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Foreword

According to the latest Department of Defense Aircraft Procurement Plan (I'iscal Years
2012-2041), the United States Air Force (USAF) will operate many of its aircraft well beyond
their original design service lives. The USAF Scientific Advisory Board (SAB) was tasked to
identify investments that will contribute to the safcty, availability, and capability for thosc flects
that are approaching their design service lives.

This report presents the major findings from the SAB Study on Sustaining Air Force
Aging Aircraft (SAA) into the 21* Century. As many of its fleets of legacy aircraft types are
kept in service wcll beyond their planned serviees lives (sometimes in age. sometimces in usagc,
sometimes both), the Air Force (AF) faces numerous engineering and resource challenges for the
continued, cost-cffective sustainment of those aging systems. This report details the
recommendations made by the Study to best position the Air Force for mecting thosc challengcs.

The Study Panel visited a cross section of commercial and military USAF aircraft
sustainment facilitics and reccived high quality bricfings from a broad range of cntities involved
with the current and future sustainment of thc USAF’s fleet of aging aircraft. Bricfings were
reccived from four companies performing sustainment operations and sustainment research and
devclopment rclevant to aging aircraft (Bocing, General Atomics, Lockhccd-Martin, and
Northrop Grumman) as well as from the (AF) Research Laboratory (Materials and
Manufacturing, Propulsion, and Air Vehicles Dircctorates and the Office of Scientific Rescarch).
The Pancl also heard from organizations outside the USAF including the Naval Research
Laboratory, Naval Air Systems Command, National Air and Space Administration, Iederal
Aviation Administration, and Delta Airlines—all of which have currcnt aircraft sustainment,
technology, and/or aircraft sustainment process oversight activities. The Panel benefited from
hearing from most AF Major Commands (sustainment, requirements. and planning), including
Air Combat Command, Air Foree Materiel Command, Air Mobility Command, Al Glohal Strike
Command, Al Spccial Operations Command, and the Air Education and Training Command.
Also, the Study Team made fact-finding visits to the three AF Matericl Command (AFMC) Air
Logistics Centers and the Air Force Global Logistics Support Center. Visits with aircraft flight
line maintainers at the 388™ and 1% Fighter Wings, at Hill and Langlcy Air Force Bases.
provided uscful insights.

The Study Tecam included members from academia, Federally I'unded Research and
Development Centers, and industry, along with advisors from the AF Matericl Command
(AFMC Directorate of Logisties and AF Research Laboratory’s Materials and Manufaeturing
Directorate), all representing a diverse sct of backgrounds. The undersigned acknowledge the
outstanding ctforts put forth by thc mcmbers of the Study Team, thc voluntcer Executive
Officers, and AF SAB Seerctariat members who all put in long hours supporting this Study.

Olan €. 5 teinett Claades £ ,Jaa%

Dr. Alan C. Eckbreth Mr. Charles R, Saff
SAA Study Chair SAA Study Vice Chair
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Executive Summary

Introduction

The United States Air Force (USAF) is going through a period of reduced
recapitalization, coupled with program development delays, that is going to require current flects
to have lives extended ten to thirty years into the future if the current foree structure is to be
maintaincd. The cffort required to extend the operation of fleets already approaching their
design scrvice lives is going to increasc as failure modes beyond those identificd in design begin
to become more prevatent. These failure modes arc due more to age than to usage or fatigue and
they oceur more rapidly when the aireraft is on the ground than when it is in flight. So reducing
usage will not improve these life-limiting failure modes.

The Air Force Scientific Advisory Board was asked to explore potential technical
solutions for the sustainment of these aging fleets into the middle part of the 21* Century. The
Study Panel was asked to identify specific aircraft systems, in addition to structures and engines,
that contribute to safety, avaitability, and effcctiveness for aging aireraft; examine commercial
practices in airlines, air freight services, and other industries, and evaluate how they might be
applied to meet Air Foree needs; and identify technology needs and technotogy approaches that
can be applied or developed to extend life or case maintenance of these aircraft systems, while
facilitating future adaptations and performance enhancements of the aireraft.

There were clements of the task set before the Study that were not considered. These
included a review or revision of priorities of the Fleet Viability Board (FVB), review and
revisions of the upgrades planned for various Mission Design Series (MDS) aircraft, and
recommendations of how the USAF should address the modernization needs for each MDS, h
was determined by the Study that the FVB and the System Program Offices were so familiar
with the aircrafi, their histories, their current and planned maintenance and upgrade plans, that
there was no benefit this Study could provide to the data and recommendations the USAF
already has from these MDS experts.

Note: A related study' was conducted by the National Academy of Sciences
contemporancousty with this Study. This Study was cognizant of and informed by portions of
the National Academy of Sciences study.

' National Research Council (Air Force Studies Board). “Examination of the U.S. Air Force’s

Aircraft Sustainment Needs in the Future and Its Strategy to Meet Those Needs.”




Background

For purposes of this report, sustainment is defined as the combination of operations and
maintenance {O&M) and modifications for upgraded performance. Maintenance includes repair,
remanufacture, and component replacement (form, fit, function replacement due to obsolescence
or Diminishing Manufacturing Sources). These efforts are funded under O&M funding
{Department of Defense appropriation code 3400 funds). Upgrades for modernization and
capability must be funded under Research, Development, and Test (3600} and Aircraft
Procurement (3010) funding. Whilc these efforts must be considered throughout the design and
development of an aireraft, more than 70 percent of the funds required to develop, qualify, and
operate an aireraft in service are spent in operation and maintenance. And the time spent in
operation and support is much longer today than it cver has been in the history of the USAF.

Maintaining aircraft that are nearing the end of their design service lives requires an
enterprise effort to maintain airworthiness, mission capability, and effectiveness for thesc
aircraft. This is being done today, but only by extensive repair and remanufacture of the aircraft
component by component. [t also requires that upgrades be implemented to retain warfighting
capability for fighters and bombers or fuel efficicncy for transports and tankers.

Remanufacturing is expensive. One has to take the aircraft apart and reassemble it in
order to accomplish the task and it cannot always be done without complete removal and
reinstallation of systems in order to rebuild the structure around these systems. Thus,
remanufacturing is very manpower intensive involving much “touch” labor and few
opportunitiecs for automation. The consequence of these actions is that costs for each
Programmed Depot Maintenance cycle are increased markedly as the platform ages. Depot
cycles are planned around parts obsolescence and usage — fatigue crack initiation and growth.
But, aging {corrosion, scalant and wiring degradation, and exposure to ultraviolet light) adds
additional failure modes and life limitations that reduce planned maintenance intervals or
increase the work associated with maintaining these components. In addition, life extension
requires continued airworthiness assessments and qualifications, involving structural life
extension programs and many other expensive activities.

Because of these costs, the cost of operations and support for the fleet is going up rapidly
even though the number of aircraft in the fleet is coming down as recapitalization falls. And
with the reduction of recapitalization funding, the USAF fleet of tomorrow is very likely to look
a lot like the fleet of today. USAF will simply be extending the lives of their aircraft as far as
possible to maintain the fleet capabilities.

A sustainment enterprise has grown up to accomplish these tasks for the fleet of USAF
aircraft. It includes maintenance organizations, acquisition organizations, parts and supply
organizations, as well as funding and airworthiness organizations. The maintenance of the flect
is heavily MDS-centric, with each having their own maintenance plans and rclationships
betwcen the organic sustainment organization and the original equipment manufacturer.

Challenges for the Sustainment Enterprise

Challenges for the sustainment enterprise include: lack of metrics for field maintenance
and depot activities that measure efficiency; supply chains that are inefficient often due to the
inability to accurately predict parts needs; increasing software maintenance requirements (both
amount of code in systems and the complexity of the integration); the necd for new technologies
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ready for implementation at Air Foree Materiel Command’s {AFMC) Air Logistics Centers
{ALCs); the differcnec between commercial maintenanee practices and military; and the
immaturity of some of the integrity programs.

The sustainment enterprise has metrics used to determine success in providing aireraft
availability (for the ALCs and field maintainers) and Non-Mission Capable Rates (for the field
maintenance operations) for the USAF. These metries are reviewed regularly by Air Foree
leadership to guide deeisions for future maintenance and upgrade activities. However, the
targets for these metrics are set by the lead Major Commands (MAJCOMs) without regard for
the funding required to meet the targets. Thus, the sustainment enterprise consistently falls short
of the targets whenever funding falls short of the requirements, which is frequent. There needs
to be a different metric for the sustainment community that allows them to know how efficiently
they are performing rather than simply whether they are meeting preseribed targets,

In addition, the supply chain suffers from inefficiencies in meeting demand for parts and
components and these deficiencies become more pronounced as the aircraft age and original
parts supplicrs go out of business. The problem becomes more pronounced as more commercial
off the shelf (COTS) equipment is used because these parts become obsolete faster than military
program lifeeyeles require.”** COTS equipment used in Unmanned Air Vehicles suffers these
same issues even though these systems are still in production. For example, while visiting
General Atomies, the Study PPanel was told that the Reaper (MQ-9) suffers one component
obsolescence issue a week.” While current maintenance metrics address both hardware and
software maintenance and upgrade activities, the software need is growing much more rapidly
than hardware due to the integration of subsystems with software and the tie to the overall
aircraft system by software. Aireraft functionality, from flight to mission to weapons, is all
being linked by software both within components and through the system integration software,
In fact, in some cases new functions are being added to existing hardware via software.
Knowledgeable and capable software technology personnel will be increasingly required at
ALCs to maintain this software as aging aircraft become more software dependent and the
maintenance cfforts beeome more organie due to 50/50 rules that require eertain maintenance be
done at the ALCs.

Commereial airlines maintenance procedures differ from those used in the USAL. They
maintain aircraft at flight capable rates exeeeding 90% (K. Davis, Senior Principal Engineer,
Delta TechOps, Personal Communication, March 24, 2011) versus the 65-70% rates®’ seen for
large transport aireraft in the USAF. They do as mueh repair and maintenance in the field as

Buxbaum, P. “Obsolescence Management.”
Sandborn, P., & Singh, P. “Electronic Part Obsolescence Driven Product Redesign.”

* Lebron, R., Rossi, R., & Foor, W. "Risk Based COTS Systems Engineering Assessment
Model.”

SAA Study Panel visit to General Atomics Aeronautical Systems, Poway, CA, May 3, 2011.
Gregg, M. “C-5 Galaxy Division.”
" Tribble, G., et al. “Tactical Airlift Division.”
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possible and minimize depot maintenance, and they document the predicted depot maintcnance
so they know what parts arc required before the aircraft ever hits the tarmac at the depot. This
allows commercial airlines to run aircraft through the depot in 30-45 days (versus the USAF
180-280 days®’) and schedule them so they are rcady with the next induction as the prior is
rolled out the door (K. Davis, Personal Communication, March 24, 2011). They have as few
aircraft on the ground at the depot as possible because aircraft on the ground do not earn money.
It is a different paradigm than the Air Force wherc every aircraft costs the USAF money whether
it flics or not.

Finally, the integrity programs need to bc strengthened, cspecially to bring the level of
rigor in the more immature (MECSIP — Mechanical Systems Integrity, AVIP — Avionics
Integrity, and CCSIP — Computer Systems and Software Integrity) up to those resident in the
most mature (ASIP — Aircraft Structural Integrity and PSIP — Propulsion Systems Integrity). The
MECSIP, AVIP, and CSSIP programs are just as valuable to airworthiness, fleet viability, and
cffectiveness of the aging USAF fleet as the ASIP and PSIP programs that have reduced aircraft
failures due to structure and engines so markcdly over the past half-century. But these other
programs are far less mature and not yet providing the data, tools, and processes required to
ensure the integrity of the USAF’s aging fleet.

Technology Options

The Study has identified eight specific technologies that when applied to maintenance
and repair could reduce inspection, rework, replacement and repair times, and costs in the depot.
These technologies are identificd herein:

» X-ray backscatter technologies that can detect cracks underneath fastened skins as
well as determining submerged parts in complex componcnts to cnsure accurate
remanufacturing

* Laser shearography technology that can be used to detect delaminations or corrosion
in thin skin acreagc structurcs

* Improved wiring diagnostics that would allow detection of crimps and breaks in
complex wiring topologics

* Additive manufacturing: technologies that offer to produce larger and more complex
replacement part geometries on demand directly from digital drawings

» Statistical (analytical) approaches for maintenance to modify industry models for
military MDSs, and integrate maintenance, information technology, and research

* Improve point-of-maintenance data fidelity by validating and correcting inputs based
on the inventory of the parts used, robust and miniaturized hand-held instruments for
input

* More reliable, robust sensors that offer longer operation times, in-service feasibility
tests, and component status indication

* Prognostics reasoners based on better data collcction, predictive algorithms, and
physics-based analyses
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Overarching Findings

The Study finds that successful sustainment of the USAF fleet through the 21* century
will require a revision in the processes and technologies used to efficiently maintain the fleet
through at least mid century. The following six findings are the foundation for the
recommendations that follow.

1.

tJ

6.

Sustainment investments are driven by aireraft availability set by the lead
MAJCOMs, which may not correlate to resource utilization efficiency.

Diminishing Manufacturing Sources become an inecreasing sustainment issue as
aircraft age and Original Equipment Manufacturer (OEM) involvement is reduced.

Software use/complexity and rapid technology refresh have grown faster than the
USAF’s ability to address it across the lifecycle.

Maintenance Science and Technology (S&T) is technically rich but not considered
leading edge science by many in the research and development community.

Airline and Contractor Logistics Support organizations emphasize reliability data
collection and analysis to schedule maintenance actions, optimize outsourcing of
maintenance activities, and rcly on independent airworthiness guidanee from the
Federal Aviation Administration.

The integrity programs contribute to managing and cxtending the life of aging
platforms, providing data for FVB assessments, System Program Manager / Air
Logisties Center upgrades, and maintenance scheduling, but not all integrity programs
are providing the required data and processes.

Recommendations

The Study makes the following six recommendations to help reduce the cost burden for
sustainment of the aging Air Force fleet through the mid 21* century. Each recommendation
aligns with one of the overarching findings, and the Pancl suggests an US Air Foree office of
primary responsibility (OPR) for implementing each.

1. Use existing USAF data to quantify and model the cost of aireraft availability (AA/$) as

an cfficiency metric and cmploy it, along with AA, to inform sustainment investment
decisions for each MDS. [OPR: AFMC/A4]

To implement this Recommendation, the Air Foree should:

Quantify AA/$ as a function of Programmed Depot Maintenance rate over a broad
range of costs to identify the “sweet spot™ in efficiency.

Employ the model to analyzc the efficacy of various sustainment initiatives being
proposed to improve depot flow and efficiency.

2. Improve Air Force Global Logistics Support Center (AFGLSC) supply chain foreeasting
to minimize field level maintenance and depot production delays due to parts shortages.
[OPR: AFMC/AFGLSC]

To implement this Recommendation, the Air Foree should:
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e [mplcment an analytieally based parts foreeasting system utilizing part traeking, field
history, and reliability data.

e Provide robust cngineering support within the Program Offices and AFGLSC to
permit teehnieally sound soureing deeisions and Manufaeturing Review Board
activities.

e Devclop supply chain metrics that tie to AA/S$, not parts delivery.
e Promulgate the use of COTS obsolescence forecasting tools (e.g., the AVCOM tool)
early in the maintenance planning cycle for all MDSs.
3. USAF should adopt an enterprise approach to software sustainment throughout the
lifecycle of an MDS. [OPR: AFMC]

To implement this Reeommendation, the Air Foree should:

e Form enduring, time-phased collaborations with aircraft and aircraft systemm OEMs
for predictable and cost effective software sustainment.

e Mature CSSIP rapidly to establish disciplined processes and technologies to meet
software qualifieation standards and software verifieation and validation (V&V) over
the MDS lifeeyele.

4. Increase AF Research Laboratory (AFRL) research efforts oriented to legacy aircraft
maintenance needs and plan with the MAJCOMs for transition. [OPR: AFMC/A4,
AFRL]

To implement this Recommendation, the Air Force should:

e Establish or increase fundamental research and development efforts in the areas of
corrosion,  stress  corrosion cracking, acceclerated aging testing, leak
detection/prevention, wiring fault detection, and software research in V&V,
self-describing eode, readability, interoperability, etc.

e Mature promising hardware maintenance technologies to Technology Readiness
Level (TRL) 6 for technologies previously identified.

e Crcate full-scale demonstrations for maturing TRL 6 and Manufacturing Readiness
Level (MRL) 6 maintenance technologies to implementation (TRL 9 and MRL 9)
5. Institutionalize applicable eommercial best practiees. [OPR: AF/A4, AFMC/A4/PK]

To implement this Recommendation, the Air Force should:

e Adopt advanced technologies that improve quality and accuracy of maintenance data
cntry, searehability, and integration of databases to inform reliability analyses.

e Expand Reliability Centered Maintenance practices to incorporate Maintenance
Steering Group (MSG)-3 approaches, e.g., preventive maintenance throughout the
ficld-level and depot-level sustainment enterprise.




_—— -

Improve contracting practices to cxplore use of ineentive-based contracting
mechanisms and utilize contract return on investment ealeulations longer than 5 years
commensurate with expected platform life.

6. Make the entire suite of Air Force Integrity Programs an integral part of System Program
Manager lifecyele management plans, FVB evaluations, and flight worthiness
certification. |[OPR: ASC/EN]

To implement this Recommendation, the Air Foree should:

Bring MECSIP, AVIP, and CSSIP Integrity Programs up to the high level of rigor
resident in ASIP and PSIP.

Incorporate S&'1 advances in aging mechanisms and instrumentation into ASIP,
PSIP, AVIP, and MECSIP: corrosion prediction mcthodologics, stress corrosion
cracking, composite failure modes and strength prediction over time, and
nondestruetive inspeetion techniques.

Focus the AVIP process to provide the same elements as ASIP/PSIP, and implement
into the associated Military Standards.

Mature CSSIP rapidly to establish disciplined proeesses to develop software
qualification standards and provide guidance for verification and validation over the
lifecyele of the platform.

Conclusion

The sustainment of aging aireraft like those in the USAF flect is likely to become a more
expensive activity in the next few decades. It will be important for the Air Foree to become as
efficient as possible in maintaining and upgrading these airerafi in order for them to remain
viable members of the USAF fleet. Therc are many potential technological solutions that can
help reduce the eost and time to perform these maintenance operations.

The Panel spent considerable time exploring means to achieve these efficiencies given
the constraints imposed on the USAF sustainment enterprise.  The Study made specific
recommendations to:

Examinc aircraft availability per unit dollar 1o measure efficicney;

Improve the databases used to determince parts and supply needs and to be able to
search these databases;

Improve the rigor and validation of software solutions for sustainment and upgrades
of eomponents and integration software;

Explore speeifie technologies that might enhance the predietion capability for life of
aging parts and subsystems;

Emulate commercial airline practiees in prediction of maintcnance nceds, outsourcing
and contracting using longer term return on investment; and

Bring the newer integrity programs up to the same level of rigor that is evident in the
more mature ASIP and PSIP programs. Note: This will be espeeially needed for
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CSSIP given the growth and dependence of USAF aircraft, both for ncwer platforms
as well as legacy flects, on softwarc.

While these recommendations may not completely stem the cost growth for sustainment of the
aging USAF fleet, they can certainly provide cost and time reductions {rom the systems currcntly
used by the USAF sustainment enterprise.
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Section 1: Terms of Reference, Study Scope, and Approach

Air Force Scientific Advisory Board

Integrity - Service - Excellence

Sustaining Air Force Aging Aircraft
into the 215t Century

Alan Eckbreth, Chair
Charles Saff, Vice Chair

The Air Force Scientific Advisory Board {(SAB) is a Federal Advisory Committee. Therefore all statements,
opinions, findings, recommendations, and conclusions contained herein are lhose of the SAB and do not
represent lhe official position of the United States Air Force or the United States Oepartmenl of Oefense

The Air Force (AF) Scientific Advisory Board (SAB) was tasked by Air Force Icadership
to perform a Study on “Sustainment of Air Force Aging Aircraft into the 21* Century.” The Air
Force has entered a time of reduccd recapitalization for aircraft that will drive the Air Force
toward retaining many of its aircraft beyond their original design service lives. This can be done
but is an inherently cxpensive process that eventually remanufactures the aircraft cntirely
component by component as wear-out occurs. There are significant technical challenges to this
sustainment effort which grow as failure modes become age driven rather than usage driven.
This SAB Sustaining Aging Aircraft (SAA) Study has sought to identify key technologies that
can reduce the time and cxpense for the Air Force sustainment enterprise in its quest to maintain
and ficld these aircraft through the 21% century. The recommendations hercin are bascd on
findings reached from information discussed and reviewed in the explanatory briefing charts
included in this report, and information resources listed in the corresponding appendices.




The traveling public has little idea how much effort is required to maintain aireraft in a
flight-worthy condition. When events like the Aloha Airlines aceident of 1988* oceur (sce
Figure 1-1 below), the media sensationalize the event and distort the news. The publie sees these
events as unusual results of abuse of the aircraft or of a lack of care in maintenanee. They hear
about aging aircraft coneerns, but they rarcly encounter flight on aircraft that are truly aging.
The Aloha aireraft had the second most flight cyeles (take-offs and landings) of any 737 in the
world at that time.

The reality is that many
aireraft in the US Air Force
(USAF) fleet are two generations
older than the aireraft involved in
this incident. USAF aireraft are
maintained by a staff of
maintainers who do a remarkable
job of not only maintaining these
aireraft, but upgrading them to
maintain their capabilitics and
their superiority to adversaries.
They remanufacture those parts
that are so old they are no longer
available from the original
manufacturer. In some cases, the
aircrafi are so old the original parts
manufacturer may no longer exist.

Figure 1-1. Aloha Airlines Flight 243 After Landing in 1988.
Note the wmissing section of the fuselage crown and windowbelt.

In reviewing the results of this Study, the work of the men and women of the System
Program Offices, the Air Logistics Centers, and the Contractor Logistics Support Centers must
not be overlooked or underrated. Their efforts to repair, maintain, and upgrade USAF aircraft
are the underpinnings of the fleet, both today and tomorrow. It is the intent of this report to give
them greater knowledge, capabilities, and capacity and to enhanee their efforts and increase their
efficiency — the future of the USAF flcet depends on them. In an era of decreasing budgets and
reduced recapitalization, the USAF fleet will be even more dependent on these people in the
future. They need and deserve the best technology we can provide to enable them to perform to
the best of their abilities.

® National Transportation Safety Board. “Aircraft Accident Report: Aloha Airlines, Flight 243,
Boeing 737-200, N73711, Near Maui, Hawaii, April 29, 1988 (NTSB/AAR-89/03).”




Outline SAB

m Terms of Reference, Study Scope, and Approach
m Background
m Findings and Recommendations

The Terms of Reference, Study Scope, and Approach are all summarized below. This
Study Panel did not address all the itemns in the Terms of Reference originally defined for it
because the Panel found that other entities were better informed and better tasked to perform
those studies and to a great degree were alrcady doing so or had done so (e.g., the USAYF Ileet
Viability Board). Thus the Study Seope and Approach were refocused 1o provide answers to the
key portions of the Terms of Reference for which the Study was tasked and to ensure the limited
resources available to the Study Panel, in the considered judgment of the Study Panel members
and the SAB Executive Committee, addressed the arcas of highest potential payoft,

Note the three illustrations in the chart above. For each Outline chart (above and later in
this report), photos cxemplifying the work being done at Air Logisties Centers are included to
show the level of effort being expended to maintain and upgrade these aging aireraft.




Sustaining Air Force Aging Aircraft @
into the 21st Century: Charter

= Identify specific aircraft systems, in addition to structures and engines, that
contribute to safety, availability, and effectiveness for aging aircraft

® Using the FVB’ s prioritized list of aircraft, determine for all fleets the
maintenance status of these aircraft systems, and rank them in terms of
priority due to risk across Mission Design Series (MDS)

® Examine commercial practices in airlines, air freight services, and other
industries, and evaluate how they can be applied to meet Air Force needs

m Assess the time and first-order investment required to complete needed mods
of the high priority aircraft systems, and the resulting effect on operational
availability of the fleets. Perform a first-order assessment of O&M cost
savings and avoidance and military utility of improved capabilities that would
result

= Recommend how the Air Force should proceed to address these modifications
by MDS in priority due to mission risk, operational availability, and O&M cost

m Identify technology needs and technology approaches that can be applied or
developed to extend life or ease maintenance of these aircraft systems, while
facilitating future adaptations and performance enhancements of the aircraft

The Air Foree will operate its legacy aireraft for deeades beyond their originally
projected scrvice lives, stressing structures, engines, and other aircraft systems. The USAF Fleet
Viability Board (FVB) was formed to assess the teehnieal fitness and the associated availability
and eost of continued ownership of Air Foree weapon systems. While the Board projects the
fitness of all fleet systems (e.g., struetures, propulsion, avionies, offensive/defensive, and
eleetro-mechanical subsystems), structures and propulsion are analyzed at the greatest depth.
Addressing struetures and engines is a eomplex task, but other aireraft systems can also be life
limiting, pose flight safety risks, and affeet aireraft availability, effeetiveness, and Operations
and Maintenance (O&M) costs. Investments in appropriate modifications/replacements are
planned for some aircraft fleets, but deferred for others. For example, the FVB has identified
service life issues assoeiated with the landing gear of the A-10 Thunderbolt I1, T-38 Talon, and
F-15 Eagle fleets. Some of these fleets have scheduled depot maintenanee for their landing gear
or plans to replace existing landing gear with new hardware, but others are deferring these
investments. There is a need to help the Air Foree identify and prioritize investments in other
aireraft systems while identifying how sueh investments ean establish a foundation for future
adaptations and performance enhaneements.

The Terms of Reference (ToR) eharter for the Study is shown in the chart above. There
were several elements identified in the ToR that the Study did not eonsider in depth, as shown in
gray. As part of the extensive series of visits made during the Study, to be detailed subsequently,
briefings were reeeived from the FVB and most legaey aireraft Mission Design Series (MDS)
System Program Managers (SPM) or Chief Engineers, including deeper reviews of several
systems most representative of aging aireraft in each MDS. The Study Panel determined that the




FVB and the SPMs know very wecll the flects and their status as far as maintenance,
configurations, and required upgrades to enhance mission capabilities. The FVB uscs a team of
up to 50 Subject Matter Experts to dctermine the status and project the viability of cach MDS as
it opcrates in the projected environment and usages provided by Major Command (MAJCOM)
directives. This Study could not do in a few weeks what that team of experts docs over a six
month period. Thus, this Study did not rcvicw the maintcnance status for cach MDS or rank the
maintenance prioritics across MDSs.

In the same way, it was determined that there was very little value added in having this
Study Panel review MDS modifications and try to determine the impact of thosc modifications
on the operational availability of each MDS. While the Panel revicwed cost summary data and
manpower expended for maintenance and sustainment of each MDS, the Panel members madc
no assessment of cost savings that might be afforded by each modification to an MDS. The
System Program Managcrs have valuable data and cxpericnce that help drive good decisions for
detcrmining upgrades that will improve capabilities for cach MDS,

Likewise, this Study Panel did not identify or recommend ways that the Air Force could
procced to address high valuc modifications by MDS in priority due to mission risk, operational
availability, and O&M cost. This too was felt by the Study Panel to be an area in which the VB
and the SPMs have much more data and expericnce with cach MDS from which to determine
which capabilities enhancements provide best value for cach system.

In addition, the Study Panel did not look into Low Observables maintainability for
rcasons of focus and classification. Low Obscrvables maintainability is a well-recognized
maintenance challenge and is being addressed vigorously within the Air Forcc. Neglecting this
subjcct area allowed the Study to remain at an unclassified level and permitted greater focus on
aging issues.

The Study Panel concentrated on the charter clements in black as well as other general
obscrvations in rcaching its Findings and concomitant Recommendations.

The Panel first focused on determining which subsystems, beyond structures and engines,
contribute most to safety, availability, and effeetivencss for aging aireraft. The needs of several
design groups were determined based on review of the aging MDSs in that group. Based on
these studics, a cross cutting scries of maintenance technology needs was identified for cach
MDS and that list was intcgrated to determinc a set of needs for a mission group and then for the
USAF fleet as a whole.

For each of those necds, a list of cross-cutting maintenance tcchnologies was identified
and from that list, eight tecchnologics were chosen that could most effectively reduce the cost and
time required to maintain aircraft as the flect continues to age. Focus was placed on maintenance
of aging platforms rather than performancc upgrades. Performance upgrades may happen as a
rcsult of maintaining aging aircraft in which parts obsolescence and a diminished supplicr base
rcduce the number of original equipment sparcs available. But the focus of this Study was on
technologics and actions that can reduce the cost of maintenance.




The membership of the SAB SAA Study Panel is listed above. In addition to SAB
members and consultants, there was a General Officer participant from Headquarters Air Force
Materiel Command (AFMC) and a representative from the Air Force Research Laboratory
(AFRL). Additional information on Study Team members is presented in Appendix C. The
Study Team was ably assisted by AF SAB Secretariat support and voluntcer executive officers
from Air Combat Command (ACC), AFMC, and Air Mobility Command (AMC). The Study
Team is indebted to these individuals for their dedication and hard work in support of the SAA
Study.




SAA Study Briefings, Visits, @
Input
Air Force | DoD AFMC
AFIA4/ASIABIA9ICVRIA4LIASRIABXIABP ASCICC/IEN/WIIWNWW
SAF/AQXIFMC AFGLSCICCI/EN/448 SCMW/B35 SCOW
AF FVB AFOSR
NAVAIR (Industrial Ops) AFRL/RXIRZ/RB
NRL Ogden ALC, Hill AFB
Oklahoma City ALC, Tinker AFB
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ACC A4/ASIABIST, 1% FW, 388t FW Warner Robins ALC, Robins AFB
AETC A4M Contractor Logistics Support
AFMC A4 Boeing
AFSOC CD/A4 General Atomics
AMC A4/A5/8/A9IST Lockheed Martin
AFGSC A4/7 Northrop Grumman
Other Gov't/ FFRDCs Commercial
NASA (LaRC) Boeing Commercial Support
RAND Delta Airlines Tech Ops
FAA

NRC Study -
Lt Gen Mike Zettler, USAF (Ret) SMEs Ray Valelka, Clyde Klzer

ALC: Air Logistics Center

The SAA Study Panel received a large number of briefings, tours, and overview
perspectives on aging aircraft and related issues in the course of the Study, from within and
outside of the US Government. The Study members visited numerous USAF and other
government facilities and personnel (e.g., Federal Aviation Administration and the Naval Air
Development Center) to reccive information. Locations included Wright-Patterson Air Force
Basc (AFB), Ohio; Hill AFB, Utah; Robins AFB, Georgia; Scott AFB, 1llinois; and Tinker AFB,
Oklahoma. The Panel also visited contractor facilitics belonging to Bocing (Scattle,
Washington, and Saint Louis, Missouri), Northrop Grumman (Palmdale, California),
Lockheed-Martin (Marietta, Georgia), and General Atomies (San Diego, California). The Panel
also was able to meet with Delta Airlines at their maintenance facility in Atlanta, Georgia.

A more detailed listing of the contributing organizations is included in Appendix D. The
Pancl is indebted to all of these organizations for the time and cffort spent in preparing the many
excellent briefings rececived and for the hospitality accorded the Study Team members by the
hosting organizations.




Sustainment Defined @

® Sustainment defined as O&M and Modernization of capability (upgrades)
" Requires consideration throughout the entire aircraft lifecycle

Q&M (3400) Modernization
® Repair ®* RDT&E (3600)
® Remanufacture ®* Procurement (3010}
® Replace - form, fit, function due to

ohsolescence or Diminishing Manufacturing O2M: Operations & Maintenancs

Sources (DMS)

{AF DOD Appropriation Account Codes)
3600 3600 3010/3400 3400

3010/3400 3600 010/3800

Material
Solution
Analysis

Pre-Systems Acquisition

Operations & Support

Systems

Sustal t
Acqguisition ustainman

Operating and support costs are typically 70% of program life cycle cost —
Ashton Carter memo, 9/14/10

For the purposes of this Study, sustainment is generally defined as both operations and
maintcnance and modernization of capability, i.e., upgrades. Modernization is also a part of
O&M to replace in form, fit, and function obsolescent or unavailable parts. Although it is
eommon to think of maintenance as those efforts in the field to maintain flying status,
maintenanee 1s used more broadly here to refer to all sueh aetivities, be they in the field, at back
shops, or in the depots. Department of Defense (DoD) appropriation aceount eodes govern
which type of funding can be used to support these various activitics.

During the life cyele of a weapon system, sustainment and subsequent funding
rcquirements are identified. From the chart above, and depending on the stage of a systems lifc
cycle, different appropriation accounts are used. For cxample, a majority of Research,
Development, Test and Evaluation (RDT&E) (3600) funding is used through DoD> Aequisition
Milestones (MS)} A and B. From MS B to MS C, 3600 remains the predominant funding
appropriation, while some Opcrations and Maintenance (3400) and Proeurement appropriations
(3010} are used to initiate Operations and Support (O&S) and Procurement tasks as RDT&E
activities deerease.

As the program moves through MS C, funding appropriations shift to 3010 as the
predominant appropriation souree.

In the Operations and Support phase, more commonly known as the sustainment phasc,
3400 appropriation monies are expended as the weapon system matures and is fully employed in
training and operational activities. The majority of 3400 monies in the sustainment phase arc
uscd for repair and remanufacturc, and to modernizc or overcome obsolescence issucs. If, as the




weapon system ages and the lead MAJCOM identifies a modernization requireiment (e.g., a new
radar) then that modernization effort would be funded by both 3600 and 3010.

The canonical DoD lifeeyele management chart typieally shows sustainment as a box of
equal size on the far right. However, the current reality of flying aging aireraft is that the
sustainment phase is far longer (sometimes by at least an order of magnitude) than the first four
phases shown. In addition, it aceounts for nearly 70% of total system lifecyele eost. It is
important that sustainment issues be considered throughout the life eyele but it is crueial in the
design and acquisition phases.

Definitions — the following are key definitions used throughout this report:

Sustainment ineludes maintenance and upgrades — it means keeping the MDS
available and mission capable.

Design Service Life means the equivalent flight hours to which an MDS has been
certified by test and/or analysis.

Equivalent flight hours are the actual flight hours multiplied by the severity factor for
the loads/conditions encountered during the flight versus the loads/conditions for
which the MDS was designed.

Economie serviee life is the equivalent flight hour limit at whieh availability rates still
meet needs with no more than planned serviee in the field or depot maintenance.
Major overhauls, repairs, or replacements ean restore or extend economic serviec life,
but are beyond the scope of normal service.

The economie life is the period during whieh it is more cost-effeetive to maintain and
repair an aireraft than to replace it. Economic life can be applied on a eomponent,
aireraft, or foree basis.

Serviee life extension is more than struetural refurbishment and certification testing.
It should include system replacement and upgrades where feasible. Note: SLEP
refers to Serviee Life Extension Programs (not Structural Life Extension Programs).
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Section 2: Background

Outline SAB

m Background

The Background section of the report presents information gathered from briefings to and
visits by the Panel and is summarized below.

The declining trend for recapitalization (i.e., thc procurement of new aircraft) of the
USAT flect leads to the necessity for the Air Force to retain its aging fleet longer than the initial
design lives for these aireraft. This ean be done, but only by extensive repair and remanufacturc
of the aircraft component by eomponent. It also requires that upgrades be implemented to retain
warfighting capability for fighters and bombers or for fuel efficiency improvements for
transports and tankers.

Remanufacturing is expensive. In most cases, it is necessary to disasscmble the aircraft,
replace parts, then reassemble it in order to accomplish the task and it eannot always be done
without complete removal and reinstallation of systcms in order to rcbuild the structure around
these systems.  The consequence of thesc actions is that costs for cach Programmed Depot
Maintenance (PDM) cyclc arc increascd markedly as thc platform ages. Depot cycles arc
planned around parts obsolescence and usage based on structural fatigue crack initiation and
growth. But, aging adds additional failure modes (via corrosion, as well as insulation and scalant
degradation, ctc.) and life limitations that rcducc planned maintenance intervals or increase the
work associated with each of them.
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A sustainment organization has grown up to accomplish these tasks for thc USAF fleet.
It includes the maintenanee organizations, the program management organizations, as well as
funding and airworthiness organizations. These organizations have metries they use to
determine their suceess in providing aireraft availability for the USAF. Thesc metrics are
reviewed regularly by the Air Foree Chief of Staff and help guide decisions for future
maintenance and upgrade activities. These metries inelude both hardware and software
maintenanee and upgrade activities. But software is growing much more rapidly than hardware
due to the integration of subsystems with software and the tie to the overall aircraft systems
functionality by sofiware.

In addition, the supply chain suffers from inefficiencies in meeting demand for parts and
components and these deficiencies become more pronounced as the aireraft age and original
parts suppliers are no longer in business or stop manufacturing legacy parts. In addition,
commereial parts become obsolete faster than military program lifeeycles requirc. Commercial-
off-the-Shelf (COTS) equipment used in unmanned air vehieles suffers these same issues even
though thesc systems are still in production. For example, during its discussions at the General
Atomics facility, the Panel was told that the Reaper (MQ-9) suffers one eomponent obsoleseence
issuc a week.

Commereial airlines maintain aireraft mueh differently than the USAF. They maintain
aireraft at flight capable rates exceeding 90%, they do as much repair and maintenance in the
ficld as possible and attempt to minimize depot maintenance, and they wetl doecument the depot
maintenance required so they know what parts are required before the aircraft cver hits the
tarmae at the depot. This requires highly skilled, trained, and resoureed serviee technicians in
this field, but it allows eommercial airlines to run aireraft through the depot in 30-45 days and
schedule them so they arc rcady with the next induction as the serviced aircraft is rolled out the
door. They have as few aireraft on the ground at the depot as possible beeause aireraft on the
ground do not earn money. It is a different paradigm than the Air Force where every aircraft
costs the USAF money, whether it lies or not.

One of the key lessons learned from the commereial airlines is that they rely on
Reliability Based Maintenance and preventive repair and replacement more than USAF does.
The USAF has becn focused on Condition Bascd Maintenance in which therc is somce indication
of the pending failure of the eomponent rather than just statistical analysis of previous failures.
It saves the Air Foree money by reducing the number of replacements they do, but it imposes
more risk on flights and it imposes more down time on the depot work when parts are not
ordered until they fail. Commereial airlines do fly to fail those eomponents that are not eritical
to flight safety and they stoek those parts aceording to their historical averages for part
replacement. But military aireraft have fewer non-mission capable functions than airliners.

There are seience and technology developments in work at AFRL and industry that eould
help maintain and sustain the USAF fleet. There may need to be a rcbalanee between the
research and development investments made by AFRL in order to mature these technologics and
bring them to the levels required by the Air Logistics Centers (ALCs) in order to implement
them in their facilitics. Full seale demonstration of the technologies will be required to interest
the ALCs for they have no means to purchase and mature technologies that are not ready for
turn-kcy operation,

12
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The above chart is a snapshot of the inventory of aireraft in the USAF fleet arranged by
the date of first flight (adapted from Arledge®). Although not part of this chart, both current and
potential adversaries continue to develop and improve their eapabilities, many facilitated by the
commercial development and global access to militarily applicable technologies. These
cmerging threats require all front line fighters and bombers to be continually upgraded in
capabilities either via hardware or software.

Most notable on this chart are the number of aircraft types no longer flown, and the
number of aireraft currently flying that were first flown between 1950 and 1980. Some aircraft
first flown several decades ago are still in production (e.g., C-130) and the newer models reflect
modern day standards. Many of these aireraft are at least 30 vears old and, in many cases. are
projeeted to retire beyond 2040. Even if they are maintained well and see no greater usage than
originally ptanned, many are older than any US airline aircraft flying in commercial service
(commerecial aireraft experienee a much higher usage rate, but a more benign severity than most
of these USAF aircraft ever see). Even the USAF’s newer aircraft are projected to be in service
very long times. For example, the B-2 is currently projected to retire in 2058 (see Table 2-1 on
Aireraft Average Age below”).

® Arledge, E. "AF/A4L Perspective on Sustainment of Aging Aircraft.”
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An important conclusion to be drawn from the chart above is that the number of aircraft
being planned for reeapitalization is far fewer than those in today’s inventory. DoD’’s eurrent
(Congressionally mandated) 30-year fixed-wing aireraft investment planI0 indicates the
following:

e There will be a hiatus of at least 10 ycars in production of new strategic airlifters and
long-range bombers.

e The C-17 airlifter is likely to undergo significant service life extension programs
(SLEP) beginning late this dccade.

e The KC-46A is the only new airplanc procurement though 2025.

e The USAF will buy less than a dozen tactical transports per year on average (i.e.,
C-130J and C-27)).

e As currently planned but likely to change, the projected F-35 buys build slowly and
level off, not meeting required force levels until 2035 at best.

e Air Combat Command (ACC} is currently defining the general capabilities of a
projected F-22 replacement; however, it will probably not be available until about
2030.

¢ Replacement of E-3 Airborne Warning and Control System, RC-135 Rivet Joint, and
E-8 Joint Surveillance and Target Attack Radar System will be in the “far term;”
however it is possible that advanees in Unmanned Aerial Systems will affect
replacement strategy for those systems.

' United States Department of Defense. “Aircraft Procurement Plan Fiscal Years (FY)
2012-2041."
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Table 2-1. Average Aircraft Age Now (2011) and Projected at Retirement.

Thus, it seems nearly-certain that the aircraft flying now in service will need to fly for
decades longer if USAF force structure is to be maintained at anything like its current size. This
lcads to Major General Worley’s words!! to the Study Panel that “the flect of tomorrow may
very well be today’s.” Moreover, the time to develop new aircrafi today 1s very long (see Figure
2-1 below) and delays in development of current aireraft, like the F-35, ensure that the USAI’s
legacy fleet of F-16s will be required to fly for a decade longer than planned, requiring

" Major General Robert M. Worley, USAF, during presentation to AF SAB SAA Study Panel
January 13, 2011.
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modifications and upgrades in order not only to fly, but to be viable against adversaries who are
fielding advanced weapon systems. Today’s fleet is much more dependent on well-resourced,
robust, and timely sustainment efforts rather than new systems procurement to provide the
capabilities needed for the warfighter.

Figure 2-1. Timelines to Recapitalize. Note the generally iucreased timelines from
Program of Record (PoR) to Initial Operational Capability dates from the 1950s
to the 2000s).

Adversaries continue to develop new and advanced capabilities, exacerbated by the fact
that kcy military technologies are widely accessible on the global market becausc thc US
military-industrial complex is no longer dominant in the development of technologies for
military use. Many of these technologies are driven by Moore’s Law accelerating the pace of
improvement and the requirement for modernization of United States forces. Recapitalization
has been significantly dclayed and, thercfore, the existing USAF force structure continues to age,
in many cases well beyond its original design life. The result is cver increasing sustainment
costs that include both maintenance (maintaining the existing fleet) and modernization (adding
and improving the capabilities of the existing fleet against an improving set of threats). It is this
challenging environment that scts the stage for the SAA Study.

The initial Study premises, which follow, and observations further define and constrain
the environment described above.

e Aircraft can be sustained almost indefinitely by remanufacturing, but it is very
expensive
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e Sustainment is driven by today’s nceds, but, in a constrained resource environment, it
will be at the expense/delay of next generation aireraft.

e Technological superiority declines over time.
e 4" gencration fighters cannot be modernized into 5" generation fighters.

e FEarly generation “heavics” can be advanced with re-engining, avionics upgrades, and
other modernization programs.

e [USAF recapitalization is driven more by need for cnhanced capability than by age or
rigorous economic service life (ESL) models.

e Rccapitalization has become a long and oft-contested process and gencrally requires
investment streams over scveral FFuture Years Defense Programs (FYDPs).

e Modernization of legacy capability can generally be accomplished within a FYDP.
Maintenance triages today’s needs.

e If thc Air Force does not buy new, it must still sustain capability.

Simply stated, as the Air Force recapitalization process continues 1o be stretched out,
sustainment of existing aircraft is increasingly expensive and the mission demands are not
standing still. Both peer and non-pecr threats continue to develop and challenge United Statcs
intercsts, driving the need for USAF eapability improvements and sustainment. The FYDP
funding process exacerbates the situation, favoring the ease of supporting shorter period of
performance (inside one FYDDP) associated with legacy modernization as opposed to the
consistent longer term investment support required by recapitalization.
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Remanufacturing the KC-135
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Aircraft can be sustained almost indefinitely by remanufacturing. A case in point is the
KC-135 aerial tanker aircraft. Since its inaugural flight in August 1956, the KC-135 has been
utilized extensively to refuel Air Force, Marine, and Navy tactical fighters and bombers. It is
one of six military fixed-wing aireraft with over 50 years of continuous service and the fleet is
forecasted to operate until at least 2045 (see Table 2-1, previous). In order to sustain the current
high level of operational tempo (greater than 500 hours per aircraft per year), thc KC-135 has
gone through a substantial amount of modernization and component reglacement, in addition to
repairs associated with programmed depot maintcnance. A dlsplay of some of the major
modifications and the dates (past, prescnt, and future) are shown in the above chart and also
provided below:

e Lower wing skins and fusclage replacement — 1976 thru 1988
¢ Aircraft rewire — 1985 through 2015 (six phases)
e Multi-point refucling system upgrade (upgraded 20 aireraft) — 1995 thru 1998

¢ Pacer - Compass Radar and Global Positioning System (GPS) (Pacer-CRAG cockpit
upgrade) — 1996 thru 2002

2 Gann, G. “KC-135 SAB Modifications.”
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e Global Air Traffic Management avionics upgrade — 2002 thru 2011
e Fuel bladder upgrade — 2007 thru 2013

e Flight controls upgrade — 2008 thru 2015

e Block 45 avionics upgrade — 2012 thru 2021

This process of making significant upgrades to aircraft to maintain availability and
reliability while improving capability has been an integral part of AF practice and cxtends to
multiple MDSs. This process includes bombers, trainers, and tankers but has limited application
to fighter aircraft as 4™ gencration fighters cannot be modernized into 5™ generation fighters
(radar cross section, internal weapons carriage, sensors, data fusion, and connectivity scparate 4™
and 5™ generation aircraft).

Another case is the T-38. The Northrop T-38 Talon is a twin-engine supersonic jct
trainer. Since its inaugural flight in March 1959, the T-38 has been utilized extcnsively by the
US Air Force, US Navy, and NASA as a trainer. The T-38 is forecast to operate until at least
2026. In order to sustain a high level of operational tempo, the T-38 has also gonc through a
substantial amount of modernization and component replacement although not as extensive as
the KC-135. The major remanufacturing thrusts have been focused in four arcas (A. Myecrs,
Oklahoma City Air Logistics Center Acrospace Sustainment Directorate, Personal
Communication, June 14, 2011):

1. Structural: These included the Pacer Classic 1-111 programs that focused on cockpit,
dorsal, and nacclle longerons and fuselage skin.

2. Avionics: The avionics upgrade program was initiated to reduce the technology gap
between training and opcrational aircraft (Fiscal Year (FY) 11-13).

3. Safety: These cfforts have focused on upgrading the landing gear, escape system
upgrade (replaced legacy ejection seat), and anti-skid braking systems (FY09-11).

4. Propulsion: Replaced legacy T-38 engincs with updated versions.

Whilc this framework has been successful across multiple MDSs, there are a number of
drawbacks. The first is the cost of remanufacture, which can exceed the cost to manufacture a
new aircraft when total lifc cycle costs are included. The sccond is that remanufacturing almost
always comes at the expensce or delay of the development of next gencration aircraft. This
practice will assure that technological superiority will at best remain constant and could possibly
decline over time.

As an examplc, the C-130 inner wing box replacement takes 300 people 180 days to
perform.”  Regardless of the cost of the fabrication of that inner wing box, it would be
interesting to examine a trade between the cost of this rewinging excrcise and the price of a new
C-130 coming off an existing production line.

3 Rector, G. “C-130 Repair, Upgrades Adding to Robins Workload, Credibility.”




Effects of Aging
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As the Air Foree relies on sustaining and modernizing aging aircraft to constitute the bulk
of its fleet, it must confront the issue of how aging drives costs. There are two distinet types of
aging: chronologieal aging and cyclic aging or usage. Chronological aging is driven by multiple
temporal factors, such as: system obsolescence, problems related to corrosion and environmental
degradation at the basing location, and wear. Cyeclie aging is driven by the way in which the
aircraft is operated or used, such as: fatigue cycles, thermal and stress damage. Both of these
aging modes impact the rising O&M costs as the aircraft age.

Besides costs, aging also results in lower aireraft availability (AA), as will be discussed
subsequently. More frequent breakdowns, longer repair times, higher workloads, and a shrinking
workforee all result in deereasing AA. The chart above shows the nearly 7% annual escalation
in Programmed Depot Maintenance with average fleet age for a varety of large transport
airframes ineluding the KC-135.

The issue of how aging affeets cost and readiness is of eentral coneern to the Air Foree,
and an understanding of aging cffccts is therefore imperative as the Air Force relies increasingly
on older systems. Sevcral studics addressing the question of how aging affeets costs have
arrived at different conclusions. An carly and influential RAND study was chaired by Raymond
Pylcs.'d"5 Reviewing historical PDM cost growth and analyses of engine life-cyele costs for the

" Pyles, R. “Aging Aircraft: USAF Workload and Material Consumption Lifecycle Patterns.”
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KC-135, 727, 737, DC-9, and DC-10 (the systems shown in the chart above), the Pyles study
found a five- to nine-fold increase in heavy-maintenance workloads over a 40-year span. Earlier
studies'® had indicated annual age-driven growth rates of 4.5% and 5.3% for depot and
basc-level engine repair, respectively. (However, these studies did not include modular engines
for fighters.)

Fignre 2-2. Muaintenance Man Hours/Flight Hour as Aircraft Age for Two Levels of
Aircraft Cost. (Sonrce: Pvle).

The Pyles study showed that while the increase in PDM manhours varied with MDS, the
general trend was inereasing PDM work tasks (i.e., manhours and bill of materials) with age,
with notable increases being evident after 20 years of life. The variation with MDS is most
notable between smaller fighter aireraft which grow more slowly than the larger transport aircraft
(sec Figure 2-2). The potential for fighter cost growth tends to be driven more by usage while
transports are gencrally driven by age. It is also possible that upgrades for combat capabilities
may reduce the influence of age on fighter aireraft. This SAA Study also saw examples where
the PDM manhours inerease with the age of the aircraft but are MDS specific.

Using these results, the Pyles group extrapolated estimates of PDM workloads over a
70-year period. Combining these predictions with the engine-support workload, 1994 PDM

* Pyles, R. Congressional Testimony: “Aging Aircraft: implications for Programmed Depot
Maintenance and Engine Support Costs.”

'® Nelson, J. “Life-Cycle Analysis of Aircraft Turbine Engines.”
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cxpenditures, and the USAF’s timc-phascd aircraft fleet composition plans, they estimated
annual PDM and engine-support costs through the year 2022, Their results indicated that, after
an initial modest rise in annual costs over the first decade of the 21* century, there would follow
a sharp increasc primarily driven by increasing age of the cargo and tanker fleets.

Recognizing that no one had operated aireraft over such a long period, the Pyles group
also looked into factors that could either mitigate or exacerbate the growth in annual costs. They
identified three broad strategics to reduce uncertainties and mitigate the effects of surprises:
selcctive risk management, development of contingency plans for aging fleets, and mission-area
portfolio managcment.

Another report'’ condueted through Headquarters USAF came to a diffcrent conclusion.
Based on a purely statistical analysis, this report concluded that Operation & Maintenance Cost
per Flying Hour (O&M CPFH) is strongly correlated with calendar year, but not with aircraft
age. Using the KC-135 as an historical example, and adjusting for inflation, the authors found a
roughly 2% growth in O&M CPFH from 1977 to 2002 (although with a good deal of fluctuation
along the way). However, if one also adjusts for changes in financial accounting practices (the
exact practices were not specified in the briefing), they found instead a 1% decrease. 1f one
restricts oneself to a 10-year window from 1992-2002, one finds instead a rough 7% increase in
both cases (the agreement presumably indicating that implementation of accounting changcs
preceded this period).

An earlier analysis by the group using a “two-component” model (one eomponent being
aircraft-specific and the other fleet wide) found that most of the fluctuations in cost seemed to be
driven by calendar year rather than aircraft age. To support this conclusion, the authors analyzed
the data using a Prineipal Component Analysis (PCA). This is a “variable-directed” technique,
meaning that it's useful for studying the relationships among different variables that can
influence an outeome. PCA is espeeially appropriate when one has a large number of variables
that seem to bec on a more or less equal footing, as opposed to, say, a casc where one has a
dependent variable and several explanatory variables, in which case one normally does a
multiple regression analysis.

Using a PCA analysis, Larkin'® found that the main driver of CPFH could be attributed to
crude oil prices and real wages, and thercfore correlated with calendar year and not aircraft age.
However, a significant component of fluctuations remained unaccounted for. The main
conclusion is perhaps not surprising, but including fuel costs ean mask the effcets of aireraft age.
There are also issues about what goes into the CPFH even when subtracting fuel costs. Another
factor that could influence the outcome but that didn’t appear to be considered is an “order
effect,” O&M costs can depend on whether an aircraft was one of the carlier ones to be produced
or came along much later. This effect could contribute to the calendar year component, while in
fact the cause is quite different.

" Larkin, M., & Hannan, S. "Common Component Cost of Aircraft O&M Cost: Principal
Component Analysis Approach.”

" Ibid.

22




In a third study,"” Gebman identified factors contributing to increasing O&M costs. The
factors identified included: funding environments that lead to a reactive-mode approach to
sustaining aircrafi, the increasing difficulty of obtaining replacement parts as the already old fleet
agces further, as well as a large number of physical phenomena such as rising corrosion-related
costs, and generalized fatigue damage.

The Panel has reeeived briefings at various bases supporting the notion that aircraft age is
an important component in determining costs. The experience of the ALCs confirms this, A
number of ongoing problems arc age-specific. For example, wiring presents continual problems
duc to accumulated damage from long-term exposure to chemical, thermal, electrical, and
mechanical stresscs. Corrosion continues to be a serious issue that drives costs higher. These
and other problems are purely a function of aircraft age.

One factor that can contribute to masking the effects of aircraft age is restrieted O&M
funding, which can preclude addressing problems that are specific to aircraft age. However, it
sccms very likely that chronological age does drive up costs for certain platforms at lcast.

Not all MDSs show a correlation with age. Those that do most clcarly are the cargo
transports and bombers, duc to the lower scverity usage per ycar/age so that usage is not a major
factor. The graph shown in Figure 2-3 (below) shows the effect of aging on depot maintenance
for the C-5.
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Figure 2-3. Effect of Age on Maintenance Costs for C-5 Aircraft.’

At briefings given at Warner-Robins ALC (WR-ALC), the effects of age on maintenancc
costs for both the C-5 and C-130 were presented.”*' The C-5 has one of the highest operating

'* Gebman, J. “Challenges and Issues with the Further Aging of USAF Aireraft: Policy Options
for Effective Life Cyele management of Resources.”

20 Gregg, M. “C-5 Galaxy Division.”
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costs of any platform, and the trend is towards a steady rise in reliability and maintenance costs.
Data presented at the briefing (shown in the above chart showing C-5 PDM maintenanee
manhours versus aireraft age) plots projected and actual O&M labor hours expended for each of
the different C-5 models. Although the newer and structurally improved B-series C-5 requires
fewer maintenancc man-hours per flying-hour than the older A-serics aircraft, threc important
conclusions applying to all series ean be drawn from these data. First, in all cases the actual
maintenanee man-hours significantly exeeeded planned or projected maintenance man-hours.
Second, the data show a strong and direct corrclation betwecn aireraft age and maintenanee man-
hours per flying hours, regardless of whether one looks at the older or newer series. Finally, and
perhaps most worrisome, the rate of inerease of maintenanee manhours (i.¢., the slope of the line
plotting labor hours vs. aircraft agc) is higher for the actual data eompared to the projected costs.
This again holds across the board for all models.

Another bricfing at WR-ALC coneerned the C-130 platform. Data presented® arc shown
below in Figure 2-4.
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Figure 2-4. C-130 Maintenance Manhours (MMH) vs Condition-Based Maintenance
Values.

A linear regression analysis on data comprising 133 aireraft, representing 12 different
models, (sce Figure 2-4 above) shows a strong linear dependenee of eorreetive maintenanee man
hours (MMH) on a condition-based maintenance (CBM) value. The lattcr folds in a varicty of
faetors, but three-quarters of its value is derived from aircraft age and corrosion, with the
remainder driven by flight severity; as a consequence, the correlation of MMH with age is

! Tribble, G., et al. “Tactical Airlift Division AF Seientific Advisory Board.”
22 (1
Ibid.
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strong. Eighty percent of the aircraft shown in the chart are within 20% of the predicted valuce, a
good indicator of a strong correlation. (More preciscly, the coefficient of determination (R?)
parameter equals 0.57, indicating a good fit.) The incscapable conclusion is that for the C-130
platform, O&M costs directly correlate with aircraft age.

This Study concludes that age plays a significant role in increasing O&M costs but it is
not the only factor.
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With passing time it's costing more to sustain less

The above chart shows financial data, in FY11 dollars, from thc USAF’s Automated
Budget Interactive Data Environment System from 1962 to 2010 for the opcration and
maintenance (O&M, AF appropriation account code 3400) cost of the total aircraft fleet in
inventory STAI). While TAI has dccreascd dramatically over this period, the O&M costs have
escalated >

The decrcase in TAI from 1968 to 1974 is associated with the USAF’s draw down
following the Victnam War. The peak from 1989 to 1991 is associated with the Reagan
Administration build-up, followed by a continued draw down.

The dramatic incrcase in O&M costs starting in 1998 and exacerbated after 9/11 is related
to increascd operational usage in the conflicts in the Middle East. FY11 O&M costs are nearly
double thosc in 1998 in constant dollars. Roughly 20% of the increasc is duc to personnel costs.
Additional contributing factors include incrcasing fuel costs {estimated at about a 25% incrcase
over the last decade adjusted for inflation and about 12% of total O&M costs}), incrcasing MDS
complexity, and to a very limited degrec, the impact of low obscrvable matcrials on
maintenance. Thc increased operational tempo and stressing flight profiles of the recent conflicts
have increased effective flight hours (usagc), and thercby O&M costs.

% Rehberg, C. "Air Force Aging Aircraft: An Old Saga with New Insights?”
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As discussed previously, there have been several studies analyzing O&M costs to
determine the contributing principal components, and specific to this study, identify the
dependencee of aircraft O&M cost on aireraft age. These studies analyzed O&M data for CPFH
to normalize to usage rates. CPFH also accounts for the impact of varied flight profiles as flight
severity factors are included to account for actual usage.

In summary, the cost to maintain these aging aircraft flects is increasing, despite the
decreasing size of the total fleet, and is reflected in the overall O&M costs realized by the Air
Faree.
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The Air Force Sustainment Enterprise that has grown up around maintenance of Air
Force aircraft is large and complex. Many players, not all shown in the diagram above, interface
with the SPM and thcir Systems Program Office (SPO), from the Office of the Secretary of the
Air Force (SAF) down to the maintainers on the flight line working on the Weapon System. The
SPO is the driver of the process because the Air Force is MDS centric for sustainment execution.
As the AF keeps weapon systems well beyond their original design service lives, the amount and
extent of maintenance and modernization required for each weapon system requires the SPO to
continually prioritize compcting rcquircments to meet Mission and Operational MDS
requiremems.24

The SPO is organized to support a given aircraft. The MDS SPM, through the SPO,
continually receives direction and inputs throughout the sustainment phase of the weapon
system. In the chart above, the “Green Bubblces” represent the Headquarters United States Air
Force (HAF) organizations that drive prioritization of requirements and distribute funding to the
SPOs. Monics flow from the Office of the Assistant Sccretary of the Air Forec for Acquisition
(SAF/AQ) for upgrades and from the Office of the Air Force Deputy Chief of Staff for Logistics,
Installations, and Mission Support (AF/A4/7) for sustainment. SAF/AQ works directly through
the Program Executive Officer (PEO) and the SPM while AF/A4/7 works through the HQ Air

24 Arledge, E. “AF/A4L Perspective on Sustainment of Aging Aircraft.”

28




Force Materiel Command Deputy Chict of Staff for Logistics (AFMC/A4) and the SPM. Often,
the SPM may delegate the upgrade/development aetivities within the SPO to a Development
System Office led by a Development System Manager (DSM) at AFMC’s Aeronautical Systems
Center (ASC). This structure allows the SPO and the Sustainment System Manager to foeus on
other sustainment duties. The delegation is based on complexity, funding, and workload of the
modernization effort. As the weapon system ages, the FVB provides an independent assessment
to the Seerctary of the Air Foree on the weapon system’s remaining ability to maintain and fly
effeetively the Program of Record. FVB officials work eloscly with the SPO, as well as the
Integrity Programs of ASC, in gathering the information required to perform the assessment,
which includes examination of maintenance and depot records, cost of flying the aireraft, and
weapon system effectiveness.

The “Blue Bubbles” represent the Lead MAJCOM organizations where the requirements
and funding come for the sustainment efforts, eventually to the MDS SPM. 23262728 The
appropriate MAJCOM, e.g., ACC, Air Edueation and Training Command, Air Mobility
Command, Air Force Special Operations Command, or Air Force Global Strike Command,
provides specifie eustomer operational inputs and necds, which are then appropriately passed to
cither the PEO for major development activities or AFMC/A4 for support activitics. These
needs are translated into aireraft availability metries used to measure the performance of the
sustainment enterprise for the specific MDS. The PEO and AFMC/A4 direet the appropriate
policy, requirements, and/or tasking in the execution of the efforts for the speeifie assigned MDS
SPO.

For major upgrade efforts, the SPO will often utilize the Aeronautical Systems Center
(ASC) within the PEO Chain to exeeute the development efforts as depicted in the “Light Blue
Bubbles.” A DSM is assigned with an MDS Development System Office for execution of the
upgrade. In addition, ASC is responsible for working with the MDS SPO and the Sustainment
System Manager in execution of the Life Management Phase of the Integrity Programs: Aireraft
Structural Integrity Program (ASIP), Propulsion Systems Integrity Program (PSIP), Mechanical
Equipment Systems Integrity Program (MECSIP), Avionies Integrity Program (AVIP), and
Computer Systems and Software Integrity Program (CSSIP). The MDS SPO must interface with
ASC, the independent Authority for Air Foree Airworthiness for all MDS Aireraft. ASC
provides and delegates portions of Airworthiness Authority to the SPO in obtaining and
sustaining MDS Airworthiness.

The “Orange Bubbles™ represent the core support and maintenance activities led by
AFMC/A4. AFMC/A4 works with the MDS SPO from directing Command Policy to planning
and exeeuting Weapon System Sustainment (WSS) that ineludes Depot Purchased Equipment
Maintenance activities, Contract Logisties Support (CLS), Technieal Orders, and Sustaining

% Collins, E., et al. “ACC briefing to SAB.”

% Aguilar, J. “AETC Briefing to the SAB on the T-38 Aircraft.”

7 Colvard, M. “AFSOC Command Brief.”

8 Air Mobility Command Directorate of Logistics. “AF Scientific Advisory Board Brief.”
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Engineering efforts. The SPM in tum direets the required task cfforts to be executed at the
Maintenance Wings and dcvelopment and management of requirements of the Supply Chain,
both the Air Force Global Logistics Support Center and the Defcnse Logistics Agency (DLA) in
meeting MDS Programmed Depot Maintenance (PDM) sehedules. The appropriate Maintenance
Wing, located at one of the ALCs, executes the actual work on the MDS or component. The
supply chain provides parts for ficld, organizational, and depot levcl activities. The SPO directs
the requirements to the field and organizational levels which are accomplished by the appropriate
User MAJCOM personnel, and the depot level which is aceomplished by one of the ALCs. The
SPO-managed depot level maintenanee is accomplished through either organic efforts or the usc
of a CLS effort. The SPO and Maintenance Wings additionatly develop and direct requirements
and taskings to the Aerospace Maintenance and Regeneration Group (AMARG) which is
responsible for the storage and regeneration of retired aireraft. The SPO and Maintenance Wings
often take advantage of this resource for analysis of the weapon system in support of the
remaining operational fleet and the use of cannibalization for critically non-available parts.

WSS End to End Process

Service Core Functions

SPM recommendsMAJCOMS
approve individual task elements
to meet capability PBOs

Performance Based Outcomes (PBOs)
developed by Lead Commands in
collaboration with SPM; documented In
EMA

L

| Assessed By These Bodies

Figure 2-5. Weapon System Sustainment (WSS} Requirements Process.

Key in developing sustainment technology solutions for ficld, organizational, and depot
maintenance is the Air Force Research Laboratory. The SPO provides sustainment needs to
AFMC/A4 and AFRL to pursue the research and development projects required for weapon
system viability. As the weapon systems remain in the flect longer, devcloping mechanisms to
cnable the insertion of technology advanees at high production rcadiness levels (Technology
Readiness Level (TRL) and Manufacturing Readiness Level (MRL) of 9) is required for
technologies related to inspecting, maintaining, re-engineering, and remanufacturing the MDS.
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In 2006, the Air Force Chicf of Staft directed the sustainment community to “radically
simplify and streamline Air Force sustainment business practices.” The result was to focus
resources on AF priorities, as defined by the Air Force Corporate Strueture, and as a result, the
Centralized Asset Management (CAM) office was developed (Major General Kathleen Close,
USAF, Deputy Chief of Staff for Logisties at AFMC, Personal Communication, January 12,
2011). The mission of the CAM office is to centralize and integrate management of Air Foree
suslainment 1o optimize warﬂghling capability through effeetive and efficient allocation of
resourees across the c:ntc:rprisc:.2

Air Forece Materiel Command was designated as the executive agent for Air Force
Enterprise Sustainment. The CAM office guides the Weapon Systems Sustainment Planning,
Programming, Budgeting, and Exceution Process (ligure 2-5 above) through a well-defined,
inclusive governance process.

The requirements development process first starts with the Lead Commands identifying
their capability requirements in terms of Performanee Based Outcomes (PBOs). Examples of
capabilities requirements for the F-15C/D fleet, expressed in terms of PBOs, include providing
69.7% Aircraft Availability, completing 41 PDMs during the fiseal year, and assuring the
APG-63(V1) radar has greater than 90% availability.”® These capabilities are provided to the
System Program Manager (SPM) who then works with the Lead Command and engincering
community to document all needed tasks to deliver these eapabilities. This process takes place in
a fiscally unconstrained environment and forms the WSS requirement.

The CAM office uses the Annual Planning and Programming Guidance, the President’s
Budget, along with the PBOs and other known constraints, e.g., modification schedules and
operations tempo, to determine specifie allocations for each weapon system. The funding level
allocated to each program is provided to the SPM for spread against the requirements.

This unconstrained WSS requirement 1s used by the SPM to recommend funds spread
within their program to maximize ecapabilities to be delivered. At the same time, the SPM
develops their funding proposal; they also develop eapability buy backs. For the F-15C/D
example, the SPM may state they ean deliver 63% Aireraft Availability against the standard with
funding provided; however, with an additional $15 million (M), they can improve Aireraft
Availability to 67% (notional funding numbers).

The Lead MAJCOMs are provided the projeeted capabilities for all their PBOs as well as
the buy-backs for all their weapon systems. They prioritize the buy-backs and provide those to
the CAM office to submit to the Air Foree Corporate Strueture. This is transimitted as a Program
Objeetive Memorandum (POM) submission to the HAF Logisties Panel.

The Logisties Panel takes the WSS submission and defends it through the AF Board and
AF Counceil where the request is vetted against other USAF requirements and the result of the AF
POM submission to the Office of the Sceretary of Defense (OSD). OSD performs analysis of

“? Seaggs, J. “New System Streamlines Air Force Sustainment Funding.”
0 swift, G. “Eagle Division AF Scientific Advisory Board.”
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cach of the Services’ budgets against national priorities and Department needs and ultimately
sends to the Congress the President’s Budget for their review and approval.
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Sustainment Metrics
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Aircraft availability is the primary metric used by the USAF today in determining the
value of the PDM activitics and processes. AA recquirements are established by the Lead
MAIJCOMs in order to filt the mission plans of the Combatant Comumands. They arc used in
Weapon Systems Reviews (WSRs) at the Chief of Staff of the Air Foree (CSAY) level annualty
and are representative of PDM maintenance, reliability, and maintainability of cach MDS, and
the status of the modification programs that are funded for the MDS. Weapon System Reviews
(WSRs) are performed quarterly at the AFMC level for each MDS as well. Metrics for these
reviews differ from those for the aircraft operational wings., Their primary metric is mission
capablc rate, i.e., the pereentage of the wing possessed aireraft that are mission capable.

The chart above displays the kind of data reviewed by the CSAF at a WSR. For cach
MDS (F-15 data are shown as an example here), the target level of availability is reviewed and
reconfirmed.”! The tevel of availability previously projected is reviewed and often, as shown,
this tevel 1s tower than the targeted level. The actual aircraft availability history 1s the lowest of
the lines shown on the chart and provides a status of the current number of aireraft available for
combat missions.

In each bar, the components that detract from aircraft availability are shown. These
include non-mission ecapable due to supply (NMCS), non-mission capablc waiting on

% Swift, G. “Eagle Division AF Scientific Advisory Board."
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maintenance (NMCM), non-mission capable duc to both maintenance and supply (NMCB),
grounded aircraft in the field (Unit Possessed but Not Reported — UPNR), and aircraft at depot
awaiting maintenance (Dcpot Possessed). All of these affect aircraft availability and negatively
impact the USAF’s ability to meet its availability targets.

On the right hand side of the chart is the plan for restoring the aircraft to its availability
target. These plans typically include activities to reduce the number of aircraft in depot (Depot),
the number of aircraft Unit Possessed but not reported (UPNR), the number of aircraft awaiting
maintenance (NMCM), and the number of aircraft awaiting supplies (NMCS). As shown, this
particular plan has actions in place to address the NMCM cause, but none of the others. Several
actions noted on the right side of the chart seek to restore the NMCM rate for the aircraft by
more than 12-13 aircraft/year. However, funding limitations reduce that number to less than 11
per ycar.

Thesc charts and supporting data are reviewed by AFMC continuously throughout the
year, reviewed once a quarter by the AFMC Staff, and once per year by the CSAF. From them,
decisions are made on funding to recover availability where needed, through accelcration or
delay of certain maintenance actions, revision to operational plans, or contingencics determined
by the number of mission capablc aircraft available at various bases.

These actions made to increase availability include both hardware and software
maintenance and upgrades. It is expected that software maintenance and upgrades will grow in
the future as the F-22 and F-35 see regular operational service and as more software driven
components are implemented in legacy aircraft.
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Role of Software Is Expanding
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USAF weapons systcms have shifted from analog to digital systems functionality over
the past six decades. This shift, coupled with other trends (such as Moore’s Law, commercial
development, expanded thrcat spectrum, diminished manufacturing sources (DMS)-driven
interfaces), has caused the role and importance of softwarc to cxpand significantly for the DoD)
in general and the USAF in particular. These themes of the growing importance of softwarce in
the DoD and the USAF are discussed at length in a recent report from the National Research
Council.*> The chart above shows software sustainment elements from a variety of sources.”
For cxample, the diagram on the upper right above shows an example of how much USAF
system functionality rclies on software, as measured by the percentage of specification
requircments involving software control, which has risen from approximatcly 8 Perccnt of the
I*-4 in 1960, to 45 percent of the F-16 in 1982, to 90 percent of the F-35 in 2006.**%7

= DCAAE
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National Research Council. “Critical Code: Software Producibility for Defense.”

Defense Science Board. “Report of the Defense Science Board Task Force on Defense
Software.”

Lockheed Martin Aeronautics Company. “Software Functionality in Acquisition.”

Boehm, B., Lane, J., Koolmanojwong, S., & Turner, R. “Architected Agile Solutions for
Software Reliant Systems.”
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Software has become essential to all aspects of USAF system capabilities and operations,
including the Opcrational Flight Program (OFP), radars/sensors, flight/engine controls,
communications, weapons deployment, mission planning/execution, testers, program lifecycle
management systems, and software integration labs. Although software does not “wear out,”
firmwarc becomes obsolete and consequently software must be modified to run on new
components, Likewise, upgraded digital capability must be integrated into existing digital
systems and software defects will continuously be identified and fixed to allow full functionality,
1t is therefore not surprising that the USAF is expending an increasing amount of time/effort
sustaining software, which {according to a working definition used by the Software Engineering
Institute) involves: the processes, procedures, people, and information/databases requircd to
support, maintain, and operate the software aspects of USAF weapons systems.”’

For example, the diagram (lower lcft in the previous chart) shows that total weapon
system software sustainment costs have doubled in less than 10 years. Likewise, the same chart
(lower right diagram), shows an increase in software sustainment hours at the three ALCs over
the past eight years.

Moreover, although software sustainment costs have increased at the ALCs, it is a
lagging indicator, which suggests that future software sustainment costs will grow significantly
as thc current generation of more software-reliant aircraft transition from production to
sustainment.

Although the terms software sustainment and software maintenance are often used
interchangeably, there are important distinctions between them® In particular, software
maintcnance consists of correcting faults, addressing loss of original part supplier issucs, and
adapting software to a changed environment. Software sustainment goes beyond software
maintecnance to also address other issues not always included in maintenance, such as improving
performance or other attributes, opcrations, documentation, deployment, security, configuration
management, training, help desk, COTS management, and technology refresh.

It is also important to recognizc the distinctions between hardware and software
sustainment—software is not sustained in same way as hardware on USAF aircraft.’® In
particular, when hardware fails, the failed part is typically replaced with an identically
functioning part. In contrast, when software fails, sustainment is performed and tests run to
verify that the revisions work.

% “Exponential Software Growth in Fighters.”
* Lapham, M., & Woody, C. “Sustaining Software Intensive Systems.”
* Lapham, M. “Sustaining Software Intensive Systems — A Conundrum.”

* United States Air Force Software Technology Support Center. “Guidelines for Successful
Acquisition and Management of Software-Intensive Systems: Weapon Systems, Command
and Control Systems, and Management Information Systems (Condensed Version).”
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There arc four primary types of software sustainment activities:
¢ Corrective Sustainment — diagnosis and correction of program errors after its rclcase,

e Perfeetive Sustainment — the addition of new capabilities and functionality to existing
software.

e Adaptive Sustainment — modification of software to interface with a changing
environment.

¢ Preventive Sustainment — modification of software to improve future maintainability
or rchability.

Perfecting or
improving
Corrective existing functions
changes {fixing (improve speed,
bugs) performance)

Adaptingto new Enhancing
requirements (05 application with
upgrade, new {minor) new
processor) functions {new

feature)

Figure 2-6. Software Sustainment Life Cycle. Note: This depiction was found via the
Journal of Software Technology.”!

It is also generally recognizced that software evolution (dcfined as increasing functionality
to meet new requirements) is inevitable, expensive, and hard.** It is possible to increase the
sustainability of a software system by dcsigning it properly in the first place. Sustainment
typically accounts for 75% or more of the total softwarc workload. The cost is driven by the
development quality and highly dependent on maintcnance rigor and operational “life
cxpectancy.” The activities of sustainment shown in Figure 2-6 (above) gencrally include
sustaining enginecring and ncw function development.

0 Ibid.
“! Galorath, D. “Software Total Ownership Costs: Development is Only Job One.”
“? Krasner, H. “Legacy Software Maintenance Improvement. Where is the Payoff?”
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The lcft figure on the chart shows the original planned life for the F-15, C-130, KC-135,
and B-52 along with their extended service lives.* The plan for sustainment and replacement
parts was based on the original projected life of the aircraft; however, as the life of these aircraft
has more than doubled, the original parts strategy has become inadequate. Moreover, as legacy
MDS sustainment 1s made organic, Original Equipment Manufacturers (OEMs) tend to move on
to new technologies and products aligned with ncw procurements or upgrades. This has often
resulted in the OEMSs, and their second and third tier suppliers, no longer being available as a
supplier of replacement parts or materials for ficlded aircraft thereby causing Diminishing
Manufacturing Sources and Material Shortages (DMSMS).  As suppliers diminish, the
sustainment cnterprise relies more heavily on cannibalizing parts from groundcd aircraft and on
thc commercial parts sector. But, commercial part lifecycles are very short compared to Air
Force aircraft lifetimes and the subsequent decreasc in product lifecycles times, especially for
commercial clectronics, also contributes to increasing DMS occurrences.

Dealing with the DMSMS issues requires an enterprise approach to supply chain
management that is the responsibility of the AF Global Logistics Support Center (AFGLSC) as
well as the Defense Logistics Agency (DLA). In addition, sustainment enginecring is involved
with cach MDS in developing the PDM work tasks and bill of materials while considering

“3 Burke, L., & Hughes, G. “Sustaining Aging Aircraft: DMSMS & Sustaining Engineering.”
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DMSMS and obsolescence issues. The Air Force uses a software tool developed by BAE
Systems, the Advanced Component Obsolescence Management (AVCOM) predictive tool for
proactive assessments. While AVCOM is broadly available within the ALCs, it is not uniformly
used across the enterprise.  Assessment of obsolescence and DMSMS early in the maintenance
and supply chain process is critical to allow proactive resolution of issucs and minimize the
impact on depot productivity.

An indication of the magnitude of DMSMS issues confronting AFGLSC is shown in
Figure 2-7 below.™ Tt displays the number of obsolete parts for which AFGLSC needs to find
replaccments.  As can be secn, over the last few ycars solutions have becn found for
approximately 18,000 obsolete parts while solutions remain to be found for about 42,000
thousand other parts, a growth of 10% over just the last ycar.

Source: AVCOM Tool
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Figure 2-7. AFGLSC Needs to Obtain and Increasing Number of Obsolete Parts.

AFGLSC is responsible for delivering integratcd global supply chain support for
warfighter capabilitics for thc Air Force. They arc the Engincering Support Authority for
approximately 400,000 National Stock Number parts for the DLA, own and manage 140,000
parts, and are responsible for 25,000 Technical Orders.> Key to this is the ability to forccast
supply chain requirements. To do forecasting, AFGLSC uses an organically developed software
tool: D200A, Secondary Item Requircments System. D200A contains historical parts data from
ficld and depot maintenance. This is used to foreccast the needs for future PDM and field
maintenance actions. The right-hand figure on the previous chart shows current supply chain

“ bid.
5 bid.
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forccasting accuracy along with the projected improvements for the 448" Supply Chain
Management Wing under AFGLSC.

Demand Forecast Accuracy (DFA) is caleulated as shown in the equations below.

Figure 2-8. Demand Forecast Equations.

DFA is determined at Fiseal Year-cnd by comparing Actual Demand (measurcd at year-
end) to Foreeast Demand (from beginning of ycar). Both over and under forecasting is
considered in measuring accuracy. DFA was as low as 29% in FY08 and improved to 46% for
FY10. AFGLSC has a plan to improve DFA to 70% by end of FY15. Forecasting accuracy
rcpresents a significant short fall for AFGLSC overall.

To feed foreeasting, the supply chain requirements are developed under the annual Air
and Missile Requirements (AMR) process. The initial PDM work task definition is donec through
the Engineering Requirements Review Process (ERRP) that develops requirements for each
MDS and then approves and determines supportability of scheduled maintenanece tasks. Thc
ERRP output flows to the AMR work speeification and then to the AMR brochure. The AMR
brochure documents requirements to the supply chain to inelude AFGLSC and DLA. These
AMR requirements are used to forecast the parts requirements for the following 5 yecars.
Supportability (i.e., DMSMS) is addressed by the AFGLSC and DL A with an emphasis on a 1-3
ycar horizon.

The problem with supply forecasting comes in many cases from the lowest levcl of data
entry. Too often data are entered at sueh a high level that it is not useful for determining what
parts were used or needed. Other times, the wait for parts is such that the depot will simply
rccreate the part in the backshop and not order it. In those cases the part is not registercd and so
the AFGLSC never knows that the part was needed or used. This unfortunately happens often
enough to throw the parts inventory and forecasting system off for the next year at least. Boeing,
in supporting the C-17, has begun to cheek the maintenance records against the parts ordered to
“clean” the maintenance and parts lists so that thcy agree to a much higher level of fidelity than
what is recorded by the maintenanee personnel. To show the extent of the problem (and
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realizing that these not only eontribute to the parts foreeasting issue but to many other issues as
well), the SAA Study Panel was told*® that Boeing cleans 40,000 records a month using an
automated parts and ticket tracking system.

4 SAA Study Panel visit to The Boeing Company, Saint Louis, MO, March 11, 2011.
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Select commercial practices could benefit AF sustainment efforts

There are numerous differcnces between the maintenance practices used by the
commercial airlines and the Air Force. These are compared and contrasted in the following
paragraphs.

Aircraft Availability

Aircraft Availability is defined as the percentage of a fleet’s TAI (unit and depot
possesscd) that are mission capable.”’” Mission capable means that the aircraft is available to be
scheduled for a mission.

Commercial airlines rcquirc a high AA to meet revenue and profit objectives. Put
simply, a plane that is not flying produces no value for an airline. To this point, commercial
aircraft average nearly 12 flight hours/day. Typiecally, between 3% and 8% of the aircraft at a
commercial airline are out of service for maintenance at any time (R. Valieka, former Senior
Vice President of TechOps for Delta Air Lines and C. R, Kizer, former President and Chief
Operating Officer of Airbus North America-Customer Service, Personal Communication, May
18, 2011). This corresponds to an AA target greater than 90%,

47 Aguilar, J. “AETC Briefing to the SAB on the T-38 Aircraft.”
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The Air Foree AA rates vary by MDS, but are typically on the order of 70%. Based upon
bricfings to the Panel, AA goal standards for selected MDSs are shown below:

o (-5: 68%* o A-10: 71%%
e C-130: 67%" o T-38: 58%
o F-15: 70%° o F-16: 69%"
o KC-135: 76%"! o C-17: 75%°

o B-52: 62%

Quite a few MDSs are not meeting their AA standards currently. Further, several MDS
were projeeted to be below AA standards well into the future.

Aireraft State Coming into Depot Maintenance

The term “over and above™ 1s used to deseribe additional maintenance work rcquired on
an aireraft that is diseovered after the maintenance has been started. Over and above accounts
for a significant percentage of the cost and time required for aircraft depot maintenance visits
and grows with aireraft age. Over and above also accounts for a large amount of the depot visit
eycle time variability.

Commereial airlines typieally have a good idea of the amount of over and above work
that is required when an aircraft visits a depot for maintenance (Valicka & Kizer, Personal
Communication, 2011). This is likely due to the fact that commereial airlines are highly data
focused, maintain airerafl regularly in service, track the maintenanee process closely, and have
highly predictable flight profiles. Detailed data tracking and analysis allows the airlines to
continuously learn and refine the maintenance process throughout the life eyele of the airerafi.
This cffort allows a predictive nature of the over and above required.

The Air Foree appears to have a lowcr level of knowledge about the aireraft state coming
into the depot than do the commereial airlines. The reasons for the Air Force having less

*® Gregg, M. “C-5 Galaxy Division.”

“? Tribble, G., et al. “Tactical Division AF Scientific Advisory Board.”

*0 Swift, G. “Eagle Division AF Scientific Advisory Board.”

' Air Mobility Command Directorate of Logistics. “AF Scientific Advisory Board Brief.”
%2 Smith, J. “B-52 Scientific Advisory Board (SAB) Briefing.”

% Hebert, G. “Scientific Advisory Board A-10 Briefing.”

* T-38 AA rate provided by Lieutenant Colonel Amanda Myers, Oklahoma City Air Logistics
Center Aerospace Sustainment Directorate, via Personal Communication, June 14, 2011.

° Sutton, D. "F-16 System Program Office.”
% Air Mobility Command Directorate of Logistics. "AF Scientific Advisory Board Brief."

43




knowledge about the aircrafil arc not clearly known, but likely lic in the differcnce between data

collection and analysis techniques previously described, the fact that so much field level

maintcnance is deferred to depot, as well as flight profile historics that can vary significantly by

aircraft tail numbcr. Data collection in the Air Force is spread across numerous databascs that
: 57 g g 5

are not intcgrated”’ and, in some cases, not easily searchable. Therc are also questions about the

accuracy and validity of the Air Force reliability data.

The C-130 High Velocity Maintenance (HVM) project is sending advance teams out to
perform inspections on the aircraft prior to delivery to the depot.”™® The intent of this effort is to
conduct a few days of inspections (without aircraft disassembly) using borescope and other tools
to asscss likely arcas that will require repairs or maintenance. Benefits from this include the
opportunity to order parts earlier and also better understand the maintenance work scope. This
practice appcars promising and appears to be an opportunity for improvement if the Air Force
cxpanded its usc across all MDSs,

Maintecnancce Schedulces

As previously discussed, commercial airlines emphasize reliability and maintenance data
capture and analysis (Valicka & Kizer, Personal Communication, 2011). They use this
information to continuously refine and improve their maintenance processcs. This allows the
airlincs to perform a significant amount of maintenance in a predictive fashion where issues are
resolved prior to actual failures occurring.

Air Force maintenance processes vary widely by MDS, but appear to be more reactive
than thosc of the airlines. Reactive in this sense means that the Air Force maintenance is bascd
more on inspections of the aircraft and reacting to what is learned rather than using historical and
field level data to predict and implement maintenance. Improving field level and reliability data
capture and analysis appears to be an opportunity for the Air Force to improve their future
maintenance practices.

Wherc and When Maintenance is Performed

Commcrcial aircraft heavy maintenance is completed at either an airline’s internal facility
(typical for large airlines) or a Maintenance, Repair, and Overhaul (MRO) facility, The Air
Force conducts heavy maintenance at one of three ALCs: Warner Robins, Oklahoma City, and
Ogden.

Commercial airlines perform maintenance at locations and times bascd on the most
economical opportunities. In practical tcrms, this means that airlines conduct a larger percentage
of thcir maintenance in the field versus at a maintcnance depot (K. Davis, Personal
Communication, March 24, 2011). Typically, this maintenance is performed with a large and
experienced maintenance staff during an overnight layover.

" Gregg, M. “C-5 Galaxy Division.”
* Tribble, G., et al. “Tactical Division AF Scientific Advisory Board.”
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In contrast to the airlines, the Air Force prefers to minimize maintenance completed in
the field. When possible, maintenance is deferred until a depot visit.  One reason for this Air
Force strategy is related to the expericnce level of field maintenance personnel. In contrast with
the airlines, most field mainicnance personnel arc Air Force mcchanics with lower levels of
expericnce than their commercial counterparts, some of this resulting from Program Budget
Decision 720 (issucd in FY 2006). Another rcason is that it is very difficult for the Air Force to
dcliver spare parts in theatre. Dcferring the maintenance to the depots allows more experienced
mcchanics to do the work and is believed by the Air Force to be more cost effcctive.

Parts Replacement Strategies

Commercial airlines typically usc the MSG-3 (Maintenance Stecring Group — 3) process
to classify part criticality and usc reliability data to detcrmine maintenance rcplacement
strategies (Valiecka & Kizer, Personal Communication, 2011).  This process, the many
non-mission critical systems, and the typical redundant design of commercial aircraft, allow
many parts to “fly to fail.” Thc airlines avoid delayed or cancelled flights using the Minimum
Equipment List (MEL), which is a Federal Aviation Administration (FAA)-approved
pre-determined list of the minimum operating parts which arc required to dispatch the aircraft.
The cssence of this strategy is that the aircrait can be dispatched for a limited number of flights
that allows continued operation until the next maintecnance visit where the failed part is then
replaced.

The Air Force fleet typically has more mission eritical equipment than an airline.
Further, the Air Force prefers to do the majority of their maintenance at the depots. This limits
their ability to usc the fly to fail parts replacement strategy. However, therc are systems in which
the strategy could be used effectively, such as thrust reversers, cabin pressure controls, air
turbine starters and start valves, auxiliary powcer units, secondary electronic devices,
cnvironmental control system packs and valves, engine controls (e.g., full authority digital
engine controls). Not all USAF aircraft have these systems, but those that do could usc the fly to
fail strategy.

Number of Aircraft at Depot

As previously discussed, commercial airlines require high AA rates to maximize their
revenue. Sinee aircraft in depot are not available, they directly impact AA ratcs. This forces
airlincs to carefully schedule aircraft into depots and forces depots to minimize cycle time, to
ensure that very few aireraft are at depot waiting for maintenance. Another way to look at this is
that, for thc airlines, flights make moncy and depots cost money. This provides a natural
incentive to minimize the number of aircraft and time spent at the depot.

The Air Force, given their intcrest in lowering maintcnance costs and willingness to
accept lower AA targets, allows significant numbers of aircraft to be at the depot. This was scen
during visits to thc ALCs where numerous aircraft were scen without active maintenance being
performed on them. This situation is differcnt than for an airline, which plans depot schedules so
that the next aircraft to be worked 1s whecled into depot as the previous one is wheeled out with
as few aircraft awaiting slots as possible.
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Airworthiness

Continued airworthiness for the commercial airlines is required by FAA regulations and
managed by the airlines under the oversight of the FAA. This independent oversight ensures
regulations are complied with and helps to drive the extremely high safety level currently
demonstrated by the airlines. The Panel was informed that the FAA also has the authority to
mandate changes in design or maintenance practices to ensure aviation safety.’*

The Study Pancl, in comparing thc USAF airworthiness determination and oversight
processes with those of the FAA, notes that both use a similar structure for determining and
maintaining oversight of airworthiness. The Air Foree’s airworthiness process is managed
through the Engineering Directorate at the Aeronautical Systems Center (ASC/EN) airworthiness
organizaltion.6l However, this group has only recently been given this authority, and, based on
the Panel’s visits to the three ALCs, has limited oversight over continued airworthiness decisions
made on the MDSs. The Panel noted that for most weapon systems, the various MDS Chief
Engineers appear to be more directly involved in airworthincss decisions than ASC/EN.

*° SAA Panel visit to the FAA Transport Airplane Directorate, Renton, WA, May 23, 2011.

% Title 49 United States Code, Section 106 (Federal Aviation Administration), Subsection g
(Duties and Powers of Administrator), and Title 14 Code of Federal Regulations, Part 39
(Sections 39.1, 39.3, 39.5, 39.11, and 39.13)

8 Grimsley, F. “USAF Airworthiness Process Overview: Presentation to Scientific Advisory
Board.”
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Innovative maintenance approaches enabled by accurate data collection

There are several maintenancc practices uscd by the commercial aircraft industry and the
Air Force. Each of these is described in the following sections. A key element to all of these
approaches is accurate data capturc and analysis. Reliability data must be properly entercd by
the maintainers by Work Unit Code (WUC) and then analyzed to facilitate these maintenance
approaches. The Air Force currently has issues with both the accuracy of this data and the
availability of analysts to properly analyze it. Commercial airlines place a high value on both of
these arcas to ensurc they are receiving the maximum value from their maintenance plans.

Condition Based Maintenanee + Prognosties (CBM +)

A condition bascd maintenance strategy performs maintenance when there is an evidence
of nced based on data from sensors or through off line trend monitoring. Tlhis strategy can
mininize maintenance costs since no “extra” maintenance 1s performed, i.c., parts arc allowed to
remain on wing for their full lives. The *+” stands for prognostics which is a feature intended to
use real time sensor data to predict anomalies and remove componcents prior to failure.

CBM is heavily used by airlines which have aircrafi specifically designed to be operated
with some systems inoperative. The airlines typically use the MEL to determine if the aircraft
can be dispatched with an inoperative system. In addition, commercial aircraft are typically
designed with Time Limited Dispatch, which allows the aircraft to be operated for a specific
period of time with somc systems inopcrative.

CBM poses risks and challenges for the Air Force since maintenance nceds to be
performed when the condition arises. This mcans that maintenance may occur at remote bases
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where parts availability and mechanic experience may be less than what is available at a depot.
Utilizing this approach could result in Air Force aircraft waiting for parts while in theatre or
requiring experienced crews to travel to the aircraft to make repairs.

High Velocity Maintcnance

The Air Force has high velocity maintenance pilot programs underway at Warner Robins
ALC for the C-130 and Oklahoma City ALC for the B-IB. These programs are integrating work
scope, work procedures, required tools, and parts to ensure that maintenance is performed in an
efficicnt manner. ‘The objective is to ensure that the mechanics have all the tools, manuals, and
parts to complete their daily work without leaving the aircraft. IVM is essentially applying lean
techniques to the maintenance process.

HVM uses pre-induction inspections or inspections upon reccipt of the aircraft to
determine what maintenance beyond that scheduled (above and beyond) will be necessary. If
such additional maintenance actions arc required, then parts arc ordered and tasks begin to be
readicd to cover these additional actions. The combined scheduled maintenance and component
upgrades are intended to have been previously prepared and kitted into daily work actions that
are waiting for the actions to take place as scheduled. If parts ordered are received by the time
that scheduled actions in the arca have been completed, then these additional above and beyond
actions do not add much time to the scheduled depot time. But, if they are not so delivered, then
the aircraft is down and multiple actions begin to mount each day that the parts are delayed. The
penalty can be high. Thus HVM is completely dependent on good scheduled maintenance,
upgrade planning and pre-induction inspcctions, or field maintenance actions recovered well
enough in advance that no wait time is incurred by the system.

Reliability Centered Maintenance (RCM)

RCM uses reliability tools and techniques to schedule maintenance to balance safety,
schedule, and risk by asscmbling thc probability distributions for parts failurcs. As previously
stated, accurate reliability data capture, especially in the field, and subsequent analysis arc the
foundations of the RCM approach. RCM has been applied successfully in the past across various
USAF MDSs, but has wancd recently in some arcas. RCM typically increases maintenance parts
costs since it is preventive and some components arc replaced prior to failure and have useful life
remaining. This cost is offsct by lowered aircraft downtime due to reduced component failures
in service and significant reductions in wait time for undelivered parts,

MSG-3

MSG-3 1s the standard practice used by commcrcial airlines for aircraft maintcnance.
The MSG-3 program begins as the aircraft enters service and is continually updated throughout
the aircraft lifecycle. MSG-3 uscs the Failure Modes & Effects Analysis technique to balance
safety, schedule, and risk for the maintenance process. This practice combines both condition
based and reliability centered maintenance practices.

One of the key features of the MSG practice is that maintenance and inspections for all
systems in a given arca of the aircraft are made while the aircraft is open for one systcm
maintenance action, so that all thc maintenance in that arca can be performed. This minimizes
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the number of times a given area of the aireraft must be opened up for maintenanee and generally
provides for longer lasting proteetion systems and redueed effeets of aging.
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Aging Is an S&T Issue  {PA®

Maintenance Cycles Are Age Adds to Maintenance
Currently Based on Usage Load with Time
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Fundamental research in prediction of aging mechanisms is vital

Maintenance cycles arc generally based on the fatigue life of structurcs and mean time
between failures of systems. These lives are determined by design and validated by testing to
provide the maximum safc life possible before failures become prevalent and degradc the
function of the system to thc point at which safety is compromised. Maintenance cycles arc
prescribed by plan to cnsure safety by performing inspections at the half-life and performing
replacement and repairs as required by either inspeetion or failures. This plan is generally able
to maintain safety of flight for the aircraft until either its usage excceds its design service lifc or
its age excceds the age associated with its design serviee life. In general, at the time that many
of our legacy aircraft were designed, they had no explicit design service life or age defined.
More recent lcgacy aireraft were designed to a speeific service lifc, but this lifc was not fully
validated by test. In recent years, ASIP activities filled this gap by applying analytical and
full-scale fatigue testing to cstablish design service life.

Examples of cyclic-driven failure modes are shown in the above chart and deseribed
below:

+ Upper longeron failure in an F-15, that caused the cockpit to separatc from the rest of
the airplanc. This longeron failed by fatigue, although the root cause was a
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manufacturing defect in which the longeron was machined to a thickness below
minimum specification.”

e  On-off power cycles for electronic components cause fatigue failurc as the expansion
and contraction induced by heating, and physical eonstraints within the devices, lead
{0 stress econcentrations and subsequent failures.®®

e Wiring bundles flcx as the aircraft does maneuvers, and fretting/chaffing can oceur
when wires rub against one another or rub on penetrations through the aircraft
structure,*

e Disks are designed to a specific fatigue limit, and they may be operated for longer
periods using fracture mechanics analysis. However, disk life can be shortencd if
there are manufacturing defects within the disks that act as stress concentrators.®®

As legacy aireraft age, there are failure modes that occur due not to usage, but simply duc
1o aging of the aircraft in its station cnvironment. These aging dcgradations occur at diffcrent
rates depending on the viability of the corrosion prevention systems, the sealants and primers,
and thc aggressiveness of the cnvironment in which the aireraft are stationed (scaside being
worsc than inland for examplc). 1t should be noted that the push to go from the chromate-hased
primers to more environmentally benign primers results in less protection for newer aircraft than
has been scen in the legacy fleet. These first generation sealants arc being replaced by more
effective second generation non-chromate primers for future aircraft and repairs to legacy aircraft
where applicable. Still, all scalants and corrosion barriers eventually brcak down in aggressive
environments.**¢’

Aging materials see dcgradation without load from a number of different sources:
chemical, thermal, ultraviolet, and moisture. Today’s chcmical modeling capabilitics allow
prediction of the effects of moisture and other chemistries on the degradation of materials based
on their chemistries and the environment. The same chemical modeling can be used to evaluate
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the effects of thermal environment on the degradation of materials in the presence of aggressive
chemistrics. Ultraviolet light degradation can likewise be modeled using similar tools, but has
not seen nearly the amount of study that other mechanisms have to date.

Examples of chronologically driven failure modes are:

¢ Stress corrosion cracking {SCC) is a pernicious form of corrosion in which the
combination of a suseeptible high strength alloy, sufficiently high operating stresses,
and a corrosive environment act to cause intergranular cracking. This cracking can
progress very quickly. The crack can be extended by SCC mechanisms as well as
fatigue loading.®®

¢ Corrosion exfoliation is a severe form of intergranular corrosion, in which layers of
grains essentially delaminate. This form of corrosion is seen on aluminum alloys
uscd for cmpennages and wing skins.™

¢ Ultraviolet and chemical exposure of polymeric materials, such as fuel tank sealants,
can lead to material embrittlement through eross-linking of polymer ehains.”

¢ Enginc turbinc blade hot corrosion is a form of sulfurization that aggressively attacks
nickel-based superalloy materials within certain temperature ranges. The source of
the sulfur is normally ingested dirt. This form of corrosion can be mitigated by
suitable turbine blade coatings.”

It must be noted that while the mechanisms of usage and aging are independent, their
effects are coupled. Aging can cause flaws to initiate early (sharp ones in the case of stress
corrosion cracking, blunt ones in the case of exfoliation) and usage can drive their growth.
Similarly, fatigue can initiate a flaw and an aggressive environment can accclerate its growth.
Moreover, fatigue loading of a flaw in an aggressive environment produces flaw growth that is
faster than happens in a laboratory air environment. In cases in which the stress intensity factor
of the flaw is higher than the threshold for stress corrosion cracking, the crack growth ratc is
depcndent on both the load cycle range and the amount of time at which the load is held. In
these cases, the crack growth rate has both a stress and time dependence.

The practical consequence of the different types of aging is that predicting life of an
MDS has a measure of uncertainty. Each aircraft within an MDS typically has specific usage
and exposure to diffcrent environments depending on basing. In the long run, the advantage of
prognosis is that through use of sensors and reasoners, the aging of each individual aireraft can
be monitored. However, this requires sufficient fundamental understanding of the different
aging mechanisms that their progression can be predicted from the data developed.

% Fontana, M. “Corrosion Engineering.”

® National Research Council National Materials Advisory Board. “Research Opportunities in
Corrosion Science and Engineering.”

" Rapp, R. “Hot Corrosion of Materials.”
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Maintenance S&T Needs @

Hardware Software Methods & Tools

= Nondestructive inspection

s Corrosion prevention

s Reverse manufacturing of parts

s Durable, environmentally
compliant coatings, sealants,
paint, and plating

& Prognostics

s Failure prediction methods
for WFD, SCC

s Wiring fault diagnostics
= Pb-free solders
m Accelerated structural testing

Program comprehension
Legacy SW reverse engineering

Sustainment processes/methods

u

u

a Traceability link recovery

|

= Automated V&V approaches

methods
a Maintenance data capture and
mining
a Fuel leak detection WFD: Widespread Fatigue Damage SCC: Stress Corrosion Cracking

The primary aireraft maintenance Science and Technology (S&T) needs for the Air Foree
involve both hardware and software. As noted in Figure 2-9 (below) the top four hardware needs
shown on the above chart were consistently among the top five for every MDS reviewed:
Nondestruetive inspection; corrosion prevention; reverse manufaeturing of parts; and durable,
environmentatly compliant coatings, sealants, paint, and plating. Inspcctions were a major time
driver for depot maintenanee and thus motivate the desire for not only nondestruetive inspection
techniques but non-invasive inspection techniques that do not require the aireraft to be
dismantled to determine hidden defeets and damage. The intercst in corrosion is driven by the
simple aging of the aireraft seen in the USAF fleet and by the use of non-chromate primers in the
latest aireraft. The latter experience aceelerated corrosion damage due to the redueed ability of
these primers to protect the aluminum and the breakdown of the sealants used for these aircraft —
thus the interest in primers, sealants, and eoatings. Rapid processes for manufacturing obsolete
parts arc the key to reducing time in depot for aging aireraft. Note that of these top four needs,
two are direetly related to aging mechanisms and the other two handle both aging and usage
based meehanisms.

The remaining technology needs are identified by more than one MDS but not as
pervasively as the top four technologies. These are seen by the Study as being those that could
provide the best benefit to the Air Force for future maintenance of aging aircraft. Prognostics are
key to predietion of maintenanee requirements when the aireraft comes into depot, one of the
major contributors to time before work commeneces in the depot and might eventually reduce or
climinate the need for pre-induetion inspeetion of the aireraft. Data mining eapahilities would
allow the Air Force to determine the configuration and previous maintenance activities
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performed on that particular aircrafi and reduce the amount of inspection that 1s required when
entering the depot. Wiring faults and leak detection capabilities are crucial to determining hard
to find sources of clectrical and bladder faults. These faults ofien are found in locations or
components that confound the source detection problem. Lead free solders with good
conduction capabilities and fatigue lives have not yet been achieved but are needed to provide
long life for electrical componcnts whilc still offering an environmentally acceptable alternative
to conventional solders.

Figure 2-9. Top Five Not-Mission-Capable (Maintenance) Drivers.

Software needs are identified to aid in reducing the time required to determine faults in
software, determinc a viable and safe repair, and implement and validate the repair. The
clements felt to best facilitate this effort include:

¢ Program comprehension,

e Legacy software reverse enginecring,
e Traceability link recovery,

o Sustainment processes/methods, and

+ Automated verification and validation (V&V) approaches.
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Understanding the purpose of the software is crucial to ensuring that repairs are made that
accomplish the same intent. Developing methods that allow reverse cngineering of legacy
software, such as intent determination, language upgrades, and capability modulcs can all help
programmers reestablish conformance with legacy codes while upgrading the capability to
maintain it n the future. Automated validation and verification methods obviously can help
dcliver softwarc to the ficld that is robust and reliable and is espeeially erucial for flight critical
softwarc.

To further confirm the hardware nceds of the MDSs revicwed by this Study, the tables
shown in Figure 2-9 (above) show the top five needs for each of the MDSs for which “deep
dive” reviews were performed.

The Air Force uses NMCM as a metrie to classify ficld maintenance drivers. NMCM,
when measured in hours, provides the time that an aircraft is unable to be scheduled for a
mission due to maintenance. NMCM hours are tracked in calendar time from the moment when
maintenance begins until the time the aircraft 1s released to the active schedule. For example, if
an aircraft was out of scrvice for thrce days duc to engine maintenance, 72 hours would be
recorded in the NMCM database. Note that the NMCM time for this cxample is 72 hours
regardless of the time actually requirced to perform the engine maintenance,

Top 10 NMCM drivers werc provided in various bricfings for the following MDSs:

e Mobility: C-5,C-17, C-130, KC-135, and KC-10

e Fighters: A-10, F-15, F-16, F-22

e Bombers: B-1B

e Unmanncd: MQ-1, MQ-9, RQ-4A

e Misc: E-3, -4, E-8, U-2, HH-60, T-38

Dctailed investigations of the mobility and fighter flccts were completed and are
discussed below.

The NMCM data across the Mobility flect were rcmarkably similar for cach MDS. The
top five drivers from Figure 2-9 above were nearly the same, although the order (onc to five) was
not always thc same. These top NMCM drivers arc:

e Scheduled Inspections
e Fuel Systems

* Engines

e Structures

¢ Landing Gear

Additional drivers in thc top five for some MDSs were I'light Controls, Air Conditioning,
and Hydraulics.

The fighter fleet NMCM results were not as consistent as the mobility fleet. The top
drivers for the fighter flect were (again not in order) were:
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e Scheduled Inspections

¢ Fucl Systems

s Engines

¢ Structures

¢ Subsystems

A finding from this Study is that the top NMCM drivers arc similar across all USAF

Mobility and Fighter MDSs. Landing Gear is more significant in the Mobility Fleet, and
Subsystems is higher in the Fighter Fleet.

The consistency of the NMCM drivers provides the Air Force an opportunity to utilize
S&T and other methods to improve the availability across various fleets. For example, improved
RCM or MSG-3 analyses could be used to reduce scheduled inspections. Further, S&T
improvements in structural inspection or corrosion protection would impact multiple fleets. This
wide benefit will help justify the investment in S&T for these areas.
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Section 3: Findings and Recommendations

Outline -%5
[ ]

m Findings and Recommendations

The Findings and Recommendations of this Study are focused in six arcas:

Improved efficiency metrics,

Improved supply chain efficiency,

Increasing software sustainment needs,

Science and technology needs,

Adopting commcreial aircraft maintcnance practices where applicable, and

Strengthening the integrity programs to ensure continued airworthiness for the aging
USAF fleet.

The Study finds that the aircraft availability metrics used by the USAF to measure the
performance of depots do not necessarily drive maintenance to efficient sustainment processcs.
The Study recommends that ALCs adopt an cfficiency metric based on the cost of aircraft
availability and use available data to characterize the cost of aircralt availability as a function of
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depot flow rate. This insight can be employed to determine the cfficacy of initiatives that drive
toward more cfficient use of labor and facilities at each ALC.

The Study finds that supply chain management leads to incfficiencies because it cannot
cffectively forecast the parts and component needs accurately. Part of this problem is the large
number of independent databases used by USAF in tracking its aircraft, their configurations,
their maintenance actions, and the parts used for maintenance. The Study rccommends that
AFMC develop overarching software database structures that allow read and search capability
for all the databases used by each of their MDSs. The Study believes that this will allow USAF
to remove redundancy in their databases, provide better cataloguing of the parts and components
they order (or should order), and, thus, have a more¢ accuratc assessment of the needs for their
MDSs.

The Study finds that every aircraft in the USAF fleet is becoming more dependent on
softwarc to provide flight and mission functionality. Softwarc is more integrated into new
aircraft like the F-22 and F-35, but it is even becoming a larger player in legacy aircraft through
upgrades like the Active Electronically Scanned Array (AESA) radar for the F-15, which has
more lines of software than the F-22. The Study recommends that the ALCs develop enduring
relationships with the OEM software developers to ensure cradle to grave software sustainment
capability throughout the lifetime of each MDS. 1t also recommends that the CSSIP Program be
given an accelerated timeline in which to develop standards and verification and validation
processes for software that will enable flight safety related software to be independently
qualified for flight operations. This will be crucial to future airworthiness qualification for
aircraft currently in development as well as replacement components driven by software in
legacy platforms.

The Study finds that AFRL needs to rebalance their investment portfolio to increase the
funding available for aircraft maintenance related technologies. Currently AFRL sustainment
R&D funding is largely focused on future materials and applications. But the Study
recommends that AFRL and AF Office of Scientific Research (AFOSR) sustainment funding be
refocused on materials and maintcnance technologies associated with aging aircraft because the
number of those MDSs far exceeds those MDSs in development. AFOSR should fund work in
determining lives for aging causes (rather than usage causes) including corrosion assisted
fatigue, stress corrosion cracking and chemical degradation of sealants. Non destructive
inspection (NDI) should also be considered for increased activities for aging related failure
modes (for example: corrosion, ultraviolet exposure degradation, and moisture degradation).
AFRL should partner with the MAJCOMs on transitioning technology from TRL 6 and MRL 6
using full scale demonstrations to TRL 9 and MRL 9 in order to facilitate adoption by the ALCs.

The Study finds that there are a number of practices used by commercial airlines in their
maintenance and depot activities that might provide efficiencies and capabilities that could
reduce maintenance costs for the USAF. These include greater emphasis on RCM and
incorporation of MSG-3 practices. Therefore, the Study recommends that the Air Force compare
these practices with the current USAF practices and determine which of these practices provide
cost and time reductions and which do not—adopting those that provide greatest benefit.

The Study finds that the Integrity Programs are crucial to continued airworthiness of the
USATF fleet of aircraft. While the Aircraft Structural Integrity and Propulsion Systems Integrity
Programs are mature and functioning well, the remaining integrity programs need work to
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elevate their capabilities to the same level of rigor of these mature programs. The Mcchanical
Systems Integrity Program is just being reinvigorated and has held its first conferenee to share
best praetices and preferred processes among the technical community and its proposcd Military
Standards revisions to ensure system integrity. Similarly, the Avionies Integrity Program is just
being reinstituted and is still seeking the processcs and organization that will make it as valuable
and productive as an ASIP or PSIP program. And as mentioned before, it is crucial to accelerate
the formation and institution of the Computer Systems and Software Integrity Program to
provide consistent and valid verification of software, especially for flight safety critical
components.

Actions are reeommended for each of these findings in the subsequent scctions of the
report,
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Finding 1
Depot Efficiency Not Quantified WY

m Sustainment investments are driven by aircraft availability set by
MAJCOMs, which may not correlate to resource utilization efficiency

! 5 . =1
: _i‘,fm_ {e

m Cost of Aircraft Availability
[AA/$] is a measure of depot
efficiency, i.e., output =+ input

m Measures to increase depot
flow such as High Velocity MX
(HVM), extra shifts, overtime,
etc., may be inefficient, e.g.,
flooring the gas pedal analogy

4

Cost of Availability [AA/$])
Availability [% AA]

o 0

(] I]I'! |I 1"‘ :: I‘IS )
PDM Rate [A/C per day] x10®
® A quantitative understanding of how to best use resources is lacking

LThe “opportunity cost” of sustainment investments is not understood I

The Study Panel has found that the fundamental metric used to guide sustainment
investment is the required aircraft availability for each MDS, which i1s defined by the
MAJCOMs. In an era of constrained budgets, such a metric ignores the cost required to achieve
the requisite AA. As a result, it is not cvident whether the required AA is achievable within the
budget bounds, nor does it provide guidance toward cost-efficient processes and practices. In
cssence, it is not clear that the requircd AA is anywhere near the AA that can be achieved with
the highest resource utilization efficiency.

In defining a metric to capturc the efficicncy of achieving aircraft availability, it is
rccognized that there arc at least two types of efficiency. The first type of efficiency is
associated with the productivity of the workforce. The AA improvement programs strive to
make the maintainer, in the field and at the depot, more efficient in their activities by defining
standard work packages, knowing thc condition of the aircraft in advance, positioning necded
tools for casy access, and fixturing the workspace for ergometric access, to namc a few
techniques. The goal is to increase AA, while kecping costs fixed, by increasing the productivity
of the workforce per labor hour (or dollar) spent. However, by assuming that cost is fixed, there
is only limited insight into the broader relationship between AA and cost.

The second type of efficiency is associated with the marginal cost of availability. It may
be true that the marginal cost of the last 5% of aircraft availability (i.e., the cost of raising AA
from 75% to 80%) is much higher than the previous 5% (i.c., the cost of raising AA from 70% to
75%). This increase in marginal cost at higher AA can arise from several sources. For examplc,
extra workforce shifts overnight or on thc weckends can incur higher wages for the same
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workforee productivity. Furthermore, inercasing inventory, to reduce NMCS and thereby
improve AA, can ineur higher costs due to unused stockpiles. 1f one tracks a metric such as
aireraft availability divided by cost (AA/S), one can better understand these marginal costs. The
result might reveal that relaxing AA requirements a little may free up substantial resources that
could be used more effectively clsewhere.

To better illustrate the relationship between the metries of AA and AA/S, as well as the
roles of AA improvement and initiatives such as HVM and lean practices, a notional model is
shown in the figure below.
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Figure 3-1. Aircraft Availability versus Cost for a Notional MDS. Note: The points
denoted by a red X correspond to process-cost efficiency points.

This figure plots airerafl availability versus cost for a notional MDS. The theoretical
limit on availability is 100% and is shown by the horizontal dotted line. Each ‘X" in the plot
represents a unique process for sustaining that MDS. Some provide low availability at high cost
(lower right) and are elearly inefficient since other proeesses provide both higher AA and lower
cost (upper left). The red *Xs” eorrespond to those processes that are most efficient at each cost
point. In other words, in order to increase AA for sustainment proeess represented by a red ‘X’
requires an increase in cost. Correspondingly, to reduce cost requires a reduction in AA. The
‘X" processes at cach cost point comprise the Parcto-optimal front that eorresponds to the most
efficient processes for productivity, or produetivity efficieney.

Several other features can be seen in this figure. 1t is reasonable to assume that the
Pareto-optimal front is roughly shaped as shown beeause the MDS must asymptotically approach
100% AA as cost is inereased (right side) and there are significant facility charges before the first
maintainer is hired (left side). The vertical green arrow indicates the effect of improving
produetivity efficieney under constrained eost. The blue region with the red question mark ()
indicates the range of possible effects caused by HVM. While elearly improving AA, it is
unclear whether HVM does so at inereased or deercased cost.  For example, the infrastructure
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that is put in place to improve the productivity of the maintainer through standard work planning,
kitting, etc. may save or incur higher costs.

The second type of efficiency, the cost of availability is also shown in the above figure.
The dashed lines show radial spokes of constant AA/$. The spoke with the highest AA/$ that
intersccts the Pareto optimal front identifies the process that maximizes AA/$ (i.e., the ‘X’ with
the black dot behind it). To increase or decrease AA from this process incurs a reduction in the
AA/$ metric by increasing marginal cost or reducing amortization of facility costs, the marginal
cost efficiency. The process labeled as ‘max (AA/$)’ is at thc “swect spot” on the
Pareto-optimal front.  Therefore, improving productivity efficiency through availability
improvement programs moves the sustainment towards the Pareto-optimal front and marginal
cost efficiency reveals the most efficient process on that front,

To illustrate the differences that the AA and AA/$ metrics can provide, a notional
cxample is shown that relates these metrics to the PDM rate. In this example, PDM rate is
dcfined as aircraft (A/C) per unit time. Assume that the ratc that A/C dcpart the depot after
maintenance (D) matches induction rate (1) by making the number of A/C in docks (n) inverse to
the PDM rate (P), That is,

(1) D=nP=1
where
) n=1/pP

A simplified definition of availability equals fleet size (F) minus number of A/C in docks
normalized by fleet size and multiplied by 100%:

(3) AA=(F-n)/Fx100%
Cost ($) is proportional to the number of A/C in docks times PDM ratc raised to an

cxponent (e):

(4) $ ~ nPe

Three cost modcls arc assumed:

s Costis indcpendent of PDM rate (e = 0),

o Costis proportional to PDM rate (e = 1), and
¢ Cost grows faster than PDM rate (e > 1).

The notional figure in the Finding chart above shows four curves. The aircraft
availability curve (labeled AA and corresponding to the right hand vertical axis) starts at AA =0
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when the PDM rate causes the number of aireraft in depot to equal the fleet size and asymptotes
to 100% at high PDM rates, when there are no aircraft for that MDS in depot. In addition to this
curve, there are three eurves that are based on the three separate assumptions econceming the
costs incurred while performing depot maintenanee and upgrades.

e The first of these curves assumes that cost is independent of PDM rate (e = 0), then
efficiency {AA/$;) increases linearly with PDM rate and is a maximum when AA isa
maximum. This is an unlikcly scenario since it is reasonable to assume that
increasing PDM rate increases cost unless cost 1s donunated by poor produetivity
efficiency.

e The second curve assumes that cost increases linearly with PDM rate (¢ = 1), and
efficiency (AA/$) is once again a maximum when AA is a maximum. However,
there is a diminishing improvement in efficiency at higher PDM rates. This seenario
is more plausible because more maintainers and support personnel working on a plane
could move an aireraft through PDM faster. However, at high PDM rates, cost
elements such as overtime will likely cause cost to increase faster than the PDM rate.

e The third eurve assumes that cost increases faster than PDM rate (¢ > 1), due to
factors such as overtime and substantial increase n support personnel, For this
assumption, efficiency (AA/$3) is a maximum for a PDM rate that is substantially
different than for AA. Under any of these scenarios, it would be useful to know the
PDM rate that maximizes the cost of availability metric (AA/$) as well as the highcst
AA that is affordable so that deeision makers can balance efficieney and availability
subject to cost constraints.

As an analogy, consider a car race. The winner will be the driver that can maintain the
highest average speed during the race. However, with a limited capacity fuel tank, fuel
cfficiency becomes an additional important metric that can help the driver avoid a
time-consuming fuel stop. Flooring the gas pedal in the car maximizes instantancous speed {e.g.,
performance [AA]) but does not maximize miles per gallon (e.g., efficiency [AA/$]). Finding
the proper balance between fuel efficiency and performanee, while being able to shift between
the two, allows the driver to win the race. Finding this proper balance requires the driver to
know the performanee of the vehicle across the car’s range of speeds.

If the Air Force can quantify the availability (AA) and the cost efficiency (AA/S$) of each
MDS that can be achicved for different levels of investment, decision makers could make
informed sustainment investment trades across the enterprisc.

In summary, thc Panel finds that the metric of aircraft availability only captures part of
what is important to the sustainment enterprisc in a cost-constrained environment. A metrie such
as AA/$, which is not currently being tracked by AFMC or Air Mobility Command,
complements AA by providing an efficiency metric. Such a metric can reveal how efficient
utilization of resourccs can best be achieved. Since AA may have high marginal cost, there is an
opportunity to explore how lowering AA for some MDSs, to sustain closer to maximum {AA/$),
might free resources that could be better used for other MDSs,
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Recommendation 1 SAB
Quantify Depot Efficiency v

= Use existing USAF data to quantify and model the cost of
availability (AAJ$) as an efficiency metric and employ it, along with
AA, to inform sustainment investment decisions for each MDS
[OPR: AFMC/A4]

m Quantify AA/$ as a function of PDM rate over a broad range of
costs to identify the “sweet spot” in efficiency
m |[f AA/$ decreases as the desired AA is approached, the availability
of those additional A/C is incurring higher marginal costs
a Employ the model to analyze the efficacy of various

sustainment initiatives being proposed to improve depot flow
and efficiency

Allows decision makers to analyze proposed PDM initiatives from
both an availability and efficiency perspective

PDM: Programmed Depot Maintenance

The Study Panel reccommends that the Air Force mine existing USAF data, combined
with economic models, to quantify the cost of availability (AA/$) as an cfficiency metric. This
metric should then be used, along with availability (AA), to makc sustainment investment
decisions for the various MDSs in the enterprise. The Panel recommends that this be done
initially for PDM but can be eventually broadened to include all elements within the sustainment
cnterprisc. The Pancl rccommends three steps: quantification, integration, and analysis.

In the quantification step, the USAF needs to develop models that capturc the
relationships between aircraft availability (AA) and efficiency (AA/$) as a function of cost for
cach of the sustainment elements that drive these metrics. These include PDM performance,
modification programs, field level maintenance performance, reliability and maintenance, supply
chain performance, etc. This could be done incrementally. Initially, one model should capturc
AA and AA/$ versus PDM rate (first sub-step) as well as PDM rate versus cost (second
sub-step). Oncc this model is assembled, it can be employed by decision makers to assess the
efficacy of various PDM efficiency initiatives that are proposed.

Subscquently, this process can be repeatcd to capture other sustainment functions. For
example, another model would capture AA and AA/$ versus NMCS as well as NMCS versus
cost as a field level maintenance efficiency metric. Additional models should capture
relationships for NMCM, etc. It is recognized that these models cannot be purely based upon
cmpirical data. 1t is suggested that parametric models be developed based upon cost estimating
relationships, performance models cxtracted from experiences with the HVM and lean programs,
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as well as cost and performance data. The integration of parametric models with data permits
broad parametrie extrapolation anchored by data as well as expert opinion.

In the intcgration step, the individual AA and AA/$ parametric models, associated with
cach sustainment driver, arc integrated to yield an MDS-level paramctric model of the cost of
availability. Parametric sensitivity trades can then be performed to identify couplings between
sustainment drivers with respect to their impact on AA and AA/$. Pareto analysis and
optimization can be conducted to balance investment across the various sustainment drivers to
identify the sustainment investment strategies for each MDS as a function of diffcrent weightings
between availability and efficiency.

In the analysis step, the integrated models for each MDS can be combined to optimize
sustainment investments across MDSs. For example, slightly relaxing AA rcquirements on an
MDS that has high marginal cost of availability, might free sufficient funds to substantially
improve AA for another MDS whose improved AA could reap greater entcrprise-wide
capability. This ability to analyze sustainment return on investment across the USAF aircraft
inventory could help decision makers to balance availability and efficiency during lean economic
times. The Pancl recognizes that AA goals are set by the Lead Major Commands in response to
the mission nceds of the Combatant Commands. Henee, it may not be possible to alter AA
targets on the basis of marginal cost analysis. Nevertheless, these analyscs would provide
additional information for decision makers in the likely constrained cost environments the Nation
faces where trades may well have to be made with inclusion of budgetary considerations.
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Finding 2 @
Supply Chain Challenges

® DMS becomes an increasing sustainment issue as aircraft age and
OEM involvement is reduced

s OEMs actively manage the supply chain early in service life
m QOriginal parts often unavailable, even during A/C design service life

® Avionics replacements particularly challenging due to technology
advances

® Inaccurate demand forecasting and lagging supply chain metrics
result in inadequate supply support from both AFGLSC and DLA

® Includes DLRs, consumables
s |naccurate, insufficient and inconsistent databases

m Increasing use of COTS parts engenders more rapid obsolescence
due to short commercial product lifecycles

s COTS parts discontinued much faster due to commercial drivers
®m Requires active management and planned refresh cycles

Parts supply is an ever increasing issue as aircraft age
COTS: Commerciai Off the Shelf OLR: Depot Level Repairable OEM: Original Equipment Manufacturer )

Maintaining a robust supply chain requires knowledgeable sustainment engineers,
accurate parts demand forccasting, and a viable base of suppliers. For new MDSs, the
aforcmcentioned supply chain requirements are handled by the OEMs. However, supply chain
managcement often shifts to the Air Force especially as the life of an aireraft type is extended
beyond its original serviee life and OEM involvement in O&M is reduced as a result of a shift
towards organic sustainment. This shift drives several requirements for the Air Forece.

First, there is a need for increasing numbers, and cxperience, of sustainment engineers at
the ALCs and Item Managers within thc supply chain enterprise (i.e., AFGLSC and DLA).
Sustainment engineers are instrumental in developing the PDM work tasks and bill of materials.
They havc technical authority for analyzing alternative part and subsystem solutions as original
parts encounter DMS issues. They must consider airworthiness, maintainability, and system
rcliability. Often dependencies between parts or subsystems arc not sufficiently documented in
the Technical Order and are only understood through experience. Similarly, Item Managers
within AFGLSC and DLA must maintain a viable parts listing and supplier base. In doing this,
they too must address DMS and obsolescence issucs with knowledge of the impact on MDS
maintainability.

Second, timely and aceurate parts demand forecasting is needed to minimize aircraft
down time (i.e., Mission Impaired Capability Awaiting Parts (MICAP), NMCS) resulting from
parts delivery unavailability. Forecasting is the responsibility of AFGLSC and DLA with
AFGLSC pulling supply requircments from the field and depots. AFGLSC maintains a databasc
of historical parts usage that is the basis for foreeasting future needs over a five year time
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horizon. AFGLSC’s supply chain forecast accuracy for FY09 was less than 50%."' An
additional supply complication is that the final parts procurement is split between AFGLSC and
DLA, with the line of responsibility not always clcarly defined, thereby resulting in supply chain
execution failures. 1t should also be noted that this inability to forecast needs accurately cannot
be attributed solely to the sustainment engineers or the supply ehain managers. This Study found
that forecasting errors can arise from data supplied from the depots and from the field being
either inaccurate, or more likely, recorded at too high a level to accurately reflect the parts used
to make repairs. Other cases were found in which replacement parts were remanufactured in
depots and ncver tumed in for replacement.  When this happens it distorts the real need for
obsoleseent parts.

Finally, the Air Foree needs to proactively manage DMSMS issucs. This is a growing
issuc as the use of COTS parts has inereased and COTS product lifecyles have decrcased
because of increased capacity of computer chip based functionality that follows “Moore’s Law™
and the ever shortening obsolescence lifecycle of commercial products.

Database Complexity

During the Panel’s visits to each of the three USAF ALCs, cach MDS SI’O was requested
to present to the Study Panel the databases currently in use for the respective MDS, The total
summary list of databases reported is shown in Table 3-1 below. Many of these cannot be
managed using modern database tools. In addition, in many of the databases, the original entry
of maintenance action documentation varics widely in specificity. For example, the detail level
of the WUC identified for the maintenance action taken varies from accurate and detailed
deseriptions to the highest possible level of code for thc activity. For example, the same
maintenance action for different field activities may be identified to the 3-digit or 5-digit WUC
level for different locations on the same MDS. The 5-digit code may eall out a specific action,
but the 3-digit code may only describe the component being acted upon and not the action being
performed. As a reflection of the magnitude of field data discrepancies, C-17 sustainment is
provided under Contractor Logistics Support, and under this contract, as noted carlier, Boeing
“cleans™ over 40,000 C-17 maintenance records per month using cross referenced part data to
infer the specific action taken on any particular field or depot action record.

In order to fully understand the Maintenance Actions (Field and Depot) taken on a
particular aircraft throughout its lifetime, an Integrated Maintenance Data System would be
requircd to corroborate the data relevant to that aireraft contained in all of these databases. An
Intcgrated Maintenance Data System would require a substantial initial effort for collecting and
“cleaning™ data across all organically sustained MDSs. Going forward, standardization of
Maintenance Action reporting in the field is mandatory.

"1 Air Force Global Logistics Support Center. “Demand Forecast Accuracy.”
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Table 3-1. Various DoD Sustainment Databases nsed by AF Materiel Command System
Program Offices.




Recommendation 2
Improve Supply Chain Forecasting QY

B Improve AFGLSC supply chain forecasting to minimize field level
maintenance and depot production delays due to parts shortages
[OPR: AFMC/AFGLSC]

m Implement an analytically-based parts forecasting system
utilizing part tracking, field history, and reliability data

m Provide robust engineering support within the Program Offices
and AFGLSC to permit technically sound sourcing decisions
and Manufacturing Review Board (MRB) activities

m Develop supply chain metrics that tie to AA/$, not parts delivery

® Promulgate the use of COTS obsolescence forecasting tools
(e.g., AVCOM) early in the maintenance planning cycle for all
MDSs

| Accurate parts forecasting is a key enabler for increased AA

AVCOM: Advanced Component Dbsolescence Management

Although the Air Force is making progress in improving its supply chain forecasting,
further improvements arc needed to meet the Air Force’s objectives for minimizing delays in
field level maintenance and depot production. To achieve the overarching recommendation, four
actions are suggested.

First there is a need to improve parts tracking, field history, and reliability data. Today
there is no automated, or consistent, enterprise approach to capturing these data and feeding it
into the D200A forecasting system. Tying parts data to tail number and flight history will be
important for enabling more sophisticated forecasting. While some statistical analysis currently
exists in the D200A toolset, more sophisticated data analysis based on predictive analytics
warrants investigation once the database is improved. Predictive analylics is a growing ficld
based on the use of computer-gencrated models of large datasets that can be used to projcct
future outcomes, or in this case, forecast future parts needs. Predictive analytics has found
application in fields such as actuarial science, financial services. insurance, telecommunications,
retail, travel, healthcare, and pharmaceuticals. Once the parts database includes sufficient, and
validated, reference information such that representative models can be developed, predictive
analytics should significantly improve parts forecasting.

Second. the ALCs need to have sufficient sustaining engineering staff in both numbcrs
and experience to perform parts determinations. This is particularly true when DMSMS issues
require new parts to be identified and airworthiness needs to be recertified. AFGLSC and DLLA
also need experienced Item Managers to maintain a robust parts list and supplier base.
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Figure 3-2. Air and Missile Reguirements (AMR) Logistics Requirements Determination
Process.

Supporting the first and second recornmendations:

e Supply chain requirements are developed under the annual AMR Logistics
Requirements Determination Process (LRDP) shown in Figure 3-2 above.”

¢ Initial PDM work task definition is done through the ERRP.

e ERRP output flows to the AMR work spec and then the AMR brochure. The AMR
brochure documents the requirements to AFGLSC and DLA. These AMR
requirements are used to forecast the parts requirements for the following five years.

e Demand Forecast Accuracy in reeent years has been as low as 19%. AFGLSC has a
plan to improve Demand Forecast Accuracy to 70% by end of FY'15.

With the end result of the process being as low as 19%, it is obvious improvements must
be made in forecasting tools/databascs and in the staffing of requirements generation to improve
ovcrall supply chain exccution.

2 Lyman, S. "CAM LRDP Requirements.”
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Third, AFGLSC currently does not have metries directly tied to AA, but only total parts
delivery and cost. This ean result in AFGLSC not delivering eritical parts and maintaining the
appropriate arcas of working partnership with the ALCs that result in the lack of critical parts
that can stop depot production.

Fourth, although the Air Force has developed the AVCOM software 1ool to analyze and
predict parts obsolescence, AVCOM is not uniformly implemented. Furthermore, there would
be additional benefits in using other commercial parts forecasting tools and insuring that the
analysis process 1s made standard practice enterprise wide. Specifically, parts obsolescence and
DMSMS analysis should be implemented as early in the supply chain planning process as
possible, and made standard practice for all MDSs, to enable the identification of proactive
solutions and not left until the back end when orders are being placed.

Finally, formally including RCM in the supply chain procurement process would improve
forecasting, increase system lifetime, and thereby improve aireraft availability. RCM uses a
combination of rcliability data from the certification process along with a history of aireraft
usage 1o determine the wear-out rate for each component of the aircraft. This forecasting
capability could be a crucial component in parts forecasting for aging Air Foree aireraft.
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Finding 3 AR
Increasing SW Sustainment Load WV

m Software use/complexity and rapid technology refresh have grown
faster than the USAF’s ability to address it across the lifecycle

n Moore's Law, commercial development, expanded threat spectrum,
DMS-driven software interfaces, etc.

m USAF software sustainment efforts are growing

m ALCs and CLSs spend considerable time/effort on both maintenance
and upgrades of legacy software

m Software sustainment doesn’t scale with number of aircraft, but with
number of MDSs/variants

m  As fleet size decreases, software sustainment costs do not

m Lack of enterprise-level USAF strategy for software complicates
sustainment over lifecycle

m Transition from OEMs to ALCs often not seamless, predictable, or cost
effective CLS: Contractor Logistics Support

Software sustainment is expected to grow significantly over time

Software has become strategically important for the DoD and USAF since its flexibility
and fungibility enable it to scale in an unfettered manner that is different from hardware.” For
example, unlike aireraft structures, sensors, and other hardware, software avionies upgrades can
be delivered eleetronically and remotely, which enables quicker reaction to ehanges in threats,
mission priorities, technology evolutions, and other operating environment characteristies. The
prinecipal challenge to successful software sustainment in the USAF is the ability of software
cngineers and managers to understand the purpose and complexities of original software codes
so they can modify and improve it correetly, safely, dependably, rapidly, and cost effectively.
The discussion below motivates our finding that software sustainment workload in the USAF is
growing significantly over time.

Multiple trends are shaping the strategic importanee of software for the USAF, ineluding
rapid technology refresh driven by Moore’s Law, the increasing prevalence of eommereial
software practices, the expanded threat spectrum, DMS-driven interfaces, and the shift from
analog to digital systems technologies. The confluence of these trends has caused the use and
complexity of software in USAF weapons systems and their associated information technology

73 National Research Council. “Critical Code: Software Producibility for Defense.” Note: These
themes of the pivotal role of software in the DoD and USAF are specifically discussed in
Chapter 1 of this report.
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(IT) ccosystems to grow significantly over the past six decades. These trends, in turn, have
increased the software sustainment workload and cost drivers for the USAF.

As an cxample of the growth in use and eomplexity of software in the USAF, the
following diagram shows the significant increase in source lines of eode (a common measure of
complexity) for operational flight programs (OFPs) in USAF fighter/attack airplanes from the
mid-1950s to 2009.™
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Figure 3-3. Historical Increase in Source Lines of Code (SLOC) for USAF Fighter
Aircraft Operational Flight Programs.

Likewise, Figure 3-4 below shows an example of the inercased reliance of USAF system
functionality on software, as mcasured by the percentage of specification requirements involving
software control, which has risen from approximatcly 8 pereent of the F-4 in 1960, to 45 pereent
of the F-16 in 1982, to 80 percent of the F-22 in 2000.”° The equivalent percentage for the F-35
will be at least 90%.

" Van Oss, D. "Avionics Acquisition, Production, and Sustainment: Lessons Learned -- The
Hard Way.” (Note: Van Oss Diagram obtained from and cited within: Dion-Schwartz, C., &
Turner, R. "Software-Intensive Systems Producibility Initiative.”)

> Defense Science Board. °"Report of the Defense Science Board Task Force on Defense
Software.”
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Figure 3-4. Examples of the Increased Reliance of USAF Aircraft Weapon System
Functionality on Software. Note that in more recent systems software has been
responsible for extended delays in the acquisition cycle.

Despite softwarc’s penchant to cnable greater capability and flexibility, however, Figurc
3-4 (above) also shows how thc growing reliance on software across the DoD (and hence USAF)
cnterprise was recognized a decade ago by then Under Secretary of Defense Pete Aldridge as a
significant contributor to the growth in program cost, schedulc, and performance shortfalls,
including (but not linuted to) the software sustainment phase.-‘Tts The Panel notes that
ALC-provided data shows USAF weapons system software sustainment costs have nearly
doubled over the past decade (an increase from $483M in 2002 to $841M in 2011).

This growth stems, in part, from the increasing reliance on software in USAF weapons
systems, as shown in Figures 3-3 and 3-4. This increasing reliance is also reflected in following
figure that shows approximately a 30% increase in software sustainment hours at the three ALCs
over the past cight years. 5"

" Aldridge, P. “Testimony to House Armed Services Committee.”

7 76th Software Maintenance Group. “76 SMXG Manpower Hours.”

® Rogers, K. “Identify Software Maintenance Trends for AF Scientific Advisory Board.”
79 402nd Software Maintenance Group. “Summary of Major Software Trends.”
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Fignre 3-5. Increase of 30% in Software Sustainment Manhours at USAF Air Logistics
Centers for the Years 2003-2010.

The ALC software sustainment effort shown in the figure above only considers hours
billed against the opcrattons and maintcnanec program element (the 3400 AF DoD appropriation
account code). In practice, the ALCs indicated they also spend considerable time/cffort on
upgrades of lcgacy software (the 3600 and 3010 AI' DoD appropriation account codes), though
the actual apportionment of O&M versus upgradc work does not appcar to match the
appropriation account codcs in a consistent manner. Analysis has shown that the full range of
software sustainment activitics (i.c., O&M plus upgrades) can account for 60-90% of the total
lifecycle software costs.®® The high level of software sustainment costs occurs for a number of
rcasons, including:

» Software-enabled capabilities are replacing hardware in lcgacy systems,
e Software may be upgraded again and again over the lifecycele of an airplanc, and

» The original design intent of developers is often hard to discern, thereby complicating
modifications and verification/validation activities.

Since sustainment is a lagging indicator, organic software sustainment costs are cxpccted
to grow significantly over the next decade as the current gencration of USAF aircraft, such as the
F-22 and F-35, transition from produetion to sustainment. Since these newer aircraft arc
considerably morc r¢liant on software than legaey atreraft, the software sustainment eosts should
thus increase accordingly as they age. Also, the Panel was informed®' that as advanced systems
are introduced to legacy aircraft (e.g., the AESA radar for thc F-15) these software-driven
systems arc driving up the software sustainment requirements for these aircraft as well.

8 United States Air Force Software Technology Support Center. “Guidelines for Successful
Acquisition and Management of Software-Intensive Systems: Weapon Systems, Command
and Control Systems, and Management Information Systems (Condensed Version).”

8 sAA Study Panel visit to Warner-Robins Air Logistics Center, Robins AFB, GA, February 16,
2011.
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Another factor affecting the economics of sustaining aging aircraft is the fact that
software sustainment costs do not scale with the number of aircraft in the USAF inventory, but
instcad scalc with the number of MDSs and variants. Unlike aircraft structures and hardware,
where production costs represent a significant expense, there is essentially no production phasc
for softwarc, other than installation (where deployment and configuration management may be
an issue). Hardware sustainment costs will therefore decrease as the USAF rcduces the number
of aircraft, but software sustainment costs will not because a weapon system generally needs the
same software sustainment, whether 1t is a fleet of 10 aircraft or 1,000 aircraft.

The mix of government and contractor work is defined by a DoD Instruction (DoD1)*2
that designates that statutory requirements must be met prior to Acquisition Milestone B. The
Core Logistics Analysis/Source of Repair Analysis further states that Title 10 United States Code
(USC) 2464 (Core) and Title 10 USC 2466 (50/50) requirements must be addrcssed.
Compliancc with these requirements increases the complexity of the overall environment and
challenges planncrs. Consequently, the transition from OEMs to ALCs is often not scamlcss,
predictable, or cost effective, due in part to the lack of an enterprise-level USAF strategy for
software.

For example, software sustainability considerations are often not included in program
acquisition strategy and cost estimations for new digital capability. ln particular, contracts many
times fail to procure source code, necessary licenses and data rights, and tcchnical data on V&V
facilities and procedures during the acquisition process. The absence of this material may
significantly complicate softwarc sustainment and increase total ownership costs over program
lifecycles. Moreover, a large investment is needed to reproduce OEM facilities (e.g., Softwarc
Intcgration Labs).

Another problem stemming from the lack of an enterprise-level USAF strategy for
software is changing initial program premises, from CLS to organic support, which results in a
worse case situation that drives duplication of contractor developed capability, increased
government training requirements, and loss of domain expertise (contractor). Initial software
logistics approaches need careful consideration and exccution to avoid these pitfalls. If this
transition is not adequatcly planned, the sustainment of the front-end contractor architecturc,
hardware, firmware and software design and development capability and the largely later
government-phase software maintenance and modernization will be jeopardized. Without the
ability to effectively incentivize contractors in the early program phases and to maintain somg¢
support throughout the lifecycle of the MDS, there is a potential to evolve to a situation where
the capability is either pcrmanently lost or too expensive to reconstitute. Maintaining the right
mix of contractor and government participation in the software development and sustainment
cnvironment is essential to individual program success and long-term domain cffcctivencss.

Yet another problem stemming from the lack of an enterprise-level USAF strategy for
software is the current vacancy and, thus, absence of a long-term technical senior leader for the
Computer Systems and Software Integrity Program that should provide software technologies

% United States Department of Defense. “Department of Defense Instruction 5000.02:
Operation of the Defense Acquisition System.”
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and verification/validation methodologies. Most technical disciplines (propulsion, structures,
and avionics) are represented by senior leaders at ASC and other locations. What 1s needed in
CSSIP is a senior leader who 1s a recognized cxpert in softwarc development, who can integrate
and coordinate software sustainment efforts across AFMC/A4, the Electronic Systems Center,
the Acronautical Systems Center, and the Softwarc Maintenance Groups at the ALCs, AIFRL,
etc. Likewise, the amount of rescarch at AFRL devoted to sustaining legacy softwarc appears
quitc small, relative to the amount of resources cxpended on sustaining legacy aircraft in the
USAF.
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Recommendation 3
Manage Software Over A/C Lifecycle QY

m USAF should adopt an enterprise approach to software sustainment
throughout the lifecycle of an MDS [OPR: AFMC]

= Form enduring, time-phased collaborations with A/C and AIC system OEMs for
predictabie and cost effective software sustalnment as iliustrated beiow

m Collaborate with OEMSs to leverage latest technical advancements and lessons learned

= Ensurg well-tralned organlc support avallable to perform capabillity upgrades for legacy
platforms/components no longer supported by Industry

= Mature CSSIP rapldly to establish disciplined processes and technologies to
meet software qualification standards and V&V over MDS lifecycle

m Sponsor targeted software R&D with AFRL, research community, end ALCs, e.g.,
Software V8V techniques and refactoring/refresh methods/tools for legacy systems

u CSSIP leadership requires In-depth software expertise to coordinate software principles,
processes, and practices across acquisition/sustainment enterprise
A

L
9 M SN b

Pre-system Acq  Systemn Acqulsition 3 Sustalnment Retirement/Disposal

AIC Age
| Contractors and ALCs play distinct roles over the aircraft lifecycle I

Given the strategic importance of software to sustaining aging aircraft, thc Panel
recommends that the USAF adopt an enterprise approach to software sustainment throughout the
lifecycle of each MDS. The goals of such an cnterprise approach are to ensure program
acquisition and sustainment strategies reflect and protect the USAF investment in software by
enacting robust software engineering processes/practices throughout the USAF and enabling the
continued success of organic software activities at ALCs. At the heart of this recommendation is
the recognition that cffective softwarce sustainment requires USAF investments and commitments
throughout the lifecycle of each MDS, as shown in the above chart.

To addrcss the development of an enterprisc-lcvel USAF strategy for software that
facilitates sustainment over the MDS lifecycle, the Study Panel recommends the USAF facilitate
and incentivize collaboration activitics between OEMs and ALCs to cnsure seamlcss transition
of responsibilities and workload, as shown schematically in the Recommendation chart above.

Figure 3-6 below shows a rccommendation for ALC involvemcnt carly in the program
lifecycle to ensurc well-trained organic support is availablc to perform capability upgrades when
legacy platforms and components are no longer supportcd by industry. Likewise, the CLSs
should be involved throughout the sustainment phase to ensure the ALCs can take advantage of
latest tcchnical advancements and Icssons learned. Whencver fcasiblc, the Panel recommends
the USAF procure source code, negotiate necessary licenses and data rights, tech data on V&V
facilities and procedurcs to simplify software sustainment and decreasc total ownership costs
over program lifecycles.
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Figure 3-6. Weapons System Lifecycle versus Software Activities.

To address the finding that software use/ecomplexity and rapid technology refresh have
grown faster than the USAF’s ability to address it across the lifeeyele, the Panel recommends
that the USAF fill the CSSIP manager position in ASC/EN with a senior leader with significant
techniecal software expertise who is responsible for instituting and enforeing disciplined software
principles, proeesses, and practices across the USAF enterprise, ineluding (but not limited to) the
following aetivities:

Work with other senior leaders, researchers, and software engineers to help refine the
USAF technical software strategy.

Define the strategie direction and growth of the USAF technology in the arcas of
software-reliant weapons systems.

Provide visible leadership for the USAF within the software research and
development (R&D) and technology communities.

Anticipate and react to major technology changes to ensure USAF software suceess
and growth in a globally and nationally competitive landseape.

Help to establish technical standards for software and ensure adherenece to them for
USAF R&D and O&M.

Help to formulate and exeecute the technology strategy for USAL technology
platforms, partnerships, and external relationships.

Coordinate targeted software R&D with AFRL, the rescareh community, and ALCs,
such as software V&V techniques (e.g., via the CSSIP} and refactoring/refresh
methods/tools for legacy software-reliant weapon systems.
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Finding 4 @
Maintenance S&T Has Low Priority
m AFRL devotes ~3.5% of its budget to sustainment S&T

m Considerable fraction of sustainment S&T portfolio is for capability
upgrades rather than maintenance technology development

m Maintenance S&T is technically rich but not considered leading
edge science by many in R&D community

m Corrosion understanding/prevention, crack initiation/growth
prediction, robotic NDI approaches, legacy software V&V, etc.

m Advanced AF maintenance technology efforts focused on future
materials at expense of current fleet materials

m Maintenance S&T seldom bridges the “Valley of Death” transition

= MAJCOM “pull” for maintenance S&T tends to be weak; resources
favor R&D for capability enhancements

m Issue well recognized by AFMC and AFRL, e.g., Greybeard Study

Eustaining legacy USAF aircraft hasn’t received adequate S&T attention

The Air Force Research Laboratory is the primary entity to address maintenance science
and tcchnology for the USAF. In fact, approximately 3.5% of the AFRL budget is currently
devoted to overall sustainment scicnce and technology.® Howcver, the distribution between
maintenance technology development and capability upgrades is heavily weighted towards
capability upgrades. Given the increasing demands of maintaining an aging fleet of aircraft
combined with a reduced likelihood of introducing a significant number of new aircraft
technologies, there is an ever cxpanding need for a better understanding of maintenance science
and technology issues.

AFRL is doing a commendable job in maintenance science and technology given its
limited resources. It is understood that the disciplines which impact maintenance science and
technology are intellectually stimulating and technically rich, but they are not perceived to be at
the cutting edge of scicnce by the scientific community. In fact, AFRL supported research in
many important aging aircralt topics, especially those focusing on corrosion, stress-corrosion
cracking, and crack initiation, have been degraded or eliminated in the last few years. On the
one hand, these topics represent areas of research that have been ongoing for decades. On the
other hand, these topics are bccoming more relcvant as the age of Air Force aircraft arc extended
beyond the age associated with their original design lives. In other arcas, including NDI and

% Stevens, K. “Air Force Research Laboratory Sustainment Investment.”
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legacy software verification and validation, significant research is required to meet the demands
of the ALCs.

AFRL 1s active in sustainment science and technology, but most of this effort is based in
the study of advaneced technologies, for example, composite materials, and therefore, AFRL is
well prepared to contribute to S&'T sustainment needs for future aireraft and components. For
current fleet materials (i.e., aluminum), the S&T efforts are not as advanced but are rather
pursing only evolutionary work such as the development of improved eddy current heads and the
replacement of film in NDI with digital imaging,

An on-going issue with the research and development in sustainment by AIFRL is the lack
of transition from AFRL to industrial produets. This so-called “Valley of Death™ is, in part,
related to the faet that the MAJCOMSs do not provide a strong pull for the technologies that are
supported by AFRL. MAJCOM funds tend to support R&D for eapability enhancements so
resources for maintenance S&T are weak. This is not a new finding: the problem has been
widely acknowledged by AFRL as well as AFMC; the recent Greybeard Study84 provides a
similar finding.

In summary, the S&T investment in maintenance technologies has waned and must be
resurrected if the Air Foree is going to have the technologies required to maintain their legacy
aircraft more affordably for the decades currently reflected in their plans. Greater attention is
required here as the USAF moves into an era where sustaining aireraft becomes an increasingly
important topie.

® National Academies of Science. ‘Greybeard Assessment of the Sustainment Technology
Transition Process.”
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Recommendation 4 @
Increase Legacy Aircraft MX S&T

m Increase AFRL research efforts oriented to legacy aircraft maintenance
needs and plan with the MAJCOMs for transition
[OPR: AFMCIA4, AFRL]
m Establish or increase fundamental R&D efforts in the following areas:
m Corrosion, SCC, accelerated aging testing
m Leak detection/prevention
®» Wiring fauit detection
m Software research in V&V, self-describing ¢ode, readabiiity,
interoperabiiity, etc.
m Mature promising hardware maintenance technologies to TRL 6 for
technologies identified on following charts
m Create full-scale demonstrations for maturing TRL 6 and MRL 6
maintenance technolegies to implementation (TRL 9 and MRL 9)
m Use return on investment justification beyond the FYDP time scale

m Design an incentive plan that channeis more funding into maintenance
S&T or transition based on estimated cost savings

S&T investments are critical to reducing maintenance costs |

The key rccommendations are associated with increasing AFRL scicnce and technology
focus on rescarch efforts that impact maintenance.

The first rccommendation is that AFRL should rcallocate its portfolio of rescarch
activities to increasc research and technology efforts toward maintenance technologies in order
to better address the materials issues associated with aging aircraft. As the Air Force becomcs
increasingly reliant on maintaining the performance of aging aircraft, AFRL should reflect this
evolution in its own portfolio of activities.

Second, fundamental research in areas that are relevant to sustaining aging aircraft should
be revitalized. Activities such as the establishment of Multidisciplinary University Rescarch
Initiatives arc included in this recommendation, In particular, corrosion and stress corrosion
cracking arc becoming increasingly important for aging aircraft, especially with recent incrcascs
in demand and deployment in harsh environments. There are other areas that warrant attention
including leak dctection/prevention in tanker bladdcrs that, for example, can draw on recent
efforts in sclf-hcaling polymers. Wiring fault detection involves the daunting task of pinpointing
a fault in long stretches of wire in complex wiring geometries; developments in a variety of
electronics-based efforts are required to address this issue that spans the range of MDSs.

Given the dependence on software noted for both emerging and lcgacy aircraft for the Air
Force, the following S&T topics are recommended for AFRL support for software sustainment
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cfforts at the ALCs (Note: Additional information on thesc R&D topics is available in “Software
Maintenance and Evolution: A Roadmapss):

e Automated testing methods and tools to ensure that software changes work. Quality
assurance for legacy software is often performed via manual testing, which is tedious,
incfficient, and error-prone. A more effective approach is automated testing, which
involves developing methods and tools to performi unit tests and integration tests
efficiently and repeatedly. An example of a relevant R&D projeet on this topic would
be distributed continuous quality assurance.*

e Legacy reverse engineering techniques and environments to recover/refresh software
assets that arc difficult and/or expensive to sustain. Examples of rclevant R&D
projects on this topic include program comprehension methods and tools®” to enhance
cognitive understanding of legacy software so it can be refactored, maintained, and
updated without introducing new defects or degrading existing capabilities.

e Sustainment processes and methods to define, measure, and 1mprove quality and
reduce software risk.*® Examples of relevant R&DD projects on this topic include the
Team Software Process, which provides a disciplined operational process framework
designed to help tcams of managers and engincers organize, produce, and sustain
large-scale software projects of sizes beyond several thousand lines of code.”’

e Traceability link recovery to identify/associate legacy sofiware requirements,
documentation, and code. Examples of relevant R&D projeets on this topie include
team-based software tools that enable each line of code in modern tool-enhanced code
bases to have direct links to its complete history, including which dcvclogcrs have
modified that line of code and for what purpose the modifications occurred.”
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Bennett, H., & Rajlich, V. “Software Maintenance and Evolution: a Roadmap.”

Note: More information on distributed continuous quality assurance research may be found
on-line at: www.cs.umd.edu/projects/skoll.

More information on theories, methods, and tools associated with program comprehension
and reverse engineering may be found in: Storey, M. “Theories, Methods and Tools in
Program Comprehension: Past, Present and Future.”

These and other processes and methods for software sustainment are discussed in: United
States Air Force Software Technology Support Center. “Guidelines for Successful
Acquisition and Management of Software-Intensive Systems: Weapon Systems, Command
and Control Systems, and Management Information Systems (Condensed Version).” In
particular, see Chapter 16.

The Software Engineering Institute maintains a website resource with considerable
information on the Team Software Process at http:/fwww.sei.cmu.edu/tsp/ which can provide
additional information on the Team Software Process.

These tools associated with traceability are discussed in Chapter 4 of the NRC Report
Critical Code: Software Producibility for Defense. Note: This report is currently available
on-line at: www.nap.edu/openbook.php?record_id=12979&page=R1.
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In addition to the fundamental efforts at AFRL, therc are several promising tcchnologics
whose further development could be very beneficial for depot and ficld-lcvel maintainers. Given
the clearly cxpressed needs emanating from the ALC (and related) briefings for technological
assistance with many of their maintenance tasks, it is recommended that AFRL should advance
many of these technologies through a combination of in-house and externally funded programs.

The development of thesc promising technologies will not be utilized to their fullest
potential if they are not transitioned from the laboratory (TRL 6 or MRL 6) to production (TRL 9
or MRL 9). Therefore, it is very important for AFRL and AFMC to create a mechanism to drive
the maturation of these technologies from TRL/MRL 6 to TRL/MRL 9. Towards that end, the
Panel makes the following suggestions:

Restructurc the sustainment technology process to provide a single point of
responsibility for technology transition at the ALCs,

Establish formal guidance for sustainment technology development, transition, and
implementation.

ldentify a portfolio of funding sources for transition and implementation.
Establish quantitative measures for sustainment technology investments.
Establish a Chicf Technology Officer at each ALC.

Increase senior logistics presence in AFRL.

Create system support organizations in othcr AFRL technical directorates.
Incrcase ManTech funding to focus additional resources on sustainment.

Consider pilot programs to implement pervasive sustainment technologies.

Whilc unlikely that all of these recommendations will be executed, implementing even a
portion of them could bring significant results as the current level of maintenance technology
development and implementation is relatively low.
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Promising Technologies 1/2 {3A%

X-ray backscatter imaging Laser shearography

Topological deformation due
to stress reveals buned
defects and delamination

Compton scattering, digital
imaging, "airport scanners'

Detection through Al skin,

coatings, paint =" Effective and widely used for
composites
Reverse engineering, FOD,
crack detection
Develop x-ray optics, focused beams, energy Automate analysls, provide Inexpensive
discrimination, greater portabillity, automation compact, robust units
Improved wiring diagnostics Additive manufacturing: non-COTS

Time-delay techniques, spread
spectrum time domain i Layer-by-layer build-up from
reflectometry, ultrasonic 3D CAD using sinteding /
perturbations — R A melting of small particles
Mitigates impact of reduction in
';I small supplier manufacturers or
[ —

Reduce time / manpower and
eliminate disassembly

non-COTS part availability

Mitigate damage to wiring ‘
/arnesses

Isolate crimp damage and faults In highly Extend technology to parts with better structural
branched wiring topologles integrity; large parts

During the course of this Study, the SAA Panel received requests from the Air Logistics
Centers, ctc., for technologics to assist with scveral maintenance items, Scveral technologics,
whether observed during onc of the commercial visits or at an AFRL prescntation, showed
significant potential to assist with the sustainment effort. Some technologies may be maturc for
certain applications, but may require miniaturization, automation, or tcchnological developments
to be more cftective for the sustainment effort. Eight topics are highlighted here for inclusion in
future AFRL programs. Each topic summary includes a description of the technique, its current
applications, and suggestions for how, with investment, the tcchnique can be improved for
sustainment applications,

X-ray Backscattcr

X-ray Backscatter Imaging provides a means to image structures under the aluminum
skin.  The technique utilizes Compton scattering, which is particularly strong in the
back-scattercd direction.”? This feature differentiates it from the standard x-ray imaging
technique, which rclies on radiographic transmission (such as a dental or medical x-ray). The
technique exploits the fact that Compton scattering is dependent upon the atomic density and the
difference in absorption and scattering cross section of the target materials that crcate differences in

“1 Georgeson, G., Edwards, T., & Safai, M. “Boeing Scatter X-ray Imaging (BSXI) System.”
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backseatter intensity, ereating eontrast within the reeonstrueted images.92 White radiation, with a

maximum in the 100-200 thousand eleetron-volts (keV) range, is collimated into a beam of
approximately 1 millimeter (mm) diameter and is scanncd across a part; the backscattered
radiation is imaged with a group of planar detcetors as shown schematieally in Figure 3-7 below.
This technology, based on research at the University of Florida,” was reeently adopted in
industryg4 based on a eommercial produet by a eompany called NueSafe, Ine. The technology
was initialty employed for reverse engineering — finding modifications or non-standard ehanges
to aircraft without extensive skin or support structurc removal. Later, it was seen to help provide
a means for foreign object detection in structures, and more reeently, the technique has shown
promise for observing stress-indueed cracking.

A sub-mm crack observed via
Schematic of backscatter backscatter (left) and optical image
imaging system (right)

Figure 3-7. X-ray Backscatter Imaging System Schematic with Comparison of
Backscatter and Optical Imaging Productis.

In a typieal x-ray backseatter measurement for a large area inspection, the following
conditions are cmployed. The x-rays are generated from a tungsten-target x-ray tube operating at
160 keV and 10 milliamperes. The beam is eollimated to approximately a 1 mm diameter. The
detector pixel dimension i1s approximately 1 mm. The beam is rastered vertieally over a distanee
of several em and is scanned laterally with a velocity on the order of 300 mm/min. The distanee

2 Meng, C. “Computed Image Backscatter Radiography: Proof of Principle and Initial
Development.”

* Ibid.
* Georgeson, G., Edwards, T., & Safai, M. “Boeing Scatter X-ray Imaging (BSXI) System.”
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between the x-ray beam and the surface, or the so-called stand-off distance is approximatcly 75
centimeters {cm) to the surface.

In terms of personnel safety, the backscatter system is significantly less intrusive, and
therefore safer, than x-ray radiography measurements based on transmission techniques. The
latter cmploys higher power (somewhat higher energies but especially much higher currents) and
requires that all personnel vacate the room in which the measurement is made; it is the remnant
dircct beam that is measured. Measuring backscatter eliminates that requirement and limits the
standoff area to an arc whose radius is just a few timcs greater than the distancc between the
x-ray source and the sample to be imaged.

For crack detection, the ability to image a crack depends on the detector pixel size;
therefore smaller pixel detectors are usually required. In addition, scanning speeds are slower
and thus, the total range is reduced, so there is a trade-off between speed and sensitivity. 1t has
been shown” that x-ray backscatter can detect cracks with a width of 0.02 mm and a length of
approximatcly 2 mm in stainless steel under about 4 mm of steel. While a similar study of Al
has not been published, NucSafe, Inc demonstrates that their system can readily dcetect cracks at
50 microns (pm) and can reduce this by an order of magnitude with minor modifications and
somc advances to the cquipment (D. Shedlock, Director of Scatter X-Ray Imaging, NucSafe,
Inc., Personal Communieation, June 11, 2011). There are scveral approachcs by which the
system performance can be significantly improved. For example, implementation of
microsource x-ray tubes can offer greater flux (not just flux density) over a smaller beam
dimension {(approximatcly 50-100 pm compared to 1 mm), often requiring only air cooling. Of
coursc, there are significant technological challenges to producing an effective microsource
system that operates at such high energies, and this represcnts an arca for potential AFRL
support. The incorporation of energy sensitive detectors, use of multiple beam encrgies, and
custom detector apertures represent other advances that bencficially cxploit the physics of
Compton backscattering.

For NDI, the currcnt x-ray backscattcr systems are small enough to be mounted to a
robotic mount or a gantry. Future systems can be made even smaller. This presents an evolution
in addressing how large-scale NDI is performed. In the past, entire rooms or hangars werc
dedicated to inspection of an entire aircraft and the room would be evacuated when testing was
being performed. Alternately, parts that were removed for maintcnance wcere also inspected.
With a robotic-based system combined with the small exclusion zonc of the backscaticr
tecchnique, it is conceivable that inspection can be carried out in a wide variety of locations
{depots, bases, or airfields) under automated conditions in parallel with other maintenance
procedures. Such an approach allows for optimized testing — the scanning rate and resolution
can be tailored to the tolerance of the crack size at rivet holes at different locations, for example.

% Babot, D., Berodias, G., & Peix, G. “Detection and Sizing by X-ray Compton Scattering of
Near-surface Cracks under Weld Deposited Cladding.”
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Smaller, self-directed versions would offer even more flexibility in the inspeetion proeess by
allowing the units to ‘erawl’ over the aireraft, both on the surface and from the inside.

Laser Shearography

Figure 3-8, Examples of Laser Shearography.

Laser Shearography utilizes a shearography camera, which includes a shearing lens and a
detector. Laser light is refleeted from a surface under inspeetion to the eamera. A beam splitter
and two mirrors produee two separate images of the illuminated area, and a speekle pattern is
produced by the interference between the direct image and the sheared image, which are both
sent to a charge coupled device detector.”® This provides for something of an internal refercnee
in that the speckle pattern remains the same even if there are vibrations or slight movements of
the part. Next, a stress is applied to the part. The stress can be mechanical, thermal, acoustieal,
or pressure indueed. Under stress, the sample deforms and a slightly different speekle pattern is
produced. If the deformation is non-uniform, part of the surface (with a delaminated region
underneath, for example) will deform differently than other parts. The difference between the
unstressed and stressed speckle produees a fringe pattern, which depicts the relative
displacement of the surface. Therefore, the fringe pattern corresponds to the derivative of
displacement (strain) with respeet to the shearing direetion. (Holography, on the other hand,
directly shows displacement rather than the derivative). The image is proeessed and, with
information about the mechanical properties of the strueture, one ean determine the stress that is
introdueed. More importantly, the size of the non-uniform deformation is the size of the fringe
pattern feature. The scale of the part that ean be imaged is not limited. The system ecan be
rastered across large areas (on the order of up to approximately 1,000 square feet per hour),
covering entire sections of an aireraft.”” On the other hand, with eareful measurements and

% Pezzoni, R. ‘Laser-Shearography for Nondestructive Testing of Large Area Composite
Helicopter Structures.”

¥ Newman, J. "Aerospace NDT with Advanced Laser Shearography.”
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slower scanning, sub-micron defects can be imaged. Some examples of the output of
shearographic scans are shown in Figure 3-8 above.

Improved Wiring Diagnostics

There is a nced for techniques to diagnose a variety of wiring faults such as
damagced/deteriorated insulation and faulty crimps. Electrical and ultrasonic techniques are
among the possible approaches for nonintrusively identifying damaged/faulty wiring and for
pinpointing the locations of faults. Pinpointing such faults poses a substantial technical problem
since the speed of an interrogating signal may be a substantial fraction of the speed of light, 3 x
10" em per second, or equivalently 30 c¢cm per nanosecond. Accordingly, straightforward
time-delay techniques will benefit from the availability of ultrafast clectronic componcnts
capable of detecting signals reflected from fault locations. Advances in such techniques portend:

e Effective wiring inspections without disassembly,

¢ Reduction of the time and manpower required to diagnose wiring, and

* Mitigation of damagc to wiring and wiring assemblics including harnesses.

Among the physical phenomena and technical approaches underlying such wiring
diagnostics98 arc:

e Ultrasonic detcction techniques,

¢ Time-delay clectrical techniques,

e Ultrafast diodes such as double-barrier quantum-well structurcs for resonant
tunneling diodes that have frequency cut-offs of 100s of gigahertz, and

e Spread spectrum reflectometry techniques that facilitate the diagnosis of common but
difficult-to-handle intermittent faults using

o Application specific integrated circuits and

o Correlation techniques that borrow from spread spectrum communications
techniques.

These spread spectrum techniques rely on the injection of a pseudo noisc code that is
sclf-correlated to capture the characteristics of the wiring system including its branches, sources,
loads, etc. Laboratory measurements indicate that these spread spectrum reflectometry
tcchniques arc capable of pinpointing the locations of faults to within a few centimeters in wiring
networks containing over 50 meters of wire.” Given the limited fault location accuracies
obtainable using both time-delay and spread spectrum techniques, it may be desirable to develop

% Griffiths, L., Parakh, R., Furse, C., & Baker, B. “The Invisible Fray: A Critical Analysis of the
Use of Reflectometry for Fray Location.”

% Schneider, L., et. al. “A New Method for Detecting and Locating Insulation Defects in
Complex Wiring Systems.”

89




wiring diagnostic systems for localized bundles of wiring. These wiring diagnostic activities
span the R&D budget categories and portend enhanced ability to diagnose faulty wiring with
reduced damage during wiring inspections.

Additive Manufacturing

Additive Manufacturing is the process of producing parts from three-dimensional (3D)
modeling data by adding successive layers of material rather than conventional or subtractive
manufacturing processcs. In this process, polymeric or metal materials arc built-up to the
geometry defined by a 3D digital model. The primary processes for building these materials
involve sintering (metals) or melting (polymers) in a layer by layer fashion.'” Additive
Manufacturing allows for building parts with very complex geometries with limited or no usc of
tools and fixtures, and with the production of relatively small amounts of waste. There arc a host
of proven technologies utilized in advanced manufacturing. These includc selective laser
sintering, clectron beam melting, aerosol jetting, and fused deposition modeling. Next
gencration cnhancements involve Ultrasonic Additive Manufacturing, which uses sound to
mergc laycrs of metal drawn from featureless foil stock. The process produces nanoscale
mctallurgical bonds with full density and works with a variety of metals.'”!  Additive
Manufacturing makes sense for non-commercial off the shelf (non-COTS) parts as the lot sizes
are generally too small for commercial manufacturers to find their manufacture profitable.

% Kalpakjian, S., & Schmid, S. “Rapid Prototyping Operations.”

" Schick, D., et. al. “Microstructural Characterization of Bonding Interfaces in Aluminum 3003
Blocks Fabricated by Ultrasonic Additive Manufacturing.”
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Promising Technologies 2/2 {5A®

Statistical approach to maintenance Point-of-maintenance data input
NS a i e i(r:\f?r‘:\zizizjgggt?\;ntenance
maintenance interval based

e on statistical analysis to-ensure accurate data
" Promotes computation,

"~ | Optimizes scheduled hardware, and RF in harsh /
maintenance and parts field environments
replacement Interactive electronic lechnical

manuals
Modify Industry modeis for miiltary MDS, Improve throughput, data fidelity; robust and
integrate malntenance, iT, and research minlaturized hand-held Instruments

Robust sensors Prognostics reasoners

Measure parameters such as Multi-scale, multi-physics
T, p, strain, eic. in real time; d . B bl
bandgap tuning, wave ] I(::gil; s';c:;;:flml SEuc
interference, piezo- and Arvnfttuet. Fasi Thw  Ervdrsesentl 9 "ng
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A : v 4 Prognostic reasoning
Provide feedback from harsh AT s i Lo AT
e S ‘—’ data and predict A/C lifetime
Miniaturized, nor-intrusive Evalsty ihe:Melef. spine: sod

aircraft

More rellable sensors, longer operation
times, in-service feasibllity tests, status
indication

Better data collection, predictive algorithms,
and physics-based analysls

Statistical Approach to Maintenance

Given the wealth of data that exists in the maintenance and logistics databascs, and
assuming that mcthods are developed that allow that data to be searched and sorted, statistical
mcthods can be applied to improve sustainment cfficiency. Examples where statistical
approaches may benefit sustainment include: access-enabled maintenance, identification of
correlatcd maintenance needs, refinement of mean time between fatlure (MTBF) statistics, and
correlation between recurring maintenance needs and cnvironment. Such statistical approaches
could help maintainers to better understand the maintenance needs of an incoming aircraft.

Acccess-enabled maintenance refers to the opportunity to perform additional maintenance
and inspection functions when access has been made to a particular aircraft component that
nceds maintecnance. Establishing access to a component often incurs a substantial portion of the
cost of a maintcnance action. The act of obtaining access can, in itsclf, generatec maintcnance
actions to components damaged in the process. A statistical database of component fatlure rates,
combined with information about components requiring similar access and a tail-specific
component configuration with installation dates, can identify additional maintenance work
packages to be performed while common access is established. The cost of thesc additional
maintenance actions will likely be less than the cost of subsequently grounding the plane and
gaining access to the failed component.

ldentification of correlated maintenance necds involves mining the maintenance and
logistics databascs to identify secmingly unrclated components that seem to frequently require
maintenance/replacement during the same maintenance cvent.  Such correlated maintenance
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actions may identify previously unknown correlations between scemingly different sub-systems
and components. There could also be correlations between component failurcs and operational
cnvironment (e.g., sand, humidity, salt air, low temperatures).

Maintenance and logistics databases can be used to refine estimates of component
MTBFs and relatc them to maintenance cost. Such statistics could reveal the emergence of
counterfeit parts, degraded supplier performance, and appropriate inventory levels as well as the
cost-benefit of component redesign/upgrade or supplier recompetition.

While there is a clear benefit to using the extensive databases to identify these statisties,
there is an added benefit to seeing how these statistics change with time. The latter provides
trends that can help identify emcerging maintenance needs and solutions before they become an
emergency.

Wircless Interrogation Technologies

New technologics show promise for remote or noninvasive inspection, redueing costs,
compiling data, and reducing cataloguing error as well as missed defeets. While these
technologies are still in early stages, a sustained research effort 1s likely to produce workable
technologies in the near future.

At the current stage, the proposed technology would employ robust sensor technotogies
to detect mechanical dcfeets in engine or structural components. Because maintenance data
collection is central to aircraft maintenance, a key requirement for future technologies to be
effcetive is to improve data input into databases. Traditionally, data have been input into
terminals located at an aircraft maintenance unit faeility, away from the site of the maintenance
itself. This can lead to incomplete and/or inaccurate data. Discussed below is a newer approach,
the Point-of-Maintenance system (POMX), which has been partially but not yet universally
utilized. The idea is to reduce the data entry burden while increasing data accuracy through the
use of laptop computers and handheld portable maintenance aids. By enabling data entry at the
maintenance location via wirelcss local arca network or batch storage, accurate data can be
captured as the maintenanee is performed.

Point-of-Maintenance Data Input

POMX is part of the eLog21 initiative sponsored by Headquarters Air Force/Logistics,
Instaltations & Mission Support/Maintenance Management Branch (AF/A4MM) and managed
by the Automatic Identification Technology Program Management Office at Wright-Patterson
AFB. The systcm backbone comprises a wireless local area network, ruggedized handhcld
terminals for use by maintenance technicians, a dedicated server for rccciving and synchronizing
data, and laptop and desktop computers for interfacing and analysis.'” Besides ensuring greater
accuracy and completeness at the outsct, POMX also provides an error-checking function
through an intelligent interface.

2 Cone, W. ‘“Improving Maintenance Data Collection via Point-of-Maintenance (POMX)
Implementation.”
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A statistical analysis performed in 2006 based on data from Randolph AFB concluded
that in its current configuration, POMX provided no discernable improvement in reducing the
number of data entry errors.'” The same study suggested that this was partly because the system
remains underutilized. In particular, network conneetivity and user training cmerged as the niain
barriers to past efforts and keys to successful implementation for future POMX endeavors.
Recommendations for improvement included improvements in software error-checking
capability and devclopment of a regression model to assist in predicting when errors are more
likely to occur. Further investments in improving the robustness of the components as well as
wireless networks would be expected to expand the ability to perform such tasks remotely.

The presence of technical manuals at the point of maintcnance is a related technology that
can aid the maintainer. Interactive Electronic Technical Manuals are technical manuals in
cleetronic format, allowing users to locate information more rapidly than in paper manuals.
Switching to the electronic format results in cost savings, allows for better integration with other
logistics systems, and leads to greater success rates in fault isolation.

These systems while automating the input task still rely on the diligence of the maintainer
to input the data properly and at a low level of detail that takes time and effort. Linking these
systems to the replacement part call out or ordering system has been shown to help identify more
precisely what was done during the maintenance activity. The Boeing C-17 support team
described to the SAA Pancl'™ a systen in which they automatically “clean” their data by using
the part ordering system to link the parts to the maintenance record to better definc the activity
performed.

Wireless Information Transmiission

The basic idca behind wireless transmission is to process information at the sensor and
then transmit it wirclessly to a remote location. Initial information might be simple “yes” or
“no™ as to whether structural, subsystem, or wiring damage exists. The morc computationally
intensive portion is to locate the damage and determine its type and extent. This requires
specialized algorithms using information about the properties of the structure along with its
history.

The next step is to incorporate computation and wireless transmission into the damage
detection and evaluation process. This is a promising technology that can potentially come
online in the near to mid-term. Several possible rcalizations have been proposed. One operates
by collecting data from sensors and processing it at the sensor location.'”  After processing, a
wircless signal is transmitted, indicating the health of the structure. In this application,
microeontrollers are employed for the eomputational phase, and transmission uses a wircless

modem.

%% bid.
% SAA Panel visit to The Boeing Company, Saint Louis, MO, March 11, 2011.

% Lynch, J., et al. “Power-Efficient Data Management for a Wireless Structural Monitoring
System.”
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A different proposal uses lead-zirconate-titanate patches as scnsors and actuators, using a
wireless telemetry system and performing computations at the sensor location.'® The telemctry
system chosen was the Radiometrix ultra high frequency / frequency modulated data transmitter
and receiver modules. These were chosen for their small size and low power requircments.

As of now, thesc remain proposals. However, technology is at the stage where
prototypes can be built in the near term, and implementation could be effected in the mid-term.
Aside from various materials improvement issues, and looking for new mecans of computation
and wireless transmission, one problem that needs addressing is securing transmitted
information, which remains susceptible to interception by unauthorized parties.

Robust Scnsors

There is a need for more robust and more reliable sensors with longer operation times.
These sensors are needed for tasks such as in-service feasibility tests and status indication,
Research and development on microelectromechanical devices and other miniaturized, non-
intrusive sensors portends real-time detection capabilities of physical parameters of temperature,
pressure, strain, etc., in standard operating conditions as well as in harsh environments. AFRL
and its extramural rcsearch arm, the AF Office of Scientific Research, arc currently exploring
some approachcs to realizing robust sensors,

Among the physical phenomena underlying such sensors are:

¢ Piezoclectric interactions

¢ Wave interfcrence in fiber optics structures, magneto-striction

+ Surface acoustic waves that are modified by changes in temperaturc and pressure

e The tcmpcrature- and pressure-induced changes in the bandgaps of semiconducting
structures, and

e Bandgap changes due to dimensional-confinement cffects illustrated by the
dependence of the bandgap of semiconducting carbon nanotubes (CNTs) with the
diameter of the CNTs as well as with deformations of thc CNTs. This wide varicty of
physical phenomena portends enhanced opportunities for rescarch supporting
sustainment of aging aircraft.

+ Systcms that monitor engine performance and vibration are already in use and need to
be accessed remotely for rapid maintenancc.

¢ Systems that monitor wiring integrity would be valuable for both manufacturing
check-out and maintenance.

% Martin, L. “Developing a Self-Powered, Wireless Damage Detection System for Structural
Health Monitoring Applications.”
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¢ Similarly, systcem monitoring capabilities would enhance detection of faults and
replacement requirements long before depot servicing and relieve the long inspection
times now required.,

Prognostic Reasoners

Prognostic rcasoning involves the continuous assessment and prediction of the current
and future health of aircraft structures and systcms. Life prediction involves knowing the state of
health of a structure and predicting future degradations in strength as the aircraft is uscd.
Scnsors will ¢cvaluate the state of the cnginc and aircraft structures and systems. Prognostic
recasoning algorithms will analyze real-time data coupled to current environmental effects and
then learn, and calculate remaining aircraft life. Finally, future-mission nceds and remaining life
will dictate future asset allocation. The key S&T disciplines needed includc:

Coupled Physics-based Models of Damaoe and Beliavior

e Interaction of multiple damage/failurc mechanisms
e Multi-scale, multi-physics analysis
e Microstructurally-based stochastic behavior

¢ Intcgrated information from state-awareness tools

Interrogation of Damage State

e Intclligently exploit cxisting scnsors
e [Fecaturc extraction from global sensors

e Damagc-state interrogation tcchniques and recorders

Data Management and Fusion

e Component history and pedigree
e Component usage data

¢ Capability matched to mission
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Finding 5 @
Commercial Keys to MX Cost Control

m Airlines and OEMs emphasize reliability data collection and analysis

= Emphasls on accurate MX data entry and information extraction to continuously
Improve processes

m USAF operational units face data entry and extraction Inefficiencles
= Airlines and OEMs utilize sophisticated maintenance practices

m Advanced tools and techniques used to understand and resolve in-service Issues
m Focus on MSG-3 to optimize maintenance processes throughout life cycle
m Perform maintenance where most economical, as much In field as possible
m Rapid completion of major overhauls — depot stays of 30 to 45 days
m Airlines optimize contracting practices
m Employ Incentive-based contracts to stabilize operating costs
m Use ROI calculations based on aircraft life

m FAA provides independent airworthiness oversight

m  Approves deslgn modifications, repalrs, and parts Installation approvals
m Has authority to mandate design and malntenance changes

Low O&M expenditures are vital to commercial profitability |

Commercial airlines and maintenance providers have several practices that may be
applicable to the Air Force. Airlines typically perform maintenance per MSG-3 practices
(Valieka & Kizer, Personal Communication, 2011). One of the key elements of MSG-3 is the
continual effort to refine and improve the maintenance process throughout the aircraft lifecycle,
Data are required to make these refinements, so airlines place significant cmphasis on accurate
collection and analysis of the data.

Commercial airline OEMs utilize sophisticated tools to track the maintcnance status of
aircraft under their managecment. For example, Boeing Company has a 24/7/365 operations
center that tracks the status of cvery aircraft. This facility consists of a highly automated aircraft
tracking system with a large staff to monitor status and resolve issues. Analysts can easily
access maintenance information for any aircraft tail number. Service requests are recorded,
promise dates committed, and metrics tracked to ensure on-time closure of issues (R. Rakestraw
& L. Berry, The Boeing Company, Personal Communication, May 24, 2011). Boeing also
provides their customers a “toolbox” which provides cxtensive on-line information to
maintainers including schematics, maintcnance manuals, troubleshooting manuals, and pictures

96




of thc component installation. This tool facilitates rapid troubleshooting and supply chain efforts
to ensure the aireraft is returned to service as quickly as possible.'”’

The commercial airlines also make significant cfforts to perform maintenance at the most
cconomically advantageous location. For example, significant commercial aircraft maintenance
is performed during overnight layovers using surge maintenance crews that perform the work
within eight hours or less (K. Davis, Delta TechOps, Personal Communication, March 24, 2011).
This practice allows the airlines to complete required maintenance while maximizing aircraft
availability,

Commercial Airlines and MRO centers place a high emphasis on rapid complction of
major overhauls. For example, a wide body aircraft major overhaul will be completed in 45 days
or less. Narrow body overhauls are typically completed in 14 days or less (Valicka and Kizer,
Personal Communication, 2011). As previously mentioned, this rapid turnaround is required to
ensure the aircraft arc rapidly returned to revenue servicce.

Commercial Airlines desire a stable and minimal risk operating cost environment. They
partially achieve this goal through the use of incentive-based maintenance contracts from
supplicrs (K. Davis, Personal Communication, 2011). Onec cxample of this is “Power by the
Hour” engine maintenance. In this program, the airlinc pays the engine OEM a fixed fee for
cach hour the engine is operated. The OEM then performs all maintenance on the engine and
provides replacement parts as needed. This practice minimizes risk for the airline, and provides
incentive for the OEM to fix cngine reliability issues.

Another contracting practice used by commercial airlines is the application of return on
investment (ROI) calculations more in line with the expected life cycle of the aircraft (Valicka
and Kizer, Personal Communication, 2011).

A final notablc commercial practice highlights the role of the FAA which provides
continued airworthiness oversight over the complete lifecycle of a commercial aireraft. The
FAA approves the initial design, all design changes, maintenance manuals, and any part installed
on the aircraft. Further, the FAA has the legal authority to mandate design or maintenance

. . S 108,109
changcs through the Airworthiness Directive process. W

%" Boeing Company. “Use of Technology to Speed and Simplify Maintenance of Commercial
Aireraft.”

%8 Federal Aviation Administration. “FAA — USAF SAB Discussion.”

% Federal Aviation Administration. “SAB Sustaining Aging Aircraft Study: Discussion Topics
for the FAA."
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Recommendation 5
Emulate Commercial Best Practices QY

m Institutionalize applicable commercial best practices
[OPR: AF/A4, AFMC/A4/PK]

m Improve quality and accuracy of MX data entry, searchability,
and integration of databases to inform reliability analyses

u Adopt advanced technologies to expedite MX data entry accuracy
m Expand Reliability Centered Maintenance (RCM) practices

m Incorporate MSG-3 approaches, e.g., preventive maintenance
throughout field-level and depot-level sustainment enterprise

® Improve contracting practices
m Explore use of incentive-based contracting mechanisms

m Utilize contract ROI calculations longer than 5 years
commensurate with expected platform life

Strengthened RCM and MSG-3 practices can enhance AA

The USAF Sustainment Enterprise could benefit from the adoption of selected practices
uscd in the commercial airline industry. The sclected best practices and rationale are the
following:

Quality, Searchability, and Integration of Maintenance Databases

Undcr aireraft sustainment, this is eurrently being implemented by various methods and
to varying levels by the Weapons System Integrity Programs. For cxample, the ASIP
implements Individual Aircraft Tracking (IAT) based on usage, however for some MDSs
acquirin}: valid usage data is very challcnging.”O The PSIP tracks usage in a similar manner for
engines.'! The MECSIP Program is creating a Functional Systems Integrated Database for all
MDSs.!'?  These databases are being created organically and by a number of different
contractors, which may result in a lack of standardization across MDSs.

"% Babish, C. “USAF ASIP: Protecting Safety for 52+ Years."
" Fecke, T. “Propulsion Integrity Program.”
"2 Condron, T. “Mechanical Equipment and Subsystems Integrity Program (MECSIP).”
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Thesc activitics should be strengthened to focus on standardized integrated practices and
the resulting database process should also be incorporated by the remaining two Integrity
Programs, AVII> and CSSIP.

Reinvigorate Reliability Centered Maintenance (RCM) Practices

MSG-3 guidelines have been developed to provide the aircraft industry with a framework
for creating scheduled maintenance plans that are acceptable to regulatory authorities, operators,
and manufacturers.  Air Transport Association’s (ATA) Opcrator/Manufacturcr Scheduled
Maintenance Development (MS(-3) Revision 2001.1 documcnt is accepted by the FAA as a
guideline for scheduled maintenance program development.'

MSG-3 guidelines take a “top down” approach that looks at the potential effects of a
functional failure and on the ability to detect the failure, as well as the costs of failure and of
maintcnance actions. According to these guidelines, the objectives of an efficient scheduled
maintenance program are to:

« Ensurc rcalization of the inherent safety and reliability levels of the aircraft.
« Restore safety and reliability to their inherent levels when dcterioration has occurred.

« Obtain the information neccssary for design improvement of items whose inherent
reliability proves inadequate.

¢ Accomplish these goals at a minimum total cost, including maintcnance costs and
cost of failures,

There is a US Navy Management Manual (NAVAIR 00-25-403, Guidclines for the Naval
Aviation Rcliability-Centered Maintenance Process) that incorporates sclected featurcs of the
MSG-3 guidelines into an overall Reliability Centered Maintenance Process.'” During multiple
Integrity Program Rcviews for specific MDSs, NAVAIR 00-25-403 was idcntificd as thc
standard sclected for particular sustainment programs because it is a complcte proccss from
design to retirement. The PPancl recommends all MDS Sustainment Programs reinvigorate
rigorous process adherence to this RCM Process through the Weapons System Intcgrity
Programs.

Improve Contracting Practices

Usc of performancc-based contracts increasingly drives Original Equipment
Manufacturers (OEMs) to accept a large share of the risk for flight of aging aircraft. DoD
mandates the use of Performance Based Logistics (PBL) contracts for all major weapons systems
acquisitions. however not for legacy aircraft sustainment programs. PBL has tremendous
potential to align USAF and supplier incentives and performance across a complex value chain.

" bid.

""* Creating Initial Scheduled Maintenance Plans: Using the MSG-3 Aircraft Systems and
Powerplant Analysis Process to Develop an Initial Scheduled Maintenance Plan.
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For both USAY and OEMSs, developing the right contract terms to properly balance risk,
expectations, and performance presents a real challenge. Tools, techniques, and experienee with
forcign military uscrs arc available to develop PBL contracts that are profitable, sustainable, and
competitively priced.

Business assessments of sustainment contracts should consider contract RO1 ealculations
longer than the required 5 year limit, potentially up to projeeted end of platform life.

Strengthen Airworthiness Oversight

Continued airworthiness for all MDSs is eovered under an Air Foree Poliey Document
(AFPD 62-6).""  Generally this process provides centralized control with decentralized
execution. Each MDS Program Manager and Chief Engineer has the responsibility to ensure
airworthiness through ownership of Tech Orders and Maintenance Instructions throughout the
lifecycle of the MDS. This is strongly eoupled with the Integrity Programs (ASIP, MECSIP,
PSIP, AVIP, and CSSIP). In order for a fully effective Continued Airworthiness program, all
Integrity Programs must be matured to the level of ASIP and PSIP and brought to full
funetionality as soon as possible. The goal of these programs should be to provide the kind of
independent oversight of aireraft integrity that ean assure safe flight for all subeomponents in all
mission typcs.

" Grimsley, F. “USAF Airworthiness Proecess Overview: Presentation To Scientific Advisory
Board.”
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Finding 6 fsan
Status of Integrity Programs X

® Adherence to ASIP and PSIP contributes to managing and
extending the life of aging platforms, including FVB assessments
and data for SPM/ALC upgrades and maintenance scheduling
m ASIP and PSIP programs are mandated by AFPD 63-1 (2009)

m Both drive good practices for fatigue critical structures and corrosion
control

m Neither has validated science-based corrosion prediction methodology
for aging, inciuding flaw initiation and stress corrosion cracking

B MECSIP has a good process that shows promise, but has been
inconsistently implemented across the fleet

m Depot component overhaul and repair airworthiness approval lacking
m AVIP being reestablished but lacks focus, MIL-STD not yet approved

m CSSIP new and not yet providing processes, methods, and tools to
meet software sustainment standards and predictive data

I Integrity Programs important for sustainment but not uniformiy effective

SPM: System Program Manager

AFMC has recently turned over its role as airworthiness authority to ASC/EN in
accordance with Air Force policy to tie airworthiness for both development and legacy programs
into a common airworthiness process.1 ' This process is to be supported and led by the intcgrity
programs within ASC/EN. The flagship for these programs is the Aircraft Structures Integrity
Program which was developed to counter significant structural fatigue (and cventually fracturc)
failures that occurred in the 1950s, when these behaviors were not well understood by the
engincering community at large.'"””  The ASIP program established fatigue and fraeture
mechanics as disciplines within the design eommunity and within military specifications to
ensure the durability and damage tolerance of future USAF aircraft. The fundamental science
and engineering steps were followed by adoption into commereial aireraft and implemented by
the FAA. Since that time, ASIP pcrsonncl have been instrumental in reviewing durability and
damage tolerance issucs and incidents within the Air Force, as well as commercial aviation, to
cnsure safety in these aircraft. They host an ASIP conference each year to review MDS

Y8 United States Air Force. “USAF Airworthiness (Air Force Policy Directive 62-8).”
"7 Babish, C. “USAF ASIP: Protecting Safety for 52+ Years.”
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durability and damage tolerance experience and share best practices and technology
advaneements in these diseiplines.

The status of the eurrent Integrity Programs is shown in Tables 3-1 and 3-2 below:

Table 3-2. Attributes of Current USAF Integrity Programs.

Table 3-3. USAF Integrity Program Products and Processes.

The above tables show the attributes of each Integrity Program in terms of their duration,
their leadership, and their ties to AFMC, ALCs, and the FVB. The second table shows the
produets of these Integrity Programs, whether or not they define airworthiness requirements for
design and eertifieation, whether they are involved in each MDS, whether they perform audits
for integrity in their diseiplines and whether they hold a conference to get concurrence on best
practiees and methods.

PSIP was initiated shortly after ASIP was found to provide substantial improvement in
the structural integrity of USAF aircraft in order to provide the same level of diseiplinary rigor
and practice to engine design and sustainment that had been found to benefit structures.'”® Early
in the establishment of PSIP, it was found that dynamic fatigue was a driver for wear out and
failures in engines and could be monitored by sensing the components of the vibration harmonics
of engines. Changes in amplitude of those harmonics could indicate that an engine was suffering
wear in a component or part that would eventually cause a failure of that eomponent. Engine

"% Fecke, T. “Propulsion Integrity Program.”
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health monitoring became a standard practice for driving maintenance and engine replacement
and repair. As these data were analyzed and studied, it became apparent that it would be
possible to predict from the detection of these harmonies when failures of the components would
occur and the severity of those failures on the health of the engine (whether they would be
peripheral or eatastrophie to the engine). This paved the way for prognostic health monitoring
for engines that is coming into practice for new engines today.

MECSIP is a third step toward ensuring the integrity of aircraft systems. 1t was begun
shortly after ASIP” when those benefits were seen, but suffered a lack of strong technical
leadership for a decade and failed to become as institutionalized as ASIP or PSIP.'"® Due to the
unfortunate incident involving a T-38 actuator, MECSIP has been reinvigorated in recent
months, has been brought under the ASC/EN auspiees, has been asked to begin to hold an annual
MECSIP Conference like that of ASIP to share best practices within the community, and is
intended to review the state of the mechanical systems within aircraft in the USAF inventory.
‘The MECSIP community 1s just starting to understand the kind of data and knowledge base that
will be required to design, qualify, and maintain these systems in the future.

AVIP is the fourth component of the Integrity Programs and deals with avionies
components since their lives and failure modes are somewhat different from those of mechanical
and hydraulic systems."”® This area is not following the path outlined by ASIP, PSIP, or
MECSIP and thus appears to be less coordinated with the others and more independent. This
seems 1o have occurred despite the successes of the other elements of the Integrity Programs and
may be eausing il 10 encounier resistance in aeeepling its proecesses as a Military Standard.
AVIP has not yet developed the standards, data, and knowledge base required to identify failure
modes, causes, and conditions that drive lifetimes for their components.

CSSIP (eomputer systems and software integrity program) is the fifth leg of the Integrity
Programs and is the youngest and least formalized of the programs.’?' Yet, as more functionality
is implemented through software than hardware in newer systems, it may be the most important
of the integrity programs in the future. Thus, it is crucial to aceelerate the establishment of
CSSIP as a vital and functioning part of the Integrity Programs.

These programs arc intended to be an integral part of the USAF process to ensure
airworthiness for both aireraft in development and older aireraft. For aireraft in development, the
integrity program teams review the design and eertification test process. For older aireraft, they
not only review the maintenance, status, and airworthiness of older aireraft, but determine the
requirements 1o maintain airworthiness for these aircraft as they approach or exeeed their design
service lives. Finally, these teams review acecidents and failure ineidents to ensure that solid
engineering and science are brought 1o bear on the solutions proposed for these incidents and that
the processes used to return the aireraft to serviee will ensure safe flight for the remainder of the
projected service life of the aireraft.

'® Condron, T. “MECSIP Presentation to Scientific Advisory Board.”
2% Haley, A. “Avionics Integrity Program (AVIP).”
21 Springer, D. “Computer Systems and Software Integrity Program (CSSIP).”
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There are some lessons learned from this Study that seem to be predictors of success for
these programs:

First, Integrity Programs must have technically strong leadership that is committed to
ensuring the life and integrity of USAF aircraft. It is a benefit to have a leadcr that is
a nationally rccognized subject matter expert. These people draw the experts from
industry, academia, and the laboratories to ensure the best technologies are brought to
bear on problems or design reviews in order to ensure that these best practices are
incorporated into USAF aireraft.

Second, these leaders must have the backing of senior USAF leadership so that when
problems are detected or incidents occur which affect the safety of USAF aircraft,
these flects can be shut down, inspected, analyzed, repaired (if necessary), and
returned to safe flight service. They must be an integral part of thc USAF
Airworthiness assurance process.

Third, these Integnty Programs must be tied into the work done at the ALCs and be
able to get data on faults, repairs, and equivalent flight hours. They must likcwise
work closcly with the Flect Viability Board to have an impact on the force planning
decisions made by USAF.

Fourth, these integrity programs should have reviews of USAF aircraft and an annual
conference at which to share best practices and solutions to problems among industry,
academia, and government leaders. These help ensure that best practices are shared
and used by industry in future designs.
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Recommendation 6 "SAB
Strengthen All Integrity Programs Q.

m Make entire suite of AF Integrity Programs an integral part of SPM
lifecycle management plans, FVB evaluations, and flight
worthiness certification [OPR: ASC/EN]

m Bring MECSIP, AVIP, and CSSIP Integrity Programs up to the high
level of rigor resident in ASIP and PSIP
® Incorporate S&T advances in aging mechanisms and instrumentation
into ASIP, PSIP, AVIP, and MECSIP:
m Corrosion prediction methodologies
m Stress corrosion cracking
m Composite failure modes and strength prediction over time
u Nondestructive inspection (NDI) techniques
= Focus the AVIP process to provide the same elements as ASIP/PSIP
and implement into the associated MIL-STDs
® Mature CSSIP rapidly to establish disciplined processes
m Software qualification standards
m Verification and Validation over the lifecycle of the platform

Strengthened Integrity Programs are vital to continued airworthiness

This Study recommends that the entire suite of Integrity Programs, especially AVIP,
MECSIP, and CSSIP, be brought up to the rigor that exists today in ASIP and PSIP. This is felt
to be important for sustaining the fleet for lives that extend beyond the original design service
life of an MDS. These programs provide data on usage and remaining life that are keys to
lifecyele management plans, flect viability assessments from the FVB, and flight worthiness
certification.

Even though ASIP and PSIP are mature programs, it is the recommendation of this Study
that these programs begin to incorporate aging parameters in addition to the usage parameters
that they have traditionally used to monitor and predict life. Usage parameters are defined earlier
in the report, but they inelude those driven by fatigue loads, system usage, chaffing, and wear.
Age ineludes those degradation processes driven by environment, eorrosion, stress corrosion
cracking, sealant degradation, and wiring protection systems degradation due to UV and
chemistry. It may be nceessary to develop NDI proeesses that ean detcet the types of
degradation that oecur under these types of aging conditions.

The maturation of CSSIP needs to be aceelerated to provide solid data and processes to
ensure the safety of flight related software maintenance and upgrades as well as to ensure that
verification and validation proeesses used by contractors and the ALCs support the flight
certification of the system. CSSIP needs a nationally recognized software expert to lead the
program so that it carries the technical weight necessary to implement its recommendations. It
needs support from the ASC Commander to stand behind grounding decisions based on software
issues when they affect safety. It needs to produce the data and processes required to manage,
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monitor, and oversce the verification, validation, and certification of flight system software for
USAF aircraft. Thesc program elements are not generated rapidly; they require the concurrence
of the technical community and the strong participation of the ALCs.

The Panel believes AVIP processes should parallel those of ASIP and PSIP. When
briefed on AVIP,'” the Study found that AVIP seemed to be taking a significantly different
approach than that developed by ASIP and PSIP. While the Study Pancl realizes that avionics
are measurcd by mean time between failures rather than fatigue life, it is also known that usage
(on/off cycles) drives many of the failures encountered in those systems. The Panel belicves that
there must be a way to more closely parallel the ASIP and PSIP models with AVIP and still have
a viable means of measuring life used and time to failure. The Study Panel also belicves that
incorporation of those measures might ease the adoption of the AVIP process and help enable its
Military Standard to find better acceptance.

MECSIP seems to have defined good, solid processcs and metrics, but needs to sccurc the
solid backing of the ALCs and ASC to become a functioning member of the integrity tcams. The
initial MECSIP Conference in 2011 was a good starting point for obtaining the industry, ALC,
DoD, and academic endorsements required to provide a solid foundation for that program.

Lventually, all of the Intcgrity Programs must be fully functioning and providing sound
technical measures of life expended and life projections under both usage dominated failure
modes and age driven failure modes in order to be effective in helping to kecp USAF aircraft
flying safely beyond their equivalent design service lives.

22 Haley, A. “Avionics Integrity Program (AVIP).”
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Bottom Line @

m Aging legacy aircraft will drive sustainment costs ever higher in the
coming years

m Capability upgrades and sustainment of advanced technologies,
especially software and avionics, will further stress budgets

m Introducing AA/$ efficiency metrics will allow the AF to gauge depot
performance and explore efficacy of improvement programs

» Commercial airline practices, enhanced supply chain forecasting,
more accurate MX data bases, and S&T maintenance advances will
contribute to increasing AA and restraining cost growth

= Strengthened Integrity Programs will ensure airworthiness of aging,
legacy fleets

m Maintenance S&T requires increased emphasis to contribute to life
extension, expedited inspections, and reduced touch labor

® Approaches to transition technologies with promising ROIs need to
be adopted to realize the benefits of S&T advances

The bottom line from this Study is summarized in this chart and expanded below.

Aging lcgacy aircraft will likely drive sustainment costs ever higher in the coming ycars.
(Given that failure modes based on chemical degradation are found as aircraft age, it is cxpeected
that depot maintenancc will increasc with USAF aircraft age. Thesc will often occur as over and
above as long depot maintenance cycles are determined by fatigue lifc usage.

Capability upgrades and sustainment of advanced technologics, espeeially software and
avionies, will further stress budgets. Furthermore, softwarc is expected to increasc its pervasive
intrusion into even hardware-rclated upgrades and eventually to functionality that is based on
softwarc upgrades alone. These upgrades are often crucial to attain war fighter advantages or
transport efficiencies, but they will further increase the costs to retain these aircraft in the USAF
inventory. Furthermore, these costs are independcent of fleet size.

Introducing rigorous efficicncy metrics will allow the Air Force to gauge depot
performance and explore efficacy of improvement programs. ALCs have sufficient data on their
processes to allow them to quantify their efficiency, but they nced to define the metrics that
allow them to do so. Thc Panel has recommended the cost of aircraft availability as onc
important metric. Once those metrics have been developed and validated, the ALCs can use the
efficicncy metrics to evaluatc ncw proccsses and new initiatives that might improve throughput
and rcduee depot time for possessed aireraft.

Emulating commcrcial airline practices, cfficiency enhanccments, and science and
technology maintenance advances can aid in increasing aircraft availability and restraining cost
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growth. Commercial airline practices such as reliability centered maintenance, incrcased
awarencss of maintenance status and configuration prior to depot entrance, and high velocity
maintenance through the depot can help reduce time and cost in depot. The efficiency
cnhancements and metrics described previously can help determine which of these enhancements
drive true cost savings.

Science and technology can help reducc the time to gather configuration and maintenance
data from aircraft coming to depot, to rapidly dctermine the damage state of the aircraft in depot,
and to produce replacements for obsolete parts. Approaches to transition technologies with
promising ROIs need to be adopted to realize the benefits of S&T advances.

Intcgrity Programs must be brought up the rigor and stature of the Aircraft Structural
Integrity and Propulsion Systems Integrity Programs. The Mechanical Equipment and
Subsystems Integrity and Avionics System Integrity Programs have begun to see renewed focus
and a start toward viability. The Computer Systems and Software Integrity Program must be
matured rapidly to provide the data and processes that will drive flight safety software toward
validation and verification to assure continued airworthincss.

This Study Panel applauds the cfforts of the sustainment community and their efforts to
maintain aging USAF fleets and provide mission capable aircraft to operational wings and, thus,
enable the best possible warfighting capability. It is the goal of this Study to enhance and enable
the sustainment and research communities to mect the needs of sustainment for these aging
aircraft for it is certain that the USAF will have these aircraft in the inventory for a long time to
come.
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Appendix A:
The United States Air Force (USAF) Sustainment Enterprise

This Appendix summarizes the various clements of the USAF Sustainment Enterprise
and provides background information regarding how this enterprisec operates to sustain the
USAF’s aircraft, determine fleet viability, and ensure the integrity and airworthiness of the Air
Foree fleet. It also includes a summary of the various legal and budgetary constraints under
which this enterprise operates.

A.1 AFMC Aircraft Sustainment Centers

The Air Force (AF) has four aireraft sustainment centers as identified in Figure A-1
below. Three of these are Air Logisties Centers (ALCs) and one, AF Global Logistics Support
Center (AFGLSC), provides logistical support. ALCs perform heavy maintenance on aireraft
and subsystems. AFGLSC provides supply chain management to the ALCs and the Air Force
fleet.
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Figure A-1. The Four Current Air Force Materiel Command Aircraft Sustainment
Centers.
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A.1.1 Air Logistics Centers

The ALCs provide heavy maintenance for the types of aircraft (Mission Dcsign Series, or
MDSs) and other systems assigned to the facility. 1n addition, the ALCs provide maintenance
for various components and subsystems. MDS responsibility is roughly divided amongst the
ALCs in the following manner:

e (Oklahoma City ALC: Bombers, Tankers, and Engines

e Ogden ALC: Fighters, Landing Gear, and Composites

¢ Warner Robins ALC: Mobility Aircraft, Helicopters, and Electronic Warfare

The Acrospace Maintenance and Regeneration Group (AMARG) is a one-of-a-kind
specialized facility within the Air Force Materie] Command structure. AMARG provides eritical
aerospace maintenance and regeneration capabilities for Joint and Allied/Coalition warfighters in
support of global operations and agile combat support for a wide range of military operations.
A.1.2 AF Global Logistics Support Center

AFGLSC headquarters is located at Scott Air Force Base. The AFGLSC mission is to
deliver intcgrated global supply chain support for warfighter capabilities.!”>  Specific
responsibilitics for AFGLSC include:

e 140,000 parts managed ($35 billion in inventory)

¢ Operational liaison between warfighters and suppliers
¢ 68 weapons systems supported

e 24/7/365 operational spares support

o 32 Area of Responsibility operations

A.2 Sustaining Engineering Tasks
There are (4) Primary Sustaining Engineering Functional Areas:'**
1. Aircraft Sustainment Directorate Engineers
Common functions include:
» Depot and field engineering assistance requests (typically 2-15 day turn time)

¢ Integrity programs, corrosion prevention program (typically results in depot
requirements)

2 McCoy, G. “The Air Force Global Logistics Support Center: Global Logistics — Warfighter
Focus.”

124 | owas, A. “What is Sustainment Engineering?”
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b2

Configuration management, minor modifications, identification of suitable
substitutes

Supply chain support, especially for Defense Logistics Ageney purchases

Deficiency report investigations, risk analyses, and recommended fleet
inspections

Commodities Engineers

Common Functions:

Depot engineering assistance requests (typically 2-15 day turn time)

Technical expert on contract buy team, contract repair team (build solicitation
packagcs, evaluate proposals, cvaluate requests for technical waivers/deviations)

ldentify suitable substitutes when spare parts (or subcomponents) are not
available

Deficicncy report investigations, risk analyses, and stock actions

Depot Industrial Engineers

Common Functions:

Facilities enginecring support for any depot-unique facilitics

Tool and equipment engincering support, including: specification, procurement,
maintenance planning (of the tools/equipment), and sometimes complete design

Process engineering depends upon maintenance group priorities—some shop
layout planning, some end-to-end planning of specialized processes (e.g., paint,

plating)

Software Maintenance Engineers

Common Functions:

Configuration management, maintenance, and block upgrades of existing software
Some include construction/maintenance of system mock-ups for testing
Some include limited hardware troubleshooting capability

Program management and engineering are typically tightly intertwined
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USAF Sustaining Engineering includes all of the following discrete tasks:

Table A-1. USAF Sustaining Engineering Tasks.

Sustaining Engineering tasks also include the following:
» Operational Safety, Suitability, and Effectiveness

o Systems Engineering Processes
e Sustainment Management

o Monitoring Performance of Fielded Systcms (includes field/depot assistance (i.e.,
Form 107/202 actions and dispositions), Defense Logistics Agency/AFGLSC
assistance, and deficiency rcports).

Scheduled Maintenance Task Definition
Engineering Requirements Review Process

Software Maintenance

o o O 0O

Configuration Management

125 Ibid.
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e Modernization Management
o Modification development/management
o Configuration Management

All of the tasks defined above arc increasing as the various USAF fleets age. Examples

of the increased effort to maintain these aircraft are indicated by the increases in field level
. . . . .l 2
requests for engineering assistance (Form 107) shown for the A-10 in Figure A-2 below.'?®
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Figure A-2. Field Requests for Depot Engineering Assistance (Form 107s) for A-10
Aircraft 2003-2010.

A comparable cxamFlc for the A-10 depot maintenance request incrcases with time is
shown in Figure A-3 below.'”’

Sustaining engineering funding is prioritized by the Lead Major Commands and exccuted
by the appropriate System Program Office (SPO). The Lead Commands desire to use their
limited modification funding for increased capability instead of maintenance but are willing to
use it for capability enhancements that also reduece maintenance whenever such replacements are
found. The current workforee is insufficient because aging systems continue to drive increasing
workload at the ALCs.

% Hackett, M. "SAB SAA Panel: Sustaining Engineering Issues.”
27 bid.
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Figure A-3. A-10 Depot Maintenance Requests (Form 202s) versus Time.
A.3 The Integrity Programs

The USAF Integrity Programs (Aircraft Structural (ASIP), Propulsion Systems (PSIP),
Mechanical Equipment and Subsystems (MECSIP), Avionics (AVIP), and Computer Systems
and Software (CSSIP)) were formed to tcchnically suPzgort aircraft airworthiness both in

development and for continuing airworthiness in service.”™ They form the “umbrella” under
which the USAF fleet can fly safely.

The Integrity Programs are an integral part of airworthiness certification for development
programs as well as an integral supporting part of the Flect Viability Board (FVB) for continuing
airworthiness requirements. The Airworthiness Process itself is shown in Figurc A-5 below.'”

The flagship for the Intcgrity Programs is the Aircraft Structural Integrity Program which
was developed to counter significant structural fatigue (and eventually fracture) failures that
occurred in the 1950s, when these behaviors were not well understood by the cnginecring
community at large."*®

The ASIP program established fatiguc and fracturc mechanics as disciplines within the
dcsign community and within military specifications to ensure the durability and damage

28 White, J. "ASC /EN Opening Remarks: USAF Scientific Advisory Board Sustaining Aging
Aircraft Meeting.”

2% Grimsley, F. “USAF Airworthiness Process Overview: Presentation to Scientific Advisory
Board."

% Babish, C. “USAF ASIP: Protecting Safety for 52+ Years.”
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tolcrance of future USAF aircraft. The fundamental science and engincering steps were followed
by adoption into commercial aircraft and implemented by the Federal Aviation Administration
(FAA). Since that time, ASIP personnel have been instrumental in reviewing durability and
damage tolerance issues and incidents within the Air Force, as well as commercial aviation, to
ensure safety in these aircraft. They host an ASIP conference each ycar to review MDS
durability and damage tolerance experience and share best practices and technology
advancements in these disciplines. ASIP has tracked the bencfits of their cfforts over the years
since their inception and that is shown in Figure A-4 below."!
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Fligure A-4. Historical View of Losses per Flight Hour for USAF Aircrafi.

The Propulsion Systems Intcgrity Program (PSIP)"*? was initiated shortly after ASIP to
provide the same level of disciplinary rigor and practice to engine design and sustainment that
had bcen found to benefit structures.  Early in the cstablishment of PSIP, it was found that
dynamic fatigue was a driver for wear out and failures in engines and could be monitored by
sensing the components of the vibration harmonics of engines. Changes in amplitude of those
harmonics could indicate that an engine was suffering wear in a component or part that would
eventually causc a failurc of that component. Engine health monitoring became a standard

1 Ibid.
*2 Fecke, T. “Propulsion Integrity Program.”
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practice for driving maintenance and engine replacement and repair. As these data wcre
analyzed and studied, it becamc apparent that it would be possiblc to predict from the detection
of these harmonics when failures of the components would occur and the scverity of those
failures on the hcalth of the engine (whether they would be peripheral or catastrophic to the
cngine). This paved the way for prognostic health monitoring for engines that is coming into
practice for new engines today.

The Mechanical Equipment and Subsystems Integrity Program (MECSIP)'* is a third
step toward ensuring the integrity of aircraft systems. It was begun shortly after ASIP when
those benefits were seen, but suffered a lack of strong technical leadership for a decade in which
it failed to bccome as institutionalized as ASIP or PSIP. Through an unfortunate incident
involving a T-38 actuator, MECSIP has been reinvigorated, has bcen brought under the
Acronautical Systems Center’s Engineering Directorate auspices, has been askced to hold an
annual MECSIP Confcrence like that of ASIP to share best practices within the community, and
has been given a mandate to rcview the state of the mechanical systems within aircraft in the
USAF inventory. The MECSIP community is just starting to understand the kind of data and
knowledge base that will be required to design, qualify, and maintain these systems in the futurc.

Significant MECSIP benefits include:

e Yearly status of subsystem and process health and investment opportunitics for carly
intervention across all platforms

e Subsystem safety and availability accountability
e Tracking and reporting of subsystem Not Mission Capablc ratc changes by MDS
e ‘Tracking USAF wide subsystem-caused Class A Mishap ratc changes

* Inclusion of subsystem considerations in Service Life Extension Programs

Ninety-onc percent of Air Mobility Command (AMC) platforms have Military Standard
(MIL-STD)-1798 compliant MECSIP Programs. Non-AMC aircraft programs have less mature
MECSIP processcs than AMC programs, and detailed assessments are procecding for these (Air

Combat Command currently). MECSIP Program status for all major programs is summarized in
Table A-2 beclow:

'** Condron, T. “MECSIP Presentation to Scientific Advisory Board.”
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MDS | MECSIP Process | Subsystem Health
A-10 Y &0
B-1
B2 Y
B-52 Y Y
C-5
C-17 Y
C-130 Y
F-15C/D
F-15E Y
F-16 Y
F-22 Y
E-3
)
E-8 Y
E-9
KC-135 Y
KC-10 Y
MQ-1
MQ-9
RC-26B
RQ-4
U2

Table A-2. MECSIP Program Status for all Major Aircraft Programs.
There is a large cffort across all platforms to ereate lFunctional Systems Integrated

Databases (FSID). The ereation and management of these databases is non-uniform as
evidenced by the following:

117




Platform FSID Crcatcd and Managcd by

C-130 Mereer Engineering Researeh Center

C-17 Boeing (Total System Pcrformance Responsibility)

C-5 USAF (Aging Fleet Integrity and Reliability Management)

T-38 Wyle

F-15 Wyle (Eagle Integrity and Reliability Integrated System) — not yet funded
KC-135 USAF (Joint Reliability Availability Management System)

B-1 USAF (B-1 SPO)

A-10 USAF — Tool in Development

F-16 USAF — Tool in Development

Signifieant areas for improvement in the MECSIP Program arc:

e Communieation between Line Replaceable Unit Commodity Repair groups and
System Program Offiee (SPO) MECSIP Engineers

e Quality of field maintenance write-ups — Currcntly reduces MECSIP cffcctiveness
and eauses signifieant additional engineering time to “clean” data. This impedes
understanding of problem root eauses.

e Component criticality classification and criticality. Disparities exist among programs
on numbers of Safety Critical ltems.
Additional areas under consideration include:
e Possible integration of AVIP with MECSIP
e Bringing structural aspects of Landing Gear into MECSIP (Currently is in ASIP)
The MECSIP Program recognizes that as USAF aircraft continue to age, eertain
eategories of subsystem equipment will be a ehallenge:
e Systems that are most prone to dctcriorate with age:
o Wiring
o Bleed air ducts
o Hydraulie and fuel lines
o Brackets/clamps/grommets
o Elastomers (c.g., fuel bladdcers and explosion suppression foam)
e Subsystem eapacity to meet new requirements
o Cooling
o Electric power

o Wheel/Tire/Brake capacity
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The Avionies Integrity Program'** is the fourth component of the Integrity Programs and
deals with avionies components since their lives and failure modes are somewhat different from
those of mechanical and hydraulic systems. This area is not following the path outlined by
ASIP, PSIP, or MECSIP and thus appears to be less coordinated with the others and more
independent. This seems to have oceurred despite the suceesses of the other elements of the
Integrity Programs and has contributed, perhaps, to slower acceptance of its processes as a
Military Standard. AVIP has not yct developed the standards, data, and knowledge base required
to identify failure modes, causcs, and conditions that drive lifetimes for their components.

The Computer Systems and Software Integrity Program'*® is the fifth leg of the Integrity
Programs and is the newest and least formalized of the programs. Yet, as morc functionality is
implemented through software than hardware in newer systems, it may be the most important of
the Integrity Programs in the future. Thus, it is crucial to accelerate the establishment of CSSIP
as a vital and functioning part of the Integrity Programs.

These programs are intended to be an integral part of the USAF process to ensure
airworthiness for both aireraft in development and older aircraft. For aireraft in development, the
Integrity Program teams review the design and certification test process. For older aircrafi they
not only review the maintcnance status and airworthiness of older aircraft, but determine the
requirements to maintain airworthiness for these aireraft as they exceed their design serviee lives.
Thus, their incorporation into the Fleet Viability Board assessments deseribed in the following
section should add data driven value into those assessments. Finally it should be noted that these
teams review accidents and failure incidents to ensure that solid engincering and science are
brought to bear on the solutions proposed for these incidents and that the processes used to return
the aireraft to service will ensure safe flight for the remainder of the projected service life of the
aireraft.

A.4 Fleet Viability Board

The USAF Fleet Viability Board was formed in 2003 (Figure A-5 below). Its mission is
to provide the Secretary of the Air Forece (SecAF) and the Air Force Chief of Staff (CSAF) with
technical assessments of aging Air Foree flects leading to sustainment or retirement decisions.
The FVB has three Survey and Assessment Teams with 53 total authorized personnel. VB
composition includes Senior Board Members (AF Sentor Exccutive Service/Senior Leader level
expertise), a Director, Enginecring representatives (structures, avionics, propulsion, subsystems),
and Senior Board Advisors (Delta Airlines, ['ederal Express, National Air and Space
Administration, Federal Aviation Administration, Naval Air Systems Command, ctc).”"

3% Haley, A. “Avionics Integrity Program (AVIP)."
'35 Springer, D. "Computer Systems and Software Integrity Program (CSSIP)."
198 wWetzel, J. “Scientific Advisory Board Visit.”
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A weapon system is defined as viable if “it can do what we need it to do, when we need it
to do it, at a price we are willing to pay.”137 This is broken down into the following categories:

+ (Can it do what we need it to do (technical health)?
¢+ When we need it to do it (availability)?

+ Ata price we arc willing to pay (cost)?

Fleet Viability Board

m Formed in 2003 to provide SECAF/CSAF independent technical
assessments of aging Air Force fleets leading to sustainment or
retirement decisions

= | ocated at WPAFB; FVB Director reports into AF A4/7
m Two to three Survey & Assessment Teams ~50+ personnel
m Two layers of Senior Board reviews, Members, Advisors

m Viability defined by whether “MDS can do what we need it to do,
when we need it to do it, at a price we are willing to pay”

m Functional areas analyzed: operational health, availability, cost

m Four aircraft configuration options presented to decision makers
Option 1: No Further Investment over ongoing mods/upgrades
Option 2: Planned Modifications: Opt 1 + programmed mods/upgrades
Option 3: Fixes Viability Shortfalls: Opt 2 + mods/upgrades req’ d to fix
viability shortfalls and mitigate “High/Serious” risks
Option 4: Future Relevance: Opt 3 + additional mods or capability
enhancements to meet potential future requirements

Figure A-5. Air Force Fleet Viability Board.

A typical FVB assessment cxamines long-term drivers, trends, and issues to project status
in three functional areas:

+ Operational Health

o Technical fitness to perform mission

e Operational safety

7 Ibid.
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A projection is then made based on the following types of issues: Known (easy);
known-unknowns (difficult); unknown-unknowns (near impossible).

The assessment is completed by MDS and covers {our snapshot points in time:

Current year
6 years

14 years

25 years

Four airerafl configuration options arc considered:

Option 1: No Further Investment (Current aircraft configuration with ongoing
modifications/upgrades).

Option 2: Planned Modifications (Option 1 plus planned/programmed
modifications/upgrades).

Option 3: Fixes Viability Shortfalls (Option 2 plus modifications/upgrades required to
fix viability shortfalls and mitigate “High/Serious” risks).

Option 4: Future Relevance (Option 3 plus additional modifications or capability
enhancements to meet potential future requirements).

The FVB process provides a thorough evaluation of an MDS. The original Study Terms

of Reference requested the Scientific Advisory Board (SAB) Sustaining Aging Aircraft (SAA)

Study Panel to evaluate areas that the FVB has alrcady reviewed. Based on the SAB SAA
Panel’s review of the FVB process and evaluations, it was determined that it would be not be
value added for the Panel to study this area further.
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FVB Assessments

m Completed = On-going SECAF-approved

1. C-5A (w/AMP & 12. F-16 Blk 25/30/32 . F-16 Blk 50/52
RERP}) 13. F-1S5E »+ C-5A/B

3. KC-135D/E/RIT L o +  F-16 Blk 40/42
4. A-10A 15, L-0AE . B-1B
5. C-130E/H1 e
6. HC-130P/N
7. F-15C/D * MQS
8. E-8C
g, T-38C
10. EC-130H-
11.

Figure A-6. Fleet Viability Board Assessment Status.

Figure A-6 above documents the VB completed asscssment studies, ongoing studies,
and future priorities. The FVB utilizes the following prioritization process to determine which

MDSs to cxamine:

e Flcet Viability Prioritization Model (FVPM) provides rough-order-of-magnitude
prioritization based on mathematical analysis of fleets in greatest need of FVB’s

in-depth assessment

» AF/AS8 adjusts priorities based on recapitalization or force planning decision support

needs

e  “Council of Colonels” finalizes prioritization

o USAF Chicf of Staff/Secretary of the Air Force approval

As can be secn from Figure A-6, the FVB has completed many assessments and has

several more in process or planned in the future.

A.5 Constraints on the Sustainment Enterprise

During the lifecycle of a Weapon System, the System Program Manager (SPM) will face
numerous challenges in sustaining a given MDS aircraft (Figurc A-9). The following provides a
perspective into the constraints the USAF Sustainment Enterprise typically deals with year in

and year out until MDS retircment.

1
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A.5.1 Amount of Money

ldentification of aging aireraft solutions must be built into a SPO’s budget as early as
possible and is reflected in the Weapons Systems Sustainment (WSS) aceount. WSS
encompasses requirements for Sustaining Engineering (SE), Depot Purchased Lquipment
(DPEM), Contractor Logisties Support (CLS), and Technical Orders (TOs). Projects such as
full-scale fatigue tests and durability tests compete against DPEM, CLS, and TO needs.
Typically, the Air Foree gets about half of what is required for sustaining engincering dollars.
Thus, a well-documented requirement and its impact on mission suceess are eritical. For
example, in one year, a full-scale fatigue test on the B-1 and C-130 durability tests were funded
or “made it above the funding line” while other documented requirements fell “below the
funding line” such as B-1 Corrosion Survey Teardown Inspection, F-15E Structural Integrity
P’rogram, and T-38 Vertical Stabilizer Teardown. All are valid requirements, but to effectively
eompete against the ever increasing funding requirements, an aeeurate and eompelling ease must
be made to key deeision leaders to show the impact / benefits.

The Weapon System Sustainment (WSS) program (total foree) was funded at about 84%
in FY10 and 83% in FY11 and was planned to be 84% in FY12 (subjeet to actual exeeution year
withholdings/reductions)."”® The sustaining engincering portion of WSS historically has been
funded well below 100% with sustaining engineering being funded at about 70% in FY'10, 74%
in FY11, and 50% in FY12."® The increasc in SE the last few years has been twofold. IFirst,
fatigue tests for the F-15 and B-1 drove the percentage higher. Secondly, the strueture of the Air
Force Centralized Asset Management (CAM) processes allows an enterprise view of all monies
and an established governanee structure, which corporately realigns funding to maximize
capability. As a result, CAM has been able to fund more sustaining engineering tasks to support
the aging Air Foree fleet.

The percent funding for all WSS and the sustaining engineering line is not eompletely
indicative of the health of the program. 1t is more important to look at the actual capability being
delivered. In Fiseal Year 2010, the CAM office condueted an intensive requirements deep dive
to serutinize the documented requirements. With respect to the doeumented sustaining
engineering requirements, this review discovered unsubstantiated requirements, placcholder
requirements, as well as eompleted requirements, which had been left in the system. The result
was an inflated set of requirements and a misleading pieture when reviewing the percent funded.
The Headquarters (HQ) Air Foree Material Command Deputy Chief of Staff for Logisties
(AFMC/A4) is working with the program offices to clean up these items and ereate a more
accurate requirements picture for FY13. This elean up will oceur when HQ AFMC/A4 opens the
requirements database in July of 2011.

%8 AFMC/A4L "Centralized Access for Data Exchange (CAFDEx/FRM) Datacall TF 13P
Final/13FAC4 dated June 14, 2011 and updated March 5, 2012.”

%9 bid.
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A.5.2 Color of Money

The term “Color of Money” is used to deseribe the differences between appropriated
funds. The basies of appropriation law are found predominately in sections of Title 31, United
States Code (USC). Any violation of the legal restrictions imposed by Title 31 or other statutes
must be reported under provisions of the Department of Defense (DoD) Financial Management
Regulations (Specifically, DoD FMR 7000-14, Volume 14), and regulations of the individual
Military Services.

When the Congress provides public funds to a federal ageney, it also imposes specific
limitations on the use of those funds. These restrictions give appropriated funds their “color.”
The “color of money” is distinguished by purpose, time, and amount. There are five major
appropriations:

Appropriation Categories: Obligation Period: Appropriation:

Research, Development, Test,

and Evaluation (RDT&E) 2 Years 3600

Procurement 3 Years 3010 (Aircraft),
3020 (Missiles),
3080 (Other)

Operations and Maintenance 1 Year 3400

Military Personnel (MILPERS) 1 Year Various

Military Construction (MILCON) 5 Years Various

Appropriation Definitions:

e RDT&E: Development of equipment, material, or eomputer application softwarc;
Development Test and Evaluation; Initial Operational Test and Evaluation; and
operations costs for some R&D-dedicated installations.

e Procurement: Purchase of major end items and defense systems; initial issue of
spares; all costs necessary to deliver a useful end item intended for operational use or
inventory; and major modifications to fielded systems.

e Operations and Maintenance: Day-to-day operations; headquarters operations;
civilian salaries; travel, fuel, minor eonstruetion; training and edueation; expenses of
operational military forces; base operations support; and recruiting.

e MILPERS: Pay and allowances of active duty and reserve military personal,;
permancnt change of station (PCS) moves; training in eonjunction with PCS moves;
subsistence; bonuses; and retired pay accrual.

e MILCON: Major military eonstruction projects; construction of military schools;
construction of facilities; and construction of bases.

The SPM faces many challenges and constraints with the obligation of funding
appropriations in avoiding potential violations. Some examples of these challenges and
constraints may include:
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¢ Using one aceount (3400) to fund effort properly ehargeable to another aceount
(3600) (Purpose)

« New obligations ereated against or expenditures made from eaneeled funds (Time)

¢ Obligation/expenditures exeeeding available funds (may result from upward
adjustments, eorreetion of obligations against wrong appropriation/fiseal year, ete.)
(Amount)

¢ Unfunded econtraet canecllation eharges (Amount)
¢ Direeting continued performanee without funding (Purpose, Time, Amount)

* Using expired funds to purchase needs ehargeable to eurrent appropriation (Time)

A.5.3 Depot Maintenance and Repair

Per Title 10 of the United States Code, Seetion 24060, the term “depot maintenanee and
repair” mieans material maintenanee or repair requiring overhaul, upgrading, remanufacturing, or
rebuilding of parts, assemblics or sub-assemblies, and the testing and reelamation of equipment,
as neeessary, regardless of the source of funds for maintenanee or repair, or the loeation at which
the maintenanee or repair is performed. Two parts of the United States Code, in the areas of
Core and 50/50, direetly impaet where and how much depot maintenance and overhaul will be
aceomplished.

A.5.4 Core and 50/50

A Department of Defense Instruetion'* identifies statutory requirements that must be met
prior to Milestone B. Core Logistics Analysis/Souree of Repair Analysis must address Title 10
United States Code Section 2464 (deals with Core) and Title 10 USC Seetion 24606 (deals with
50/50). All aequisitions undergo Core and 50/50 analysis in the Depot Souree of Repair (DSOR)
proeess.

HQ AFMC is responsible for ensuring eomplianeec with Core and 50/50. For Core
Logisties Capability, AFMC is governed by Title 10 USC Seetion 2464 which states that it is
essential for the national defense that the Department of Defense maintain a core logisties
eapability that is Government-owned and Government-operated (ineluding Government
personnel and Government-owned and Government-operated equipment and faeilities) to ensure
a ready and controlled source of technieal competence and resourees necessary to ensure
effeetive and timely response to a mobilization, national defense contingeney situations, and
other emergeney requirements. Title 10 also states that The Seeretary of Defense shall identify
the core logisties eapabilities) and the workload required to maintain those eapabilities.

Core eapability must be established no later than 4 years after Initial Operational
Capability. All work must be performed by Government personnel, in a Government faeility,

“Y United States Department of Defense. “Department of Defense Instruction 5000.02:
Operation of the Defense Acquisition System.”
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using Government equipment. Core capabilities are established to support the most demanding
combination of contingency phases:

e Readiness: Capabilities required to kecp tasked wartime weapon systems ready
during peacetime

« Sustainability: Capabilities required to mect wartime surge
+ Reconstitution: Capabilities required to return to state of readiness after contingency

The Service Acquisition Executive, or SAF/AQ, has the authority to direct Contractor
Logistics Support for major weapon systems such as the F-22 and C-17. Due to system
immaturities, CLS was initiated, although thc workload had been determined to be an AF core
rcquirement. Later, as the weapons systcms matured, Business Case Analyses (BCAs) were
conducted to determine the affordability and feasibility of bringing these workloads organic. A
BCA decision can be impacted by lack of data rights resulting in a recommendation for a
partnership in order to get access to maintenance data. The F-22 program has undergonec BCAs
for product support and software (all still contract support). A C-17 BCA recommended that the
SPO stand-up the F-117 engine at OC-ALC with almost all work still contract support. BCAs
can be dirccted by senior leaders at any time in a program's execution — this can lcad to delays in
implementation of DSORs and increase program cost through multiple BCAs.

Designation of core workload does not necessarily mean 100% of workload must be
performed by organic depots. The agency shall assign sufficient workload to ensure cost
efficiency and technical competence in peacetime while preserving the surge capacity and
reconstitution capabilitiecs necessary to support fully the strategic and contingency plans.
Determining cost effectiveness requircs a cost benefit analysis reviewed during the Depot
Maintenance Activation Working Group (DMAWG) process

Title 10 USC Section 2466 imposes additional limitations on the performance of
depot-level maintenance of matericl and states that not more than 50 percent of the funds made
available in a fiscal year to a military department or a Defense Agency for dcpot-level
maintcnance and repair workload may be uscd to contract for the performance by non-Fedcral
Government personnel of such workload for the military department or the Defense Agency.
Any such funds that are not used for such a contract, shall be used for the performance of
depot-level maintenance and repair workload by employees of the Department of Defense.

The interpretation between Organic and Contractor is defined as follows:

Title 10 USC Section 2466 and guidance from the Office of the Secretary of Defense
states that Organic Work is that in which all work is to be performed by government personnel,
period. All workload in the ALCs shall be accomplished by government personnel. Organic
workload includes government pcrsonnel performing work at ALCs under partnerships (Direct
Sales/Work-share Agreements), depot field teams, government personnel performing work at
Contractor-owned facilities off base from an ALC {i.e., Maintenance, Repair, and Overhaul;
Georgia-Robins Aerospace Maintenance Partnership), Government personnel performing work
funded by Air Force dollars at other Service depots, and all direct labor, materials, and other
factors of production associated with organic workload.

Title 10 USC Section 2466 and OSD guidance states that Contractor Work is that in
which all work is performed by contractors with an exception of public-private partncrship
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workload at Center of Industrial and Technical Excellence (CITE) locations. Contractor
workload includes depot maintenance workload performed by contractors under Contract
Logistics Support, Interim Contractor Support, DPEM or Materiel Support Division-funded
contracts, Contract augmentees at ALCs, Contract field teams, Forcign military depots, Contract
personnel performing work at government-owned or lcased facilities other than CITE locations,
Contract personnel performing Air Force work at other Service depots.

50/50 assessment considers impacts of replacement systems or new capabilitics. The
Program Managers implement Air Force enterprise core requirements identified in the DSOR.
DMAWGSs led by the Program Manager make thcse rccommendations.  Based on repair
gencrations and costs to stand-up repair capability, if too costly, the System Program Manager
will recommend a workload shift to contract support. Activation working groups refinc the
Program Objective Memorandum (POM) inputs for depot stand-up.

A.5.5 Return on Investment within FYDP

Limited funding within the FYDP often precludes maintenance and upgrade cfforts cven
with a positive retumn on investment (RO1).

The Weapon System Sustainment cfforts are not tied to a return on investment (ROI).
Programmed Dcpot Maintenance (PDM) is based on time with a set interval determined by the
Senior Engincer when the Weapon System is required to return to depot for maintenance,
modification, or modernization. If the PDM is not conducted, then the aircraft will be grounded
resulting in reduced aircraft availability. ROl may be affected by the incorporation of
modifications or upgrades to the weapon system. Weapon System modifications and
modernization may be driven by safety, risk, and operational impact analysis balanced with a
Business Case Analysis (BCA) for the lower risk items. Funding for the PDM is tied to the
safety, risks, and operational impacts to the warfighter. 1n the area of software, the workload is
not typically significant for PDM but rather Sustainment Enginccring work is based on repairing
known discrepancies at the time or required upgrades 1o keep the system viable. Once again, the
same criteria apply and arc driven by safety, risk, and operational impact analysis balanced with
a BCA for the lower risk items. These efforts are not significantly labor intensive for the PDM
cycle but rather for Sustainment Engineering and field level maintenance. Efforts with a
significant ROl may not always be incorporated due to higher priority safety risks and
opcrational impacts to the warfighter, prioritized with the available funding budgct.

A.5.6 Program Budget Decision (PBD) 720

Undcr PBD 720 of Fiscal Year 2006, the Air Force realigned its resources to facilitate
transforming itself into a more lethal, more agile, strcamlined force with an increased emphasis
on the warfighter. The offsets and accompanying enhancements implemented werc consistent
with dccisions made during the Quadrennial Defense Review process and supported by the
senior lcadership of the Department of Defense. These offscts were excecuted in two broad
categories: (1) Organizational and Process Efficiencics and (2) Manpower Reductions. The Air
IForce streamlined organizations to a smaller, morc agile force and transformed its organizational
structures with an increased emphasis on supporting the warfighter. PBD 720 reduccd miilitary,
civilian, and contract dollars to pay for force modernization. AF-wide, active military manpower
was cut by over 33,000 positions through FY11. AF Functional Area Managers identified
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military manpower bogeys by Air Force Specialty Code. Specifically, within the “blue suit”
aircraft maintenance career fields, over 6,600 personnel positions were cut creating a manpower
and expericnce gap in the out years. The field level units were to overcome this cut with
processes improvements that have not yet been fully implemented or realized.

A.5.7 Diminishing Manufacturing Sources

‘The Air Force will continue to fly the current inventory of weapon systems for many
more years, longer than the original acquisition plan had projected. Fragile contractor supply
bascs, profit incentives, and rapid advances in electronic technologies challenge both the organic
and contractor repair facilities. The Air Force has seen a dramatic increase in Diminishing
Manufacturing Sources and Material Shortages (DMSMS). DMSMS occurs when components
and matcrials are or will become obsolete due to dwindling supply or lack of commercial support
to produce the required replacements. The impact of DMSMS can be significant, often causing
decreascd operational availability and inability to support the Weapon System whilc being
produccd, maintained, or repaired.

HQ AFMC is ultimately responsible for sciting policy for the acquisition and sustainment
of DMSMS. The Air Force and its contactors cannot afford to be in a reactive modc when it
comes to managing DMSMS. Waiting until a part becomes unavailable affects repair production
efforts and can drive an increase in Mission Impaired Capability Awaiting Parts rate, which
ultimatcly affects Aircraft Availability. Proactively monitoring parts for DMSMS issues, in most
cases, allows time to find a replacement part. Suitable rcplacement parts typically will avoid
costly production and sustainment issues avoiding systcm or component redesigns, DMSMS
management is onc of the most challenging and costly 1ssues of weapon system sustainment.

To combat this increasingly important issue, the Air Force Global Logistics Support
Center uses predictive DMSMS tools in daily supply chain executions to provide the Air Force
with an automated means of monitoring parts on a ncar “real time” basis and predicting
obsolescence. The Advanced Component Obsolescence Management (AVCOM) predictive tool
was initially developed in 1989-90 by BAE Systems to support DMSMS challengcs. Since its
inception, both thc USAF and BAE have funded specific AVCOM enhancements to insure the
tool meets the proactive DMSMS management needs of the Air Force. Over 4,700 USAF
systems have becn loaded in AVCOM in the past 10 years. AVCOM is a fully intcgrated
DMSMS resolution toolset which automates the complex analyses and computations required to
support proactive DMSMS, Organic and contractor users depend on the AVCOM tool to
provide a means to identify and rcsolve many obsoletc part issues. AVCOM is typically
accessed over three thousand times a month and automatically assesses and prioritizes the
obsoletc components of a system based on when they will impact the ability to repair the next
higher assembly. AVCOM allows users to prioritizec problems, establish resolution timelincs,
POM for required funding, and ultimately focus on the typically small subset of obsolescence
problems that pose a near-term threat to Weapon System sustainment.

A.5.8 Data Rights

Technical data rights are a key enablcr in the lifecycle of a Weapon System. United
States Law (Title 10 USC Section 2320) and DoD policy (DoD Instruction 5000.02) requir¢ the
Air Force to consider securing data rights during weapon system acquisitions to enable the Air
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Force to organically support thcse weapon systems throughout the lifeccycle. Most System
Program Managers do not adequately address technical data rights in the acquisition phases.
This causcs follow-on challenges to Weapon System performance. Somc of thosc challenges are
delays and cost growth, data rights costs, and with limitcd funding, impacts on sustainmcnt
stratcgics. When acquisition is no longer competitive, product data rights cost becomes cither
very expensive or often unavailable, Most acquisition programs typically initiate CLS duc to the
Weapon System ongoing development, immature design, and lack of finalized product technical
data. This creates significant issues when the Air Force transitions from a CL.S approach to an
Organic Sustainment approach. Contractors’ mterest in data rights control typically is bascd on
protecting the investments made by the company and the lucrative aftermarkct work such as
sparc parts, repairs, modifications, and upgrades to sustain viability of the Weapon System. To
maintain all options throughout a Weapon System lifecycle, the Air Foree should acquire product
technical data or the options to procure technical data at the onset of the Acquisition Lifecycle
Phase while competition still cxists.

A.5.9 Time and Material Contracts

Time and Material (T&M) contracts provide an avenuc for acquiring supplics and/or
services on the basis of dircet hours at a specified fixed hourly rate and/or matcrials at a cost
including material handling costs if appropriate. T&M Contracts arc typically used when it is
not possible to estimate thc anticipated work, costs, and schcdule with a high degree of
confidence. T&M is a viable contracting approach in the areas of sustainment when a solution to
an issue/repair is not clearly known and the Air Force may want to pay a contractor by the hour
at a negotiated rate with a limit on how much to spend to find out what is wrong and fix it. An
established T&M requirement typically allows work to initiate almost immediately through the
Contracting Officer (CO). The CO must establish that it 1s not suitable to acquire the scrvice
using any other contract mcthod arrangement and document their findings in a written
dectcrmination and findings. The CO must establish that one of the other contracting approaches
such as firm-fixed-pricc or fixed price with incentive award fce is not timcly or cost cffective.
Although T&M Contracts may allow for rapid execution and assistancc in the Sustainment
Phasc, the T&M approach is not the preferred Air Force approach as risks and performance arc
shifted to the Contractor using other contracting approaches.
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Appendix B: Terms of Reference

USAF Scientific Advisory Board
Sustaining Air Force Aging Aircraft into the 21°* Century

Background

The Air Foree will operate its legacy aireraft for decades beyond their originally projeected
serviee lives, stressing struetures, engines, and other aireraft systems. The Fleet Viability Board
(FVB) was formed to assess the technical fitness and the associated availability and eost of
continued ownership of Air Foree weapon systems. While the Board projeets the fitness of all
fleet systems (e.g., struetures, propulsion, avionies, offensive/defensive, and electro-mechanical
subsystems), struetures, and propulsion are analyzed at the greatest depth. Addressing struetures
and engines is a eomplex task, but other aireraft systems ean also be life limiting; pose flight
safety risks; and affeet aireraft availability, effeetiveness, and Operations and Maintenance
(O&M) costs. Investments in appropriate modifications/replacements are planned for some
aireraft fleets, but deferred for others. For example, the FVB has identified serviee life issues
associated with the landing gear of the A-10, T-38, and F-15 flects. Some of these fleets have
scheduled depot maintenanee for their landing gear or plans to replace existing landing gear with
new hardware, but others are deferring these investments. There is a need to help the Air Foree
identify and prioritize investments in other aircraft systems while identifying how such
investments ean establish a foundation for future adaptations and performanee enhancements.

Charter
The study will work elosely with the FVB to:

e [dentify specific aireraft systems, besides struetures and engines that contribute to safety,
availability, and effectiveness for aging aireraft.

¢ Using the FVB’s prioritized list of airerafi, determine for all fleets the maintenance status of
these aireraft systems, and rank them in terms of priority due to risk across Mission Design
Serics (MDS).

¢ Examine commercial practices in airlines, air freight serviees, and other industrics, and
cvaluate how they ean be applied to meet Air FForce needs.

o Assess the time and first-order investment required to eomplete needed modifications of the
high priority aireraft systems, and the resulting effeet on operational availability of the fleets.
Perform a first-order assessment of O&M cost savings and avoidance and military utility of
improved eapabilities that would result.

¢ Recommend how the Air Foree should proeced to address these modifications by MDS in
priority due to mission risk, operational availability, O&M cost.

131




e [dentify technology needs and technology approaches that can be applied or developed to
extend lifc or ease maintenance of these aircraft systems, while facilitating future adaptations
and performances enhancements of the aircraft.

Study Products
Briefing to SAF/OS & AF/CC in July 2011. Publish report in December 2011.
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Appendix D: Study Meetings and Briefings

Ovcrviews/Pcrspectives

Mr. Blaise Durante, SAF/AQX
Dr. Jean Gebman, RAND
Lt Gen Michael E. Zcttler, USAF (Ret)

HO Air Force

SAF/FMC
AF/A4L
AF/ASR
AF/ASX/ARP
AF/A9
AF/CVR

USAF Major Commands

Air Combat Command A4/AS5/A8/ST
Air Mobility Command
Air Education and Training Command A4/7
Air Force Global Strike Command
Air Force Matcriel Command A4
Air Force Special Operations
Command A4/7

Other Air Force

1st Fighter Wing

388th Fighter Wing

Acronautical Systems Center

AF Global Logistics Support Center

AF Officc of Scicntific Research

AF Research Laboratory/RX/RZ/RB

Ogden Air Logistics Center

Oklahoma City Air Logistics Center

Warncr Robins Air Logistics center

USATF Fleet Viability Board (AF/A4L-I'VB)

Other Do)

Office of Naval Rescarch
Naval Air Systems Command

Indusiry

Boeing

Delta Air Lincs
General Atomics
Lockheed Martin
Northrop Grumman

Other Government/Federally Funded
Rcscarch and Development Centers

Fedcral Aviation Administration

National Acronautics and Space
Administration

RAND Corporation
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Appendix E: Glossary

The terms and associated definitions used herein were derived from various sources and
refleet the collective judgment of the Air Foree Secientific Advisory Board Sustaining Aging
Aireraft Study Panel as what would appropriately reflect the intended meaning of the term within
the context of this Study Final Report.

4th Generation Fighters — Aircraft in service approximately from 1980 onward, representing
the design concepts of the 1970s. Representative fighters include the “teen™ series of
American fighters (e.g., F-14, F-15, F-16, and F-18).

50/50 Rule — A nickname for a federal law (Section 2466 of Title 10 of the United States Code)
that requires that no more than 50 percent of depot maintenance funds provided to a
military serviee or defense ageney ean be expended for private seetor work.

S5th Generation Fighters — Fighter aireraft that are characterized by being designed from the
start to operate in a network-centric combat environment and to featurc extremely low,
all-aspeet, multi-speetral signatures employing advaneed materials and shaping
techniques. Typically they are equipped with multifunetion, active electronically seanned
array radars with high-bandwidth, low-probability of intereept data transmission
capabilitics, Two examples inelude the F-22 and the F-35. This generation of fighters
tends to be extremely capable and very expensive (both to aequire and operate/maintain).
Sce entries for the F-22 and F-35.

A-10 Thunderholt 11 — A United States Air Foree (USAF) twin jet attack aireraft developed by
Fairchild-Republic Company in the 1970s. Its primary mission is to provide close air
support. The A-10 has a large amount of armor to proteet the pilot and vital aireraft
systems and was designed around a large 30 millimeter automatie eannon which forms
the primary armament of the aireratt. A-10s have been upgraded with new avionies and
many are also receiving a new wing. The USAF eurrently flies over 300 A-10 aireraft.

Active Eleetronically Seanned Array (AESA) — A type of phased array radar whose
transmitter and reeeiver funetions are composed of numerous small solid-state
transmit/receive modules. US aireraft employing AESA radars include the F-22, the
F-35, and later versions of the F-16, F-15, and the F-18.

Aging Aireraft — The USAF has a total inventory of aircraft whose average age is
approximately 25 years. An “aging airerafi” is one whose age exceeds 20-25 years or
which (if younger) has exceeded 75% of its certified service life. Significant (fleet size
and/or capability) examples of USAF aging aireraft types include the F-16A-D, F-15A-D,
B-52H, B-1B, A-10, KC-135, KC-10, C-5, and T-38.

Air Logisties Center {ALC) — An Air Foree Materiel Command (AFMC) depot that performs
sustainment and depot-level complex maintenance on a number of weapons systems or
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families of components (e.g., engines, clectronic warfare equipment, or landing gear).
The USAF currently has three major ALCs located at Hill Air Force Base (AFB) Utah,
Tinker AFB Oklahoma, and Robins AFB Georgia. See depot entry.

Aireraft Availability — A metric used by the USAF to indicate the “health of the inventory,” 1t
is requirements based and for a given aireraft type (c.g., such as the C-130H, B-1B,
C-5A, or the F-15E) is defined as the total number of Mission Capable hours divided by
the Total Aircraft Inventory (TAI) hours, wherc TAl is defined as the sum of all Primary
Aircraft Assigned hours, Backup Aircraft Inventory hours, and Attrition Reserve hours
(i.e., the potential hours available for the entire aircrafi type fleet).

Aireraft and Missile Logisties Requirements Determination Proeess — This process identifies
and prioritizes requiremcnts nceded to achieve weapon system availability/capability
targets required by the warfighter. Each weapons system is assigned to a Lead Command
that performs this process for that system. AFMC is lead command for requirements that
arc not tied to a specific weapon system.

Aireraft Structural Integrity Program (ASIP) — A series of time-phased actions, procedures,
analyses, tests, etc., intended to provide rcliable, affordable, and supportable flight
vehicle primary and secondary structures, thus contributing to the enhancement of total
systems mission effectiveness and opecrational suitability while minimizing cost and
schedule risks. An ASIP is normally developed and tailored for each Mission Design
Series of aircraft (manned or unmanned) the Air Force acquires, uses, or leases.

Air Foree Total Ownership Cost (AFTOC) — A management information system/data
warehouse that provides visibility into the life eycle costs of all major weapons systems
through all appropriations and USAF Major Commands. AFTOC includes historical and
near real time cost data. It was designed to significantly reduce the need for analysts and
DoD staft to aequire, normalize, aggregate, allocate, and organize financial and logistic
data on Air Force systems and infrastructurc and to provide analytical capability that
would otherwise not exist.

Airworthiness — Fitness for flight operations, in all possible environments and foreseeablc
circumstanccs for which aircraft or device has been designed.

Airworthiness Certifieation Authority — A designated competent entity that determines that an
aircraft or device is fit for flight operations, in all possible environments and foreseeablc
circumstanccs for which it has been designed.

Annual Planning and Programming Guidance (APPG) — A USAF planning document
produced by AF/AS8 that uses as inputs guidance from the Secretary of Defense, Secretary
of the Air Force, and the USAF Strategic Plan. The APPG defines the USAF’s corporate
position regarding readiness and sustainability, force structure, infrastructure, and
modernization needs. The outputs of the APPG are used by the Major Commands to
build their inputs to the annual Program Objective Memorandum which (among many
other matters) sets the resource levels for activities within the Air Force Logistics
Enterprise.

Application Specific Integrated Circuits (ASIC) — An integrated circuit customized for a
particular use, rather than intended for gencral-purpose use. In general ASICs are

138




optimized for a particular application and are therefore quicker/more efficient at
performing that task than a general purpose microchip would be (however, they are also
likely to be more expensive and take longer to develop).

Areca of Responsibility (AOR) — A pre-defined geographic region assigned to a Combatant
Commander that arc uscd to define an area with specific geographic boundaries where
they have the authority to plan and conduet operations; or for which a force, or
component commander bears a certain responsibility.

Automated Budget Interactive Data Environment System (ABIDES) — The budget system
currently in use by the Air Force. It has been in use since 1960s and houses many
modules including the Classified/Unclassified Accounting System and the Financial and
Foree Planning. ABIDES 1s recognized as the official Air Force position with respect to
the Department of Defense (DoD) Planning, Programming, and Budget Execution
(PPBLE} system.

AVCOM Tool — The Advanced Component Obsolescence Management tool is a BAE Systems
developed web-based readiness and sustainment software tool which allows users to track
and plan for the replacement, upgrading, inventory loeation, and ordering of new parts.
The Air Force logistics cnterprise relies heavily on this tool, which has a database
containing 15 million parts and access to information on an additional 50 million parts. 1t
is the primary tool within the USAF for management of diminished manufacturing
sources issues and is also used by other military services and within industry.

Avionies — All of the eleetronies systems contained in an aireraft.

Avionies Integrity Program (AVIP) — A process through which the design allowables,
manufaeturing, and process controls for the aircraft electronies equipment are established
and demonstrated to meet functional and life performance requirements. AVIP defines
life, usage, environment, and supportability requirements and process tasks to achieve
required performance over the life of the clectronics. AVIP employs basic physies,
chemistry, and engineering principles to ensure an understanding of the influences of the
usage and environments on materials and parts. AVIP also focuses on key product and
process characteristics and control of variability of materials, parts, and processes.

B-1B Lanecer — The Boeing B-1B Lancer is a long range variable-sweep wing bomber used by
the USAF. 1t has four turbofan engines and employs a blended wing-body design to
achieve a maximum speed of about Mach 1.25 and is optimized for low level penctration.
It can carry the largest payload of both guided and unguided weapons of any aireraft in
the USAF inventory. The B-1B has a normal airerew of four and is eurrently used only
in a non-nuclear role.

B-2A Spirit — The B-2A is a long range multi-role bomber flown by the USAF. It is capable of
delivering both conventional and nuclear munitions. Its low-observable, or “stealth,”
¢haracteristics give it the ability to penetrate sophisticated defenses and threaten heavily
defended targets. The B-2’s low observability is derived from a combination of reduced
infrared, acoustic, electromagnetic, visual, and radar signatures.

Backup Aireraft Inventory (BAI) — A quantity of aircraft above the Primary Aircraft Inventory
(PAl) whose purpose is to permit scheduled and unscheduled maintenance,
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modifications, inspections, and repair without reduction to the number of aircraft required
to be available for operational missions. See entry for PAL,

Brochure — For a given aircraft type undergoing depot-level maintenance, repair, and overhaul,
the proposed/planned tasks are compiled in a document called a “brochure.” The
brochure includes tasks, approved hours, occurrence factors, and number of aircraft
scheduled to work per year by mission design series. It also includes a narrative
describing the support provided and its cost by task.

Busincss Casc Analysis (BCA) — A process that develops and a resulting set of documents that
lays out the reasoning for initiating a project or task. A business case normally captures
both the quantifiable and unquantifiable characteristics of a proposed project. These
characteristics can include performance, producibility, rcliability, maintainability, and
supportability enhancements. A BCA is used to (1) guide the initial decision to invest in
a project, {2) guide the decision to select among alternative approaches, and (3) validate
any proposed scope, schedule, or budget changes during the course of the project.

C-130 Hcrcules — A four-engine turboprop tactical airlift military transport aircraft built by
Lockheed and operated by the USAF and US Navy and over 60 other countries’ military
services. Variants of the C-130 have been used for aerial refueling, gunship, weather
reconnaissance, and many other missions. There have been over 40 diffcrent models and
variants. The USAF accepted its first C-130 in 1956 and the aircraft (much upgraded) is
still in production for the US military and other countries. The USAF operates the 1960s
model C-130L (all have becn or are being retired from service) and C-130H models
(many carlier H-models are being or have been rctired) and well as the C-130J Super
Hercules. Over 400 C-130s remain in the USAF inventory; however this number is being
reduced as carlicr production models arc being retired from service, many of which will
not be replaced by C-130Js. The current in-production model is the C-130J, which has
upgraded cngines, avionics, and operational/logistics performance, and is operated with a
reduced crew.

C-17 Globemaster 11 — A Boeing four-engine airlift aircraft operated by the USAF and several
other air forces around the world. 1t is used for both strategic and tactical airlift of troops
and cargo. It can carry up to 171,000 pounds of cargo and is air-refuelable. About 213
C-17s are currently in service with the USAF.

C-5 Galaxy — The C-5 Galaxy is a very large four-engine jet transport aircraft built by Lockheed
and has been operated by the USAF since 1969. It provides a long rangc strategic airlift
capability (payloads up to 270,000 pounds) and includes the ability to carry outsize and
oversize cargos, including all air-certifiable cargo. Thc C-5 can be refucled in flight.
Most of the original 81 C-5A models have been or will be retired from service by 2013.
About 52 C-5M “Super Galaxy™ aircraft will remain in the USAF force structure. These
aircraft are mainly C-5Bs that have been upgraded with new engines, avionics, and a
variety of structural and systems reliability improvemecnts.

Carbon Nanotube — A form of carbon with a nanostructure that can have a length-to-diameter
ratio greater than onc million. These cylindrical carbon molecules have novel propertics
that make them potentially useful in many applications. They exhibit extraordinary
strength and unique electrical properties, and are very efficient conductors of heat. Thcir
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name is derived from their size, since the diameter of a nanotube is on the order of a few
nanometers.

Centralized Asset Management (CAM) — In 2006, the CSAF directed the sustainment
community to “radically simplify and strcamline AF sustainment business practices.”
The result was to focus resources on AF priorities, as defined by the Air Force Corporate
Structure, and as a result, the CAM office was developed. The mission of the CAM
office is to centralize and intcgrate management of Al sustainment to optimize
warfighting capability through effective and efficient allocation of resources across the
enterprise. The CAM office guides the Weapon Systems Sustainment PPBE Process
through a well-defined, inclusive governance process,

Chargc Coupled Device (CCD) Detector — A charge-coupled device (CCD) is a semiconductor
chip, one face of which is scnsitive to light and then takes an electrical charge resulting
from that light and moves the charge to an area where the charge can be converted into a
digital value (and hence processed and/or amplified). A CCD-based detector (or sensor)
uscs CCDs to provide its images. A CCD-based detector contrasts with a device using
photographic or photoclectric devices. CCD devices are common in the field of digital
imaging.

Chief Technology Officer (CTO) — A suggested position to be cstablished at cach USAL Air
Logistics Center. The CTO’s role would be to align the sustainment technology vision
with the ALC’s operational and business strategics by intcgrating ALC processes with the
appropriate technologies. The CTO would also be responsible for all aspects of
overseeing the development of requirements for ncw sustainment technologies,
advocating them within the AFMC process to be prioritized for implementation action by
the AF Rescarch Laboratory, and the cvaluation, acquisition, and adaptation as required
of current sustainment technologies within the ALC. The CTO would report 1o the ALC
Commander/Dircctor.

Cocfficient of Determination — A statistical mcthod that explains how much of the variability of
a factor can be caused or explained by its relationship to another factor. Cocfficient of
determination is used in trend analysis. It is computed as a value between zero and one
and the higher the value, the better the fit. The coefficient of determination is an
important tool in detcrmining the degree of lincar-correlation of variables (“goodness of
fi”) in regression analysis. It is also referred to as “R-Squared” or R?,

Color of Money — United States law provides that “Appropriations shall be applied only to the
objccts for which the appropriations were made except as otherwise provided by law.”
The annual DoD appropriations acts include approximately 100 diffcrent appropriations
which, colloquially, are known as “color of money.” Major “colors” include funds for
operations and maintenance (O&M), rescarch and development (R&D), procurement
(divided into aircraft, mussile, and other), Military Personnel, and Military Construction.
Each major category has overall limits on the time period in which the funds may be
obligated and expended along with many other restrictions, and there arc many
sub-categories (“hues’™™) cach with their own restrictions and limits within each major
appropriation. “Color of money” may refer to the overall appropriation or to specific
levels of subcategories in cach, depending on user and context.

141




Commereial Off the Shelf (COTS) — Software or hardware, technology, or other products that
arc ready-made and available for sale, lease, or license to the general public. COTS items
require no unique government modifications or maintenance over the life cycle of the
product to meet the needs of the procuring agency. Motivations for using COTS
components include reduction of overall system development and costs, Therc are
sometimes maintenance cost advantages to using COTS equipment, but since the
lifecycle of COTS systems are determined by public desire, they can be subject to
availability issucs after some period of time.

Comprehensive Engine Management System — USAF’s standard data system for tracking
engine status, accountability, and critical parts life tracking. It providcs on-linc rcal-timc
data accessibility to all levels of management and supports engine accountability and
critical parts life tracking requirements. CEMS supports both the On-Condition
Maintenance and Reliability Centered Maintenance concepts for engincs.

Compton Seattering — A type of scattering that X-rays and gamma rays (both photons with
different energy ranges) undergo in matter. The inelastic scattering of photons in matter
results in a decrease in energy (increase in wavelength) of an X-ray or gamma ray
photon, called the Compton Effect. Part of the energy of the X/gamma ray is transferrcd
to a scattering clectron, which recoils and is ejected from its atom (which bccomes
ionized), and the rcst of the energy is taken by the scattered, “degraded” photon.

Computer Systems and Softwarc Intcgrity Program (CSSIP) — A development and test
process intended to ensure integrity is designed into aircraft computer systems and
softwarc (whether the aircraft is new, a legacy version being upgraded with new
capabilitics, or an existing embedded system being maintained). CSSIP addresses the
entirc weapons system computer system architecture from a Systems Enginccring
perspective throughout all phases of acquisition and sustainment and is intended to
comprehensively address sofiware, hardware, computer system architecturcs, and system
functional integration to assure airworthiness and mission effectivencss of the system.

Condition Based Maintcnance (CBM) — A set of maintenance processes and capabilities
derived in large part from real-time assessment of weapon system condition using data
obtained from embedded sensors and/or external tests and measurements using portable
equipment. The goal of CBM is to perform maintenance only after one or more
indicators show that equipment is going to fail or that cquipment pcrformance is
deteriorating.

Contraet Logisties Support — The performance of maintenance and/or matcricl management
functions for a DoD system by a commercial activity. This support may be contracted on
a long- or short-term basis.

Core Automated Maintenanee System (CAMS) for Airlift (GO81) — Provides both a
maintenance management system and a logistics command and control system for thc
USAF mobility aircraft fleet. CAMS provides fleet-wide visibility of status and location
of aircraft, discrepancy history, time-compliance technical order status, ctc. It also
provides Air Mobility Command weapon system managers and analysis pcrsonnel with
fleet wide information for overall management of the wcapon systems and can also
determine historical trends.
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Core, Core Depot Maintenance — A set of government organic logistics capabilitics mandated

by law (US Code). The Department of Defense must maintain a core logistics capability
that is Government-owned and Government-operated (including Government personnel
and Government-owned and Government-operated cquipment and facilitics) to ensure a
ready and controlled source of technical competence and resources necessary to cnsure
effcctive and timely response to a mobilization, national defense contingency situations,
and other emergency requircments. Note: Sec 50/50.

Corrosion — The reaction of an engincered material due to chemical reactions with its

surroundings. In the most common usc of the word, this mecans clectrochemical
oxidation of metals in rcaction with an oxidant. Many structural alloys corrode merely
from exposure 1o moisturc and air. Corrosion is most often determined by its byproducts:
rust, flaking, or oxidation buildup on the surfaccs of metallic parts. Corrosion can be
concentrated locally to form a pit or crack, or it can extend across a wide area more or
less uniformly corroding the surfacc. While not referred to as corrosion, resins and
sealants also react with moisture, temperature, ultraviolet radiation, and air and these can
degrade their performance as well.

Cost Driver — An activity that is the root causc of why a cost occurs. Often it is a term uscd to

rclate the cause of an increascd cost or to describe an increasing cost trend.

Critieal Safety Item (CSI) — A part, assembly, installation, or production system with one or

more cssential characteristics that, if not conforming to the design data or quality
requirements, would result in an unsafe condition that could cause loss or serious damage
to the end item or major components, loss of control, or serious injury to personnel.

D200 Requiremcents Management System (D200RMS) — A part of the Air Force Matericl

Command’s Requirements Management System  suite  of systems, D200RMS
cncompasses the automated and manual functions involved in the AFMC’s Materiel
Requirements Process.  This process forecasts and controls procurement and repair
requircments of materiel necded for logistics support of weapons systems operated by the
Air Force.

Demand Forecast Accuracy — Demand forecasting is the activity of estimating the quantity of a

product or scrvice that will be required. Demand forecasting involves techniques
including both informal methods, such as educated guesses, and quantitative mcthods,
such as the use of historical sales data or current data from test markcts, Forecast
accuracy 1s a measure of how close the actual demand was/is to the forecasted quantity.
Accuracy is the converse of demand forecast crror and normally the crror is calculated
via the mean absolute percentage crror method.

Depot — Pronounced dep’ 0. A facility dedicated to logistical (systems maintenance or storage of

Depot

supplies) opcrations. A depot provides on- and off-equipment maintenance tasks
requiring highly specialized skills, sophisticated shop equipment, and/or special activities
of a supporting command at a logistics center, centralized repair facility, contractor repair
facility, or, in some cases, at an opcrating location.

Level Repairable — A part, system, or subsystem whose repair is controlled by or
accomplished by one of the USAF depots. Only the depot can make the determination to
condemn/scrap a depot-level repairablc item.
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Dcpot Maintenancc Action Working Group — A group of representatives from the activities
involved in activating a depot maintenance capability for individual systems and
cquipment.

Dcpot Purchased Equipment Maintenance — Covers organic and contract depot level
maintenance/overhaul for aireraft, engines, missiles, software, and other major end itcms
(e.g., radios, tool sets, vehicles, radars, and other major pieces of equipment that arc
assembled and ready for intended use).

Dcpot Source of Repair — A decision proeess undertaken for all programs that defines where
depot-level repairs will be aecomplished (organic depot vs contractor facility and, if
organic, whether another Service may have existing depot capacity that could accomplish
the task more economically than retaining it within the Air Force organic depot
enterprise). The objective of the process is to reduce weapon system costs for depot
activation and recurring depot support.

Design Scrvice Life — The design serviee life is the period of time (e.g., years, flight cycles,
hours, landings, etc.) established at the time of the system’s design, during which the
structure 1s expected to maintain its struetural integrity when flown to the design loads /
environment spectrum.,

Dctermination and Finding (D&F) — A special form of written approval by an authorized
official that is required by statute or regulation as a prerequisite to taking certain contract
actions. The “determination” is a conclusion or decision supported by the “findings.”
The findings are statements of fact or rationale essential to support the determination and
must eover each requirement of the statute or regulation. A D&F shall ordinarily be for
an individual contract action however, unless otherwise prohibited, D&Fs may be
cxecuted for classes of contract actions.

Dcvclopment System Manager — The individual with functional responsibility for the
development portion of a system’s life cycle and in support of a program manager.

Diminishing Manufacturing Sources (DMS) and Matcrial Shortages (DMSMS) — The loss
or impending loss of manufacturers or suppliers of items or raw materials. DMSMS is a
concern whenever a system is no longer in production, since loss in revenue can be a
cause for a supplier to shut down. Diminishing supplier base can be an issue even before
production is complete in an era of diminishing system acquisition.

DoD Acquisition Milestones (A, B, and C) — The management framcwork for defense systems
acquisition is commonly referred to as the acquisition life cycle. The life cycle process
consists of phases separated by dccision points called milestones. Milestones (MS)
cstablished by Department of Defense Instruction 5000.02 are:

* MS A approves entry into the Technology Development phase,

e MS B approves entry into the Engineering and Manufacturing Development phase
(Note: formal program initiation normally oceurs at MS B), and

¢ MS C approves entry into the Production and Deployment phase.

E-3 Scntry — A modified Boeing 707 airframe configured with an airborne warning and control
system flown by the USAF, North Atlantic Treaty Organization, and the armed forces of
several other countries. The E-3 provides an integrated command and control battle
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management surveillanee, target detection, and tracking capability. Initial operational
capability for the USAF ocecurred in 1978 and the USAF 33 E-3’s mission systems have
been updated on a regular basis sinec then. The USAF currently has about 33 E-3 aireraft
in its inventory.

Economie Serviee Life — The remaining useful life of an asset that results in an aeeeptable
annual equivalent eost. The eeonomie life is not neeessarily equal to the asset’s useful
service life. As an asset ages and operating and maintenance eosts inerease, it may be
more economical to replaee the asset before the end of its serviee life instead of incurring
the inereased operations and maintenanee eosts near the end of the serviee life.

eLog21 — Expeditionary Logisties for the 21st Century is an umbrella strategy that integrates and
governs logisties transformation initiatives to ensure the warfighter reecives the right
support at the right place and the right time. The eLog2l effort promotes data sharing,
collaboration, and better deeision making across the entire Air Foree supply ehain. The
overall goals of eLog?| are to inerease equipment availability and reduee operations and
support eost. Benefits of cLog2l are expected to include inerecased data aceuracy,
optimized repair planning, eentralized asset management, total asset visibility, resouree
optimization, and helping to improve/enable predietive maintenanee.

Engineering Requirements Review Proeess (ERRP) — The proeess through whieh the initial
Programmed Depot Maintenance work task definition is done. The ERRP develops
requirements for each MDS and then approves and determines supportability of
scheduled maintenanee tasks. The output of the ERRP is translated to a work
speeifieation and then to the Air and Missile Requirements brochure, which documents
requirements to the supply ehain and is used to forecast the parts requirements for the
following 5 years. See the entry for Broehure.

Enhanced Technical Information Management System — A USAF technical order (TO)
management system that provides a ncar real-time, web-based, single point of aecess to
electronie TOs, with managed configuration and controlled acecess to authorized users
only.

Enterprise Solution-Supply (ESS) — An online tool gives logisticians the ability, with a single
query, to quickly find parts stored in any of the more than 300 Air Foree depot- or
base-level supply aceounts. It is one of three eomponents of the Integrated Logisties
System-Supply.

Equivalent Flight Hours — The flight hours determined from the actual flight hours flown
multiplied by a damage index that is affeeted by the severity of flight eonditions in which
the aireraft is flown. The usage severity reflects the operational weight and maneuver
loads at whieh the aireraft is flown and is determined from damage index data stored in
the individual airerafi-tracking database, whieh is part of the aireraft struetural integrity
program. For example, for an aireraft flown for 1,000 hours strietly aecording to its
designed maneuver and load speetrum the equivalent flight hours would equal the
number of aetual flight hours. 1f the aireraft was flown much more benignly than the
designers assumed, the equivalent hours would be less than the 1,000 actual hours.
Conversely, if the aireraft was flown in a mueh more severe manner than was assumed
for the original design, 1,000 aetual hours might equal 2,000 equivalent hours. Thus, the
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planned structural lifctime of an aircraft can be “used up” quicker or slower than its
actual in-scrvice hours would otherwise indicate. For examplc, some models of the F-16
started showing signs (cracks, etc.) of reaching its service lifc in just 3,500 hours for
some components, even though the F-16 was designed for 6-8,000 actual flight hours.
This was because it was being used harder than had been assumed when it was designed,
thus the equivalent flight hours were far exceeding the actual flying hours.

F-15C/D - The F-15 Eagle is an all-weather tactical fighter designed to gain and maintain air
superiority in aerial combat. The F-15C Eagle is an updated version of the F-15A. The
F-15D is a two-place version of the F-15C. It entered the Air Force inventory beginning
in 1979 and has many improvements including additional internal fuel, provision for
carrying cxterior conformal fuel tanks and increascd maximum takcoff weight.
Additional enhancements include an upgraded central computer; ability to employ
advanced versions of various air-to-air missiles; an expanded electronic warfare system,
and radar improvements.

F-16C/D (Block 40, Block 50) — The F-16 Fighting Falcon is a multi-role tactical fighter aircraft
flown by the USAF and numcrous other Air Forces around the world. The F-16 Block 40
series s the improved all-day/all-weather strike variant equipped with LANTIRN pod
and features strengthened and lengthened undercarriage, an improved radar, and a Global
Position System (GPS) receiver. Block 50 F-16s have an improved GPS/Incrtial
Navigation System, and the ability to carry additional advanced munitions such as the
AGM-88 High speed Anti-Radiation Missile, Joint Direct Attack Munition, Joint Stand
Off Wecapon, and Wind Corrected Munitions Dispenser.

F-22 Raptor — A USAF fighter aircraft that utilizes stealth technology. It is primarily an air
superiority fighter but has multiple capabilities including ground attack., It normally
carries its munitions intcrnally to preserve its stealth characteristics but can carry
additional munitions on external hard points if required.

F-35 Lightning II — A single-seat, single-engine, stealth-capable military strike fighter aircraft
currently in development for the USAF and other Services as well as a number of foreign
countrics. It is a multi-role aircraft that can accomplish close-air support, tactical
bombing, and air supcriority,

Far Tcrm — 10-15+ ycars from the date of the study. For this SAA Study the far-term would be
defincd as 2021-2026 or later.

Fiscal Ycar (FY) — For the United States Government, the period covering 1 October to 30
September {12 months).

Flcet Viability Board — An organization within the Headquarters, USAF, that provides the
Secrctary of the Air Force and the Chief of Staff with technical assessments of USAF air
vchicle fleets. These assessments can lead to “continue to operate and sustain,”
“upgrades required to maintain mission viability,” and/or fleet or partial flect retirement
decisions,

Flect Viability Prioritization Modcl — A web-bascd application providing Air Force leadership
with a prioritizced list regarding which USAF aircraft types need in-depth analysis by the
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USAF Fleet Viability Board. 1t provides rough-order-of-magnitudc prioritization based
on mathematical analysis of USAF fleet types. Sce entry for Fleet Viability Board.

Foreign Object Damage (FOD) — Any damage attributed to a foreign object that can be

expressed in physical or economic terms that may or may not degrade the product's
required safety and/or performance characteristics. Also, FOD is an aviation term
typically used to describe debris on or around an aircraft as well as damagce done to an
aircraft. FOD 1s an abbreviation often used in aviation to describe both the damage done
to aircraft by foreign objeets, and the foreign objects themselves. Sce cntry for Foreign
Object Debris,

Foreign Objcct Dcbris — A substance, debris or article alien to a vchicle or system which would

potentially causc damage. Sec entry for Foreign Object Damage.

Form 107 - The Form 107, Request for Engineering Technical Assistance is used for two types

of assistance necds: for Technical Assistance (TAR) and for Maintenance Assistance
(MAR). A TAR is used for engineering support/disposition and a MAR requests depot
maintenance action. The Form 107 provides advice, assistance, disposition, and training
pertaining to installation, operation, and maintenance of equipment using authorized
procedurcs, It can also provide authorization for one-time repairs or time dcfinite repair
opportunities beyond what is spelled out in existing technical orders and can also provide
the onc-time authority to usc a specific part/commodity with defects or deviations beyond
tcchnical order limits and/or provide authorization for limited use of non-listed
substitutes (suppliecs, components, support equipment, efc.) to prevent mission
impairment.

Form 202 — The AFMC Form 202, Non-Conforming Technical Assistance Request/Reply, is

used by a maintcnance activity to request technical assistance from the responsible
engincer or cquipment specialist when published technical data arc not considercd
adequate. A maintenance activity also uses AFMC Form 202 to request technical
assistancc in the event of parts or material shortages,

Future Years Defense Program (FYDP) — A DoD database and intcrnal aceounting system that

summarizes forces and resources associated with programs approved by the Secretary of
Defense.  Its thrce parts are the organizations affected, appropriations accounts
(Research, Development, Test and Evaluation (RDT&E), Operations and Maintenance
(O&M), ete.), and the 11 major programs (strategic forces, mobility forces, R&D, etc.).
The FYDP allows a “crosswalk” between DolD)’s internal system of accounting via cleven
major programs and the six major Congressional appropriations for DoD. The primary
data element in the FYDP is the Program Element. The FYDP is updated annually and
covers the prior year, current year, budget year, and the following four years (i.e., the
“outyears™).

Global Air-Traffic Management (GATM) — A concept for satcllite-based communication,

navigation, surveillance and air traffic management.  The Federal Awviation
Administration and the International Civil Aviation Organization cstablished GATM
standards to keep air travel safe and effective in increasingly crowded worldwide air
spacc. Many older aircraft (c.g., the USAF’s KC-135, C-130, and C-5) have required
extensive and expensive avionics upgrades/modernization to be able to take advantage of
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GATM and to avoid the operating restrictions {operating routes, altitudes, etc) to which
non-GATM capable aircrafi are subject.

Global Positioning System (GPS) — A satellite constellation that provides highly accurate
position, velocity, and time navigation information to users. Each satellite continuously
emits a pair of signals by which the system's precision and accuracy are achieved. GPS
receivers employed by various users can provide positioning accuracy to within
centimeters.

High Veloeity Maintenance (HVM) — The HVM concept, compared to previous depot
maintenance practices, involves bringing an aircraft into the depot for maintenance more
frcquently but for shorter durations of time. For example, a cargo aircraft would be
brought to depot once every 18 months instead of once every five years. A spccific
example would be that of a C-130, which would remain at the depot for 12 to 15 days
every 18 months, compared with up to 160 days per regular depot visit.

Home Station Check (HSC) — Consists of heavy maintenance inspections such as isochronal
inspections, which are offset from HSCs by 180 days, and the more infrequent
programmed depot maintenance (PDM), which usually involves major tear-down and
repair actions. These inspections normally drive the planncd depot actions.

Hot Corrosion — When aircraft systems (e.g., jet engines, structural components exposed to hot
cxhaust gases, etc.) operatc at high temperatures (650-1,100 degrees Centigrade) and
involve the contact of metallic or ceramic materials with combustion product gases or
other oxidizing gases containing inorganic impurities a very scverc corrosive
environment may be created. As the gases are cooled, fused salt films can condense on
the hardware to generate a highly corrosive condition analogous in some aspects to
aqueous atmospheric eorrosion. “Normal” expected corrosion rates may be aceelerated
(increased severity, reduced time) by orders of magnitude under such conditions,

Individual Aircraft Tracking (IAT) — The objective of 1AT is to provide data on each aircraft
that reflects differences in usage from that of the baseline design load and usage
spectrum. Various required structural inspections/modifications are based on an assumed
usage. The IAT cffort accounts for differences in such usage among individual aircraft.
Data can be gathered through aircrew rcporting (after each flight) and/or automated data
collection systems that can download their usage data (g-loads, mancuvers, landings,
pressurization cycles, etc). 1AT data is essential in the computation of equivalent flight
hours for cach aircraft. See entry for Equivalent Flight Hours.

Intcgrated Data for Maintenance (IDM) — A web-based program/platform under development
to host the Technical Orders (TOs) for USAF wcapons systems and also manage user
accounts world-wide. 1t will deliver, track, and validate TO files across any network and
deliver them to any vicwing device. It includes a part number databasc for managing,
updating, and viewing parts data for weapon systems. It also includes a collaboration
capability to facilitate the review, verification, and validation of change data. Parts of the
1DM platform are in use.

Integrated Maintecnance Data System (IMDS) — The standard Air Force system for
maintenance information. All maintenance information is intended to be accessible for
collection, storage, and dissemination of critical data for repair and improvement of Air
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Force weapon systems and equipment. IMDS funetions as a single logieal data base that
aceesses historieal and legacy data stored in other data bases.

Integrated Maintenance Information System (IMIS) — The operational tool that records and
networks real fleet-wide maintenance information. IMIS is intended to improve the
capabilities of aircraft maintenanee organizations by providing technicians with a single
information system for intermediate and organizational maintenanee,

Initial Operational Capability (I0C) — In general, attained when some units and/or
organizations in the foree structure scheduled to receive a system (1) have received it and
(2) have the ability to employ and maintain it. The speeifies for any partieular system
10C are defined in that system’s Capability Development Document and Capability
Production Document.

Item Manager — An individual within the organization of an inventory control point or other
such organization assigned management responsibility (e.g., ensuring the appropriate
quantities of an item are procured and maintained in stock) for one or more speeifie items
of materiel, ltem managers perform materiel management functions such as worldwide
item distribution and redistribution, materiel requirements determinations, budget
estimates, cataloging, repair programs, and other related funetions.

Joint Computer-Aided Aecquisition and Logisties Support (JCALS) — A multi-Service,
geographically distributed client-server system designed to process all data and
information required to manage, control, and produce each Service's technical manuals at
designated technical manual processing sites,

Joint Engineering Data Management Information and Control System (JEDMICS) — A
DoD initiative for the management and eontrol of engineering drawings and related text
in a standard repository.

Joint Reliahility Availability Management System (JRAMS) — A USAI integrated
information management system developed by Southwest Researeh Institute that
provides a suite of analysis tools to support aireraft maintenance, supply, operations, and
availability management. JRAMS provides a tool to assist equipment, system. and
aireraft managers cffectively apply limited resources to meet mission responsibilities.

KC-135 Stratotanker — A large Boeing four-engine jet transport aireraft designed to refuel
other aireraft in flight. About 732 were built (production started in 1956 and ended in
1965) and the USAF eontinues to operate over 400 of them. The current main version of
the KC-135 is the KC-135R, whieh has upgraded engines, structure, and avionics
compared to the original KC-135A. When operated in its transport role the KC-135 can
carry up to 83,000 pounds of eargo. Several variants of the KC-135 airframe remain in
serviee in reconnaissance, special mission, test, and other roles.

Laser Shearography — Shearography is a whole ficld, real-time imaging teechnique that reveals
out-of-plane deformation derivatives in response to an applied stress. Laser shearography
uses the coherent, monochromatic properties of laser light to generate speckle patterns.
First, the component to be inspeeted is illuminated by the laser. The surface refleets the
light creating a pattern at the viewing plane, which ean be proeessed to provide
information suech as the presence of defeets, material degradation, or residual stresses.
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The system also records the pattern from an unstressed component surface. The image is
recorded using a video camera, digitized and stored on a computer. The surface is then
stresscd and a new speckle pattern generated, recorded, and stored. The computer
subtracts the speckle patterns from each other, thus forming an image made up of series
of characteristic black and white fringes, representing the surface strain in the arca of
intercst. If a defect exists, this will affect the surface strain and the defect can be revealed
by the fringe pattern developed. Laser shearography is a useful tool in the detection of
debonds and voids in many different materials, such as laminates, composites,
honcycomb structures, and foam insulation. The first reported large scale application was
to non-destructive inspection activities on the B-2 bomber.

Legacy Aircraft — An aircraft type (mission design serics) that has been superseded by a newer,
in-development or in-service type (cven if the older type remains in production for other
users). Examples for the USAF include but would not necessarily be limited to the F-15
and F-16 fighters, A-10 attack aircraft, B-52 and B-1 bombers, C-130 E/H and C-5
transports, and the KC-10 and KC-135 aerial tankers.

Lifc Cycle Managcment Plan (LCMP) — The LCMP consolidates two previous plans, the
Single Acquisition Management Plan and Product Support Management Plan, into a
single document that integrates both the acquisition and sustainment strategies and
provides all support requirements of a system, subsystem, or major end item.

Lifc Cycle Sustainment Plan — Sustainment planning and execution intended to seamlessly
span a system’s entire life cycle, from Matcriel Solution Analysis to disposal. I
translates force provider capability and performance requirements into tailored product
support to achieve spccified and evolving lifc-cycle product support availability,
reliability, and affordability parameters,

Linc Replaccable Unit (LRU) — A modular component designed to be replaced quickly at an
operating location. An LRU is usually a sealed unit such as a radio, flight control
computer, power supply, or other auxiliary cquipment. LRUs improve maintenance
operations, because they can be stocked and replaced quickly from on-site inventory,
restoring the system to service, while the failed (unserviceable) LRU is undergoing
maintenancc,

Logistics, Installations, and Mission Support-Entcrprisc View — LIMS-EV is a part of the
USAF eLog 21 program and is intcnded to provide the Air Force logistics enterprise with
near-real time data on the location, quantity, and status of Air Force resources. It also
provides a suite of logistics reporting and performance analytics capabilities including
weapon system availability as well as munitions, vehicle, support equipment, and supply
chain management status. See entry on eLog21.

Longeron — A fore-and-aft framing member of an airplane fuselage. Longerons often carry
large bending loads and also help to transfer skin loads to internal structure. Note: It was
an in-flight failure of the upper right longeron, a critical support structure in the F-15C
Eagle, which caused the crash of a USAF F-15C in 2007 and led to a lengthy grounding
of that (aging) aircraft type.

Low Obscrvable — Usually refers (in military aviation) to an airborne platform that is hard to
detect by radar and (sometimes) infrared means. Low observable aircraft reduce their

150

—_




signature via a combination of design features to reduce visibility in the visual, audio,
infrared and radio frequency speetrum. Examples include the USAF’s B-2 bomber and
the F-22 fighter. Achieving a minimal radar cross section is normally a prerequisite to
achieve low observability and normally requires there be no protruding sensors or
weapons or visible airframe openings/cavitics,

Maintenance, Repair, and Overhaul (MRO) — Used to describe inspection/repair of major

aireraft components. MRO activitics may be conducted by independent MRO companies
that provide such services to all paying customers (“MRO” is often used as a synonym
for any such independent entity). MROs can normally perform any level of maintenance
(scheduled or unscheduled repair, overhaul, inspection, preventive, ete.) for any type of
aircraft on which they have been eertified as qualified. Normally MROs are considered
distinet from original equipment manufacturers (OEM) although some OEMs may offer
MRO services both for aireraft/components they manufacture and for others. In practical
use, US Air Force depots (Air Logistics Centers) can be considered as being MRO
entities although they provide many additional services.

Maintenance Steering Group 3 (MSG-3) — A struetured proeess used to develop maintenance

Major

and inspection tasks and intervals for an airplane. It is also a decision-logic process for
determining by rehability prineiples the initial scheduled maintenance requirements for
new aircraft and/or engines. MSG-3 analysis output is used as the basis to sct the
prineiples for each MRO to develop a maintenanee schedule for an aircraft type. See the
entry for MRO.

Command, Lead Major Command (MAJCOM) — A Major Command is the highest
level of command except for Headquarters Air Foree (HAF). The USAF is organized on
a funetional basis in the United States and a gcographical basis overscas. A MAJCOM
represents @ major Air Foree subdivision having a specific portion of the Air Force
operational or support mission. Each MAJCOM is directly subordinate to HAF.

A Lead MAJCOM serves as lead command for defining, advocating, and dirceting
sustainment and modernization strategies for certain assigned mission arcas and systems.
A lead command develops and prioritizes science and technology mission area
investment needs and manages innovation, experimentation, and technology transition
cfforts. It programs and budgets for AF-wide acquisition of assigned systems (e.g., Air
Combat Command programs for the F-35 procurement) and engages with other Air Force
major commands, joint and coalition partners, and national agencics to develop strategies
and initiatives to conduet and improve the conduet of assigned mission arcas. The Air
Foree assigns responsibility for overall management of each system to a “lead command”
to ensurc that all requirements associated with every system receive comprehensive and
equitable consideration. The identity of the lead command is obvious when only one
command has the system assigned to it. However, when Major Commands “share™ a
system among themselves or with units of the Air Reserve Components), the Air Force
clearly designates a lead command so that all using and supporting organizations know
who is the overall advocate for that system over its life eyele.

Manufacturing Readiness Level (MRL) — A measure used by the Department of Defense to

assess the maturity of manufacturing readiness. It serves much the same purpose as
Technology Readiness Levels (sce below). MRLs are quantitative measures used to

151




MRL

assess the maturity of a given technology, component or system from a manufacturing
perspective and are usually used to provide a common understanding of the relative
maturity and attendant risks associated with manufacturing technologics, products, and
processes being considered. In 2011, consideration of manufacturing readiness and
related processes of potential contractors and subcontractors was made mandatory as part
of the source selection process in major acquisition programs.

Description

Basic manufacturing implications identified. Basic research expands scientific principles
that may have manufacturing implications. The focus is on a high level assessment of
manufacturing opportunities. The research is unfettered.

Manufacturing concepts identificd. Manufacturing science and/or concept described in
application context. Identification of material and process approaches are limited to
paper studies and analysis. Initial manufacturing feasibility and issues are emerging.

Manufacturing proof of concept developed. Analytical or laboratory experiments to
validate paper studies are conducted. Experimental hardware or processes are created,
but are not yet integrated or representative. Materials and/or processes have been
characterized for manufacturability and availability but further cvaluation and
demonstration is required.

Capability to produce the technology in a laboratory environment. Required investments,
such as manufacturing technology development identified. Processes to ensure
manufacturability, producibility, and quality are in place and are sufficient to produce
technology demonstrators. Manufacturing risks arc identified for prototype build,
manufacturing cost drivers are identificd, and producibility assessments of decsign
concepts have been completed. Key design performance parameters are identified and
special needs identified for tooling, facilities, material handling, and skills.

Capability to produce prototype components in a production relevant environment.
Manufacturing strategy refined and integrated with a Risk Management Plan.
ldentification of enabling/critical technologies and components is complete. Prototype
materials, tooling and test equipment, as well as personnel skills, have been demonstratcd
on components in a production relevant environment, but many manufacturing processes
and procedures are still in development.

Capability to produce a prototype system or subsystem in a production relevant
environment. Initial manufacturing approach developed. Majority of manufacturing
processes have been defined and characterized, but there are still significant
engincering/design changes. Preliminary design of critical components completed.
Producibility assessments of key technologies complete. Prototype materials, tooling and
test equipment, as well as personncl skills have been demonstrated on subsystems/
systems in a production relevant environment. Detailed cost analysis includes design
trades. Cost targets have been allocated. Producibility considerations shape system
development plans and long lead and key supply chain elements are identified. Industrial
Capabilities Assessment for Acquisition Decision Milestone B have been conipleted.
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Capability to producc systems, subsystems, or components in a production represcntative
cnvironment.  Detailed design is underway. Material specifications arc approved.
Materials available to meet planned pilot line build schedule. Manufacturing processes
and procedurcs are demonstrated in a production representative environment and dctailed
producibility trade studies and risk assessments underway. Cost models arc updated with
detailed designs, rolled up to system level, and tracked against targets. Unit eost
reduction cfforts arc undcrway. Supply chain and supplier Quality Assurance are
asscssed and long lead procurement plans are in place, Production tooling and tcst
cquipment design and development have been initiated.

Pilot line capability dcmonstrated and ready to begin low rate production. Detailed
systcm design cssentially complete and sufficiently stable to enter low rate production.
All materials are available to mect planned low rate production sehcdule. Manufacturing
and quality processes and procedures have been proven in a pilot linc cnvironment, under
control and ready for low rate production. Known producibility risks posc no significant
risk for low rate production. Engineering cost modcls arc driven by dctailed design and
validated. Supply chain is established and stable. Industrial Capabilitics Assessment for
Acquisition Decision Milestone C completed.

Low Rate Production demonstrated and capability in place to begin Full Rate Production.
This is the highest level of production readiness. Engineering/design changes arc few
and gencrally limited to quality and cost improvements. System components or items are
in rate production and meet all engineering, performance, quality, and rcliability
requirements. All materials, manufacturing processes and procedures, inspection and test
cquipment are in produetion and eontrolled to six-sigma or some othcr appropriatc
quality level. Full Rate Production unit cost mcets goal, and funding is sufficient for
production at required rates. Lean praetices are well established and continuous process
improvements ongoing.

Mecan Timc Betwecn Failures (MTBF) — The predicted (or experienecd) elapsed time between

inhercnt failures of a system during operation. MTBF can be calculated as the arithmetic
mean (average) time between failures of a system. The definition of MTBF depends on
the definition of what is considered a system failure, For complex, repairable systcms,
failurcs are considered to be those out of design conditions which placc the system out of
service and into a statc for rcpair. Failures which occur that can be left or maintained in
an unrepaired eondition, and do not plaee the system out of serviee, are not considcred
failures.

Mcchanical and Subsystems Integrity Program (MECSIP) — A series of disciplined time

phased actions, proccdurcs, analyses, tests, etc. intended to ensurc reliable, affordable,
and supportablc aircraft cquipment and subsystems, thus contributing to the cnhancement
of total systems mission effeetiveness and operational suitability. MECSIP applies to
subsystems and cquipment whose operation is primarily electrical or mechanical (c.g.,
cnvironmental control, fuel, flight controls, auxiliary power, clectric power and wire,
hydraulic systems, wheels, tires and brakes, auxiliary power, etc.).

MICAP — Mission Capability or Mission Impaired Capability Awaiting Parts. A tcrm uscd to

describe a maintcnance or supply action for a systcm that is not mission capable due to
the lack of available parts. In gencral a “MICAP” designation or usc of the term implics
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a higher priority action request within the military logistics system for obtaining,
transporting, and installing the part(s). A similar term in commercial aviation is the
“Aircraft on Ground” designation.

Micro-Elcctro-Mcchanical System - The integration of mechanical elements, sensors,
actuators, and electronics on a common silicon substrate through micro fabrication
technology. While the clectronics are fabricated using integrated circuit process
sequences, the micromechanical components are fabricated using compatible
“micromachining” processes that selectively etch away parts of the silicon wafer or add
new structural layers to form mechanical and electromechanical devices.

Mid-Term — Five to ten years from the date of the study. For this SAA Study the mid-term
range would be defined as 2016-2021,

Milcstonc A — A DoD acquisition program milestone is a point at which a recommendation is
made and approval sought regarding starting or continuing an acquisition program, i.e.,
proceeding to the next phase. Milestone A is that decision point that approves entry into
the Technology Development phase.

Minimum Equipment List (MEL) — A categorized list of systems, instruments, and cquipment
on an aircraft which are not required to be operative for flight. Although an equipment
item may not absolutely be required to be operative, specific restrictions, procedures, or
conditions may be required for continued aircraft operation with the item inoperative.
Each aircraft model generally has a distinct MEL.

Mission Capable, Mission Capablc Rate — Material condition of an aircraft indicating it can
perform at least one and potentially all of its designated missions. Mission capable is
also defined as the sum of full mission capable and partial mission capable. The mission
capable rate is also a composite metric which relates the percentage of possessed hours
that an aircraft is partially or fully mission capable.

Mission Design Scrics (MDS) — A series of numbers and letters that describe the basic mission
of the aircraft, modifications to the aircraft, manufacturer, etc. These numbers and letters
represent the MDS. All US military aircraft were given a two-part MDS symbol or
designation when the Department of Defense unified all military aircraft designations
under a common designation system. The first part is a letter, which tells the kind of
aircraft and the second part is a number which tells the model of the aircraft.

Moore’s Law — The term given to a long-term trend in the history of computing hardwarc
whercby the number of transistors that can be placed inexpensively on an intcgrated
circuit doubles approximately every two years. The capabilitics of many digital
electronic devices are strongly linked to Moore's law including processing speed,
memory capacity, sensors, etc.

Multi-disciplinary University Research Initiative (MURI) — A program administercd through
the Army Research Office, the Office of Naval Research, and the Air Force Office of
Scicntific Research. MURI supports university research cfforts intcrsecting more than
one traditional science and engineering discipline.

National Stock Number (NSN) — Also called “NATO Stock Number.” A 13-digit numcric
code, identifying all the “standardized material items of supply” as they have bcen
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recognized by all NATO eountries ineluding United States Department of Defense. An
item having an NSN is said to be “stoek listed.” The NSN replaced the 11-digit Federal
Stoek Number whieh was used from 1949 to 1975.

Near Term — Zero to Five years from the date of the study. For this SAA Study the near-term
range would be defined as 2011-2016.

Non Destruetive Inspection (NDI) — The examination of an ohject or material with technology
that does not affeet its future usefulness. NDI ean be used without destroying or
damaging a produet or material. NDI ineludes many methods that ean deteet internal or
external imperfeetions; determine strueture, eomposition, or material properties; and
measure geometrie charaeteristiecs. Commeonly used non-destruetive inspection methods
include liquid penetrant, magnetic particle, eddy ecurrent and radiographic (x-ray)
inspection, ultrasonie inspeetion, tomography, and real-time radiography.

Not Mission Capable Both (NMCB) — Material eondition indieating that systems and
equipment are not eapable of performing any of their assigned missions because of
maintenance requirements as well as work stoppage due to a supply shortage, See Not
Mission Capable Maintenanec and Not Mission Capable Supply below,

Not Mission Capable Maintenanee (NMCM) — Material condition indicating that systems and
equipment are not eapable of performing any of their assigned missions because of
maintenance requirements. See also not mission capable supply (below).

Not Mission Capable Supply (NMCS) — Material eondition indieating that systems and
equipment are not eapable of performing any of their assigned missions beeause of
maintenanee work stoppage due to a supply shortage. See also not mission eapable
maintenanee (above).

Operational Flight Program (OFP) — The embedded software that performs the funetions and
sub-funetions necessary for aireraft (or aireraft systems) to operate in flight. Most
ehanges to munitions or additions of munitions systems to aireraft require extensive
testing to certify the changes to the aireraft's OFP (or to ensure no OFP changes are
needed).

Operations and Maintenanee (O&M) — O&M appropriations traditionally finanee those things
whose benefits are derived for a limited period of time, i.e., expenses, rather than
investments. Examples of eosts financed by O&M funds are headquarters operations,
civilian salaries and awards, travel, fuel, minor construction projects of $750K or less,
cxpenses of operational military forees, training and edueation, reeruiting, depot
maintenance, purchases from Defense Working Capital Funds (e.g.. spare parts), base
operations support, and assets with a system unit eost less than the eurrent procurement
threshold ($250K). O&M appropriations are normally available for obligation for only
one fiscal year.

Operations and Support — All direet and indirect costs incurred in using the system, e.g.,
personnel, maintenance (unit and depot), and sustaining investment (replenishment
spares). The bulk of any system’s total lifc eycle costs are in this eategory, whieh is
normally eomposed of funds from the O&M (see above) and Military Personnel
appropriation aceounts.
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Original Equipment Manufacturer (OEM) — The entity that manufactures and sells products
under its own name. Or, components that are purchased by an OEM and retailed under
that purchasing entity’s brand name. In general, when referring to aging aircraft, OEM
refers to the original aircraft manufacturer (or its business successor) that sold the aircraft
to the USAF.

Paeer Compass, Radar, and GPS (Pacer CRAG) — A USAF KC-135 modemnization program
that ran from 1995 through 2002. It involved a major overhaul of the cockpit to improve
the rcliability and maintainability of the aircraft's systems and install GPS. Upgradcs
included color weather radar, improved compass and radar systems, and an on-board
GPS. Also, a traffic collision avoidance system and new central air data computcr were
added. The later GATM upgrades were then added on top of and integrated with the
Pacer CRAG modifications and the combined Pacer CRAG/GATM program was
completed in 2010. See GATM entry.

Parcto Analysis — A statistical technique in decision making that is used for selection of a
limited number of tasks that produce significant overall effect. 1t uses the principle that a
large majority of effects (80%) are produced by a few key causes (20%).

Part 121 Aviation — A shorthand term used to rcfer to scheduled air carrier operations. It
derives from the relevant portion of the Federal Aviation Regulations (Part 121:
“Opcrating Requirements: Domestic, Flag, and Supplemental Operations”) that
prescribes in detail the exacting requirements to operate such an air carricr.

PBD-720 — Each budget year, many Program Budgct Decisions (PBDs) arc issued by the Office
of the Secrctary of Defense. These PBDs modify the Military Services’ suggested
budgcts. Once all of the PBDs arc issued and resolved with the Services, the DoD budget
is submitted to the Congress as a part of the President’s Budget. In recent common usc
within the USAF, the term “PBD-720" refers to a specific PBD issued in late 2005 that
affected the Fiscal Year 2007 and latcr years’ budgct baselines. Among other cffects, it
madc substantial reductions in USAF military, civilian, and contract personnel accounts
(over 40,000 positions) to fund force modernization and help reach various budget
reduction goals. Many of these reductions affected manpower positions {military and
civilian) that provided aircraft sustainment activitics at both the field and depot levels.

Performance Based Outeome (PBO) — A type of contracting (often associated with
Performance Based Logistics concepts) that allows payment for a level of performance or
a ccrtain outcome defincd by a performance level rather than the morc traditional
delivery of transactional goods and/or services. PBO contracting is perceived by
Aecrospace and Defense Industry, the Department of Defense, and commercial airline
industry as being able to decrecasc lifccycle costs while improving end-customer
satisfaction. “Power by the Hour” would bc one example of a performance bascd
outcome approach. See Glossary entry for “Power by the Hour.”

Point of Maintenance (POMX) — A part of the eLog21 initiative, POMX consists of a wireless
local area network, ruggedized handheld terminals for use by maintenance technicians,
and a dedicated server for receiving and synchronizing data, and laptop and dcsktop
computers for interfacing and analysis. It improves information flow to and from the
maintainer while reducing data input rcquircments (e.g., through barcode rcaders) and
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also provides an error-chccking function through an intelligent interface. Sce cntry for
clog?l.

Portable Maintenance Aid — An interactive maintenance tool that allows mechanics and
engineers 1o analyze and solve aircraft problems at the work sitc (hanger, shop floor,
flight line, etc.). Such a tool will normally have all relevant maintenance documentation
(operating and maintcnance procedures, technical drawings, etc.) available for display to
the user.

Power by the Hour — A term used to describe a support service whercby for a fixed sum per
flying hour, a eomplete engine and accessory replacement scrvice is provided, thus
allowing the operator to aceurately forecast costs, relicving the opcrator of the
requirement to purchase stoeks of engines and aecessories. The kcy feature of the
program is that it undertakes to provide the operator with a fixed engine maintenance cost
over an extended period of time.

Primary Aireraft Inventory (PAI) — The total number of aircrafi assigned to a given unit to
meet the primary aireraft authorization.

Principal Component Analysis — A mathematical procedurc that transforms a numbcer of
(possibly) correlated variables into a (smaller) number of uncorrclated variables called
principal components. The first prineipal eomponent accounts for as much of the
variability in the data as possible, and each succeeding component accounts for as much
of the remaining variability as possible. It is mostly used as a tool in exploratory daita
analysis and for making predietive models.

Product Support Integrator (PS1) — The PSI nomenclature replaces System Support Manager
or System Sustainment Manager (SSM).  The PSI is an entity within the Federal
Government or outside the Federal Government charged with integrating all sources of
product support, both private and public, defined within the scope of a product support
arrangement.  The PSI provides functional support to the Product Support Manager
(PSM). See entry for PSM.

Product Support Manager — The individual with responsibility to lcad the development,
implementation, and top-level integration and management of all sources of support 1o
meet Warfighter sustainment and readiness requirements,  The PSM develops and
implements a eomprehensive product support strategy for each applicable program. The
PSM reports directly to, and is accountable to, the program manager (M) for the
cxceutton of all product support requirements within thc PM’s scope of responsibilitics.
The PSM has the responsibility to interface directly with lead and supporting commands’
logistics, installation, and mission support functional authoritics to ensurc cxecution of
readiness requirements.

Product Support Provider (PSP) — The PSP is an entity that provides product support
functions. The term includes an entity within the Department of Defensc, an cntity
within the private sector, or a partnership between such entitics.

Program of Reeord — A program which has survived the POM/Budget formulation process and
is listed (and thereby appropriately funded) in the Future Years Defense Program
(FYDP). The two primary elements of a FYDP are Program Element (PE) and Resource
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ldentification Codc (RIC) and a program of record will be listed as a PE or within a PE.
See cntry for FYDP.

Programmed Depot Maintenance — The (normally) periodic inspection and correction of
defeets that require skills, equipment, or facilities not normally possessed by operating
locations, It is complex, usually lengthy (2-6 months) and expensive ($1M+), and is
governed by numerous technical orders and policy directives.

Program Objective Memorandum (POM) — The final product of the DoD Components’
internal programming proeesses, the POM is submitted to the Scerctary of Defense
(SccDef) by the DoD Component heads (ineluding the Secretary of the Air Foree). The
USAF POM recommends the USAF’s total resouree requirements and programs within
the parameters of SecDef’s fiscal guidance and shows programmed needs for the six
years of the Future Years Defense Program (FYDP) (i.c., in FY 2010, POM 2012-2017
was submitted). The SecDef responds to the Component POMs by approving those
subject to (many) modifications. Afier an iterative process between the Components and
the Office of the Secretary of Defense regarding thosc modifications, the POM, as
modificd, becomes the Components’ budgets that are submitted to SecDef and then to the
Congress by the President.

Propulsion Systems Integrity Program (PSIP) — An organized and diseiplined engincering
and management process to assure that the integrity of the engine is achieved in the
development program and maintained throughout operational service. The PSIP process
consists of phased tasks that increase knowledge of the true characteristics of the
propulsion system being developed. The goal of PSIP is to use the knowledge gained
from these tasks to balanec cost and risk and maximize product maturity and
effectiveness. PSIP applies to USAF air vehicles which have a propulsion system based
on or powered by a gas turbine engine.

Quadrennial Defense Review (QDR) — A legislatively-mandated review of the US Department
of Defense strategics and priorities that is condueted every four years by the DoD. The
QDR sets a long-term eourse for the DoD as it assesses priorities and challenges that the
United States faces. It rebalances the DoD’s strategics, capabilities, and forces to address
current conflicts and future threats. The Quadrennial Defense Review Report is the main
public document deseribing the military doctrine of the United States.

Radiometrix Ultra High Frequeney (UHF) Frequency Modulated (FM) Data Transmitter
and Reeeive Modules — A printed circuit board mounted UHF FM radio transmitter and
receiver pair which enables implementation of a short range data link. 1t may be used for
one-to-one and multi-node wireless links in applications including eleetronie point of sale
and inventory tracking, remote industrial process monitoring, and computer networking.
Because of their small size and low power requirements, these type modules are
well-suited for use in portable, battery-powered applications such as hand-held terminals.

Readiness — The ability of US military forces to fight and meet the demands of the national
military strategy. Readiness is the synthesis of two distinct but interrelated levels:
(1) Unit readiness: The ability to provide capabilities required by the combatant
commanders to execute their assigned missions. This is derived from the ability of cach
unit to deliver the outputs for which it was designed.
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(2) Joint readiness: The combatant commander's ability to integratec and synchronize
ready combat and support forces to execute his or her assigned missions.

Reliability and Maintainability Information System (REMIS) — The Air Force’s central
database for equipment that provides near-real time on-line data for tracked aircraft and
equipment to DoD, Air Force, and MAJCOM staffs. The system interfaces with a
multitude of other DoD and contractor systcms; however, the majority of Air Force
aircraft and engine data are transferred into REMIS from the Core Automated
Maintenance System or the Comprehensive Engine Management System.

Reliability Based Maintenanee (RBM) — A process that describes maintenance as a rcliability
function as opposed to a repair function. Traditional maintenance definitions refer to
repairing equipment when it malfunctions or breaks. RBM considers maintenance to
consist of four types:

(1) Reactive Maintenanec: Breakdown-based, where mechanics respond to equipment
problems.

{2) Preventive Maintenance: Time-based, where mechanics perform basic inspections
and replenish consumables (e.g., lubricating oil, air, hydraulic fluids, etc.), repair and
tcplace parts on a pre-planned interval, and manage spare parts inventories.

(3) Predictive Maintenance:  Condition-based, where meehanics use condition
monitoring instruments (infrared, ultrasound, motor current analysis, oil analysis, etc.) to
track equipment eonditions and make adjustments before equipment breaks down.

{4) Proactive Maintenance — Design-based, where mechanics and cngineers dcsign
equipment for longer service life, ease of maintainability, reliability, and serviccability.

Reliability Centered Maintenanee (RCM) — A process to establish the safe minimum levels of
maintenanee and is generally used to achieve improvemcnts in fields such as the
cstablishment of safe minimum levels of maintenance, changes to operating proecdures
and strategies, and the establishment of capital maintenance regimcs and plans. With
respect to aviation, RCM is used to create a maintenance strategy to address dominant
causes of equipment failure and provides a systematic approach to defining a routine
maintenance program composed of cost-effective tasks that preserve important functions.
RCM can lead to increases in cost effectiveness, system/component uptime, and a greater
understanding of the level of risk that an organization is currently managing.

Remotely Piloted Aireraft (RPA) — A powcred, aerial vehicle that does not carry a human
operator, uses aerodynamie forces to provide vchicle lift, can fly autonomously or be
piloted remotely, can be expendable or recoverable, and ean carry a lethal or nonlethal
paytoad. Note: Also referred to as Unmanned Aeriat Vehicle (UAV).

Resonant Tunneling Diode — A type of clectronic component with nonlinear resistance and
conductance employing a resonant-tunneling structurc in which electrons can tunnel
through some resonant states at certain energy levels. These diodes make use of quantum
mechanical tunneling. Tunneling diodes can be very compaet and are also eapable of
ultra-high-speed operation.

Return on Investment (ROI) — A performance measure used to evatuate the efficiency of
an investment or to compare the efficiency of a number of different investments. To
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calculate ROI, the benefit (return) of an investment is divided by the cost of the
investment; the result is expressed as a percentage or a ratio.

Rivet Joint — The RC-135V/W Rivet Joint reconnaissance aircraft supports theater and National
level consumers with near real time on-scene intelligence collection, analysis, and
dissemination capabilitics. The aireraft is an extensively modified KC/C-135. The Rivet
Joint’s modifications are primarily related to its on-board sensor suite, which allows the
mission crew to detect, identify and geolocate signals throughout the electromagnctic
spectrum. The mission crew can then forward gathered information in a variety of
formats to a wide range of eonsumers via an ¢xtensive communications suite.

Serviee Aequisition Exceutive (SAE) — The Seeretaries of the Military Departments serve as
the SAE (sometime ‘“component acquisition cxecutive™) and are delegated this
powetr/status by the Defense Acquisition Executive. The Service Secretary has the power
of redelegation. In the Air Foree the Assistant Seeretary for Aequisition normally scrves
as the SAE. The SAEs are responsible for all acquisition functions within their
components. This includes life cyclc acquisition of systems and services proeesses from
pre-Milestone A to weapon system retirement (e.g., research, development, test,
evaluation, production, and dclivery of new systems, or modifications to existing
systems).

Service Life Extension — The continued use of a product and/or serviee beyond its original
design life. It emphasizes reliability upgrades and component replacement or rebuilding
of the system to delay the system’s entry into wear-out status due to prohibitively
expensive sustainment, reliability, safety, and/or performance requirements that can no
longer be met. The goal is typically to return the system to as ¢lose to “as new” eondition
as possible while remaining eonsistent with the cconomic constraints of the program.

Software, Computer Software — An aggregation of computer applications and related data that
provide the instructions for telling a eomputer what to do and how to do it. Software is
oftcn divided into applieation software (programs that do work users arc dircctly
interested in) and system software (which includes operating systems and any program
that supports application softwarc). Software can refer to computer programs,
procedures, and associated documentation and data, pertaining to the operation of a
computer system.

Software Integration Laboratory (SIL) — When a new or modificd element of software is to be
used on an aireraft it must be integrated into the aireraft’s current software/hardware and
tested to ensure that it both properly performs its design funetions and does not interfere
with any other software/hardware element of the aircraft’s systems. A software
integration laboratory is used to do verification and validation of the new software for
proper functioning and to check out the integration of the new/modified software with the
existing system using flight-representative hardware and software in a controlled
(usually) ground-based environment where proper functioning of the new/modified
system can be monitored and documented under realistic conditions. SlLs are often used
to support integration of aircraft subsystems, to conduct laboratory development testing
that leads to aircraft ground testing, and to aid aecident investigations.
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Software Maintenance — The modification of a software product afier delivery to correct faults,
1o improve performance, or modify other attributes. It consists of considerably more than
fixing “bugs” as up to 80% of the maintenance effort is used for non-corrective actions.
Note: Many user problem reports that are resolved via software “maintenance™ actions
were actually requests for functionality enhancements to the system.

Software Requirements Application (SRA) — The Air Force Matericl Command Software
Requirements Review process requires the creation of various required documents
including the Software Support Requirements Documentation and the Software Task
Detail Deseription. The SRA is a database that maintains all of the information that is
used to generate the forms.

Software Sustainment — the processes, procedures, people, and information required to support,
maintain, and operate the software aspects of a system. Note; This is not synonymous
with “software maintenance.” When hardware fails, the repair person replaces the failed
part with an identical but functioning part. When software fails. the software engincer
does not replace the offending code with an identical piece of code; rather, the code must
be modified to function correctly and then tested.

Software Verification and Validation (V&YV) — Verification and validation is the process of
checking that a software system meets specifications and that it fulfills its intended
purposc. Verification is the part of the process that evaluates software to determine
whether the produets of a given development phase satisfy the conditions imposed at the
start of that phase (i.c., was the software built in compliance with the requirements and
specifications). Validation is the part of the process that evaluates the software during or
at the end of the development process to determine whether it satisfies specified
requirements (i.c., does it or does it not meet user nceds even if it is in fact “built to
spee™).

Stress Corrosion Cracking (SCC) — The growth of cracks under sustained stress in a corrosive
environment which can lead to unexpected sudden failure of normally ductile mctals
subjccted to a tensile stress, cspecially at elevated temperature 1n the case of metals. The
chemical environment that causes SCC for a given alloy is often one which is only mildly
corrosive to the metal otherwise. Parts with severe stress corrosion can appear “new”
while being filled with microscopic cracks. Stress corrosion eraeking is often driven by
residual stresses which arc difficult to detect. This makes it common for stress corrosion
to go undctected prior to failure. It often progresses rapidly, and is more common among
alloys than pure metals.

Supply Chain Forecasting — A business-planning discipline that uses both statistical forecasting
and a domain-specific expert consensus process. It is centered on (ecustomer) demand
planning, to develop demand forecasts as an input to service-planning processes,
production, inventory planning, revenue, and cash-flow planning. It is generally possible
to create good demand forecasts through a combination of judgmental and statistical
mcthodologies. Statistical models based on solid historical data usually provide a good
baselinc which when “tweaked” by domain expert(s), can provide reliable results on a
continuous basis.
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Sustainment — The purpose of the sustainment cffort is to execute the support program to meet
operational performance requirements and sustain the system in the most cost-effective
manner over its life cycle. Sustainment includes supply, maintenance, transportation,
sustaining engineering, data management, configuration management, manpower,
personnel, training, habitability, survivability, environment, safety (including explosives
safety), occupational health, protection of critical program information, anti-tamper
provisions, information technology, supportability, and interopcrability functions. It also
includes the provision of personnel, training, logistics, and other support required to
maintain and prolong operations or combat until successful accomplishment or revision
of the mission or of the national objective.

Sustainment Engincering — The technical effort required to support an in-service system in its
operational environment to ensure continued operation and maintcnance of the system
with managed risk, including: (1) collection and evaluation of servicc use and
maintenance data and root cause analysis of in-service problems such as operational
hazards, deficiency reports, parts obsolescence, corrosion effects, reliability and
maintainability trends, safety hazards, failure causes and effccts, and operational usage
profiles changes; (2) development of required design changes to resolve operational
issues, introduction of new materials, and revising product, process, and test
specifications; (3) oversight of the design configuration baselines to ensure continued
certification compliance, and technical surveillance of critical safety items and approved
sources for those items; and (4) periodic review of system performance against baseline
requirements, analysis of trends, and development of management options and resource
requirements for resolution.

Sustainment Phase — Also “operations and support” phase. That period starting when
production of a system is substantially complete and stretching through the end of the
system’s service life. In general, 65-70% percent of the life-cycle cost of a military
system is incurred during the sustainment phase.

System Program Manager (SPM) — Designated individual with responsibility for and authority
to accomplish program objectives for devclopment, production, and/or sustainment to
mect the user’s operational needs. The SPM is accountable for cost, schedule, and
performance.

System Program Office (SPO) — A Department of Defense system program office normally is
responsible for the development, acquisition, and support of a weapon system. It
provides program direction and logistics support as the single face to the customer.
Among other tasks, a SPO i1s responsible for acquisition, systems engineering and depot
repair support; manages equipment spares; provides storage and transportation; and
accomplishes modifications and equipment replacement to maintain the weapons system
throughout its lifc. The SPO is headed by the System Program Manager and is the single
Point of Contact with industry, government agencies, and other activities participating in
the system acquisition and sustainment processes.

System Sustainment Manager (SSM) — The individual with functional responsibility for the
sustainment portion of a system's life cycle in support of a SPM. According to Air Force
Instruction 63-101, August 2011, the Product Support Integrator (PS1) nomenclature
replaces the function of the System Support Manager or System Sustainment Manager.
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The PSI is an entity within the Fedcral Government or outside the Federal Government
charged with integrating all sources of product support, both private and public, defined
within the scope of a product support arrangement. The PSI provides functional support
to the PSM,

Systems Engineering — An interdiseiplinary field of engineering that focuses on how complex

engineering projects should be designed and managed over the life cycle of the system.
Issues such as logistics, the coordination of different tcams, and automatic control of
machinery become more difficult when dealing with large, complex projects. “Systems
engineering,” in this sense of the term, refers to the distinctive set of concepts,
methodologies, organizational structures, etc. that have been developed to meet the
challenges of engineering very complex functional physical systems.

T-38 Talon — A twin-engine, high-altitude, supersonic jet trainer used by the USAF to prepare

pilots to pilot front-line fighter and bomber aireraft. The T-38 first flew in 1959 and
more than 1,100 were built through 1972, Several hundred remain in service with the
USAF and it is also flown by the National Aeronauties and Space Administration, the US
Navy, and the armed forces of a number of other countries. As the T-38 fleet has aged,
many of its airframe, engine, avionics, and other mechanical, hydraulic, and eleetrieal
subsystem components have been modified or replaced.

Team Software Process — An approach to building and maintaining software developed by the

Software Engineering Institute. This approach guides engineering teams developing
software-intensive products and provides a process framework designed to help teams of
managers and enginecrs organize projects and produce softwarc products that range from
several thousand lines of code to larger than a half a million lines of code. 1t is reported
to have resulted in: (1) productivity enhancements of more than 25 percent, (2) reduced
cost/schedule variance to less than +/- 10 percent, and (3) reductions in testing
costs/schedule up to 80 percent.

Technical Order (TO) — A document that provides clear and eoncise instructions for the safe

and effcctive operation and maintcnance of centrally-acquired and managed Air Force
military systems and end items. TOs for individual systems and end items are managed
by TO Managers assigned by the responsible Program Manager or Supply Chain
Manager.

Technology Readiness Level (TRL) — A measure used by many Department of Defense

TRL

organizations to assess the maturity of evolving technologics (materials, components,
devices, etc.) prior to incorporating that technology into a system or subsystem.
Generally speaking, when a new technology is first invented or conceptualized, it is not
suitable for immediate application. Instecad, new technologies are usually subjected to
experimentation, refinement, and increasingly realistic testing. Once the technology is
sufficiently proven, it can be incorporated into a system/subsystem.

Description

Lowest level of technology readiness. Basic principles observed and reported, Seientific
research begins to be translated into applied research and development. Example might
include paper studies of a technology's basic properties.
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Technology concept and/or application formulated. Invention begins. Once basic
principles are observed, practical applications can be invented. The application is
speculative and there is no proof or detailed analysis to support the assumption.
Examples are still limited to paper studies.

Analytical and experimental critical function and/or characteristic proof of concept.
Active research and development is initiated. This includes analytical studies and
laboratory studies to physically validate analytical predictions of separate elements of the
technology. Examples include components that are not yet integrated or reprcsentative,

Component and/or breadboard validation in laboratory environment. Basic technological
components are integrated to establish that the pieces will work together. This is
relatively “low fidelity” compared to the eventual system. Examples include integration
of “ad hoc™ hardware in a laboratory.

Component and/or breadboard validation in a relevant environment. Fidelity of
breadboard technology increases significantly. The basic technological components are
integrated with reasonably realistic supporting elements so that the technology can be
tested in a simulated environment. Examples include *“high fidelity” laboratory
integration of components.

System/subsystem model or prototype demonstration in a relevant environment.
Representative model or prototype system, which is well beyond the breadboard tested
for TRL 5, is tested in a relevant environment. Represents a major. step up in a
technology's demonstrated readiness. Examples include testing a prototype in a high
fidelity laboratory environment or in simulated operational environment.

System prototype demonstration in an operational environment. Prototype near or at
planned operational system. Represents a major step up from TRL 6, requiring the
demonstration of an actual system prototype in an operational environment, such as in an
aircraft, vehicle, or space. Examples include testing the prototype in a test bed aircraft.

Actual system completed and “flight qualified” through test and demonstration.
Technology has been proven to work in its final form and under expected conditions. In
almost all cases, this TRL represents the end of true system development. Examples
include devclopmental test and evaluation of the system in its intended weapon system to
determine if it meets design specifications.

Actual system “flight proven” through successful mission operations. Actual application
of the technology in its final form and under mission conditions, such as those
cncountercd in operational test and evaluation. In almost all cases, this is the end of the
last “bug fixing” aspects of true system development. Examples include using the system
under operational mission conditions.

Terms of Reference — A statement of the background, objectives, and purpose of a program,

project, or proposal which shows how the scope will be defined, developed, and verified.

Time and Matcrials (T&M) Contract — A hybrid of fixed-price and cost-reimbursement

contracts which is normally used only when it is not possible to accurately estimate the
extent or duration of the work or to anticipate costs with any reasonable degree of
confidence. T&M contracts provide for acquiring supplies or services on the basis of
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direct labor hours at specified fixed hourly rates that include wages, overhead, general
and administrative expenses, and profit and the actual cost for materials. This type of
contract presents the highest risk to thc government and lowest risk to the contractor.

Time Limited Dispatch (TLD) — A method of allowing dispatch of an aircraft into operational

service for limited time periods with a rcdundant system that has onc or more failed
elements that individually or in combination do not prohibit function within the system.
The redundancy has to have been decmonstrated to assure average system performance
reliability as good as or better than a specified level.  TLD reduces mission
delays/cancellations, allows for aircraft to be dispatched into service with degraded (but
still aceeptable) redundancy, and takes advantage of redundancy to permit required
maintenance to be scheduled at more optimum intervals/locations.

Total Aireraft Inventory (TAI) — Number of aircraft assigned to operating forces (or to a given

Total

unit) for mission, training, test, or maintenance functions.

System Performance Responsibility (TSPR) — A contracting and acquisition
management approach in favor during the 1990s whereby many “normal” government
program management tasks arc transfcrred to the contractor in order to gain efficicncics
by taking advantage of a contractor’s overall managecment approach and commercial
practices with rceduced government oversight.  “Gaining cfficiencies”  included
identifying redundant and/or unnecessary practices; climinating those practices; and in
their place, using commercial practices to improve the aequisition proeess. TSPR can be
a very complex rclationship to put on a contract and normally bcgins by requiring a
contractor to propose, within existing constraints, a solution to fill a government
requircment. The government then allows the contractor, with minimal oversight and
adequatc funding to cover proposed costs, to implement the proposcd solution. The
contractor is held responsible for program succcss. In gencral the overarching
motivation/goal 1o employ a TSPR approach has been to reducc costs while maintaining
or improving the quality or service levels.

Unit Possessed Not Reported (UPNR) — The percentage of a flect’s Total Active Inventory that

are unit possessed, but not rcported. When an aircraft suffers major damage or is in need
of major maintenance, the owning unit may be required to wait for higher headquarters to
make a decision regarding how to proceed. During this time, the aircraft would be UPNR
because the unit is waiting to be told what to do next. Sce Total Active Inventory.

Unmanned Aerial Vehicle (UAV) — Also known as an unmanned aireraft system or remotcly

piloted aircraft or unmanned aircraft. 1t is powered aerial vehicle that docs not carry a
human operator, uses aerodynamic forces to provide vehicle lift, can fly autonomously or
be piloted remotely, can be expendable or recoverable, and can carry a lethal or nonlethal
payload. Currently, military UAVs perform rcconnaissanee and attack missions.
Examples include the USAF MQ-1 Predator and the MQ-9 Reaper.

Weapon System Review — Regular examinations conducted by the USAF Chicf of Staff

(CSAF) for each weapon system (MDS) to look at their operational and sustainment
“health™ (which includes reliability, maintenance, and depot activities and timelines

both current and trend data arc presented). Reported metrics include aireraft availability
(primary metric), various mission capable rates, deport posscssed time, etc.). Plans to
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improve various metrics are also presented. In addition to the less-frequent CSAF
reviews, weapons system reviews are condueted quarterly at Air Foree Materiel
Command. See entries for Mission Design Series and Aireraft Availability.

Wcapons System Sustainment (WSS) — The sustainment requirements development process
first starts with the Lead Commands identifying their eapability requirements in terms of
Performanee Based Outcomes (PBOs). These eapabilities are provided to the System
Program Manager who then works with the L.cad Command and engineering eommunity
to document all needed tasks to deliver these capabilities. This process takes place in a
fiseally uneonstrained environment and forms the WSS requirement. This unconstraincd
WSS requirement is used by the SPMs to recommend funds spread within their programs
to maximize capabilities to be delivered. The Lecad MAJCOMs are provided the
projected capabilities for all their PBOs as well as the buy-backs for all their weapon
systems. Thcy prioritize the buy-backs and provide those to the Centralized Asset
Management office to submit to the Air Force Corporate Structure. This is transmitted as
a Program Objective Memorandum submission to the AF Logisties Panel within
Headquarters USAF. The Logistics Panel takes the WSS submissions and advoeates for
them through the Air Force Board and Air Force Council where the request is prioritized
against other USAF requirements and the results are included in the AF POM and (later)
Budget submission to the Office of the Secretary of Defense.

Work Unit Code — An Air Foree weapons system is defined in hierarchal breakdown structure
used to identify the system, spccific sub system, set, major component, repairable
subassembly, or individual part. The basic Work Unit Code is constructed of a series
{one, three, five, or seven) alphanumcric characters that a define system, subsystem, or
component part.

X-Ray Backscattcr — Backscatter X-ray is an advanced X-ray imaging technology bascd on the
Compton scattering effect of X-rays, a form of ionizing radiation. Unlike a traditional
X-ray maehine whieh relies on the sensing the transmission of X-rays through the object,
backscatter X-ray detects the radiation that reflects from the object and forms an image.
It has potential applications to non dcstructive inspection (where less-destruetive
examination is required) and ean be used if only one side of the target is available for
examination.




Appendix F: Acronyms and Abbreviations

%

$

3D

A8, AF/AS
AA
ABIDES
A/C
ACC
AESA
ALETC
AF

AFB
AFCS
AFGLSC
AFl
AFMC
AFOSR
AFPD
AFRL
AFSAS
AFSOC
AFTOC
ALC
AMARG
AMC
AMP
AMR
AMXG
AOR

Percent

Dollars

Three Dimensional

Deputy Chief of Staff for Strategic Plans and Programs
Aireraft Availability

Automated Budget Interactive Data Environment System
Aircrafi

Air Combat Command

Active Electrically Scanned Array

Air Education and Training Command

Air Foree

Air Force Base

Air Force Corporate Structure

Air Foree Global Logistics Support Center

Air Foree Instruction

Air Force Materiel Command

Air Force Office of Scientific Rescarch

Air Foree Policy Document

Air Foree Rescarch Laboratory

Air Force Safcty Automated System

Air Force Special Operations Command

Air Foree Total Operational Cost

Air Logistics Center

Aerospacce Maintenance and Regeneration Center
Air Mobility Command

Avionic Modernization Program

Aireraft and Missile Requirements

Aireraft Maintenance Group

Arca of Responsibility
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APPG
ASC
ASIC
ASIMIS

ASIP
ATA
AVCOM
Avg
AVIP
AWACS
BAI
BCA
Blk
BoW

&

CAD
CAFDEX
CAM
CAMS
CAPS
Capt
CBM
CBM+
CEMS
CIRE
CITE
CLS

cm

CNT

CcO
COTS

Annual Planning and Programming Guidance
Aeronautical Systems Center
Application Specific Integrated Circuit

Aircraft Structural Integrity Management Information
System

Aircraft Structural Integrity Program

Air Transport Association

Advanced Componcnt Obsolescence Management
Average

Avionics System Integrity Program

Airborne Warning and Control System
Backup Aircraft Inventory

Business Case Analysis

Block

Bill of Work

Centigrade

Computer Aided Design

Centralized Access for Data Exchange
Centralized Asset Management

Core Automated Maintenance System
Component Analysis and Prioritization System
Captain

Condition Based Maintenance

Condition Based Maintenance + Prognostics
Comprehensive Engine Management System
Common Inspection Reporting Engine
Centers of Industrial and Technical Exceliencc
Contractor Logistics Support

Centimeters

Carbon Nano Tube

Contracting Officer

Commercial Off the Shelf
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CEFH
CRAG
CSAF

CSI

CSL
CSSIP
CTO
CTOL
D200 RMS
DDT&E
deg
DESTRAP

DFA
DLA
DLR
DMAWG
DMS
DMSMS

DoD
DPEM
Dr.
DRIS
DSL
DSM
DSOR
ECSS
EFH

e. 4.
eLog2l
EN
Eng

Cost Per Flight Hour, Cost Per Flying Hour
Compass, Radar, and Global Positioning System
Chief of Staff of the Air Foree

Critical Safety Item

Complete Service Life

Computer Systems and Software Integrity Program
Chief Technical Officer

Conventional Take Off and Landing

D200 Requirements Management System
Design, Development, Test, and Evaluation
Degree, Degrees

Damage Evaluation System Technical/Repair Assistance
Page

Demand Forecast Accuracy

Defense Logisties Agency

Depot Level Repairable

Depot Maintenance Action Working Group
Diminishing Manufacturing Sources

Diminishing Manufacturing Sources and Materials
Shortages

Department of Defense

Depot Purchased Equipment Maintenance
Doector

Diagnosis and Recommendation Integrated System (7)
Design Service Life

Development System Manager

Depot Source of Repair

Expeditionary Combat Support System
Equivalent Flight Hours

For Example

Expeditionary Logisties for the 21st Century
Directorate of Engineering

Engineering
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Env
ERRP
ESL
ESS
ETIMS
EW
FAA
FFRDC
FH
FMEA
FIN
F/O
FOD
FSID
FVB
FW

15§ 4
FYDP
GO04L
GATM
GCU
GLSC
GO8l
GPS
GS
HAF
HSC
HVM
IAT
ICBM
ICS
IDM

Environmental

Engineering Requirements Review Process
Economic Service Life

Enterprise Solution-Supply

Enhanced Technical Information Management System
Electronic Warfare

Fedcral Aviation Administration

Federally Funded Research and Development Center
Flight Hours, Flight Hour, Flying Hours, Flying Hour
Failure Mode and Effects Analysis

Field Information Network

Follow On

Foreign Object Damage

Functional Systems Integrated Database
Fleet Viability Board

Fightcr Wing

Fiscal Year

Future Years Defense Program

Job Order Production Master System
Global Air Traffic Management

Generator Control Unit

Global Logistics Support Center

CAMS for Tanker/Cargo Aircraft

Global Positioning System

General Schedule

Headquarters Air Force

Home Station Check

High Velocity Maintenance

Individual Aircraft Tracking
Intercontinental Ballistic Missile

Interim Contractor Support

Intcgrated Data for Maintenance
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1.e.

IMDS
IMIS

Inel

Insp

10C

IT
JCALS
JDRS
JEDMICS

JRAMS
JSF
JSTARS
K, k

KeV
Labs
LaRC
LCMP
LESP
LIMS-EV

LO
Log
LRDP
LRPS
LRS-B
Lt Col
L.t Gen
M
Maint
Maj
MAJCOM

That Is

Integrated Maintenance Data System

Integrated Maintenance Information System

Included

Inspection

Initial Operational Capability

Information Technology

Joint Computer-Aided Aequisition and Logisties Support
Joint Deficiency Reporting System

Joint Engineering Data Management Information
and Control System

Joint Readiness Automated Management System
Joint Strike Fighter

Joint Surveillance Target Attack Radar System
Thousand, Thousands

Kilo Electron Volts

Laboratories

Langley Research Center

Life Cyele Management Plan

Life Cyele Sustainment Plan

Logistics, Installations, and Mission Support-Enterprisc
View

Low Observable

Logistics

Long Range Development Plan
Long Range Persistent Strike
Long Range Strike-Bomber
Lieutenant Colonel

Licutenant General

Million, Millions

Maintenance

Major

Major Command
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Maj Gen
Max
MCR
MDS
MEC
MECSIP
MEL
Mgmt
MICAP

Mil, MIL
MILSTD, Mil-Std
MILCON
MILPERS

mm

MMIII

MMH

MNCL

NAVAIR
NDI
NMCB
NMCM

Major General

Maximum

Mission Capable Rate

Mission Design Series

Mission Esscntial Capability

Mechanical Equipment and Subsystem Integrity Program
Minimum Equipment List

Management

Mission Capability, Mission Impaired Capability
Awaiting Parts

Military

Military Standard

Military Construction

Military Personnel

Millimeter, Millimeters
Minuteman 3

Maintenance Man Hours

Master Nuclear Certification List
Mister

Manufacturing Review Board
Manufacturing Readiness Level
Maintenance, Repair, and Overhaul
Milestone

Maintenance Steering Group

Mean Time Between Failures
Multi-disciplinary University Research Initiative
Maintenance

National Aeronautics and Space Administration
Naval Air Systems Command
Non-Destructive Inspection
Non-Mission Capable Due to Both

Non-Mission Capable Due to Maintenance
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NMCS
NRC
NSN
NTSB
OC-ALC, OCALC
OEM
O
0O&M
OMEI
OOALC
OPR
Ops

Opt
O&S
0OSsD
PAI

PB

PBD
PBL
PBO

PCA
PCS
PDM
PDMSS
PG
PMO
POL
POM
POMX
PoR
PPBE

Non-Mission Capable Due to Supply
National Research Council

National Stock Number

National Transportation and Safety Board
Oklahoma City — Air Logistics Center
Original Equipment Manufacturer
Operational Flight Program

Operations and Maintcnance

Other Major End Items

Ogden Air Logistics Center

Office of Primary Responsibility
Opcrations

Option

Operations and Support, Operations and Sustainment
Office of the Secretary of Defense
Primary Aircraft Inventory

President’s Budget

Program Budget Decision

Performance Based Logistics

Performance Based Outcome, Performance Based
Outeomes

Principle Component Analysis

Permanent Change of Station

Programmed Depot Maintenance

Programmed Depot Maintenance Schedule System
Program Exceutive Officer

Program Management Office

Pctrolcum, Oil, and Lubricants

Program Objecetive Memorandum

Point of Maintenance

Program of Record

Planning, Programming, Budgeting and Execution
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Prep
Prof
PSIP
PV/W

R&D
R2.R?
RB
RCM
RDT&E
REMIS
Req’d
RERP
Ret

RF
ROI
RPA
RSL

SAA
SAB
SAF
SAS
SCC
SCMW
SE

sec
SecAF
SIL
SL
SLEP

Preparation

Professor

Propulsion System Integrity Program
Pressure times Volume divided by Weight
Red

Research and Development

Coefficient of Determination

AFRL Air Vchicles Directorate

Reliability Centered Maintenanee

Research, Development, Test, and Evaluation
Rcliability and Maintainability Information System
Required

Rcliability Enhancement and Re-Engining Program
Retired

Radio Frequency

Return on Investment

Remotely Piloted Aireraft

Remaining Serviee Life

AFRL Materials and Manufaeturing Directorate
AFRL Propulsion Directorate

Sustaining Aging Aireraft

Scientifie Advisory Board

USAF Headquarters Seeretariat

Stability Augmentation System

Stress Corrosion Cracking

Supply Chain Management Wing

Sustaining Engineering

Second

Secretary of the Air Force

Software Integration Lab

Senior Leader

Serviee Life Extension Program
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SLOC
SME
SORAP
Spee
SPM
SPO
SRA

Sl

SSM
S&T
Std, STD
Sust

SW, S/W
TAl

TCPFL
Ti

T&M

TO

TOR, ToR

TRL

TY
UPNR
U.S., US
USAF
USG
USMC
uv
V&V
WD
W/O
WPAFB
WR-ALC, WRALC

Source Lines of Code, Software Lines of Code
Subject Matter Expert

Source of Repair Assignment Proeess
Specification

System Program Manager
System Program Office
Software Requirements Application
Safety Significant Item

System Sustainment Manager
Science and Technology
Standard

Sustainment

Software

Total Aireraft Inventory

Total Cost per Flight Hour
Titanium

Time and Materials

Technical Order

Terms of Reference

Technology Readiness Level
Then Year

Unit Possessed but Not Reported
United States

United States Air Foree

United States Government
United Stated Marine Corps
Ultraviolet

Verification and Validation
Widespread Fatigue Damage
Without

Wright-Patterson Air Foree Base

Warner-Robins Air Logisties Center
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WSR
WSS

wucC

Yrs

Weapons System review
Weapon System Sustainment
Work Unit Code

Yellow

Years
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