of action.

Although reliability, availability, and
maintainability (RAM) are inextricably 1linked, even often
thought of as a single issue, this research will primarily
focus reliability. This 1s because reliability has been
determined to be the significant driver of O & S costs.
[Ref. 2] Each of these three fundamental logistics
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attributes is critical, but both maintainability and

availability are directly affected by reliability.

Reliability 1is the fundamental building block that
either supports or hinders maintainability and
availability. Maintainability is focused on what happens
when an item does break (unscheduled maintenance) and on
the 1level of support required 1in preventing a system’s
failure (scheduled maintenance). Simply stated, in most
cases the more reliable an item is, the less maintenance
attention required. Availability, as discussed previously,
benefits from any reduction of time an item spends in a
‘non-mission’ capable status (e.g. downtime). Optimized
reliability, assuming no significant corresponding rise in
maintainability, will contribute to the optimization of

availability.

Currently the budget of the Defense Department is
overwhelming consumed by high costs of O0&S. Knowing that
60% to 85% of LCC is consumed in O0&S expenditures, there
has understandably been considerable effort to identify
ways to reduce those costs. The move to increase funds
available for recapitalization and modernization of legacy
systems, will Dbe paid for substantially through the
reduction in 0&S costs. Figure 2 depicts a Navy initiative

to target methods to reduce 0&S costs.
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Emphasis On Reducing O&S Cost of Naval Forces

Today’s TOA
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-
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5l Reinvention Initiatives
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Operations
& Support

Increase Funds
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Recapitalization &
Modernization

Focus Areas ———p Methods ~————p Results

NavyAcqConf 050301

Figure 2. Reducing 0&S Costs [From Ref. 35]

Reliability investments and initiatives are clearly on
the critical path 1in the Navy’s 0&S reduction plan.
Reliability has been identified as a cost driver of O0&S
costs. Figure 3 1identifies the cost drivers the Navy
intends to address 1in an effort to reduce 0&S by 30
percent. Reliability improvements have been identified as

an essential element 1in the effort to reduce 0&S costs on

material inventory items. [Ref. 35]
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Figure 3. Reliability as a Cost Driver [From Ref. 35]

E. OPPORTUNITIES AND TOOLS FOR RELIABILITY MANAGEMENT
Effective reliability management 1is achieved through
the disciplined system’s engineering approach. Systems
engineering 1s an interdisciplinary approach to solve the
life cycle technical problems within an Integrated Product
Process Development (IPPD) framework. [Ref. 22]
Systems engineering 1is the management function
which controls the total system development
effort for the purpose of achieving an optimum
balance of all system elements. It is a process
which transforms an operational need into a
description of systems parameters and integrates

those parameters to optimize the overall system
effectiveness [Ref. 9]
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Combining the structured iterative format of systems
engineering with the inter-disciplinary teaming inherent
with  the IPPD system, provides a program with an
opportunity to employ optimum design, manufacturing and

support practices. {Ref. 9]
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|
Figure 4. R&M Fundamentals Timeline [From Ref. 30]
Opportunities to influence reliability occur

throughout a system’s life cycle. Figure 4 depicts some of
the reliability fundamental tools, techniques and documents
from an acquisition life cycle timeline. Each stage is a
building block for the eventual fielding and operation of
the equipment by the warfighter. Like SEP itself,
reliability management is an iterative task requiring

constant attention and optimization of trade-offs.
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1. Conceptualization, Design and Development

The first, and most critical, opportunity to
successfully manage reliability 1s at the conception of a
need. This 1is the beginning of the system’s life cycle
and, an ideal place to have the greatest effect by
considering reliability in the original design.
Reliability requirements must be grounded 1in reality,
accounting for system usage, expected operating
environment, and available technology and resources. The
pursuit or acceptance of inadequate, overstated, or simply

inaccurate reliability targets can be costly.

The 1994 spec and standard reform not only made a
significant change 1in document wusage, it directed all
acquisition decision makers to focus on the “problem rooted
in the requirements determination phase.” [Ref. 34] A
fundamental comprehension of the ultimate user’s needs 1is
required. A system to be operated in space, aviation, or
in a security function demands different reliability
requirements than does an administrative computer desktop
operating system or a coping machine. Although the
ultimate customer wants a reliable system in all
circumstances, the consequence of system failures varies.
Systems to be operated in space demand high, or ultra,
reliability. The cost of a failure, or even the

opportunity for corrective action, is prohibitive.

Once mission and environmental profiles have been
established, the intended 1ife of the system should be
determined. This has been a problematic issue for the
Department of Defense, but needs to be addressed, as this

will affect a new system from the materials required to the
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design itself. The design stage also presents the
opportunity to consider designing for manufacturing and
producibility. Engineers tend to place undue emphasis
specific product functions, but SEP should provide a

balance that can help maintain perspective during design.

Designing reliability into a system can Dbe achieved
through many ©paths. Techniques such as maintaining
simplicity of design, or the selection of particular raw
materials all must be Dbalanced with their possible side
effects. For example, i1if a design team chooses to optimize
a system’s reliability through redundancy of «critical
components, they must also consider the affect on the
logistical burden of increased part storage and
maintenance. There are a multitude of tools to assist in

the analysis of reliability during design.

Below is a non-inclusive 1list of reliability analysis
tools. Not every tool or technique applies to every
program. Fach program, it is recommended, should tailor

their selections to achieve their desired results.

° Failure Modes, Effects, and Criticality Analysis
(FMECA) . FMECA is a method to identify potential
failure modes, causes and effects, and to rank
them by the severity of consequences. This tool

can be used to eliminate or minimize potential
problem areas or at a minimum provide maintenance
tasks to address them.

° Parts and Material Control Program. Parts
control enhances standardization and reliability.
Controlling the quality of materials/parts used
aides in accuracy of reliability predictions

° Reliability Prediction. This technique uses
parametric estimations, historical or engineering
models to forecast part reliabilities.

Prediction estimates are a useful tool but should
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only be used when it is followed with
verification testing. Although predicted
estimates are never identical to fielded results,
there are numerous examples of predicted MTRFs
that were not even close to the actual
performance.

For example, the F/A-18 contains a trailing edge
flap actuator that controls a flight control
surface. The original equipment manufacturer
rated the expected MTBF at 4000 flight hours.
The actual performance of this equipment turned
out to be less than 400 hours. Whether the cause
of the error was from incorrect installation,
unintended usage or simply from inaccurate
predictions the results were the same. The
aircraft availability suffered because of the
unplanned maintenance required and the supply
system, which was based on the expected failure
rate, was unprepared for the increased

overwhelming demand.

A hypothesis must be assumed when dealing with
predictive reliability: the estimate is
incorrect until proven otherwise. The mere
acceptance, without proof, of a manufacturer’s

claim is unwise at best.

Physics of Failure (POF). POF is a method that
uses modeling and simulation to identify
mechanisms of failure prior to testing. This

technique can help focus future testing and
maintenance.

Highly Accelerated Life Testing (HALT). HALT 1is
performed on a product as part of the design
process. A product 1s stressed Dbeyond its
required specifications and beyond what is
expected in its intended environment. This 1is
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done to induce failures and identify the actual
functional and destruct 1limits of a product.
This differs from tradition verification testing
which demonstrates a products compliance with

specs. HALT exposes the weakest points in the
design 1in an extremely quick fashion with a
minimum of required resources. HALT allows early

detection and correction of failure points that
previously would not have been discovered prior
to fielding. A root cause failure analysis 1is
completed on each failure allowing for
implementation of corrective actions. [Ref.16]

e Stress Analysis. A design technique enhanced
with computer-aided engineering, intended to
identify effects of stress on a system. Through
the computer the stress can be conducted in a
worst-case analysis. This analysis can help to
reduce the region of ©possible failures and
decrease the nominal stress.

The importance of the design phase is demonstrated in
Figure 5. Nearly eighty percent of a system’s life cycle
costs are committed in the initial stages of the design
phase. Decisions made on materials and processes to be
used, will drive the rest of the program. Mistakes or
miscalculations made during the initial design stages will

put the program office in a reactive position for years.

Early orientation towards reliability may put a
program in a proactive position. Incorporation of built-
in-test functions and simple designs with reliable parts,
will contribute to the ease of future maintenance
requirements. The inclusion of experts from multiple
disciplines early in process will identify concerns, which

would have been overlooked.
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2. Tests, Production and Verification

A reliability program continues its iterations with

each stage of development. The outputs from the previous
iteration become the inputs to the present. As systems
evolve reliability management must keep pace. Testing and

production need to continue emphasizing reliability and

stress reduction on the system.

The reliability targets established in the design and
development stages must now be tested and verified. The
verification of accepted targets is crucial. The
logistical support system will be built upon the accepted
R&M targets. Production process must also be examined. It
is not uncommon for the production to introduce faults into
the product. Testing and process controls are the key

elements to success at this point.

The production process seems to be often taken for
granted. It is incumbent upon the program office to ensure
that methods and material used to produce a product do

induce reliability problems. Testing and inspection of the
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manufacturing process must be completed to reduce

opportunities for latent defects or human error.

Test and evaluation (T&E) are invaluable to a
successful program. T&E 1is a part of the acquisition
process aimed at getting the best possible product to the
warfighter. Some feel that testing 1is an unnecessary
burden that eats into both cost and schedule. T&E does
consume cost; both in terms of schedule time and in
financial commitment. However, these expenditures serve
two primary functions: First, to help develop and make a
system work; Second, to determine if a system works and
that we are getting what we asked for. There are
essentially two forms of testing that accomplish these
goals: Developmental Test and Evaluation (DT&E) and
Operational Test and Evaluation (OT&E). Both forms of
testing provide feedback to acquisition decision makers.

a. Developmental Test and Evaluation

DT&E 1is a method for a PM to make his system
work, to verify contractor claims and predictions, and to
influence the system design. DT&E normally aides in
product design and development, through a test-analyze-fix-
test (TAFT) approach. Both contractors and Governmental
personnel can be involved in each of these four stages.

[Ref. 22]

The feedback provided by DT allows the systems
engineering process to analyze the test results and devise
required fixes or adjustments to be implemented and tested
again. Reliability engineers and logistician play a key
role through the IPT process. Ultimately design risks are

minimized and the system <can Dbe certified ready for
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operational testing. Listed below are some of the testing

techniques and tools used.

. Failure Reporting, Analysis and Corrective Action
System (FRACAS) . FRACAS is a closed-loop
reporting system that plays an integral role in
TAFT. The formal reporting of identified issues
allows for root cause determinations and
corrective actions to be applied. Early

initiation of FRACAS provides ample time to
address failures prior to full-rate production.

° Environmental Stress Screening (ESS). ESS is an
initiative to find potential flaws through the
use of thermal cycling and vibrations early in
the production process enabling cost savings by
identifying problems 1in the factory while there
is time to fix.

. Highly Accelerated Life Testing (HASS). Hass 1is
a screen test performed during the production
process. This test is to be completed post HALT
and DVT. The goal of HASS 1is to ensure that no
new weak link has entered the picture during the

production process. [Ref. 16]

° Reliability Development Testing (RDT). RDT or
reliability growth testing (RGT) is the
centerpiece of TAFT. The reliability growth of

the system 1s emphasized through an iterative
design maturation process.

The PM controls the DT environment and 1is provided
with data, throughout this testing cycle, with which he can
make 1informed managerial decisions that can affect the
reliability of the final product. Through developmental
testers the PM must review contractor reliability programs,
monitor reliability tests and review test data and reports.
With limited resources the PM must make tough trade-off
decisions and ultimately certify that his system is ready

for operational test and evaluation (OPEVAL).
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b. Operational Test and Evaluation

OT&E is considered the conscience of the
acquisition process. Unlike DT, operational testing 1is
accomplished by an independent agency not beholden to the
Program Manager. Testers are fleet representative users
and the testing environment must be realistic of the
intended operational environment, including anticipated
threat countermeasures. OT&E 1is designed to stress the

system as it will be used by the warfighter.

. Farly Operational Assessments (EOQOA). EOA is
conducted prior to Milestone II/B to provide
operational / mission input to the decision
makers early in the life cycle.

° Operational Assessments (OA) . Operational
assessments begin post Milestone II/B and signify
the start of the OTAs evaluation of system level
performance.

° OPEVAL. OPEVAL 1s a ‘“separate and dedicated
phase” of OT&E conducted in support of the full-
rate production without contractor involvement.
The purpose of OPEVAL is to evaluate a system’s
Operational Effectiveness and Suitability.
Reliability requirements are encompassed within
the suitability Jjudgment, and the OTA will

conduct enough testing on production
representative test articles to make that
determination. All supporting publications,

logistical support planning and training will
also be evaluated.

° Follow-On Test and Evaluation (FOT&E). FOT&E 1is
testing completed after milestone III/C. This
testing is generally used to test modifications
to production systems or to complete any deferred
testing.

The purpose of OT&E can be simplified to the main
emphasis: to see if it works. In essence it 1is a final
exam for PMs, and the last chance to influence and evaluate
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reliability Dbefore a system hits the fleet. All
reliability targets must have Dbeen proven within a

confidence level acceptable to the decision authorities.

3. Operations and Support

The program office 1s responsible to sustain the
reliability of their system while it remains in service. It
is in this stage of the 1life cycle where the previously
efforts to optimize reliability pay off. PMs are required
to “maintain a relationship with the user/warfighter based

on system readiness.” [Ref. 14]

The collection of field data is essential to proper
management. The only true measure of system performance is
borne of that systems sustained use in actual conditions.
Even with rigorous testing, experience has shown that
predicted reliability estimates do not match actual system
performance. DoD 5000.2-R charges the PM and the logistic
community to measure and support fielded systems, with

emphasis on continued improvement.

Corrective actions must be taken to address the
differences between predicted and actual performance. If a
program elected to spare to the predicted reliability
levels there may be significant delays and shortcomings
within the available maintenance capabilities. Adjustments
must be made either within the system itself or within the

supply chain.

F. CHAPTER SUMMARY
The reliability of a weapon system directly impacts

upon that systems operational capability and 1life cycle
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costs, making it of fundamental importance to the
warfighter. It 1is mandatory for all program managers
within the Department of Defense to plan for and execute
measures to ensure their program accounts for the user’s

RAM objectives. [Ref. 14]

This chapter provided a framework of reliability
definitions, references, and methods. Additionally, the
researcher provided a view of both reliabilities’ relative
importance 1in system acquisition and of opportunities
within a systems 1life cycle for a PM to influence the
reliability of the system for which he or she 1is

responsible.

Chapter III will present information about the Naval
Air Systems Command programs surveyed for this thesis. The
results of the survey and interviews will be provided and

organized by applicable themes.
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III. PROGRAM METHODOLOGY FOR RELIABILITY MANAGEMENT

A. INTRODUCTION
This chapter presents the methodology used and data

gathered to address the primary and subsidiary research

questions. An overview of the Naval Air Systems Command
(NAVAIR) and information on the system programs
investigated are provided. Additionally, data from these

programs 1is presented in an aggregate format and summarized
based on the responses to the electronic weapon system

reliability management survey questionnaire.

Data presented reflects the actions and perceptions of
the acquisition workforce dealing with reliability

management issues.

B. METHODOLOGY

Research was conducted through a literature search of
reliability related documents including Director of
Operational Test and Evaluation (DOT&E) Reports, General
Accounting Office (GAO) Reports, Department of Defense
(DoD) Official Memorandums and Directives, Congressional
Subcommittee Reports, Military Standards and Handbooks (Mil
Specs), and technical and professional Jjournals, manuals
and web sites. Interviews were conducted with current
acquisition professionals familiar with program and/or
reliability management including personnel from Program
Executive Offices (PEO), aviation program management (PMA)
offices, contractors, the test community, user
representative organizations, and reliability engineering

disciplines. Additional 1interviews were conducted with
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personnel from academic disciplines, who have had years of
experience in program and reliability management.
Interviews were conducted in person, over the phone, or

through electronic mail.

All interviews, literature searches and the survey
questionnaire were aimed at the primary research question:

What strategies should program managers implement to

optimize inherent reliability in their weapon system?

1. Survey Questionnaire

The Weapon System Reliability Survey Questionnaire
used was a modified version of a previously designed survey
intended to “draw out the practices employed by each PM
organization on managing reliability performance risks in
their programs.” [Ref. 39] Electronic distribution was
accomplished with the assistance of the Reliability and
Maintainability Competency at NAVAIR. Respondents to the
questionnaire included reliability engineers, logisticians,
operational and developmental testers, and program
management personnel, all of whom had responsibilities
associated with reliability within their specific program.

A copy of the survey questionnaire is located in Appendix

A.

2. Interviews

Interviews were conducted as an additional method of
addressing the research question. Follow-up interviews

with survey guestionnaire respondents were conducted when
amplification to their inputs was desired. Additional
interviews were conducted to gain insight from individuals
who had experience and Dbackground in reliability and
management issues. The empirical data from interviewees
was generally from a supervisory perspective. Generally,
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these people consisted of PEO personnel, PMs, competency
branch and division heads. Interview formats focused
primarily on the thesis research dquestions, which the
interview subjects normally had time to review and respond

in writing if desired.

C. PROGRAMS STUDIED

The systems researched were limited to Naval Aviation
programs associated with NAVAIR. NAVAIR is a major Naval
Systems Command charged with systems acquisition and
supporting those systems in the operating fleet. Actual
program management 1is a team effort. Program Managers
(PMs) work for a supervisory Program Executive Office (PEO)
who in turn reports to the Assistant Secretary of the Navy

for Research, Development and Acquisition (ASN (RDA)).

The ASN (RDA) is responsible and accountable for all
acquisition functions and programs for the Department of
the Navy. The PEOs and PMs are directly responsible for
the development and acquisition of Naval systems. As a
Systems Command, NAVAIR provides matrix support to PMs
including engineering, contracting, and comptroller.

Figure 7 depicts the extensive reporting chain for NAVAIR.

Thirteen programs spread throughout the four aviation
PEOs and eleven Aviation Program Management (PMA) offices
participated in the survey. The represented systems range
from pre-program establishment to legacy systems deployed
and operated for over 20 vyears. The programs with
designated Acquisition Categories (ACAT) are level I and
level 1IT. Perspectives covering additional programs were

incorporated through the survey questionnaires and
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interviews conducted with personnel in supervisory

positions who had responsibility and knowledge of multiple

programs.

NAVAL AVIATION SYSTEMS TEAM
REPORTING RELATIONSHIPS
ASN RDEA)
ASSISTANT BECRETARIY UF THE MAWY CHIEF OF HEVAL OPERATIOHS
[RESEARECH, DRV L CPR BT ARD ADTAS TION, ALY, CLARE
plyighe Ty 13 EEE5004 MAVELP
= T MAVAL SUPPLY SYSTEMS COMMEND
A 1. MOCRR THY
TIT-E08-111
MAVAL AIR 5¥5TEMS COMMAND HEADOU ARTERS
PATUXENT RIWER 1
oMM KD ER - HANICF
T VA J. IV ER: MAVAL IHVENTORY CONTROL FOINT
VICE OOMWAHDER CEFUTY COMWAHDER naoy ' ¥ LEY
up1a AR-2a ARD ME4a upea AR D ARTD Mpaa
PRGN COMTRACTS LORSNCS F S ARTH 5T MLSTHAL TH AT SHOHE STATICOM
16 IIJ!I!I - - IIHIIII-.II'. I'.MI\':IFIII I1I-|'..I-l [ I1I‘|::.I.HI‘: [ II.!.I-II.I
PECH[&)
yrr .
* I:!LR-:GH.: E -. .N.ﬁ.".-.ﬂ.IR HEADTIUARTERS
T LA I I ]
. ) . . [—— [T
AT A EWANERRING Agﬁ":':!gg:-lm ﬁ“ﬁﬁ‘l'!"-‘-'f"{'ch" || "F'::'I.""“P'
SERAICE COMMARND W rn amd
TR
HAGRL A
OEFOT HADEF
HAVAL WA STATION TRAFEG SYSTEWES HAVEL AR WEAFTHE . s
AT DS KO TMACTIEDY :r.>1|:\||u_r.'.':' T
oy FEHTER ol
T ] ==
, — HANAL A , J—
ID\.::II:I;.I;SIE ;lll‘.l#‘:':ﬁ:ﬁu'!é-; II.“’"FL;.FE;I.'M"G
ARLuEE .- ' HAAL AR PACIFEC
FEFAR ACTIATY
|| (TR
&
LOGISTICS
SUPPORT PRODUCT CENTERS HAVAL
ELE WATE 3 PR ACTRITY (MAVAL AIR'WARFARE CENTER} AlR DEPOTS
Figure 6. NAVAIR Reporting Chain [From Ref. 30]

D. DATA PRESENTATION

In an effort to obtain disclosure of all issues
associated with reliability management, interviewees and
survey questionnaire respondents were permitted to provide
information under the premise of non-attribution. Though
most participants did not seem concerned with attribution,
the “political realities of system acquisition” led some
individuals to request that they, or their program, not be
identified. As such, all program responses will be treated
in the aggregate. Participating programs and individual

research participants will not be identified, as it would
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be too difficult to maintain anonymity for some while

identifying others.

Collected data to be analyzed will be organized in the

following themed categories:

° Reliability Management Environment.
° Reliability Processes and Tools.

° Reliability of Fielded Systems.

° Affects of Acquisition Reform.

The following sections will ©present the aggregate data
within the same areas of interest. The data summary
includes information from all sources of data collection.
Where appropriate tables will be used to display

questionnaire responses. [Ref. 39]

E. RELIABILITY MANAGEMENT ENVIRONMENT

The first set of data relates to how management
approaches the subject of reliability and seeks to identify
the cultural environment of reliability management. A
series of survey questionnaire questions were intended to
draw out the perceptions of respondents on how reliability
is managed.

1. Reliability Responsibility

The results tabulated in Table 2 present the

questionnaire answers to the following question:

Who within your organization is primarily responsible

for reliability activities for this particular program?

This question was fundamental in establishing whether
there was a consistent managerial approach. The responses

are presented below:
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Responsible for Reliability Within Chartered
- Total % IPT?

PM 1*

Project Leader

Systems Engineering Team Lead 1 (1%) 8%

Logistics/Supportability Team Lead 4 31%

Test Team Lead

Reliability IPT 5 38%

Prime Contractor 1 8%

Lead Shared 2 15%

No One Specifically

* indicates conflicting response

Table 2. PMA Reliability Responsibility
Response Summary: Responses varied throughout the
programs without any unified theme. The largest common

response 1indicated that the Reliability IPT had Dbeen
delegated primary responsibility for reliability issues.
However, less than half of the participating programs even
had a formal Reliability IPT. Additionally, two program
responses could not identify an individual or team that had
overarching authority over reliability activities. 1Instead
they indicated that reliability management did not have a
designated primary authority, and was purposely a shared

responsibility through multiple sources.

One program ©provided multiple responses to the
questionnaire inclusive of the following perspectives:
reliability engineer, subsystem IPT lead, and tester. Each
individual —response identified a different source of
“primary responsibility.” The PM, Logistics/Supportability
Team and Reliability IPT were each identified as having

primary responsibility for reliability.
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Additional Comments: During an interview, one former

PM commented that PMs manage by exception and without a
specific problem or issue, reliability and the other
engineering disciplines are managed through empowerment of
the technical experts. The common theme seemed to be an
acknowledgement that PMs rely upon the reliability
competency for matrixed support. Reliability experts
generally provide input on what reliability activities are
suggested and where they should be implemented. How that
support 1s incorporated into a program 1is dependent on

available funding and the PMs judgment based on cost,

schedule, technical risk and political environment
considerations.
2. Reliability Documentation

Most acquisition activities have an overriding program
document that provides structure, priorities, methodology
and/or resources for a given topic. For example, the Test
and Evaluation Master Plan (TEMP) is the overarching

document relating all test activities within a program.

How is the system reliability program and
corresponding management approach to such formally

documented?

Table 3 provides the survey questionnaire responses.

Reliability Program Plan 9 %

Contract Statement of Work (SOW) 3 %

Test and Evaluation Master Plan (TEMP) 5 38%

Single Acquisition Management Plan (SAMP) |0

No Formal Reliability Management Plan 1 8%

Other 1 8%
Table 3. Formal Reliability Documentation
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Response Summary: The majority of participating Naval

Aviation programs do indeed have an overarching reliability
document. Only one program, still in the earliest stages
of development, did not yet have any formal reliability
management plan. In addition to a Reliability Program
Plan, many programs track reliability activities through
the TEMP or Statement of Work (SOW).

3. Reliability Resources

Allocation of available resources 1is inherently a
management function. As such, participating PMA
representatives were asked to assess the adequacy of
reliability resources. Table 4 provides the responses to

the following question:

Is the amount of time and funding allotted for

reliability testing sufficient for your program?

4 6 3
31% 46% 23%
Table 4. Adequacy of Reliability Resources

Response Summary: The PMAs that responded that their

program had sufficient funding fit into two categories; 1)
High wvisibility programs early 1in the development stage
enjoying positive support and funding or, 2) Legacy
programs enjoying considerable support in part due to their

current tactical usage.
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The PMAs that responded that they currently were not
engaged in significant reliability efforts were either
early 1in the defining requirement stage or have Jjust
successfully entered fielding after making required
adjustments to production articles. The remaining programs
fit the more common profile of a program competing for
funding and undergoing the scrutiny that is a part of the
acquisition process. Knowing that resources are limited,
tough decisions often lead to compromise on schedules and

priorities effecting system reliability.

Additional Comments: One Reliability IPT member

stated that reliability, maintainability and supportability
are always the elements that are compromised when executing
a program. He further commented that these activities are
so essential that they need to be fully funded and not have
their schedules so compressed that testing 1s either

severely cut or meaningless.

An interviewed PM said that program management often
operates in the gray area, and that we knowingly “mortgage
the 0&M future” to gain production support today. A
reliability IPT team leader provided the following
discussion on reliability funding:

Reliability costs are largely up front in the
design and testing phases and can be rather

significant... When we come to testing and
fielding and we find shortfalls in the system
reliability. Normally the cost to make any

reliabilty improvemnts comes from the same pot
[of money] as system performance improvements,

which wusually win out over reliability. The
programs need to have a contingency fund for
reliability and maintainability fixes. Farly in

the program when there are few units in the field
this would have a very good chance of providing a
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quick payback in logisics savings.

The general consensus of comments can be summed up

with the following quote:

We will either pay for it up-front or the fleet
will pay for it 1in terms of reliability or
maintainability once it gets fielded in the
fleet.

4. Reliability Regulations and Policies
Regulatory documentation 1s a reflection of the

attention paid to a subject by higher headquarters.

Are you aware of any specific DoD or Navy policy

regulation regarding weapon system reliability management?

Table 5 summarizes the responses.

YES 4 31%
NO 4 31%
NOT SURE 5 38%
Table 5. Reliability Policies and Regulations

Response Summary:

Programs that replied yes identified the DoD 5000.2-R,
specific program documentation, or the cancelled military
specifications and standards. Nine out of 13 programs, and
12 out of 18 questionnaire responses, stated that they were
unaware or unsure of any policy or regulation regarding
reliability management. Most responses and 1interviews
further commented on frustration with a lack of useful

documented guidance.
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Additional Paraphrased Comments: The following

comments are paraphrased responses:

. DoD 5000.2 and not much more; with acquisition
reform the Government backed off military specs
and standards.

° There has been a reduction in the design
fundamentals [MIL-STD/HNDBK] throughout the 90’s.

° Some PMAs were told to shift to commercial best
practices, unfortunately the contractor does not
always know better.

o Reliability engineers continue to use the
cancelled military specs and handbooks because
there has been nothing to replace them.

° Some reliability engineers Jjust cut portions of
MIL-STD-785/781 and paste them into the Statement
of Work (SOW).

. At program initiation the Willoughby reliability
improvement 1initiatives were included in the
specification.

e “If you identify some, please let me know.”

F. RELIABILITY TOOLS, TECHNIQUES AND PROCESSES

This section provides information on the methods and
strategies used to implement reliability management. Data
pertaining to the wuse of contractual incentives will be
discussed along with the issues of influencing
requirements, designing-in reliability, and test and
evaluation.

1. Requirements Generation

Requirement generation is the genesis of every
acquisition program. The data presented here was gathered
to address the PM’s ability to influence system
requirements, with respect to reliability, during their

initial formation. Programs were asked:
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Were you as the material developer able to influence
the incorporation of realistic reliability requirements as

part of the ORD process?

Table 6 depicts the responses.

YES 9 69%
NO 2 15%
Other 1 8%
Table 6. PMs Influence on Requirement Generation

Additionally PMAs were asked whether reliability was
identified as a key performance parameter (KPP). Because
KPPs are those requirements or capabilities that are deemed
to be so critical that failure to reach the threshold level
may result in the programs termination, the researcher
wanted to determine 1f reliability issues reached this
level of scrutiny. Only four programs answered in the
affirmative, with others replying that although not a KPP,
reliability ranks within the highest tier of priority.

Response Summary: Overwhelmingly the programs

participated in the derivation of requirements to Dbe
included in the Operational Requirements Document (ORD).
The “no” votes reflect legacy programs in which a sister
service acts as the executive agent and whose original
requirements document cannot be located. The “other” wvote
is from a support equipment program that gets its

requirements through the systems it supports.

44



However, there was not unanimity in support of the
requirement process. One team leader felt that the
original wuser requirements were altered not Dbecause of
technical necessity but to merely to satisfy the desired
contractor’s estimates. The natural course of compromise
that occurs in requirements generation is hard to quantify
in terms of severity, because the consequences are not

realized until some point in the future.

Supporting Comments: The following comments are

paraphrased from survey questionnaire responses and

interviews.

° Initial wvalues were solicited from operational
users and requirement ‘gate keepers,’ but were
modified to meet potential contractor estimates
based on financial incentives and contract award

fees.
° User requirements are sometimes in need of a
reality check. The reliability engineering

realities do not support the uninformed user.

° If reliability experts are not integrated into
the IPTs until after the ORD and contracts are
developed, it will take years to correct.

° R&M is not a KPP, but is much on the minds of the
PMA in relation to passing OPEVAL.

2. Design for Reliability

An ideal time to consider reliability of a system is
while there are still opportunities to influence the
outcome. Given a set of agreed upon requirements, programs
must then translate those requirements into a functioning
system. With that 1in mind, the survey questionnaire

participants were asked:

What contractual design tools were/are employed to

ensure reliability is “built in” early on in the program?
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Table 7 depicts the program responses.

Physics of Failure (PoF) 2 15%
Critical Items
List/Analysis 6 46%
Identification of Known
Problem Areas
9 69%
Software Reliability
Assessment 7 54%
Quality Function
Deployment 1 8%
Parts Control Program 8 62%
FMECA /FRACAS /FTA 12 92%
Reliability Prediction
Analysis 4 31%
Table 7. Reliability Design Tools
Response Summary: All PMAs reported using design
tools to address reliability within their system. 100

percent of the programs use some form of failure analysis
as an integral part of design. There was a clear consensus
that employment of tools that incorporate reliability

considerations into system design was required.

Additional Paraphrased Comments: The following

paraphrased comments reflect the survey questionnaire

responses describing additional tools:

° Specification Allocation -the [MTBF] requirement
was allocated to each element of the weapon
system.

o Design to Allocation - required the minimum

design to allocation to be at least 25% above the
specification allocation to ensure confidence in
achieving specified requirements.

o Design and Fleet Field predictions were used.
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° Stress analysis and stress derating were also
done.

° Implemented prediction that directly correlates
to other program goals and have driven contractor
to that prediction.

. As reliability engineers we 1list all of tools
that we think will be wuseful, knowing that PMs
will cut many of them citing fiscal restraints.

3. Contracting for Reliability

Contracts and contractual incentives are often used as
motivation tools or strategies attempting to focus a
contractor’s effort. Contracts produce a similar effect on
the Government’s side Dby concentrating attention on
particular components of a given acquisition program.
Several question posed in the survey guestionnaire were
aimed at determining how reliability requirements are

interpreted into a contract.
The first contract related question:

Was reliability included as a factor in source

selection?

Table 8 depicts the survey responses.

6 4 3
46% 31% 23%
Table 8. Reliability in Source Selection
Response Summary: Half of the programs confirmed the
use of reliability measures during source selection. These

programs generally represented ACAT I high dollar programs
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with large defense contractors. In general most
respondents felt that issues 1like FMECA, FRACAS, and
predictions were discussed even 1f not formal source

selection criteria.

The second contract related qguestion inguired about
the translation of operational requirements to contractual
requirements. Table 9 ©provides the answers to the

following question:

How are ORD reliability requirements for your program
translated into actual contractual reliability

requirements?

ORD Requirement Restated
in SOW

Additional Levels
Applied to Contract

Reliability Not
Adequately Addressed

Other
1
Table 9. Reliability Requirements in the Contract
Response Summary: All of the programs that have

established contracts stated that at a minimum the ORD
requirements were restat