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1.

Executive Summary:

1.1 Objective and Goals:

The Electronics Prognostics Task Group was chartered and tasked by the Integrated Diagnostics Committee
within the Systems Engineering Division of the National Defense Industries Association (NDIA) to determine
what technology needs to be developed to enable the fielding of effective electronics prognostics in current and
emerging weapon systems. The primary goal of this group is to develop a roadmap for this development effort.
The task was organized by DoD Military service and by type of weapon system platforms (land vehicles, air
vehicles and ship platforms). It was implemented and managed by an all Government IPT tasked to determine
the electronic prognostics functional needs and the current Electronic Prognostics R&D programs that exist in
their weapon system area of expertise.

1.2 Background and Need:

The Global War on Terror (GWOT) and new approaches to Warfighting, such as Net Centric Warfare, together
with the changes in Logistics and Support dictated by these approaches has forced a new look at support
technology. With the increased electronics complexity and utilization across all weapons systems from the
soldier to aircraft to ships and land vehicles, electronics systems readiness has become increasingly more crucial
to mission success.

The impacts of reduction in manning of weapon platforms and longer weapon platform on-station deployment
times will require new approaches to maintenance and in particular to the fault detection timeline. In previous
conflicts sufficient sanctuary existed to allow the establishment of base “O” level parts replacement supported
by “I” level repair and weapon platforms could “run to failure” with reasonable expectation of rapid repair and
return to service. Without the sanctuary of base level and depot support, new ways of maintaining the platforms
need to be developed.

In recognition of the long standing need for advanced warning of failure, several initiatives have been in process
for some time. In the commercial arena, a leading supplier of large server based systems has implemented
electronic prognostics based upon existing sensors in the microprocessors used in their servers. This is
implemented in the form of a telemetry bus that permits remote monitoring and service advice to be provided
prior to failure. This system has successfully avoided multi-billion dollar computer outages and has raised the
average up time for their products significantly. While this approach requires careful configuration control of
integrated server components, the reward has proven to be well worth the effort. This type of commercial
technology provides baseline technology that can be adapted to the harsher environments of military
applications.

In the military arena, major new platforms, such as JSF, have embraced prognostics for both electronic and
mechanical elements of the system as an enabling technology for advanced support concepts such as autonomic
logistics. The payoffs of high platform availability and reduced secondary damage have justified this
significant investment in new technology. The present E-Prog effort can benefit from investments by the JSF
program in power supply prognostics as well as avionics system level prognostics.

In addition to the specific focus on electronic prognostics, the companion field of machinery prognostics has
experienced significant investment, especially in the S&T (SBIR) area. A list of relevant SBIR topics from the
SBA Website that contain Prognostics either in their title or abstract is contained in Appendix E demonstrating
the interest in this area at the S&T Level. A list of prognostic activities for the Navy surface fleet machinery
and initiatives at the University of Maryland CALCE Center are shown in Appendix F. Some of the analytical
approaches developed in these initiatives may be adaptable to the electronics arena, especially in the area of
determining subsystem/component impending faults from system level symptoms.



On balance, there are four key points that need to be made about the prognostic initiatives, current and
recommended:

o Future support scenarios implicitly assume and rely upon the existence of and maturity of advanced warning
of impending failure. Autonomic logistics and advanced supply chain design will require prognostics at the
operational level in order to succeed, that is, there is a “pull” for prognostic technology.

o There is full recognition of this “pull” on new platforms and a desire to incorporate legacy fleets into the
emerging advanced logistics support framework. The recognition of this is in the current S&T focus on
prognostics for both machinery and electronics.

e To date, the bulk of the funded efforts in electronics prognostics have been at the S&T Level. In order to
transition technology into operational systems, funding is needed across the technology spectrum from 6.1
through 6.4.

e The economic benefits of the advanced warning of impending failure offered by prognostics have broad
acceptance in both military and commercial arenas. This means that the move to incorporating more COTS
equipment into military systems is being supported in the commercial sector. Areas such as C4ISR as well as
nominal battlefield command and control, will be driven by this pull toward prognostics.

Because of these factors, the E-Prog initiative plays a critical part in filling the technology gaps and integrating
the technology thrust to implement prognostics in electronic systems. Successful implementation of new
support methods hinges on one primary need — reliable advanced warning of failure and accurate knowledge of
how long before the failure will occur, in a word — Prognostics. While some advances have been made in
prognostics for mechanical systems, electronics systems have had less attention. Unfortunately, it is this area
where most of the advances in weapon and weapon platform capability have occurred and where the least
supporting prognostic technology currently exists.

A further complication of this technology shortfall is that it is difficult for DoD to define achievable Electronic
Prognostics performance requirements on new platforms even though it is crucial to achieving mission
readiness in the new warfighting paradigm.

The NDIA through the Integrated Diagnostics Committee of the Systems Engineering Division has stepped up
to this challenge and formed an Electronics Prognostics Task Group to define the Technology Needs and
develop a Roadmap for technology needed to implement Electronics Prognostics on new and legacy platforms
and weapons. This report provides a definition of Electronics Prognostics, as well as the associated Terms of
Reference and Metrics and defines the Task group approach and the task products —-recommended technology
programs and the roadmap to achieve fieldable electronics prognostics.

1.3 Key Findings and Issues:

The key findings of this Task are that for Prognostics for Electronic Systems:

e The current technology maturity would not support fielding Electronics Prognostics as part of either
legacy or new weapon systems.

e The needed technology will not “happen” without a dedicated process and planned funding to develop,
V&YV, and integrate it in a Systems Engineering Environment.

e The needed technology spans the spectrum from “low hanging fruit” to technology requiring invention
before development.

e Some current R&D and SBIR programs can accelerate a solution if properly focused and funded. To
assure success, the E-Prog effort to fill the technology gaps needs to be accelerated, focused and
funded.

e Some commercial technologies exist that could become a baseline for DoD systems, but adaptation to
the differences in operating environment for DoD versus commercial applications must be addressed.

e There is more interest in predicting the functional operating horizon of a system than that of individual
components.

o Interest is growing in health of interconnects and hybrid (electromechanical) systems.

e There appears to be equal interest in tools for prognostic system demonstration/evaluation and
hardware.




Some issues associated with the development and fielding are:

The Systems Engineering Process for designing Electronics Prognostics technology into new weapon
systems or spiral development processes in legacy weapon systems is not currently in place.

The integration of the resulting Electronics Prognostics technology into the emerging support and
supply chain processes is not currently in place. Without this the new Electronics Prognostics
technology could become a burden rather than an enabler for the warfighter.

The technology transition process for Electronics Prognostics technology is not in place. The issues in
the current process need to be addressed before the process can be adapted to Electronics Prognostics.
The Verification and Validation process for Electronics Prognostics is not currently in place. The
metrics for this process need to be developed and vetted. The “honest broker” V&V facility or a
programmatic alternative methodology are neither identified nor funded.

The methodology for the integration of electronics prognostics into interconnection and hybrid
electromechanical systems is not in place.

1.4 The Workshop Process and Format — Needs Definition, Program Development, and Roadmap:

The IPT organization is shown in Figure 1. This team first surveyed the Weapon System Program Offices and
R&D programs in their areas of responsibility and within their DoD segment. This formed the information
baseline for the workshop.

The Study Flow Chart shown in Figure 2 illustrates the workshop process of integrating the individual Weapon
System/DoD segment needs into programs that have applicability to a wide variety of weapon platforms across
several services and organizing and prioritizing the programs into a roadmap showing program timelines and
interdependencies.

Electronics Prognostics J. Dill — Chair
Task D. Hecht
Management P. Howard
IPT H. Savage
|
[ [ |
Ground Vehicle Ship Aircraft
Programs Programs Programs
Prognostic Needs and Prognostic Needs and Prognostic Needs and Current R&D
Current R&D Programs | [Current R&D Programs Programs
Army Surface Fleet & Navy / Marine Navy / Marine
P. Dussault-ARMY Submarine Fleet Rotary Wing Eixed Wing / UAV

256-876-5922
Phil.Dussault@us.army.mil

Marine

Dale Brown-USMC
229-639-6170
Dale.L.Brown2@USMC.mil

T. Galie-NSWC
215-897-7960
Thomas.galie@navy.mil

L. Petersen - ONR
730-696-1291
petersl@onr.navy.mil

M. Hollins-NAVAIR
301-342-1249
Mark.hollins@navv.mil

J. Kelly-NAVAIR
301-757-4368
iohn.r.kelly@navy.mil
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P. Dussault-ARMY
256-876-5922
Phil.Dussault@us.army.mil

Air Force  Fixed Wing

M. Derriso-AFRL-VASA
937-255-8534
mark.derriso@wpafb.af.mil

Figure 1 IPT Organization
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1.5 Programs and Roadmap Summary:

The Electronics Prognostics needs gathered from all sources included:

e Tools — Prognostic System Design tools, technology evaluation tools, implementation economic analysis
tools, and maintenance process integration tools, etc.

e Electronics Prognostics Technology — Operating environment sensors, device operating regime sensors,
software prognostics, algorithms, etc.

e Models — Physics of failure, design verification, maintenance process evaluation, impact of environmental
exposure, Electronics Prognostics impact on system level functional performance, etc.

e Hardware — Operating environment and event detection and recording hardware to address measuring loss
of useful life, nano sensors for PC Board Electronics Prognostics signal sensing, cabling and interconnect
fault detection, etc.

The required Electronics Prognostics Horizons (the estimate of how long the system will continue to operate)
that emerged from this task ranged from 20 hours to 2500 hours for subsystems (primarily driven by the Mean
Logistics Delay Time) to as much as 10,000 hours for discrete devices. The associated Confidence Factor (an
estimate of how accurate the Electronics Prognostics Horizon is) ranged from 75% to 95%. Clearly the
challenge is to develop and mature highly accurate and effective Electronics Prognostics technology and tools.

From these specific development needs, a number of broad programs in the four basic areas have been
assembled. These Electronics Prognostics development programs range from 2 to 5 years from start through
V&V. Each Program Phase is expected to last from 18-24 months. Technologies ready for V&V are at the
lower end of the range, while the upper end is for S&T level technologies. The Task Roadmap has been phased
to accommodate program interdependencies. With V&V and spiral development of the Electronics Prognostics



fielded capability, the Task Roadmap could cover a period of approximately 5- 8 years depending on the
funding level and the schedules of programs selected for technology demonstration.



2. Background and Need:

The Global War on Terror and new approaches to Warfighting, such as Net Centric Warfare, together with the
changes in Logistics and Distance Support dictated by these approaches have forced a new look at support
technology. With the increased electronics complexity and utilization across all weapons systems from the
soldier to aircraft to ships and land vehicles, electronics systems readiness has become incrementally more
crucial to mission success.

The payoff for success of an E-Prog initiative may be best illustrated by Figure 3 taken from a CBA report
which outlines the expected benefits from Prognostics Health Management (PHM) in the key areas of JSF
support versus a legacy aircraft without PHM. Clearly, if prognostics can be implemented on the JSF aircraft,
there is the potential for significant reductions in overall aircraft lifecycle costs.

Legacy VS JSF PHM
CY 00 CBA Summary of Expectations

Maintainability PHM Benefits
MEEE,\%’E\ID 79-82% Improvement

13-14% Improvement

m:\:ﬁai‘ 3% Improvement
17-32% Improvement
Support
QTY

Reduction of

Weight (Lbs.) 6-10%

Volume (cu ft)

Manpower Reduction of
QTY 46-52%
Logistics Reduction of
C17 Loads, Tons 2-17%

Safety

Reduction of

Mishap Reduction 14-38
SGR 10 to 14%
SGR (Initial/Sustained) Improvement

Airframe/OML
Recurring Cost

$1.05B - $7.87B
Cost Avoidance

Figure 3 CBA Analysis of Benefits of PHM to the JSF Program*(Source — JSF Program)



2.1 History — Some Other E-Prog Initiatives:

Warfighter success has always been closely tied to logistics support. As the saying goes “For want of a nail, the
horse was lost...” The continuum of logistics process evolution has focused on keeping the warfighter supplied
with fully operational assets. An ever increasing reliance on complex electronic systems has resulted in the need
for revolutionary changes in support methodology. The “Run to Failure” weapon system electronics
maintenance mode that has existed in the past is no longer economically, logistically, or operationally viable
and it cannot support the current and future threat response needs. The recognition of this has driven the
development of new support approaches such as Autonomic Logistics, and Sense and Respond Logistics, which
are supported by the S&T and development communities through some of the key E-Prog initiatives described
below.

2.1.1 The Small Business Innovative Research (SBIR) Program Contribution:

Historically, weapon system support costs account for nearly 2/3 of the total cost of weapon systems. New
Weapon Systems having ever increasing reliance on complex electronics require Program Managers to address
this issue up front in order to remain affordable. This has resulted in a new focus on electronics prognostics as
an enabling technology for new Weapon System support programs. The SBIR Program has become a major
source of new and promising technology for some key areas of electronics prognostics.

The pioneering SBIR efforts in electronics prognostics on the JSF Program while focusing on specific key

needs of that aircraft, have also provided a good technology foundation for other programs and a valuable
resource for the current NDIA E-Prog Task.

2.1.2 Initial E-Prog Workshop:

In June of 2004, the NDIA Integrated Diagnostics Committee was tasked by JSF and conducted a two day
Workshop (E-Prog 1) to address the following subject:

“Identify The Types Of Diagnostic Data That Should Be Collected For Use In Providing An Electronic
System Prognostic Capability”

To address this topic, the Workshop was organized into three working groups covering:

e Electronic Prognostics Requirements — This session developed the breadth of the topic and concluded
that the need for prognostics on electronic systems was common to many current and new weapon
system programs. As electronic systems start to represent higher percentages of weapon system
content, the urgency of addressing this issue increases.

e  Current Electronic Prognostic Applications & Tools — This session defined the baseline set of tools and
practices that are currently available and/or in use for prognostics of certain specific types of electronic
systems. Some models as well as tools for modeling and data mining for electronic systems exist and
are being applied. Additionally, since many of the electronic failure modes may actually be due to or
caused by mechanical failure mechanisms (solder joint failures, PC Board trace breakage, contact
corrosion, etc.) it may be prudent to adapt already proven mechanical system prognostic technology to
some electronic system prognostic applications.

e Current Electronic Prognostic Research and Development Activities — This session revealed some of
the emerging tools and technologies that could augment the baseline technology described in the
previous session, including the application of nonlinear analytical techniques to detect early onset of
faults. Also highlighted were Power Supply prognostics in currently active JSF sponsored SBIRs,
including the use of actual loading and failure physics to predict solder joint crack initiation and device
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failure and the potential for tracking BIT “false indications” as potential early indicators of the onset of
faults.

A key finding of this workshop is that identifying the diagnostic data needed was only part of the issue.
The bigger issue is that to mature and implement an electronic prognostic capability in new weapon
systems, we need to identify high pay-off prognostic technologies for R&D and develop a roadmap for
accomplishing their implementation.

The basic conclusions to be drawn from these presentations and the subsequent panel discussions include:

e The need for an electronic system prognostic capability is prominent in many new weapon systems.
There are also potential benefits for the legacy base.

e Current R&D initiatives indicate that development of a prognostic capability is possible for some
electronic systems.

e Electronic System prognostics cannot be fielded now. There appear to be some critical technology
shortfalls, especially in the physics of failure modeling and pre-fault sensing areas. Additional R&D
efforts and V&YV efforts are needed.

e To implement electronic system prognostics in the future, data will have to be tagged to reflect
operating environment as well as time.

e While the data required to implement individual electronic system prognostic approaches may vary
some, the need for validated operating environment, operating time, historical test and maintenance
data may be common to all approaches. Acquisition requirements to capture these data and integration
of the process into the maintenance program are viewed as paramount to successful fielding of an
electronic system prognostic capability.

The recommended way forward to achieve a fielded electronic system prognostic capability involves two next
steps:

A. Define and prioritize the R&D and V&YV tasks required to establish a fieldable electronic system prognostic
capability. Categorize these tasks by type of electronics and expected performance and cost benefits required to
make technology implementation practical.

B. Generate a program roadmap for planning, sequencing and funding these tasks. Establish funding sources,
transition paths and sponsors and implement the Electronic System Prognostic Capability Implementation
Initiative.

These next steps formed the tasks addressed in the E-Prog |1 Workshop, the results of which are reported herein.

2.1.3 Other E-Prog Supporting Initiatives:

The perceived need for electronics prognostics has attracted the attention of several prestigious organizations.

The University of Maryland has established an Electronics Prognostics and Health Management Center as part
of their Computer Aided Life Cycle Engineering (CALCE) Electronics Products and Systems Center. This
international consortium, originally established by NSF some fifteen years ago, conducts advanced development
and evaluation programs that may become a valuable foundation resource for supporting the technology
development initiative resulting from this study task and the associated workshop.

11



The Sandia National Laboratory is currently in the concept definition phase for an OSD Operations Analysis
Center that would include as a key component a Prognostic Health Management/CBM+ Center of Excellence
(COE). This COE could evaluate E-Prog Technologies and serve as an independent Verification and Validation
(V&V) resource to facilitate the transition of this critical technology into the fielded weapon systems logistics
and maintenance arena.

2.2 The Need — Why E-Prog Is Crucial To Warfighting Transformation:

Trustworthy forewarning of equipment failure has always been a goal of the Warfighter and Support
Communities. The newer threat patterns and an ever increasing reliance on complex electronic systems in
adapting the warfighter response have resulted in the need for revolutionary changes in support methodology.
New technology in areas such as E-Prog is crucial to the successful support of the new warfighting approaches
needed to assure success in the GWOT.

Two key aspects of the newer warfighting paradigms are longer asset deployment and reduced manning
resulting in a greater warfighter to maintainer ratio. The former is expressed variously in terms of multi day
mission times (minimal or no maintenance availability) with short reset times and multi month asset on station
times again with minimal maintenance capability available. The latter reflects the planned reduction in weapon
system operational personnel and the attendant increase in the warfighter to maintainer/on site support ratio.
Automation of some functions previously performed manually is one way to achieve successful operation in
this environment, but this can add yet more complexity and compound the support function difficulty. The clear
implication of all of this is that reliable prognostic technology capable of supplying accurate prediction of time
to failure is a crucial requirement for successful mission performance in this environment. While this
technology is needed for all parts of the weapon system, the rapid increase of and dependence upon electronics
in current and future warfighting emphasizes the importance of putting effective E-Prog technology in place as
rapidly as possible.

2.3 The Challenge

Prediction of future events has always presented a challenge. Precise weather and earthquake prediction, both in
terms of time of occurrence and severity remain just beyond the grasp of current technology. It may be logical
then to place the prognosis of future condition of electronics systems, which may arguably be of the same order
of complexity as the other examples, but without the historical statistical base available on the other examples,
in a similar category of difficulty. In both the weather and earthquake prediction cases, the science behind the
predictive efforts is emerging but not yet proven, so models are incomplete representations of reality. This may
be a fair assessment of the starting point for the science of Electronics Prognostics or E-Prog.

In the case of E-Prog, as in the case of its predecessor science, diagnostics, there may be some electronics types
where E-Prog science can be more readily developed and applied than others. Based on some early, but
promising SBIR work in the area of power supplies (a common denominator in electronic systems and a leading
cause of electronics failure) a practical E-Prog approach may be developed in a relatively short time. Other
examples of such “low hanging fruit” may emerge as E-Prog science evolves. In any case, one part of the
challenge here is to configure the E-Prog initiative to exploit the “low hanging fruit” as early and as broadly as
possible.

The remaining parts of the problem may not map out as simply. Previous workshops and follow on activities
have illuminated several approaches and associated challenges. One general class of approaches is based on
predicting remaining life based on analyzing performance and operational environment data. This may be done
in a model developed by measuring remaining useful life impacts of various environments or combinations of
environments or by statistical means. Some of the challenges in such approaches include model precision and
accurate extension of the model from the development data set to the “universe” of fielded systems.

A second set of approaches involves embedding sensors to detect behavior of actual devices/systems and
comparing that to basic physics models of how such devices/systems will behave at various stages of fault
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development. Some of the challenges here include the fidelity of these “physics of failure models” and how
reliably they scale from device level to complex systems.

In both of these classes of approaches, an additional challenge is to express the predictive capability in
meaningful metrics such as Electronics Prognostics Horizon (the estimate of how long the system will continue
to operate) and Confidence Factor (an estimate of accuracy of the Electronics Prognostics Horizon).

Another set of challenges exists in the development and operational arenas. Some of these are:

e What methodology should be applied to verify and validate (V&V) the E-Prog metrics resulting from the
variety of approaches that may emerge?

e s it better to centralize the V&YV function or to develop specific methodology for each case?

e How will the E-Prog fielded data be integrated into the Logistics and Supply Chain operations?

The challenges are considerable. The basic E-Prog Technology development challenges and the application and

V&YV challenges will make this a formidable undertaking, but the future success of the Warfighter depends to a
large extent on the success of this E-Prog Technology Initiative.

3. The Workshop Process and Format:

The E-Prog Il Task was established by NDIA through its Systems Engineering Division and was tasked by the
NDIA SE OSD Sponsor to address the following recommendations of the June 2004 E-Prog Workshop.

A. Define and prioritize the R&D and V&V tasks required to establish a fieldable electronic system prognostic
capability. Categorize these tasks by type of electronics and expected performance and cost benefits
required.

B. Generate a program roadmap for planning, sequencing and funding these tasks. Establish funding sources,
transition paths and sponsors and implement the Electronic System Prognostic Capability Implementation
Initiative.

The E-Prog Il Task organization format was an Integrated Product Team, as shown in Figure 1. The Task Areas
were all managed by Government Employees in order to acquire the most complete information for task
performance. The task process was divided into three phases:

I. Workshop Planning and Preparation: The primary focus of this effort was the determination of the
prognostic needs in terms of real metrics, if possible, for individual DoD programs or legacy weapon
platforms. Additionally the task involved defining the current relevant E-Prog RDT&E that could form the
baseline for additional E-Prog Technology Development Programs. The IPT Government Task Area
Leaders through peer contact sought to define the electronic prognostic needs for key programs. The basic
question was “How could an electronic prognostic capability improve your warfighting and/or your support
capability?” The information gathered in each task area served as a starting point for the workshop goal of
E-Prog technology program definition.

1. Workshop Execution: The workshop focused on assembling the individual task area E-Prog needs and
integrating the common program needs across all of the weapon system programs. Technology needs were
discussed at all states of maturity ranging from basic S&T to final V&V of the technology. The result was
a preliminary definition of the common E-Prog Technology Development program needs and the current
R&D efforts in E-Prog technology.

I11. Workshop Product Development and Review: The post workshop activity focused on development and
review of the workshop output products:
e The E-Prog Technology Development Program Set including program content from 6.1
through 6.4.
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e The E-Prog Roadmap to show schedule and individual E-Prog Technology Development
Program interrelationships.
e The E-Prog Il Workshop Final Report and Briefing.
These products have been developed and reviewed by the IPT task Area Leaders. Once a consensus on
each product has been reached, the products will be forwarded to the NDIA Systems Engineering Division
and to the OSD Task Sponsor.

3.1 Objective And Goals:

The objective and goals of the E-Prog Il Workshop were well stated in the Workshop Announcement.

Electronic Prognostic Workshop Il Objective

DoD has requested a follow on workshop to the widely acclaimed Electronic Prognostics Workshop held in
June 2004. This new workshop will consist of an interactive forum for Program Managers, System Engineers,
and Diagnostic / Prognostic Engineers to establish a technology development roadmap for electronics
prognostics. The workshop will catalog and characterize the electronic prognostic needs of Fixed Wing Aircraft
platforms, Ground Vehicle platforms, Rotary Wing Aircraft platforms, and Ship platforms with a goal to
document:

e What are the Electronic Prognostic Needs
e  What are the current R&D Electronic Prognostic activities
e Where are the Electronic Prognostic Gaps

To accomplish this, members of the armed services have been identifying their prognostic needs for the last 6
months at a platform level. Their results will be presented as the source data for the workshop. Workshop
participants will then be asked to breakdown these platform electronic prognostic needs into roadmaps to
identify technology development requirements. The results will be usable by DoD to issue BAA, SBIR, and
other S&T program solicitations to fill the gaps and provide the technology base to field effective electronic
prognostics

The NDIA ID Committee will also provide the results of this workshop to DoD to be used to help formulate and

determine future prognostic studies and requirements.

The end goal for this task is the formation, funding and execution of an E-Prog initiative to field an
effective electronics prognostic capability that improves current and future Weapon System Support and
Readiness.

3.2 Organization And Process:

The workshop portion of the E-Prog Task was constructed as a two-day event and was held in Miami on 24 and
25 January 2006. The process was to define the E-Prog Needs and the current E-Prog RDT&E by Weapon
System type and then combine these needs into E-Prog Program areas across weapon system categories to
provide a program set that when executed would each address the needs of as many weapon systems as
possible. The four parallel sessions on day one and their Session Leaders were:

SESSION LEADERS
e  Ship Programs T. Galie - NSWC
e Fixed Wing Aircraft Programs J. Kelly - NAVAIR, M. Derriso - USAF
e Rotary Wing Aircraft Programs M. Hollins - NAVAIR, P. Dussault —~AMRDEC
e Ground Vehicle Programs D. Brown - USMC
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These sessions were designed to report on the pre workshop task findings in these individual areas, integrate
session participant comments and summarize session key points in a uniform format defined by the Electronics
Prognostics Roadmap Needs Template discussed later. This allowed the presentation of all of the session results
in a common format.

The process for the second day of the workshop was to extract the components of the Electronics Prognostics
Roadmap Needs Templates resulting from the Day One Sessions and align them into three primary E-Prog
categories. The four parallel sessions on day two and their Session Leaders were:

SESSION LEADERS
e Current R&D J. Berry - AMRDEC
e S&T Program Needs T. Galie - NSWC
e RDT&E Program Needs M. Hollins — NAVAIR, J. Kelly - NAVAIR
e V&V Program Needs P. Dussault - AMRDEC, C. Wenrick - Boeing

These sessions were designed to report on the contents of the day one session Electronics Prognostics Roadmap
Needs Templates, integrate session participant comments and summarize session key points in a uniform format
defined by the Electronics Prognostics Roadmap Program Template discussed later. This allowed the
presentation of all of the session results in a common format.

The Workshop organization and process resulted in the definition of key Electronics Prognostics Technology
Program Needs Areas in a form that could be readily developed into specific development programs suitable for
integration into RDT&E acquisition packages and formed into an executable roadmap to meet the end goal of
this task, which is:

To define, fund and execute an Electronics Prognostics Technology Development Initiative that will result in
the fielding of an effective electronics prognostic capability that improves current and future Weapon System
Support and Readiness.

3.3 Session Agendas And Charters

The workshop session charters and agendas follow below.

Day 1:
»  E-Prog Needs Development Process

*  Weapon System Programs Included and Basic Description (Scope)
» Applicable Current R&D

» Templates - Needs by Individual Application on Programs

e Group Discussion of Templates and Template Updates

»  Preparation of Summary Presentation
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Workshop Agenda Outline Day 1

0730 Registration/Continental Buffet Workshop Goal
0800  Plenary Session Accomplishment
. NDIA ID Committee Introduction and Welcome 10 min importance
. Keynote — OSD Representative — 50 min background
. Workshop Chair — Background, Tasks, Products, Layout — 60 min resources
. Resources — CALCE 20 min, Sandia 20 min, Charge to group 20 min
charge
1000 Break — 15 min
1015 Workshop Session A 4 Parallel Sessions needs by TA
. Ship Programs — T. Galie current R&D
. Fixed Wing Aircraft Programs — J. Kelly, M. Derriso S&T Programs
. Rotary Wing Aircraft Programs — M. Hollins, S. Crews RDT&E Prog
. Ground Vehicle Programs — D. Brown, C. Yen-Chou V&V Prog

1215 Lunch - Speaker TBD Logistics Impact of Electronic Prognostics
1330 Common session — Tech. Area sessions present results and discussions

1530 Break

1545 Common session — Tech area sessions present results and discussions

1700 End all groups results
1800 Reception presented

Figure 4 Day 1 Detailed Agenda

Day 2:
e Decide on details of morning sessions

» ldentify leaders for morning sessions
» ldentify process for integration of results and preparation of final report

Workshop Agenda Outline Day 2

Workshop Goal
Accomplishment

0800 Day 2 Charge and breakout develop roadmaps
0830 Parallel Sessions to consolidate consolidate roadmaps
. Current R&D applicability Program elements

. S&T Program Needs
. RDT&E Program Needs
. V&YV Program needs

1000 Break
1015 Roadmap Key Program Layout and presentation preparation layout roadmaps
1230 Lunch
1330  Summarize Workshop Results, summarize results
. Identify Key Issues, establish product schedules

. Next steps for IPT to address,
Roadmap Completion Schedule,

. Final Report Development Schedule
1530 Adjourn

Figure 5 Day 2 Detailed Agenda
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3.4 Development Of The Workshop Products

As discussed above, four parallel breakout sessions were on held on day one with the purpose of defining the
needs of each of the four selected weapons systems categories. In order that meaningful data could be extracted
from the breakout discussions, members were requested to attend sessions that best fit their specific expertise.
Each session leader presented the current state of R&D based on their survey of the Program Offices and R&D
programs in their Task Areas of responsibility and within their DoD segment. A general discussion within each
session augmented these needs with comments and additions from the general audience. An E-Prog template
(sample shown in Figure 3), was completed for each weapons system and application in order to capture the
needs, program elements, current state of development and future needs and timelines for platform integration.

Weapon System and Application

E-Prog Need Details

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

S&T, RDT&E and V&V Needs and
Development Program Timelines

Figure 6 E-Prog Program Template

During the afternoon of day one, a common session was held for all members in which each Task Area lead
presented the E-Prog templates generated within their breakout session, along with the associated issues,
concerns and challenges. Relevant comments and suggestions from the general audience were incorporated into
the templates. At the end of the day, the E-Prog templates from all four sessions were collected and grouped in
terms of Current R&D, S&T, RDT&E or V&V. These four groupings formed the foundation for day two
activities.

On day 2, an overview of current R&D efforts was presented to establish a baseline for future E-Prog Program
development efforts. Each of the S&T, RDT&E and V&YV session leaders presented a summary of suggested
programs, across the four major Task Areas, required to meet the goals of this E-Prog initiative. The level of
S&T, RDT&E and V&V program detail, in terms of specific requirements, estimated funding and timelines,
varied due to lack of specific information on some weapons platforms, but did form a sufficient baseline to
allow a more detailed program set to be formed in post-workshop meetings with each Task Area Leader. The
products of each workshop session may be found in Appendix B. While the workshop produced program
information of significant value within a very productive two day period, it was clear that post-workshop efforts
were required to capture all program requirements and generate the required program detail for the Electronic
Prognostics roadmap.
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4. \WWorkshop Products and Key Findings:

4.1 Needs Development — Roll Up From Platform Type To Program Level

Building upon the efforts of the workshop, meetings were held with members of the government IPT whose
access to key projects with potential prognostics needs provided the additional information required to complete
the E-Prog program roadmap. Weapons system characteristics, horizon and confidence levels were determined
for each proposed program. The prognostic programs, initially developed in terms of need by service, were
condensed into nineteen “cross-platform” programs (See Appendix C for raw data from the IPT Task Area
interviews).

A summary of each proposed program follows. A consensus of the required Horizon and Confidence
Thresholds (T) and Objectives (O) and estimate of the S & T category duration and approximate effort in man-
years is included for each program. The program end points are based upon having prototype products ready
for application. The exit criteria for these products reflect a maturity equivalent to TRL 6. Note that many of the
programs include a V & V element.
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4.1.1 Recommended E-Prog Program Details

1.

Physics of Failure Model for Gates, Devices and IC’s

Program Rationale: This program area serves as the foundation for all fault model-based electronic
prognostic technology. Sensed parameters, sensor performance characteristics, sensor configuration (built
into or added on to the device), data analysis algorithms and degree of smart sensing all depend on the
success of this foundation fault characterization effort. The formulation and validation of the fault
propagation and extrapolation methodology for the gate level fault characteristics to the device level, circuit
level, circuit board level and system level is a second and equally important task of this program area. The
program is further divided into two related subprograms as described below:

a. Physics of failure model based electronic integrated circuit prognostic

Key Program Elements:
o Complex integrated circuits (IC’s, processors, memories, FPGA’s)
o “Knowledge of junctions”- physics of failure of gates
¢ Build on 6.1 basic research (MURI) where possible
o Model development methodology
o Suite of models
e Basic building block/device level (junction)
o Method for V&V of model/process (if you get coefficients right)
e Common taxonomy and product format
¢ Implementation process must be developed as part of the program

Horizon: T = 10" megaflops (10*° switching operations) or10° hours
O = 10" megaflops (10*® switching operations) or10’ hours

Confidence: T = 99% per 10° gates
O = 99% per 10* gates

b. Physics of failure models for electronics prognostics

Key Program Elements:
e Junction through board (includes vibration and humidity)
¢ Built in V&V (forces specificity of application)
e Model products - TBD
e Parameterized failure distribution: model specific to group of products
e Cost savings from reduced maintenance and elimination of redundant systems.

Horizon: T=10hr
0=10"hr
Confidence: T =95%
0=95%
S & T Category Estimated Duration Budgetary Man-
(YYears) Years
6.1 Basic Research 3 32
6.2 Applied Research 2 32
6.3 Advanced Technology Development
6.4 Advanced Component Development
Total 5 64

Table 2. E-PROG Program 1 Development Plan
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Electronics Prognostics for High Power Switching Electronics:

Program Rationale: This program area addresses the emerging specialized need for high power switching
device prognostic technology. Sensed parameters, sensor performance characteristics, sensor configuration
(built into or added on to the device), data analysis algorithms and degree of smart sensing all depend on
the success of this fault detection effort. The formulation and validation of the fault propagation and
extrapolation methodology for the device gate level fault characteristics to the device level, circuit level,
circuit board level and system level is a second and equally important task of this program area. The fault
modeling approaches contained in this Program Area may rely upon and benefit from the success of
Program Area 1 above.

Key Program Elements:

e Electric gun, multi-mode radar, electric drive, EMALS, pulsed or switched AC or DC
microwave

o Pulsed power applications, or switched AC or DC, microwave, RF
o Power Switching/Control electronics prognostics (>100kW)

Horizon (based on mean logistics delay):

T =500 hours or 4 weeks
O = 2500 hours or 10 weeks

Special Cases:
3 or 4 week (ships)
Air force (multi-mode radar) is days

Confidence: T =90%

0=90%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 20
6.3 Advanced Technology Development 2 20
6.4 Advanced Component Development 1 12
Total 6 60

Table 3. E-PROG Program 2 Development Plan
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Built In Prognostics (BIP) for Devices and Circuit Boards

Program Rationale: This program area addresses the need for designed-in and built-in prognostic sensors
and algorithms for devices and circuit boards. This is analogous to currently employed BIT and should
augment this capability. It may be desirable to have the BIP interface directly with current O-level and I-
level ATE. Sensed parameters, sensor performance characteristics, sensor configuration (built into or
added on to the device), data analysis algorithms and degree of smart sensing all depend on the success of
this fault detection effort. The formulation and validation of the fault propagation and extrapolation
methodology for the device gate level fault characteristics to the device level, circuit level and circuit board
level is a second and equally important task of this program area. The sensing and design approaches
contained in this Program Area may rely upon and benefit from the success of Program Area 1 above.

Key Program Elements:

e All devices and circuit boards
e Prognostic equivalent of BIT

o Environment and operational parameter sensing (real-time function related to operational regimes)

e Sense and analyze — produces horizon and confidence outputs
o Implementation of number 1 (physics of failure)

Horizon: T =1000 hr
O =10,000 hr
Confidence: T =80%
0=99 %
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 4
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 44

Table 4. E-PROG Program 3 Development Plan
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Electronics/electro-optical Prognostics for Tactical Sensor Systems:

Program Rationale: This program area addresses the need for combining prognostics of electronic and
electromechanical systems to produce system level (function-based) prognostics. Sensed parameters, sensor
performance characteristics, sensor configuration (built into or added on to the device), data analysis
algorithms, degree of smart sensing and integration of electronic and electromechanical prognostic
technology are all a part of this fault detection effort. The formulation and validation of the fault
prognostics technology are equally important tasks of this program area.

Key Program Elements:

¢ FLIR, designators in general, radar, threat assessment packages (radar, IR, Doppler IR, laser), electro-
optic suite, S&A, legacy and new

o Sensor/processors/algorithms

o Predictive results integration algorithm

o Conversion to actionable maintenance information

¢ V&V methodology

e Dependency - root cause model analysis (symptom vs. time)

Horizon: T =100 hr
O =1000 hr
Confidence: T =90%
0 =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 4
6.2 Applied Research 2 16
6.3 Advanced Technology Development 1 12
6.4 Advanced Component Development 1 4
Total 5 36

Table 5. E-PROG Program 4 Development Plan

22



Generic Environmental/Operational Parameter Monitoring Module for Electronic Prognostics

Program Rationale: This program area addresses the need for a hardware device to monitor the operational
environment affecting life usage of electronic devices, circuit boards and systems. Sensed parameters,
sensor performance characteristics, sensor configuration (built into or added on to the device), data analysis
algorithms, degree of smart sensing are all a part of this module. The methodology for verification and
validation of this module form part of this task.

Key Program Elements:
e Operational regime (vibration, humidity, chemical environment, voltage transients, etc.)
e Virtual and conventional sensor technology and algorithm development

e Product: Generic operational parameter sensing and RUL predictor including software and/or
hardware

e Module to be composed of interoperable building blocks
o Reconfigurable

e Prognostics and BIT for the module

o Built-in calibration

e Open system/modular architecture for 4 locations

o Flight-ready hardware/software (system) (not orange)

o Minimum new sensor count

Horizon (module): T =300 hr
O = 3000 hr
Confidence (module): T =85%
O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 0 0
6.2 Applied Research 1 8
6.3 Advanced Technology Development 2 24
6.4 Advanced Component Development 1 16
Total 4 48

Table 6. E-PROG Program 5 Development Plan
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Electronic Prognostics for C4I1SR Systems

Program Rationale: This program area addresses the need for prognostic determination of functional
integrity of complex computational systems from knowledge of individual subsystem RUL. Sensed
parameters, sensor performance characteristics, sensor configuration (built into or added on to the device),
data analysis algorithms, degree of smart sensing are all a part of this program. The methodology for
verification and validation of this module forms part of this task.

Key Program Elements:

e Command, control, communications, computation and information storage aspects of ISR
o New/combined technology development

o Implementation: incorporated in new designs and appended/integrated in current designs
o Application: Shipboard and C41

o System Level Prognostics and RUL Tool

e Produces system level prognostics from subsystem/component prognostics

o Link afloat asset prognostics to shore based support

o Minimize personnel afloat

e Provide network fault prognostics

Ground-based Ship-borne
Horizon: T =100 hr T=5hr

O =1000 hr O0=30hr
Confidence: T =90% T =90%

0 =95% 0 =90%

S & T Category Estimated Duration Budgetary Man-
(Years) Years

6.1 Basic Research 0 0
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 5 40

Table 7. E-PROG Program 6 Development Plan
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Maintenance Mode/Prognostic Interaction Design Tool

Program Rationale: This program area addresses the need for a design tool to determine the functional and
financial impacts of incorporation of individual or general prognostics capability during device, circuit
board, subsystem and system design. The capability to determine the effects on prognostic performance of
individual maintenance practices or systematic maintenance modes also forms a part of this ‘bi-directional”
design tool. For example this tool might be used to assess the impact on RUL and mission readiness in a
single level maintenance mode using a prognostic system that provided a long horizon with a lower
confidence level versus one with a short horizon but higher confidence level. The methodology for
verification and validation of this tool forms part of this task.

Key Program Elements:

o Maintenance modeling tool for prognostic design and maintenance mode effects - “what if” kind
of model

e 2-way tool: maintenance impact on prognostic design and prognostic performance impact on
mode for maintenance

e Electronic/electromechanical systems

e Includes capability to define trade space parameters within tool.

Horizon: N/A
Confidence: N/A
S & T Category Estimated Duration Budgetary Man-
(Years) Years

6.1 Basic Research 0 0
6.2 Applied Research 3 24
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 4
Total 6 44

Table 8. E-PROG Program 7 Development Plan
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Interconnection Prognostic Technology

Program Rationale: This program area addresses the need for prognostics for all forms of interconnection
of electronic and electromechanical systems. The intent is to enable prognostics for the full functional
system including the interconnections between the elements and subsystems. Electrical, optical and
wireless interconnects are included.  Sensed parameters, sensor performance characteristics, sensor
configuration (built into or added on to the device), data analysis algorithms, degree of smart sensing and
integration with electronic and electromechanical prognostic technologies are all a part of this effort. The
Verification and Validation of the prognostic technology are included as part of this program.

Key Program Elements:

Interconnection degradation prognostics for wire harnesses and connectors
Interconnection fiber degradation prognostics for optical harnesses and connectors.
Prognostic technology for wireless interconnections.

Sensor/processors/algorithms

Predictive results integration algorithm

Conversion to actionable maintenance information

V&V methodology

Horizon: T =300 hr
O =300 hr

Confidence: T =85%
0 =95%

Note: Horizon and confidence levels are for rotary wing aircraft and are based on phase
inspection interval considerations.

S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 4
6.2 Applied Research 2 20
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 48

Table 9. E-PROG Program 8 Development Plan
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9. Electronic Interconnection Prognostic Design Tools:

Program Rationale: This program area addresses the need for a prognostic design tool applicable to all
forms of interconnection of electronic and electro-optical systems. The intent is to enable prognostic
design for the full functional system including the interconnections between the elements and subsystems.
Electrical, optical and wireless interconnects are included.  Sensed parameters, sensor performance
characteristics, sensor configuration (built into or added on to the device), data analysis algorithms, degree
of smart sensing and integration with electronic and electromechanical prognostic design tools are all a part
of this effort. The Verification and Validation of the prognostic design are included as part of this program.

Key Program Elements:

e All forms of interconnects including wiring, optical harnesses and connectors.
e Tool products are predicted degradation rate, prognostics horizon, confidence/cone, etc.
e Built-in V&V
e Robust, open architecture, learning, upgradeable
Horizon: T =400 hr
O =1200 hr
Confidence: T =90%
0O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 4
6.2 Applied Research 2 12
6.3 Advanced Technology Development 1 8
6.4 Advanced Component Development 1 4
Total 5 28

Table 10. E-PROG Program 9 Development Plan
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10. Electronics Prognostics Financial Modeling Tool

Program Rationale: This program area addresses the need for a prognostic design financial evaluation tool
applicable to all electronic prognostic system designs. The intent is to enable the cost benefit evaluation and
comparison of candidate electronic prognostics design approaches. The modeling tool should also support
prognostic design financial evaluation of the full functional system including the interconnections between
the elements and subsystems. The Verification and Validation of the prognostic financial modeling tool are

included as part of this program.
Key Program Elements:

e Investment analysis
e ROI

o Net Present VValue of competing prognostic design approaches

e Savings cash flow

o System to module cost benefit analysis
o Analysis of Alternatives (AcA)

e Open source software tool

e Built-in V&V
Horizon: N/A
Confidence: N/A
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 0 0
6.2 Applied Research 1 4
6.3 Advanced Technology Development 2 4
6.4 Advanced Component Development 1 4
Total 4 12

Table 11. E-PROG Program 10 Development Plan
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11. Tool for Logistics Impact of E-Prog

Program Rationale: This program area addresses the need for a design tool to determine the impact of
individual prognostic capability during device, circuit board, subsystem and system design on the Logistics
and Supply Chain as well as the support structure model development (for example Autonomic Logistics).
The capability to determine the effects on prognostic performance of the support structure also forms a part
of this ‘bi-directional” design tool. For example this tool might be used to assess the impact on RUL and
mission readiness in a single level maintenance mode using a prognostic system that provided a long
horizon with a lower confidence level versus one with a short horizon but higher confidence level. The
methodology for verification and validation of this tool forms part of this task.

Key Program Elements:

e Integration of prognostics into the logistics modeling process (supply chain planning, mission

readiness assessment, PM Desk book, etc.)
o Supply chain impacts
o Mission readiness assessment

e Potential impact areas of prognostics approaches on the Logistics Process (AoA/study)

S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 0 0
6.2 Applied Research 1 4
6.3 Advanced Technology Development 1 8
6.4 Advanced Component Development 1 8
Total 3 20

Table 12. E-PROG Program 11 Development Plan
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12. Prognostics for HCI Electronics/Electro-Optics

Program Rationale: This program area addresses the need for prognostics fo
and electro-optical systems. Sensed parameters, sensor performance charact

Validation of the prognostic technology are included as part of this program.

Key Program Elements:

r all forms of HCI electronic
eristics, sensor configuration
(built into or added on to the device), data analysis algorithms, degree of smart sensing and integration with
electronic and electromechanical prognostic technologies are all a part of this effort. The Verification and

e HCI electronics/electro-optics prognostics for glass cockpit (HCI), flat panel (8x10 displays)
e Sensor/processors/algorithms
o Conversion to actionable maintenance information (AMI)
e V&V of HCI Prognostics
Horizon: T=20hr
O =100 hr
Confidence: T=85%
O =90%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 4
6.2 Applied Research 2 12
6.3 Advanced Technology Development 1 8
6.4 Advanced Component Development 1 4
Total 5 28

Table 13. E-PROG Program 12 Development Plan
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13. Prognostics for Redundant Electronic Systems

Program Rationale: This program area addresses the need for prognostic technology for redundant systems,
such as flight controls. Sensed parameters, sensor performance characteristics, sensor configuration (built
into or added on to the device), data analysis algorithms and degree of smart sensing all depend on the
success of this fault detection effort. The formulation and validation of the decision methodology for
redundant systems RUL at the system level and the relation to fault characteristics at the device, circuit,
circuit board level and LRU is a second and equally important task of this program area.

The Verification and Validation of the prognostic technology are included as part of this program.

Key Program Elements:
e  Prognostics for parallel redundant channels

e Applicable to all redundant type systems such as aircraft flight controls systems
e  Sensor/processors/algorithms
e Conversion to actionable maintenance information
o V&YV of parallel redundant channel prognostics
Horizon: T =300 hr
O =300 hr
Confidence: T=85%
0 =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 48

Table 14. E-PROG Program 13 Development Plan
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14. Electronic Prognostics Design Tool for Environmentally Tolerant Electronics

Program Rationale: This program area addresses the need for a design tool to be applied to the design of
environmentally tolerant electronics. The tool must define the prognostic family of fault indicators as part
of the electronic design process. The essence of this tool is the rule base and processes for defining optimal
prognostic indicators, required sensing and sensor characteristics applicable to the electronic design in
general and specifically to the specialized design approaches associated with environmentally tolerant
electronics design. A key focus of this tool is vibration tolerant electronics design. Sensed parameters,
sensor performance characteristics, sensor configuration (built into or added on to the device), data analysis
algorithms, degree of smart sensing and integration with electronic design tools are all a part of this effort.

The Verification and Validation of the prognostic design are included as part of this program.

Key Program Elements:

o Parametric information for vibration tolerant design, prognostic indicators
o Vibratory effects are a key focus
o Capability to characterize impact of individual modular replacement on LRU RUL
e Prognostic indicators
e Module through LRU
Horizon: N/A
Confidence: N/A
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 48

Table 15. E-PROG Program 14 Development Plan
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15. Electronics Life Usage Assessment and Prognostics - Electronic Prognostics Life
Usage System (E-Plus)

Program Rationale: This program area addresses the need for prognostic technology to predict Remaining
Useful Life (RUL) of electronic circuit boards, LRUs, and systems by using measured parameters that
affect life usage. This process may be compared to conventional Structural Life Usage Monitoring
approaches. The end product is a RUL predictor including software and/or hardware. Sensed parameters,
sensor performance characteristics, sensor configuration (built into or added on to the device), data analysis
algorithms and degree of smart sensing all form a part of this program area. The formulation and validation
of the decision methodology for predicting RUL up to the system level and the relation to fault
characteristics at the device, circuit, circuit board level and LRU is a second and equally important task of
this program area.

The Verification and Validation of the prognostic technology are included as part of this program.

Key Program Elements:

e Scope: navigation, flight control, threat assessment/survivability, targeting, communications,
peripheral accessories, fly-by-wire designs

o Ideally, prognostics would be based on readily available operational parameters. For example,
helicopter applications may use parameters such as collective, cyclic, turn rate, speed, and other
parameters recorded in the flight data recorder (FDR).

o For ground system applications predictions may use parameters such as position, location, turn
rate, speed, terrain roughness and other parameters recorded on platform

e On-condition prognostics — integrated “life meter”

Added sophistication may be to alert to a “not to exceed flight envelope” so as not to “quickly”

reduce horizon

e Trade Off - measure vibration or infer from regime.
o Pre-computed vs. spectrum modified life estimate
o Open system/modular architecture for 4 locations
o Flight-ready hardware/software (system)
e Minimize new sensor count
Horizon (MLDT based): T =50 hours
O =100 hours
Confidence: T =85%
O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 48

Table 16. E-PROG Program 15 Development Plan
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16. Data Enterprise System - Module to LRU Tracking for Electronics Prognostics.

Program Rationale: This program area addresses the need for a tracking system for reworked replacement
parts including their repair history to incorporate the effects on electronics LRU and system prognostics
and predicted Remaining Useful Life (RUL). Repairs that are made with reworked versus new parts may
result in different RUL for the repaired subsystem or system. This process may adversely affect the
performance of electronics prognostic systems. The end product is a RUL impact predictor including
software and/or hardware. Sensed parameters, sensor performance characteristics, sensor configuration
(built into or added on to the device), data analysis algorithms and degree of smart sensing all form a part
of this program area. The formulation and validation of the decision methodology for predicting RUL
impact up to the system level and the relation to fault characteristics at the device, circuit, circuit board
level and LRU is a second and equally important task of this program area.

The Verification and Validation of the prognostic technology are included as part of this program.

Key Program Elements:

e Open system architecture

o Module-level tracking to LRU (know RUL of used board going into another system)

e Must cover inventory and operational aspects (number and repair history of LRUs and RUL of
each)

o Actionable maintenance advisory and acknowledgement/verification (link to Electronic System
Fault Classification Tool Set for Prognostics)

Must support electronic unit prognostic metrics:

Unit Horizon: T =300 hours
O = 3,000 hours
Unit Confidence: T =95%
O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 6 48

Table 17. E-PROG Program 16 Development Plan
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17. Electronic Prognostics Reasoner Engine applicable to Device through System

Program Rationale: This program area addresses the need for a generic modular prognostic engine to
enable the operation of electronics prognostic systems and their design and evaluation tools and models.
The engine must support the prediction of Remaining Useful Life (RUL) of electronic circuit boards,
LRUs, and systems. The end product is a software engine. The capability to author and support the
development of sensed parameters, sensor performance characteristics, sensor configuration (built into or
added on to the device), data analysis algorithms and degree of smart sensing all form a part of this product.
The formulation and validation of the decision methodology for predicting RUL up to the system level and
the relation to fault characteristics at the device, circuit, circuit board level and LRU is a second and
equally important task of this program area.

The Verification and Validation of the prognostic engine are included as part of this program.

Key Program Elements:

Module through system

Electronic Systems Prognostics Engine is the reasoner that goes with tool sets

Built-in V&V.

Enables development of RUL prediction, horizon, delta horizon, and confidence cone algorithms.
Robust, open architecture, learning, upgradeable

Must at least support tools and models used for designing systems having:

Horizon: T =50 hours
O =200 hours
Confidence: T =85%
O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 2 12
6.2 Applied Research 1 20
6.3 Advanced Technology Development 1 20
6.4 Advanced Component Development 1 8
Total 5 60

Table 18. E-PROG Program 17 Development Plan
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18. Electronic System Level Prognostic and RUL Tool Set:

Program Rationale: This program area addresses the need for a generic modular prognostic tool to roll up
individual electronics prognostics for device, circuit card, and LRU to the subsystem and system level. The
tool must also support the roll up of predicted Remaining Useful Life (RUL) of electronic circuit boards
and LRUs to the system level. The end product is a modular, open architecture software tool set that can
also link system level symptoms to developing electronic faults and provide prognostics for circuit boards
and LRUs. The capability to author and support the development of sensed parameters, sensor performance
characteristics, sensor configuration (built into or added on to the device), data analysis algorithms and
degree of smart sensing are also part of this product. The formulation and validation of the decision
methodology for predicting RUL up to the system level and the relation to fault characteristics at the
device, circuit, circuit board level and LRU is an important task of this program area.

The Verification and Validation of the tool set are included as part of this program.

Key Program Elements:
o Supports definition of Actionable maintenance output to planning system
o Built-in V&V
o Link system level symptoms to module level/interconnect incipient faults
o Must cover interconnect related faults
e Compatible with prognostic reasoners.
e Scope covers modules to LRUs, electronics plus hybrid electronic and electromechanical
systems (designator, E/O, cooler)
¢ Robust, open architecture, learning, upgradeable

Must at least support system designs having:

Horizon: T =50 hours
O =200 hours
Confidence: T=85%
O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 1 8
6.2 Applied Research 2 16
6.3 Advanced Technology Development 1 20
6.4 Advanced Component Development 1 12
Total 5 56

Table 19. E-PROG Program 18 Development Plan
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19. Prognostics for Power Supplies and Converters

Program Rationale: This program area addresses the need for prognostics for all types of electronic power
supplies and power converters. Sensed parameters, sensor performance characteristics, sensor configuration
(built into or added on to the device), data analysis algorithms, degree of smart sensing and integration with
other electronic and electromechanical prognostic technologies are all a part of this effort. The Verification

and Validation of the prognostic technology are included as part of this program.

Key Program Elements:

o Implementable prognostics for power supplies/converter.
o Transition of current SBIR technology to wider applications.
o Development of additional technology where needed.
o Incorporate in new designs and appended/integrated in current designs
Horizon: T =100 hr
O =1000 hr
Confidence: T =90%
0O =95%
S & T Category Estimated Duration Budgetary Man-
(Years) Years
6.1 Basic Research 0 0
6.2 Applied Research 2 16
6.3 Advanced Technology Development 2 16
6.4 Advanced Component Development 1 8
Total 5 40

Table 20. E-PROG Program 19 Development Plan
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4.1.2 Prognostics Program Summary

The required Electronics Prognostics Horizons (the estimate of how long the system will continue to operate)
that emerged from this task ranged from 20 hours to 2500 hours for subsystems (primarily driven by the Mean
Logistics Delay Time) to as much as 10,000 hours for discrete devices. The associated Confidence Factor (an
estimate of how accurate the Electronics Prognostics Horizon is) ranged from 75% to 95%. Clearly the
challenge is to develop and mature highly accurate and effective Electronics Prognostics technology and tools.

From these specific development needs, a number of broad programs in the four basic areas have been
assembled. These Electronics Prognostics development programs range from 3 to 6 years from start through
V&V. Each Program Phase is expected to last from 12-24 months. Technologies ready for V&V are at the
lower end of the range, while the upper end is for S&T level technologies. The Task Roadmap has been phased
to accommodate program interdependencies. With V&V and spiral development of the Electronics Prognostics
fielded capabilities, the Task Roadmap could cover a period of approximately 5- 8 years depending on the
funding level and the schedules of programs selected for technology demonstration.

4.2 E-Prog Development Program Suite — Strawman Program Set With Notional Cost/Schedule

The programs are summarized below in Table 1 in terms of their dependency on 6.x research requirements,
which must be met before moving to 6.4 Tech Application (bars indicates range of research/development
opportunities). Most technologies are in their early stages of development, and will require a fair degree of 6.1
and 6.2 research.  These programs, described below and presented as a cohesive development plan in
subsequent sections, will form the foundation of the proposed E-Prog development roadmap moving forward.
The proposed programs are also segregated by type as defined below:

e Tools — Prognostic System Design tools, technology evaluation tools, implementation economic analysis
tools, and maintenance process integration tools, etc.

e Electronics Prognostics Technology — Operating environment sensors, device operating regime sensors,
software prognostics, algorithms, etc.

e Models — Physics of failure, design verification, maintenance process evaluation, environmental impact,
Electronics Prognostics impact on system level functional performance, etc.

e Hardware — Operating environment and event detection and recording hardware to address measuring loss
of useful life, nano sensors for PC Board Electronics Prognostics signal sensing, cabling and interconnect
fault detection, etc.
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E-Prog Description 6.1 6.2 6.3 6.4 Prod.
Basic Applied Tech Demo Tech Type
Research Research Application
1. Physics of Failure Model for Gates, Devices and IC’s M
2. Electronics Prognostics for High Power Switching PT
Electronics
3. BIP Prognostics for Devices and Circuit Boards PT
4. Electronics/electro-optical Prognostics for Tactical
PT
Sensor Systems
5. Generic Environmental/Operational Parameter H
Monitoring Module for Electronic Prognostics
6. Electronic Prognostics for C4ISR Systems PT
7. Maintenance Mode/Prognostic Interaction Design Tool T
8. Interconnection Prognostic Technology PT
9. Electronic Interconnection Prognostic Design Tools -_— T
10. Electronics Prognostics Financial Modeling Tool T
11. Tool for Logistics Impact of E-Prog ——— T
12. Prognostics for HCI Electronics/Electro-Optics PT
13. Prognostics for Redundant Electronic Systems PT
14. Electronic Prognostics Design Tool for Environmentally T
Tolerant Electronics
15. Electronics Life Usage Assessment and Prognostics - PT
Electronic Prognostics Life Usage System (E-Plus)
16. Data Enterprise System - Module to LRU Tracking for PT
Electronics Prognostics
17. Electronic Prognostics Reasoner Engine applicable to
. PT
Device through System
18. Electronic System Level Prognostic and RUL Tool Set T
19. Prognostics for Power Supplies and Converters PT

Table 21. E-PROG PROGRAMS AND RESEARCH REQUIREMENTS

Product Type Key:

H = Hardware

M = Model
PT = Prognostics Technology
T = Tools

Table 22. rolls up the E-Prog programs by product type (Tools, Electronics prognostics technology, Models and
Hardware) and S & T category. This allows the program to set man-year content to be totaled by S & T
category as well as product type. When formulating the acquisition plan for this program set, this breakout
allows the author to determine content of various acquisition tools such as MURI, SBIR and BAA, for example.

E-Prog Program Product Type | 6.1 Content | 6.2 Content | 6.3 Content | 6.4 Content Total
(Man-Years) | (Man-Years) | (Man-Years) | (Man-Years) | (Man-Years)

Tools 20 76 72 40 208

Electronics Prognostics 60 184 172 84 500

Technology

Models 32 32 0 0 64

Hardware 8 24 16 48

Totals 112 300 268 140 820

Table 22. E-Prog Program Breakout by S & T Category.
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4.3 The Roadmap - Roll Up Of The E-Prog Program Suite

Figure 6 shows a strawman roadmap for the programs detailed above in section 4.1.1. The time phasing of these
programs is dictated by application considerations and IPT transition date requirement inputs. The programs with
major 6.1 content require an early start in order to feed technology into many of the 6.2 and 6.3 efforts as they
proceed. Two key programs in this category are Program 1. Physics of Failure Model, and Program 17. Electronic
Prognostics Reasoner Engine which provide baseline technologies that will feed other programs such as the tools
efforts. The programs listed are in the order that the topics were developed at this time, not in a ranked order of
importance to future military systems.

E-Prog Program

. Physics of Failure Model for Gates, Devices and IC’s

Electronics Prognostics for High Power Switching Electronics

. BIP Prognostics for Devices and Circuit Boards

. Electronics/electro-optical Prognostics for Tactical Sensor Systems

. Generic Environmental/Operational Parameter Monitoring Module for E-Prog

. Electronic Prognostics for C4ISR Systems

. Maintenance Mode/Prognostic Interaction Design Tool

. Interconnection Prognostic Technology

. Electronic Interconnection Prognostic Design Tools

. Electronics Prognostics Financial Modeling Tool

. Tool for Logistics Impact of E-Prog

. Prognostics for HCI Electronics/Electro-Optics

. Prognostics for Redundant Electronic Systems

. Electronic Prognostics Design Tool for Environmentally Tolerant Electronics

. Electronics Life Usage Assessment and Prognostics — E-Prog Life Usage Systen
. Data Enterprise System - Module to LRU Tracking for Electronics Prognostics
. Electronic Prognostics Reasoner Engine applicable to Device through System
. Electronic System Level Prognostic and RUL Tool Set
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. Prognostics for Power Supplies and Converters

Figure 7 E-Prog Roadmap

Ranking of the efforts and annualizing the costs for the E-Prog program will ultimately depend on how the programs
are grouped and the acquisition plan that remains to be developed. The costs by funding type and program year are
given in Table 23. Years in Table 23 are Fiscal Years after program initiation assuming that funding is available for
the level of effort defined in the table. As can be seen in the table, there is a logical progression in funding type
from 6.1 and 6.2 efforts being the bulk of the funding in the first 4 years and 6.3 and 6.4 efforts being heaviest
during years 4-8.

FY1 FY2 FY3 Fy4 FY5 FYG6 FY7 FY8 Total
6.1 Total 41 45 26 112
6.2 Total 28 48 112 80 32 300
6.3 Total 0 20 20 72 88 60 8 268
6.4 Total 0 0 8 16 20 44 44 8 140
Totals 69 113 166 168 140 104 52 8 820
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4.4

Key Findings And Issues

The key findings of this Task are that for Prognostics for Electronic Systems:

The current technology maturity would not support fielding Electronics Prognostics as part of either
legacy or new weapon systems.

The needed technology will not “happen” without a dedicated process and planned funding to develop,
V&V, and integrate it in a Systems Engineering Environment.

The needed technology spans the spectrum from “low hanging fruit” to technology requiring invention
before development.

Some current R&D and SBIR programs can accelerate a solution if properly focused and funded.

Some commercial technologies exist that could become a baseline for DoD systems, but adaptation to
the differences in operating environment for DoD versus commercial applications must be addressed.
There is more interest in predicting the functional operating horizon of a system than that of individual
components.

Interest is growing in health of interconnects and hybrid (electromechanical) systems.

There appears to be equal interest in tools for prognostic system demonstration/evaluation and
hardware.

Some issues associated with the development and fielding are:

4.5

The Systems Engineering Process for designing Electronics Prognostics technology into new weapon
systems or spiral development processes in legacy weapon systems is not currently in place.

The integration of the resulting Electronics Prognostics technology into the emerging support and
supply chain processes is not currently in place. Without this the new Electronics Prognostics
technology could become a burden rather than an enabler for the warfighter.

The technology transition process for Electronics Prognostics technology is not in place. The issues in
the current process need to be addressed before the process can be adapted to Electronics Prognostics.
The Verification and Validation process for Electronics Prognostics is not currently in place. The
metrics for this process need to be developed and vetted. The “honest broker” V&YV facility or a
programmatic alternative methodology are neither identified nor funded.

The methodology for the integration of electronics prognostics into interconnection and hybrid
electromechanical systems is not in place.

Recommendations And Next Steps

The following are the recommendations for the Next Steps for the implementation of the programs described in this
report.
Report Review and Comment — develop consensus

Workshop Results Briefing Plan — Contacts and schedule

Incorporate comments and pushback from ID committee and briefings in Workshop Final Report
Preparation of briefing and execution of Briefing Plan — Agenda and content

Develop E-Prog S&T Program Execution Plan including Acquisition Plan

Execute E-Prog S&T Program
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0730
0800

1000
1015

1215
1330
1530
1545
1700

Workshop Agenda - 24 January 2006

Registration/Continental Buffet
Plenary Session

NDIA ID Committee Introduction And Welcome - 10 Min

Keynote — OSD Representative — 50 Min

Workshop Chair — Background, Tasks, Products, Layout — 60 Min

. Resources — CALCE - 20 Min, SNL - 20 Min, Charge To Group - 20 Min

Break — 15 Min
Workshop Session A - Four Parallel Sessions

Ship Programs — T. Galie

Fixed Wing Aircraft Programs — J. Kelly, M. Derriso

Rotary Wing Aircraft Programs — M. Hollins, P. Dussault

Ground Vehicle Programs — D. Brown
Lunch — Speaker - Logistics Impact Of Electronic Prognostics
Common Session — Tech. Area Session Leaders Present Results And Discussions
Break
Common Session — Tech Area Sessions Present Results And Discussions

Reception

Workshop Goal Accomplishment

Importance
Background
Resources

Task Defined

Needs By TA
Current R&D
S&T Programs
RDT&E Programs
V&V Programs

Review Of Workshop
Day 1 Results



0800
0830

1000
1030
1230
1330

Workshop Agenda - 25 January 2006

Day 2 Charge and Breakout

Parallel Sessions to Consolidate Needs
Current R&D Applicability - TBA
S&T Program Needs — T. Galie (NSWC)
RDT&E Program Needs — M. Hollins (NAVAIR), J. Kelly (NAVAIR)

V&YV Program Needs - P. Dussault (AMRDEC), C. Wenrick (Boeing)
Break
Roadmap Key Program Layout and Presentation Preparation
Lunch
Summarize Workshop Results
Identify Key Issues
Next Steps for IPT to Address

Roadmap Completion Schedule

Final Report Development Schedule

1530 Adjourn

Workshop Goal Accomplishment

Develop Roadmaps
Consolidate Roadmaps

Program Elements

Layout Roadmaps

Summarize Results

Establish Product Schedules
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E-Prog Workshop | Background

JSE Assigned Task
e Define diagnostics data needed to implement electronics prognostics

Conclusions:

e The need for electronic system prognostic capability is prominent in many new
weapon systems.

e Electronic System prognostics cannot be fielded now. ... Additional R&D and
V&V efforts are needed.

Recommended Follow-on Actions:

e Define and prioritize the R&D and V&YV tasks required to establish a fieldable
electronic system prognostic capability..

e (Generate a program roadmap for planning, sequencing and funding these tasks.
Establish funding sources, transition paths and sponsors and implement the
Electronic System Prognostic - Implementation Initiative (ESP-12).




DoD Instruction 5000.2 Statement on Prognostics

3.9.2.4. The DoD Components shall initiate system
modifications, as necessary, to improve performance and
reduce ownership costs.

3.9.2.4.1. PMs shall optimize operational readiness through
affordable, integrated, embedded diagnostics and
prognostics, and embedded training and testing; serialized
Iitem management; automatic identification technology
(AIT); and iterative technology refreshment.




Workshop Il Objectives

To identify the perceived needs of legacy and new
weapon systems for electronic prognostics

To identify common needs across multiple systems

To draft the key content of S&T, RDT&E and V&V
programs that address these common needs

To assemble these programs into roadmaps for
technology development

To identify the follow-on issues to implement the
roadmaps



Task Organization

Electronics Prognostics
Task
Management
IPT

Ground Vehicle
Programs
Prognostic Needs and
Current R&D
Programs

Ship Aircraft
Programs Programs
Prognostic Needs and Prognostic Needs and Current R&D Programs
Current R&D
Programs Navy / Marine

Army

Surface Fleet
T. Galie-NSWC
215-897-7960

Thomas.galie@navy.mil

Rotary Wing
M. Hollins-NAVAIR

301-342-1249
Mark.hollins@navy.mil

Navy / Marine

Fixed Wing / UAV

J. Kelly-NAVAIR
301-757-4368
john.r.kelly@navy.mil

Marine

Dale Brown-USMC
229-639-6170
Dale.L.Brown2@USMC.mil

Submarine Fleet
T. Galie

Army Rotary Wing
P. Dussault-ARMY

256-876-5922

Phil.Dussault@amrdec.army.mil

Air Force Fixed Wing

M. Derriso-AFRL-VASA
937-255-8534
mark.derriso@WPAFB.AF.mil
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Automated Prognostics
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Remote Integrated Teams
- 24/7/365 Virtual Teams: Fleett V-fSE
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Predictive Readiness
» Embedded Sensors
* Periodic Data Output/ Analysis
* Predictive Maintenance Models

Virtual Replication

* 3 Degree of Freedom Ship
Systems Models

« Joint Distributed Engineering

Plants

Advanced Technologies
» Nano Sensors

« Rohotics

» Neural Networks

MSD

Self Correcting Systems
» Self Repairing HW/SW
» Automated Maintenance

* Redundant Application
HW/SWY

Lab Replication
* Land-Based System
* Distributed Models /

Simulations PDREN

JV 2020



Panel Member

Lynn Petersen
Professor O. A. Mohammed

CDR William R Graham
LT Todd Jack

Joel Timm

Dave Scheid

Tom Perotti

Ernie Marvin

Mark "Blaze* Blazejewski

Navy Ship Panel

Topic Perspective Sub Topic Activity
Science and Technology High Power Systems ONR

. _ Florida International
Science and Technology High Power Systems university

Fleet as a customer Maintenance FFC N434

Fleet as a customer C5IS&R Systems ~ FFC N65M/602
Surface/Carrier Ship Systems Combat NSWC PHD
Surface/Carrier Ship Systems Combat NSWC PHD
Surface/Carrier Ship Systems HM&E and LANs ~ NSWCCD Phila
Submarines NUSC Newport RI

DDX Design Logisitics Support  Raytheon Naval Programs



Key Information Developed
In Preparation for the Workshop

 ldentification of key programs that can benefit from
prognostics
— System development programs
— Existing Systems
— Systems with planned upgrades
 Identification of key contacts in programs that are:

— Willing to assist in collecting information needed for roadmap
development

— Available to present needs and participate in workshop



Workshop Il Tasks

To define the S&T, RDT&E and V&YV efforts required for a broad
spectrum of systems and to organize (combine) them into cross platform
applicable R&D Roadmaps by:

Defining weapon systems that can benefit from electronics prognostics
by type (aircraft, ship, ground vehicles)

Summarizing current available technologies, and on-going R&D efforts,
and their state of development in terms of TRL.

Define the S&T, RDT&E and V&YV efforts required to bring these
technologies to TRL 6-7 so that they can be confidently drawn upon by
systems developers in their systems designs.

Identify technology gaps and describe the S&T, RDT&E and V&V
efforts to address them

Analyze the information gathered and summarize it in Technology
Roadmap form by type with the goal of defining common needs across
the weapon system spectrum




Workshop Process Overview

Day 1

Define needs by weapon system and application

Assemble needs onto template
— Prognostic need
— Weapons system and application
— Program elements to address need
— Needs and development program timeline

Day 2

Integrate templates by application type

Formulate template elements into activities:
- S&T
- RDT&E
- V&V
Translate template elements to roadmap
Draft final report key points and recommendations

10



0700
0800

1000
1015

1215
1330
1530
1545
1700

Workshop Agenda - 24 January 2006

Registration/Continental Buffet Workshop Goal Accomplishment

Plenary Session

NDIA ID Committee Introduction and Welcome Importance
Keynote — OSD Representative Background
Workshop Chair — Background, Tasks, Products, Layout Resources
o Resources — CALCE, SNL, Charge to Group Task Defined
Break — 15 Min
Workshop Session A - Four Parallel Sessions Needs by TA
Ship Programs — T. Galie Current R&D
Fixed Wing Aircraft Programs — J. Kelly, M. Derriso S&T Programs
Rotary Wing Aircraft Programs — M. Hollins, S. Crews RDT&E Programs
Ground Vehicle Programs — D. Brown V&V Programs

Lunch — Speaker - Logistics Impact of Electronic Prognostics
Common Session — Tech. Area Session Leaders Present Results and Discussions

Break Review of Workshop
Common Session — Tech Area Sessions Present Results and Discussions Day 1 Results
Reception

11



24 January 2006 Breakout Session Format

Needs Development Process

Weapon System Programs Included and Basic
Description (Scope)
Applicable Current R&D

Templates - Needs by Individual Application on
Programs

Group Discussion of Templates and Template
Updates

Preparation of Summary Presentation
Identification of representatives to day 2 sessions

12



Completed Sample E-Prog Template

Weapon System and Application

CVN-21 - EMALS

E-Prog Need Details

*Power electronics prognostics
—24 hours / 70% confidence

Development Program Elements

*S& T — sensing/detection techniques

— failure models

—Prognostics algorithms
*RDT&E — demonstration on military
system

*VV&V - Field Testing and Evaluation

Current S&T, RDT&E and V&V
Applicability

Electronic carrier migration models

S&T, RDT&E and V&V Needs and
Development Program Timelines

|OC 2011

*Development Program Through
V&YV 4 years

H
(8]




Workshop Agenda - 25 January 2006

0700 Registration and Continental Breakfast
0800 Day 2 Charge and Breakout
0830 Parallel Sessions to Consolidate Needs
o Current R&D Applicability
o S&T Program Needs - T. Galie
o RDT&E Program Needs - J. Kelly, M. Hollins
o V&V Program Needs - P. Dussault, C. Wenrick
1000 Break
1030 Roadmap Key Program Layout and Presentation Preparation
1230 Lunch
1330 Summarize Workshop Results
o Identify Key Issues
o Next Steps for IPT to Address
o Roadmap Completion Schedule
o Final Report Development Schedule
1530 Adjourn

Workshop Goal
Accomplishment

Develop Roadmaps
Consolidate Roadmaps
Program Elements

Layout Roadmaps

Summarize Results
Establish Product Schedules

14



January 25t Session Format

4 parallel sessions covering specific topics with a mix of
people from day 1 sessions

Goal Is to have representation from all day 1 sessions in
each day 2 session

Session 1 - Current R&D applicability
Session 2 - S&T Program Needs
Session 3 - RDT&E Program Needs
Session 4 - V&V Program needs

Results will then be integrated at afternoon sessions

15



Post Workshop Il Tasks to Complete Effort

Format workshop results into actionable plan and
Investment roadmap

Establish funding sources, transition paths and
Sponsors

Implement an Electronic System Prognostic -
Implementation Initiative (ESP-1?)

Prepare and deliver workshop final report

16



Backup Viewgraphs
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Integrated Diagnostics Committee
June 2004 Electronics Prognostics Workshop
Final Report Briefing

For The

NDIA Systems Engineering Conference
October 2004

ID Committee Co-Chairs
Howard Savage
Dennis Hecht
Report Author - Paul L. Howard




Goals of the Final Report

Review the Prognostic Definition and Terms of Reference Applied to the
Workshop

Summarize the 1D Electronic Prognostics Workshop
Define the Key Results / Conclusions from the Workshop
Address the Tasking Question

Integrate Comments / Recommendations from the Attendees and the ID
Committee

Recommend “Next Steps”
Provide the NDIA ID Committee Response to the NAVAIR Tasking

19




Prognostics Definition and Terms of Reference

PROGNOSTICS - A“FORECAST OF FUTURE PERFORMANCE AND / OR CONDITION”.

Prognostic Accuracy or Confidence Level — the accuracy in terms of difference between the future forecast of
performance or condition and the actual future value achieved expressed as +/- an amount or as a percentage of
the forecast. It may also be applied to the accuracy of the predicted time to failure, time to a given performance
degradation point or percentage, remaining useful life, etc.

Prognostic Horizon — the maximum time or related parameter (such as number of missions, etc.) for which a
given Prognostic Technique will achieve a set accuracy or confidence level. For example, technique “A” may
achieve a 90% prognostic accuracy with a horizon of 200 operating hours, or Prognostic Technique “B” may
achieve a 75% prognostic accuracy with a prognostic horizon of 3 missions.

Prognostic Metrics — those measures of performance of a prognostic technique or system that characterize the
performance and predictive reliability of that technique or system for a specific application. These metrics may
include:

e Demonstrated versus design prognostic accuracy / confidence level.

e Demonstrated versus design prognostic horizon.

e Demonstrated reliability of the prognostic system versus the system it monitors.

e Applicability or robustness of the prognostic technique or system — how many other applications
can the technique be applied to with commensurate accuracy, reliability and horizon attributes.

20




NAVAIR Tasking

“Identify the types of diagnostic data that should be
collected for use In providing an electronic systems
prognostic capability”

Requested by:
John Kelly
USNCIV NAVAIR 2133

21



Key Points From the Three Workshop Sessions

Electronic Prognostics Requirements —The need for prognostics on electronic systems is
common to many current and new weapon system programs. As electronic systems start to
represent higher percentages of weapon system content, the urgency of addressing this issue
Increases.

Current Electronic Prognostic Applications & Tools — There is a baseline set of tools and
practices that are currently available and/or in use for prognostics of certain specific types of
electronic systems. Some models as well as tools for modeling and data mining for electronic
systems exist and are being applied. Additionally, since many of the electronic failure modes
may actually be due to or caused by mechanical failure mechanisms (solder joint failures, PC
Board trace breakage, contact corrosion, etc.) it may be prudent to adapt already proven
mechanical system prognostic technology to some electronic system prognostic applications.

Current Electronic Prognostic Research and Development Activities — There are emerging tools
and technologies that, when developed, may augment the baseline technology, including the
application of nonlinear analytical techniques to detect early onset of faults. One current focus is
Power Supply prognostics in currently active JSF sponsored SBIRs, including the use of actual
loadings and failure physics to predict solder joint crack initiation and device failure and the
potential for tracking BIT “false indications” as potential early indicators of the onset of faults.

22




ID Committee Actions

Review and Approval of the Final Report - Completed

« Forward to the NDIA SE Division as the ID
Committee Response to the NAVAIR Tasking - Completed

« NDIA SE Division Approval to Act on Recommendations -
Completed

o Establish Task Group to Act on the Recommendations -
In Process - Chaired by Jim Dill ( ID Committee)

23




NDIA System Engineering Division
Integrated Diagnostics Committee

Electronics Prognostics Technology

Fixed Wing Aircraft Task Group

E-Prog Il Workshop
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AFRL Electronics Prognostics

Weapon System and Application

Legacy vehicles

E-Prog Need Details

*Development of robust and
accurate diag/prog techniques that
require minimum additional
hardware

Development Program Elements

*Assess the state of the art in
electronics diag/prog for legacy
vehicles. Attack the CND and re-
test OK scenarios for mission
critical and flight critical
components.

Current S&T and RDT&E
Applicability

* All legacy vehicles

S&T and RDT&E Needs and
Development Program Timelines

°FY10




Electronics Prognostics

Weapon System and Application | New vehicle concepts (Morphing
Aircraft, Sensorcraft)

E-Prog Need Details *Develop inherent robust diag/prog
methods for mission critical and
high maintenance subsystems.

Development Program Elements | °*Used for new vehicles concepts to
Insure electronics are operating
properly to perform its required

function.
Current S&T and RDT&E * Morphing Aircraft, Sensorcraft
Applicability
S&T and RDT&E Needs and °FY11

Development Program Timelines




Electronics Prognostics

Weapon System and Application

Integrated Systems Health
Management (ISHM) Architecture

E-Prog Need Details

*Develop inherent robust diag/prog
methods for ISHM architecture.

Development Program Elements

*Used for ISHM architecture to
Insure systems are operating
properly to perform its required
functions.

Current S&T and RDT&E
Applicability

* UAVs, Space Vehicles, etc..

S&T and RDT&E Needs and
Development Program Timelines

°FY11




NDIA System Engineering Division
Integrated Diagnostics Committee

Electronics Prognostics Technology

Ground Weapons Task Group

E-Prog Il Workshop
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Ground Weagons (moves.shoots,
communicates.detects)

There is significant interest on the state of the art in prognostics/diagnostics and a
lack of generally available information/standards or data that is readily available.

Great concern over no data exchange between vendors, or proprietary data
restrictions from sensing devices or assemblies. Due to large ownership and
investment issues, how do we overcome this from a DoD perspective? What are
vendors willing to give up in the interest of the community. (1.e failure rates.)

Enormous interest in return on investment studies across the board. Beyond the
rtok, cnd, et. Who is doing this? Why aren’t we tasking/lobbying this via OSD et.

Seems to be lack of communication even within Services on state of the art, lack of
visibility into ongoing Service and industry efforts.

Unified Data Theory for all Dod weapons systems. Capture all info, continuous
refinement, allow for Service Specific environmental needs, so that the bounds for
prognostic/diagnostic requirements are captured.

Repetitive work being done across the Services by the vendors; how can the DoD
better broker this?




Ground Weagons (moves.shoots,
communicates.detects)

FCS, Stryker, M88, EFV, LAV, FMTV, FTTS,

Many companies interested in what is happening in prognostics/diagnostics;
others pursuing development and capability (fpga prognostics, solder
prognostics et.).

Need to encourage participants to connect with Program offices to derive
weapons systems specific details and intent.

No requirements seem in evidence among the group regarding prognostics
requirements emerging from many of the program offices. In some cases, even
BIT is tacked on, after the fact.

How to create the need case amongst DoD for Prognostics and prognostics
requirements.(goes back to ROI case; harder for ground vice air/ship)




F

S

Weapon System and Application

FCS will be forwarded later pending
approval via ID chairs. Cliff Wenrick.

E-Prog Need Details

(will also be setting up Prognostics
Team intra-FCS)

Development Program Elements

(commentary; where are the cost
benefits analysis of the various
methods; fuses, canaries; how do you
use this to influence the designer)

How would you do the “best’
technology assessment, with large #s

Current S&T, RDT&E and V&V
Applicability

FCS will integrate with current and
future force prognostics/

S&T, RDT&E and V&V Needs and
Development Program Timelines




Army IETM interface

Weapon System and Application

Tactical Light, Medium, Heavy
Systems( MSD based ietms)(Army)

E-Prog Need Details

Coordinate progn diagn needs with
ietm/msd; |.e maintainer connection

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

S&T, RDT&E and V&V Needs and
Development Program Timelines

Ongoing, TACOM next gen ietm
software EMS 06 ; not all vehicles
will migrate.




Stryker

Weapon System and Application

Stryker

Powerpack (caterpiller/allison) limited
vendor data support

E-Prog Need Details

Access; how do you provide
assurance that proprietary data is
protected yet usable. ATEC has the
vdls library capability. (possible
future shareable framework (Nat
Albritton)

Development Program Elements

BIT added after design; added at 3™

Brigade level. Institutional limits to
diagnosis to LRU level; capable of

Current S&T, RDT&E and V&V
Applicability

Continuous testing/dedicated; some
prognostics efforts in comm equip.




Weapon System and Application

General communication gear shows a
dearth of prognostics; also handheld
GPS;

We need to consider all types of
systems.

E-Prog Need Details

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

S&T, RDT&E and V&V Needs and
Development Program Timelines




Comment

Weapon System and Application

Stryker, FCS, EFV; what are the
combined prognostics needs; where
does this all lead into the future?

E-Prog Need Details

Dearth of electronics physics
models/mechanisms of failures in
non-simplistic environments.

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

S&T, RDT&E and V&V Needs and
Development Program Timelines




FMTV

Weapon System and Application

FMTYV (Stewart-Stevenson)

E-Prog Need Details

Interested in prognostics diagn.

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

Next gen vehicle 07; cost a factor; but
what is out there; what is possible?

S&T, RDT&E and V&V Needs and
Development Program Timelines




FTTS

Weapon System and Application

Prognostics and diagnostic on
generator sets (future tactical transport
system)

E-Prog Need Details

Interested in prognostics diagn.and
how is this data made meaningful

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

Need basic research and algorithms.

S&T, RDT&E and V&V Needs and
Development Program Timelines




More FCS

Weapon System and Application

Aberdeen doing extensive sw v&vV
planning

E-Prog Need Details

Development Program Elements

V&V plan in 06. for prog and diag
software on the FCS. Actual testing
FYQ7

Companies not seeing requirements
for prognostics; due to extra costs,
prog probably not offered;

Significant testing redundancy
occuring across multiple companies;
how can you normalize via DoD? Dod
would have to be the factor/broker;
currently not happening.

Current S&T, RDT&E and V&V
Applicability




ARL

Weapon System and Application

Temp humidity, vibration, shock
miniturized sensors for munitions.
ROI could be up to 65% in future
munitions.

E-Prog Need Details

May be open source to other DoD
entities.

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

More assets; need more insertion opps
from field users. Sustainability
maintainability, survivability;

S&T, RDT&E and V&V Needs and
Development Program Timelines




Tracked Vehicles

Weapon System and Application

M88-A2,Bradleys, Paladins,
M113,FCS

E-Prog Need Details

Interested in prognostics diagn. And
to see what is possible

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

Research in progress.

S&T, RDT&E and V&V Needs and
Development Program Timelines




EFV

Weapon System and Application

Expeditionary
Fighting vehicle

E-Prog Need Details

CBM postponed by ONR due to
funding constraints

Warnings, Cautions and Advisories
 Built-in-Test

 Third Echelon Test System

* ONR Condition Based

Need driven maintenance; minimum
maintenance.

Development Program Elements

Current S&T, RDT&E and V&V
Applicability

Research in progress.

S&T, RDT&E and V&V Needs and
Development Program Timelines

Will be resuming CBM efforts in the
2007-2008 timeframe.




comment

Weapon System and Application

DRS sees lack of data sharing
between ATE and vehicle;physics of
failure; common modeling technigues
at the vehicle level lacking

E-Prog Need Details

Cost benefit tradeoff across when it
would be cost effective to pursue
different approaches for prognostic

Development Program Elements

1Sensor vice physics of failure
2Data mining of sensor data
3Statistical mining of datal

Current S&T, RDT&E and V&V
Applicability

S&T, RDT&E and V&V Needs and
Development Program Timelines




Some companies pursuing dc to dc power converter prognostics;
solder joint failure sensors; for a prognostic capability, can detect in-
situ monitoring of solder joints, fault to failure estimate modeling,
physics of failure, empirical based; combining real world with
models; refine the guess with accrued data;



Completed Sample E-prog Template

Weapon System and Application

CVN-21 - EMALS

E-Prog Need Details

*Power electronics prognostics
—24 hours / 70% confidence

Development Program Elements

*S& T — sensing/detection techniques

— failure models

—Prognostics algorithms
*RDT&E — demonstration on military
system

*VV&V - Field Testing and Evaluation

Current S&T, RDT&E and V&V
Applicability

Electronic carrier migration models

S&T, RDT&E and V&V Needs and
Development Program Timelines

|OC 2011

*Development Program Through
V&YV 4 years




Prognostics Definition and Terms of Reference

PROGNOSTICS - A“FORECAST OF FUTURE PERFORMANCE AND / OR CONDITION”.

Prognostic Accuracy or Confidence Level — the accuracy in terms of difference between the future forecast of
performance or condition and the actual future value achieved expressed as +/- an amount or as a percentage of
the forecast. It may also be applied to the accuracy of the predicted time to failure, time to a given performance
degradation point or percentage, remaining useful life, etc.

Prognostic Horizon — the maximum time or related parameter (such as number of missions, etc.) for which a
given Prognostic Technique will achieve a set accuracy or confidence level. For example, technique “A” may
achieve a 90% prognostic accuracy with a horizon of 200 operating hours, or Prognostic Technique “B” may
achieve a 75% prognostic accuracy with a prognostic horizon of 3 missions.

Prognostic Metrics — those measures of performance of a prognostic technique or system that characterize the
performance and predictive reliability of that technique or system for a specific application. These metrics may
include:

e Demonstrated versus design prognostic accuracy / confidence level.

e Demonstrated versus design prognostic horizon.

e Demonstrated reliability of the prognostic system versus the system it monitors.

e Applicability or robustness of the prognostic technique or system — how many other applications
can the technique be applied to with commensurate accuracy, reliability and horizon attributes.




Advanced Amphibious Assault Vehicle
Prognostics/Diagnostics Overview

Jan 2006



Execution of DoD CBM+ Policy

* Reliability Growth

/

Maintenance
* Design Rules
Smaller Maintenance and « Accessibility of components
Logistics Support Footprints » User Juries/Logistics
. Demonstrations
* “Fix Forward”
« Performance Based Logistics \

Design for Minimum

AAAYV Life Cycle Support

Automated Maintenance
Information Generation

« Class V Interactive Electronic Production Technologies

Technical Manuals
» Embedded Logistics
Administrative System

Maintenance Analytical and

* Production to Field
Application Program Sets
* Serialized Item Management

N Diagnostics and

Need-driven
Maintenance

* Reliability Centered
Maintenance

 Scheduled Maintenance/
Technology Insertion

Prognostics

» Warnings, Cautions and
Advisories

* Built-in-Test

» Third Echelon Test System
* ONR Condition Based
Monitoring FNC TOC



AAAV Prognostics System
Definition & Focus

Prognostics - The ability to reliably predict the remaining
useful life of mechanical components, within an actionable
time period, with acceptable confidence limits

Focus:
— Safety during Over the Horizon Operations
— Combat Effectiveness
— Total Ownership Cost



Prognostics Program Objective:
Enhanced Asset Visibility
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AFFORDABILITY €S
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N‘@ ik
Ship to Objective Maneuver Mission Critical Subsystems Support Operational

Reduced PMCS and
Overhauls

Reduced Manhours
Reduced Spare Parts \
Inventory

Avoid Collateral Damage

Just in Time Logistics Support

A Decision Making
Operator Warning of Impending Failure
/v with Decision Aids for Action

Integrated with Diagnostics/Fault Manager,
Embedded Logistics Administrative System,
and IETM

Prognostic Sensor Data

N
i Drivetrain | 1 — V\!HEU/CCS
Identify True Component e Drvetran
[]

Failure Rates and Causes —/| SCME

. S¥] Transmission
Feedback Mechanism for Controller

DES'GN FEEDBACK Design Activities TransmissionI Fault

O Subsystem Messages




Prognostic Sensor Data

Drivetrain

Sensor w/Embedded

Processor

Transmission
Subsystem

—
g

Drivetrain
. Subsystem Condition
9. Monitoring Engine

v

Hull Electronics Unit/
Command Control Server

Transmission
Controller
Fault
Messages

Portable
Maintenance Device

Mass Memory Unit



EFV Prognostics Objective Capabillity:

Mobility Mission Critical Functionality

Power Transfer Module
Gear Mesh/Bearing Vibration/Clutch Wear

Engine

Trending Algorithms Batteries

«State of Health
«State of Charge

Transmission and Final Drives
Gear Mesh/Bearing Vibration




Status

e 30 June 2005 - DRPM briefed ONR, presented Courses of Action
and CBM Program recommendation to postpone CBM development.

« Recommendation based on funding constraints, evolving EFV
design and focus on threshold requirements

* Prognostics/Condition Based Maintenance capabilities will be
revisited in FYO7-FY08



EFV Diagnostics

SYSTEM/SUBSYSTEM SPECIFICATION REQUIREMENTS

Fault Detection

Mission critical functions shall be monitored by Built-In-Test (BIT) . BIT shall
display the fault status at the appropriate crew station. BIT, or using unit
external test equipment, shall detect 75 percent of all operational mission
failures not readily evident to the crew.

Fault Isolation

Fault isolation shall be performed when the maintainer selects the fault to be
isolated. The EFV shall provide unambiguous fault isolation for 75 percent of
LRU faults considered operational mission failures. Fault isolation testing
includes visual inspection, interactive subsystem troubleshooting and embedded
diagnostic routines.

False Alarms

False alarms are faults, where, upon investigation, it is found the fault cannot be
confirmed. The Mean Time Between False Alarm (MTBFA) for all fault
indications displayed to the vehicle operator shall be 12.5 hours or greater.

LRU Testing

The capability shall be provided to verify faults or failures at the Intermediate Level
of Maintenance for 95 percent of all electrical and electronic LRU’s.

Shop Replaceable Unit (SRU) Testing

95 percent of SRUs associated with mission critical function failures shall be isolated
at the Intermediate Level of Maintenance. SRUs are defined by the Level of
Repair Analysis



FAULT

DETECTED BY CONNECT PMD L AUNCH SELECT
DIAGNOSTIC AND CLASS5 ACTIVE
SYSTEM DOWNLOAD IETM FAULT

? ACTIVE FAULT

LIST EACH TROUBLESHOOTING

PROCEDURE LINKSTO A
FAULT RESOLVING
MAINTENANCE TASK.

IS
FOLLOW FOLLOW ASSOCIATED
SYMPTOM
FOUND IN Plflsl(sggi\TE TROUBLESHOOTING LINKED MAINTENANCE VERIFY
SYMPTOM S PROCEDURE/ ISOLATE TASK TO R/IR FAULTED REPAIR

LIST FAULT TO SINGLE LRU LRU
?

OPEN SELECT USE THEORY OF OPS DIAGNOSTICS BIT &
IETM FUNCTION AND SCHEMATICS TO FIT INTEGRATED INTO
MANUALLY ASSOCIATED PERFORM SYMPTOM TROUBLESHOOTING
WITH FAULT DESCERNMENT PROCEDURE.
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Fleet Sustainment Pressures

|. What we are facing

- reduced manning ships (less technician hours for
preventive and corrective maintenance)

- reduced OPTAR (less ability to stock and use spare parts)

- higher OPTEMPO (less available "down hours" for
systems)

- more operators, less maintainers (pipeline training not as
robust as it used to be with regards to electronic
troubleshooting)

- reduced shore infrastructure and maintenance budgets
(less travel, fewer techs)



Fleet Prognostics Needs

Il. What prognostics do for us
- right timed maintenance (if we can predict when it will fail,
we can replace it at the most opportune time)
- decreased requirement for onboard sparing
- decreased time requirements for troubleshooting (less
stress on maintenance infrastructure)



Remote Monitoring Needs

Ill. What electronic (remote) capability gives us
- allows sailors to focus more on ops
- allows centralization, alignment, and reduction of shore
Infrastructure (we can monitor multiple ships from one location)

- potentially gives strike force commanders and strategic
planners real time exposure to unit readiness
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Submarine E-prog Requirement

Weapon System and TA Handling Systems: OA-9070, OK-276, Next generation handler

Application Principal goal: Improve at-sea reliability, uptime, reduce unsched
maintenance costs (overseas, diver, dry dock)

E-Prog Need Details *Mechanical and electrical prognostics

— Prediction Horizon: 2-4 weeks / 75% confidence

— Account for LDT - ship schedule, part availability lag time
— willing to settle for 75% confidence given current failure

criticality
Current Development S&T
Program Elements — performance data collection ongoing, 2000+
Current S&T and RDT&E | *S&T
Applicability — physics models, @NUWC, sponsored by PMS401 2006-
2007
*R&D

—Determine if there is inherent capability in the exiting
electronics components

S&T and RDT&E Needs *S&T —2007 - 2009
and Development Program — condition sensing/detection technology

Timelines — degradation/failure models
— prognostics algorithms
*RDT&E — demonstration on military system, NGH, 2009




Submarine E-prog Requirement

Weapon System and Sonar Systems: BQQ-10, VA Class
Application Navigation Radar : BPS-15 SSBN, BPS-16 VA
Propulsion control

E-Prog Need Details *COTS, Electronics prognostics

—Prediction Horizon: 1 week / 90% confidence
—Power Supplies

— specialized CCAs

Development Program | *S&T

Elements — limited performance data collection, “proprietary”
Current S&T and S&T
RDT&E Applicability — a priori work at contractors, COTS vendors?

—Provide access to data on current test systems
—Bit standards
—API framework

S&T and RDT&E *S&T — ongoing AP Build incorporation thru 2012

Needs and — looking for apriori performance information to supplement data
Development Program collection, sensing/detection

Timelines — existing failure models

— prognostics algorithms
*RDT&E - demonstration on military system builds thru 2012 3
eIntegration with other condition management systems




Submarine E-prog Requirement

Weapon System and
Application

Arrays: SSN, SSBN
TB-33, TB16NG, TB16G, fiber degradation, Laser assemblies

Principal goal: OOM improvement in at-sea reliability, reduce
unscheduled maintenance costs

E-Prog Need Details

sAcoustic electronics, optics prognostics

— Prediction Horizon: 1 week / 75% confidence
*Mechanical, FO prognostics

— Prediction Horizon: 1-2 weeks / 75% confidence

Development Program
Elements

S&T
— Limited performance and test data collection
— Physics based models @NUWC, PMS401 2006-2007

—Instrumented measurement of: handler impact; operational
stress @NUWC, PMS401, 2005-2007

Current S&T and RDT&E
Applicability

*No known work in this area

S&T and RDT&E Needs
and Development
Program Timelines

«S&T — impact TB33 development, 16 upgrades
— FO degradation models 2006 — 2007
— laser electronics measurement
—sensing/detection techniques 2006-2007
*RDT&E - demonstration on military system 2009




Submarine E-prog Requirement

Weapon System and Application

UUVs
Principal goal: improved at-sea reliability, reduce

E-Prog Need Details

sPower system condition
«Control, sensor electronics prognostics

—Prediction Horizon: 1 week / 75% confidence
*Mechanical prognostics

— Prediction Horizon: 1-2 weeks / 75% confidence

Development Program Elements

Current S&T and RDT&E
Applicability

S&T and RDT&E Needs and
Development Program Timelines

*S&T — ongoing development 2000-2010
— performance data collection
— sensing/detection techniques
— failure models
*RDT&E — demonstration on military system




Submarine E-prog Requirement

Weapon System and
Application

Type 18 Periscope
VLS Launcher: SSN

Principal goal: Improve at-sea uptime, reduce unsched maintenance
costs

E-Prog Need Details

«Control, sensor electronics prognostics
—Prediction Horizon: 1 week / 75% confidence
*Mechanical prognostics
— Prediction Horizon: 2-4 weeks / 75% confidence

Development Program
Elements

*Map subsystem criticality and failure modes

*Map existing subsystem BIT that could be accessed and stored
externally to develop a data base for prognostic driven logistics

*Map s/w leakage and trac s/w undefined state to logistic statistics

Current S&T and
RDT&E Applicability

*Development of both behavior based and fuzzy logic autonomy for
hazard avoidance

S&T and RDT&E Needs
and Development
Program Timelines

«S&T - iImpact existing inventory
— performance data collection
— sensing/detection techniques
— failure models
— prognostics algorithms
*RDT&E - demonstration on military system 6
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=78 Energy Systems Lab, FIU

Prognostics

Prognostics is the capability to provide early detection of
the precursor and/or incipient fault condition of a system.

To accomplish this in the system, we need to have the
technology and means to manage and predict the
progression of such a fault condition to system failure.

Diagnostics is identifying what is wrong while Prognostics
IS predicting what is going to happen in the future as a
result of what is wrong.

A history of indicators is used in conjunction with point of
failure models to compute damage accumulated and
thereby forecast life remaining

Professor O. A. Mohammed, NDIA, January 2006



Methods That Enable Electronic Prognostics

« Monitoring for failure precursors — (such as Internal
stresses).

e Canary - adding content to a system that fails prior to the
system failing (such as fuse)

« Life Consumption Monitoring - a history of environmental
stresses (e.g., thermal, vibration) is used in conjunction
with physics of faillure models to compute damage
accumulated and thereby forecast life remaining

 The component/system shall incorporate an embedded
prognostic capability that will enhance availability and
reduce support costs by predicting mission critical failures.

* Prognostics shall predict most of the mission critical
failures way ahead (time wise) in advance of occurrence
with a high level of certainty.

v/ Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006



Methods That Enable Electronic Prognostics

 The essence of prognostics is the estimation of remaining
life in terms that are useful to the maintenance decision
process.

» All Prognostics approaches are essentially the
extrapolation of trends based on recent observations
(measurements) to estimate remaining life.

« This calculation alone does not provide sufficient
Information to form a decision or corrective action.

* Without accommodating the corresponding measures of
the uncertainty associated with the calculation, remaining
life projections have little practical value.

- Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006



Prognostics for Electronic Systems

 Most approaches to Prognostics are focused on
monitoring failure precursor indications (health
monitoring),

« which does not require system failures to be
deterministic in nature

» but does require that the observed failure precursor
have a deterministic link to the actual system failure.

* Finding practical failure precursors for electronic systems
s difficult.

* Electronic systems have not traditionally been subject to
prognostics because their time to wear-out was assumed
to be much longer than the system life cycle or
technology refresh period (non-life limited).

,4 Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006



Objectives

 Determine when the reliability of the system
components have become deterministic enough
to warrant the application of Prognostics-based
scheduled maintenance.

e Given the uncertainties (input and model) in the
sensing and forecasting ability, how can

Prognostics results be interpreted so as to

orovide value to the maintenance decision

orocess?

* Business case development to show the
usefulness of Prognostics for systems?

/ Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006




=/:8 Energy Systems Lab, FIU

General Modeling Approaches

Treating all inputs as probability distributions — stochastic
analysis used (Monte Carlo)

Time-to-failure is segregated into a set of deterministic
failure mechanisms for which a distribution can be
determined and a set of random failure mechanisms (or
failure mechanisms that may be deterministic but are not
detected by the Prognostics approach used)

Various maintenance interval and Prognostics approaches
are distinguished by how sampled time-to-failure values
are used to model Prognostics forecasting distributions
Metrics computed:

— life cycle cost

— failures avoided

— operational availability

Professor O. A. Mohammed, NDIA, January 2006



We need to identify

What is the right shape and size of distribution to associate with Life
Consumption Monitoring (LCM) and Health Monitoring (HM)? Accounting for
point of failure and model uncertainty.

» Realistic Prognostics solutions are mixtures of (LCM),
(HM) and scheduled maintenance

 Redundancy

e The problem changes significantly when decisions
have to be concurrently made ( Maintenance
decisions, system may have a different PHM
approach too (or none at all)

e Second order uncertainty

e Develop algorithms for stochastic modeling of various

‘Prognostics approaches (Intelligent Systems)

Energy Systems Lab, FIU

Professor O. A. Mohammed, NDIA, January 2006



New Methodologies

 Network Enabled Capability

 Information and data management

* Integration of unmanned systems

* Precision weapons and target
identification

 Technology insertion

 Modeling and simulation of effects based
operations

AT
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; Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006



Some Key Dual Use Technologies

Novel sensors, processing and wireless networks

Active functional materials and structures

« Technologies for high availability low cost life
cycles

e Autonomous systems and information systems

 Human performance and biological disciplines

,« Energy Systems Lab, FIU Professor O. A. Mohammed, NDIA, January 2006
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NDIA Rotary Wing Session

Philip Dussault — US Army AMRDEC
Mark Hollins — US Navy NAVAIR

teamwork



Agenda

Introductions

Objectives

Definition of equipment types and components that could benefit from
prognostics

Prognostics lead time needed and confidence level of prediction

Technology needs and dates they are required to have greatest system
benefit

Current R&D you are aware of including details on program and TRL level of
technology

|dentify needs which are not met by current programs
Efforts required to develop prognostics technologies
Milestone dates
Product of R&D efforts
Level of effort required
Templates
Consolidate Objectives to Template

Report results of session to other attendees

teamwork Rotary Wing Aircraft Programs



Key Information to be developed for the
workshop

Succinct definition of Prognostics Needs for
Army Aviation & Missile Systems

Definition of equipment and components that are
problematic

Avionic/Electronic systems
Analog, Digital, Electro-Optics, Power, RF
Constitute the following systems:
Weapons System
Armament System
Communications
Control/Displays
Data Management
Fuel Systems
Lighting Systems
Power Systems
Flight Control
Guidance/Navigation System
RADAR/LADAR/LIDAR

Propulsion System

teamwork Sighting System Rotary Wing Aircraft Programs



Key Information to be developed for the
workshop

Lead time needed and confidence level needed for prognostics predictions to
be useful in an operational system based upon criticality or function

Safety Critical Item

Mission Essential Item

High Cost Item

High Maintenance Time

Prediction horizons vary
Mission profile, optempo, function criticality, flight time, environment, cycle time

Example: Sighting component — Laser Target Designator
Need 8 hours lead time before failure for mission planning
Need 5 - 10 days lead time for logistics cycle time if part not at unit
70% @ 24 hrs before failure
80% @ 8 hrs before failure

Time frame in which technology is needed to have greatest system benefit
Most programs are going through spiral development or block upgrade programs
Complex electronic systems are O&S Cost drivers
Phased implementation as technology develops

teamwork Rotary Wing Aircraft Programs



Current R&D Activities

PROJECT TITLE STATUS DURATION AMRDEC POC

PROG/DIAG FOR FUTURE FORCE (ATO) FUNDED FY 04-08 STEPHEN MAROTTA, 256-876-9283

NEURAL NETWORK RELIABILITY

PROGNOSTICS TOOL (SBIR) FUNDED FY02-05 WYATT SHANKLE, 256-313-6379

UAV DIAGNOSTICS/PROGNOSTICS (SBIR) FUNDED FY 05 WYATT SHANKLE, 256-313-6379

SOLDER INTERCONNECT PREDICTOR FUNDED FY 05-06 WYATT SHANKLE, 256-313-6379

TECH COORD GRP FOR PREDICTIVE

MATERIALS AGING AND RELIABILITY FUNDED FY 05-09 WYATT SHANKLE, 256-313-6379

VIRTUAL SENSORS FOR STATE FUNDED

MEASUREMENTS, HEALTH & USAGE UNDER

MEASUREMENTS, AND LOAD ESTIMATION SARAP FY 03-06 NED CHASE, 757-878-3025
PHASE |

AFFORDABLE HEALTH AND USAGE FUNDED

MONITORING SYSTEM FOR UNMANNED PHASE I

AERIAL VEHICLES PROPOSED FY 04-07 TREVEN BAKER, 757-878-0155

CORROSION AND CORROSIVITY

MONITORING SYSTEM FUNDED FY 02-05 TREVEN BAKER, 757-878-0155

INTEGRATED OIL DEBRIS AND CONDITION

SENSOR FUNDED COMPLETED TREVEN BAKER, 757-878-0155

teamwork Rotary Wing Aircraft Programs



Current Unfunded R&D
Activities

PROJECT TITLE STATUS DURATION AMRDEC POC

UAV CBM THRU DIAGNOSTICS AND
PROGNOSTICS UNFUNDED FY 06-08 WYATT SHANKLE, 256-313-6379

DIAG/PROG ALGORITHMS FOR ENABLING
ELECTRONIC COMPONENT CBM UNFUNDED FY06-10 ROBERT RUSSELL, 256-842-2767

DEMO OF MANPOWER REDUCTION USING
CONTINUOUS CBM OF ELECTRICAL
AND WIRING SYSTEMS UNFUNDED FY 05-06 WARREN ALFORD, 256-313-6498

EMBEDDED CBM SYS AND DATA-LINK FOR
ROTARY WING AIRCRAFT UNFUNDED FY 06-07 WARREN ALFORD, 256-313-6498

PORTABLE ELECTRICAL SYS CBM BASED
TROUBLESHOOTING UNFUNDED FY 06-07 WARREN ALFORD, 256-313-6498

EMBEDDED SENSOR TECH FOR ELECTRICAL
CONDUCTIVE PATH AND SYSTEMS UNFUNDED FY 06-08 WARREN ALFORD, 256-313-6498

teamwork Rotary Wing Aircraft Programs



Key Information to be developed for the
workshop

Key technology needs

Sensing Technologies (Conventional, Fiber-Optics, Piezoelectric) for
embedded monitoring (electronic/signal properties, condition)

Actuation Technologies (Electro-Rheological Fluids, Shape-Memaory Alloys,
Piezoelectric Materials)

Efforts required to develop the required prognostics technologies including
milestone dates, products of R&D efforts, and level of effort required.

Fault Classification Tools
Stochastic Modeling Techniques
Adaptive Wavelet Based Neural Networks
Bayesian Belief Networks
Physics of Failure Based Models
Reasoning Tools
Prognostic Engine
Virtual Sensor / Wavelet Neural Network
Dynamic Wavelet Neural Network
Confidence/Certainty Prediction Tools
Validation Methodologies
UID LRUs/SRUs
Automated functional test programs

teamwork Rotary Wing Aircraft Programs



Key Information to be developed for the
workshop

|dentification of key programs that can benefit
from prognostics

System development programs

Existing Systems

Systems with planned upgrades

ldentification of key contacts in programs that
are:

Willing to assist in collecting information needed for
roadmap development

Available to present needs and participate in
workshop

teamwork Rotary Wing Aircraft Programs



Weapon System(s) | Rotary Wing Aircraft

and Application Electro-Optical Systems, Computers/Processors, Displays,
RADAR ,Flight Controls, FADEC, Electro-mechanical
Interface, Power Supplies/Power Source,
Wiring/Interconnect

E-Prog Need
Details 24 hours / 95% confidence
Development S&T — sensing/detection techniques

External/integrated stimulus/testing
physics of failure models
Prognostics algorithms/reasoning

RDT&E — demonstration on military system
V&V — Field Testing and Evaluation
Current S&T and reasoning models

RDT&E Applicability Data capture

Program Elements

S&T and RDT&E yesterday!
Needs and Development Program Through V&V 4 years

Development
Program Timelines

tedrrvors Rotary Wing Aircraft Programs
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Electronic Prognostics

Continuous system telemetry coupled with
real-time pattern recognition for enhanced
reliability, availability and serviceability of
electronic systems & networks

Kenny C. Gross
Sun Microsystems
San Diego Physical Sciences Research Center

1/25/06




Motivation: Failures Are Costly

» Conventional approach for designing fault-tolerant and
highly available systems: hardware redundancy

» Redundancy has several drawbacks:
> Expensive:
> replication of hardware components
> multiplies power requirements
> multiplies cooling requirements
> increases complexity of heat removal

> Complex: additional hardware/software required to implement
failover, voting, state replication, checkpointing, etc.

> Difficult to validate: realistic failure scenarios often difficult to
mimic, making fault tolerance functionality one of the more
undertested features of the system

Sun Microsystems



Electronic Prognostics for DOD @Sun

Continuous System Telemetry Harness

from kstat

“Soft” Variables
System Performance Variables

“Canary” Variables

Distributed Synthetic Transaction
Generators (user wait times, monitored
24x7)

Physical

time series

Variables

Distributed internal
temperatures,
current & voltage

Consumer
Processes
for Telemetry
Signals

prf>| Retains high sampling rate signals 72 hrs;

N\ 7

“Black Box” Recorder
Circular File Structure.

lower sampling rate signals 30 days

Proactive: Predictive Failure Annunciation

Reactive: Faster, more accurate root cause analysis

Self Healing;: Software Aging and Rejuvenation

NTF Reduction: Captured signatures help reveal the
mechanisms responsible for No-Trouble-
Found (NTF) events
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Electronic Prognostics for DOD @Sun

Failure Mechanisms Detectable
Through CSTH + MSET

Delamination of bonded IC components - Thermal issues because user forgot to change

- Departure from coplanarity in stacked air filters
corFr)wponents P y > Contaminated molding compounds in IC chips

and memory modules

* Solder joint cracking - Sensor failures in general (Sun Fire 15K has >

* Interconnect degradation for optical and 1000 sensors; simple arithmetic with MTBFs
mechanical sockets indicate that many of those sensor will fail over
* Electrostatic discharge (ESD) phenomena a 5 yr projected life of a server, yet w/o
*Propagation of vibrational resonances telemetry there is no way to tell a sensor is
- Wearout of components in degrading or “stuck”)
electromechanical systems (disk drives, fan * Software aging problems (memory leaks have
trays, turbo blowers) anllalxc)arage of 56 days for “time to customer
: : relie
t:gggi%grgf electrolyte in electrolyti Power supplies with all types of AC/DC and
. . DC/DC PSU degradation modes
* Capacitors installed by vendor with - Biterror rates in interconnects and FCAL
reversed polarity loops
* Spontaneous fan oscillations from sensor = Fan tray failures that go undetected by

degradation, producing excessive thermal expensive RPM sensors because the wind in
cycling and accelerated aging problems the machine keeps the blades turning



MSET Detects Drifting Power Supply Voltages
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Can detect anomalies in
nominally stationary signals.

MSET automatically takes into
account load effects by
monitoring correlated signals.




microsystems

Summary:. Electronic Prognostics

Continuous System Telemetry Harness

e Provides “black box flight recorder” for components,
systems, peripherals, and associated networks

e System monitoring and analysis methodology

* Proactive fault monitoring (detect incipient failures)

 Faster, more accurate Root Cause Analysis (RCA)

e Mitigate No Trouble Found (NTF) parts returns

e Uses sophisticated pattern recognition techniques (called MSET)
e Provides real time “Intelligent Agent” functionality

e Used for failure prediction, resource management, condition-
based maintenance

e Enhances reliability, availability, and serviceability (RAS)

 Future servers and networks will use this technique for closed-
loop autonomic control
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}' DECEMBER 2004 ADVISORY BOARD MTG

Purpose:

e Assess Technology Community Interest in PHM COE
e Critique a Strawman Organization Concept

e Flush Out Concerns and Issues

e First Step in Securing Support ($)

Scope:

e ~40 Government and Industry Participants

e 3 Day Workshop Format
— Sandia, Government, & Industry Technology / Requirements Briefs
— Open Discussion on How The COE organization, Facilities, Funding
— Defined Issues

+ Handling of Proprietary Technology
+ Is Sandia a Non-Competitive Honest Broker?

Conclusions:

e Therels a Need
e Therels Enough Interest to Proceed
e Sandia Needs to Build the Concept up One More Level of Detail

PROGNOSTICS &
HEALTH MGMT.
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}’Why a PHM Center of Excellence?

PROGNOSTICS &
HEALTH MGMT.

e PHM is a difficult and widely shared challenge
needing the combined efforts of both industry &
government

— Across-the-board DoD requirement for PHM/CBM+

e Need for a Technology Ground Truth Facility

— Information broker
+ Data library, PHM standards, tools, “who’s doing what”, etc.

— V&V new technologies to the established PHM standards
+ One-stop service —technologies, testing, and applications

A Dedicated PHM Technology Development & Validation Center is Needed!
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PROGNOSTICS &
HEALTH MGMT.

}' The PHM COE Scope:

e Prognostics Data Library
— An infrastructure to collect and store sensor data

— A warehouse for integration with related data such as materials, maintenance,
aging, or other test data

— Tools to view, analyze, and make predictions
— Facilitate “lessons learned” feedback to government and industry

e Technology Test and Validation Facility

— Alpha/ Beta Test Facility for Sensors, Algorithms, Diagnostic and Prognostic
Techniques

— Machinery system test facility

— Fluid diagnostics and prognostics test facility - oil debris and hydraulic fluid
particle analysis

— Structural diagnostics and prognostics system test facility
— Electrical and electronic systems diagnostics and prognostics test facility

e Prognostics Modeling & Simulation — complementary analog of
the test & validation facility

— Emerging M&S capabilities: cost effectiveness, performance, etc.
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How the PHM COE will Operate:

PROGNOSTICS &
HEALTH MGMT.

Sandia and external organizations from government, military, industry, academia, and
professional societies with specific interest in prognostic and diagnostic technology.

Notional COE Organizational Concept

Govermance
& Support

Microelectronics & MEMS
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Status

PROGNOSTICS &
HEALTH MGMT.

— Significant external support necessary to guarantee long-term success

e Recent Developments:

— Meetings with the Honorable Claude Bolton, ASA(ALT)
¢ Supports concept of PHM/CBM+ COE for Army
+ Tasked to brief new G-4, LTG Dunwoody

— Meeting with Mr. Paul Bogosian, PEO Army Aviation
+ “Keen on COE concept”
+ Tasked to provide white paper to obtain '08 POM support
+ Indicated that Dr. Killion’s support would be needed

— Meeting with Dr. Thomas Killion, Deputy Assistant Secretary of Army for R&T
+ Transition path is needed
+ Wants to see Bogosian white paper
+ Mission needs to be defined, who are players, what is business model
— Working with OSD (Ken Krieg, USD (ATL)) on concept of Ops Analysis Center
(OAQC)
+ Integrates PHM COE
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Session Products
And
Notes



Selected Session Notes

A. Rotary Wing Aircraft

B. Navy Ships E Prognostic Workshop Notes

A.

E-Prog - Rotary Wing Aircraft Needs

Rotary wing aircraft endure harsh vibratory environments that manifest additional failure modes in
aircraft sub-systems, including electronic systems. Failures of both electrical and mechanical
systems are often caused by physical degradation and fatigue, which typically occurs due to
cyclic loading (thermal, pressure, dynamic force ...) and vibration (particularly in rotary-wing
systems). Excessive vibration amplitudes near system natural frequencies can dramatically
accelerate the process of fatigue. Understanding the physics of failure will aid in identifying ideal
locations for the placement of sensors (temperature, pressure, accelerometers...) thus providing
effective detection and measurement of the conditions contributing to fatigue. Fusing the output
of heterogeneous sensors into a coherent data stream for application of pattern recognition
algorithms will facilitate the capability to detect and monitor active fatigue. This data, coupled
with historical estimates of expected system life, can provide a means to gauge remaining system
lifetime. Complex rotary wing system data sources are diverse in their form and their context.
Periodicity related to the sampling of data and the correlation of the data set to particular incipient
fault evidence is of interest to develop a rational systems approach to health management. By
understanding the extent and relevance of impending problems the operator and/or commander
would have the information necessary to enable decisions for increased battle effectiveness.

Avionics/Electronic systems are critical to both the accomplishment of the rotary wing aircraft
mission and aircraft flight control. Electronic systems on rotary wing aircraft consist of the
following sub-systems/processes: Electro-Optical Sighting Systems, Computers/Processors,
Displays, RADAR/LADAR/LIDAR, Flight Controls, Propulsion Controls, Guidance/Navigation,
Electro-mechanical Interfaces, Power Supplies/Power Source, Weapons control, and
Wiring/Interconnections. As aircraft move from mechanical actuators and control mechanisms to
electro-mechanical interfaces controlled by flight control computers, the safety factors involved in
monitoring these systems increases. Electronic system prognostic focus upon safety critical
components is crucial to the safety of the flight crew and the survivability of the aircraft. Other
reasons to monitor and predict the availability of electronic systems are the mission essentiality of
the component, cost of component for replacement/delivery, and items that require a longer
maintenance time to replace. Prediction horizons required and the confidence level needed for
prognostics predictions to be useful in an operational system based upon system
criticality/essentiality and varies due to mission profile, operational tempo, function criticality, flight
time, environment, and cycle time.

Early formulation of the data process is needed to effectively enable a prognostic environment.
The Systems Engineering Process is crucial to assimilate disparate data types for complex
system architectures. Incorporation of this process enables a methodical approach to system
decomposition and enables the design of the necessary sensing apparatus to attain the
knowledge of our system health. System data availability plays a key enabler in defining the
prognostic horizon.  System level prognostics are a cyclical process that requires the
combination of several processes to ensure adequacy and accounts for uncertainty in the



prediction. The initiating process is feature extraction that is key to the data fusion process that
develops information regarding system operation and performance. Once relevant system
information is obtained the process of classification and reasoning begins, where one
evaluates the system information for potential fault classes. Classification and prediction are
both stochastic events that involve Monte Carlo and Physics of Failure techniques are employed
to determine failure mechanisms. Adaptation to system performance is attributed through the
use of virtual sensors and neural networks for a prognostic engine to predict remaining useful life
with a separate neural network for prediction certainty. All attributes of the system operation are
not always directly measurable. This is due to size, weight, and other constraints placed upon
the system designer to accomplish the primary mission. Understanding the relationship between
system sub-components and the underlying inter-connectivity can lead to development of this
understanding. This insight into the operational condition of the system not only allows the
maintenance planners to change from unscheduled maintenance into scheduled maintenance,
but also provides the mission planner or commander better situational awareness. It is
important to integrate the validation/verification process as described in the systems
engineering process to provide feedback from the field, depot/OEM ATE tests, seeded fault tests,
and Failure Reporting and Corrective Action System (FRACAS). This provides adaptive
learning results to update Classification, Reasoning, and Prognostic Engine processes and
reduces the effect of the causal adjustment layer as the system learns from each system.

Simulation and development of these events/processes is critical to accomplish the process
described above. Science and technology programs in the following areas are needed to
accomplish the goals of electronic systems prognostics:

Fault Classification Tools

Stochastic Modeling Techniques
Adaptive Wavelet Based Neural Networks
Bayesian Belief Networks

Physics of Failure Based Models
Reasoning Tools

Prognostic Engine

Virtual Sensor / Wavelet Neural Network
Dynamic Wavelet Neural Network
Confidence/Certainty Prediction Tools
Validation Methodologies

Key technology needs to enable electronic system prognostics for rotary wing aircraft include
both sensing technologies (Conventional, Fiber-Optics, Piezoelectric) for embedded monitoring
(electronic/signal properties, condition) and actuation technologies (Electro-Rheological Fluids,
Shape-Memory Alloys, Piezoelectric Materials).

Section 3 - The Workshop Process and Format — Rotary Wing Session
3.1 Objective and Goals

Definition of equipment types and components that could benefit from prognostics
Prognostics lead time needed and confidence level of prediction
Technology needs and dates they are required to have greatest system benefit
Current R&D you are aware of including details on program and TRL level of technology
Identify needs which are not met by current programs
Efforts required to develop prognostics technologies

o0 Milestone dates

o0 Product of R&D efforts

o Level of effort required



3.2

3.3

3.4

Organization and Process
Session facilitated by Mr. Mark Hollins, NAVAIR, and Mr. Philip Dussault, US Army

AMRDEC. Facilitators introduced electronic system diagnostic/prognostic activities within

their service. Facilitators introduced the templates for the session and opened the floor
for group participation.

Session Agendas and Charters

Session Agenda:
Introductions
NAVAIR Rotary Wing Diagnostic/Prognostic Needs
US Army Rotary Wing Diagnostic/Prognostic Needs
Template Discussions

Charter:
To define the R&D and V&V efforts required for a broad spectrum of systems and

to organize (combine) them into cross platform applicable R&D Roadmaps by:

e Defining weapon systems that can benefit from electronics prognostics by type
(aircraft, ship, ground vehicles)

e Summarizing current available technologies, and on-going R&D efforts, and their
state of development in terms of TRL.

e Define the R&D and V&YV efforts required to bring these technologies to TRL 6-7
so that they can be confidently drawn upon by systems developers in their

systems designs.
¢ |dentify technology gaps and describe the R&D and V&YV efforts to address them

Development of the Workshop Products

The group discussed each category of electronic system and the necessary efforts in
science and technology, research and development and the application to weapon
systems. The group’s opinion during the discussion led to a single template being
developed from the session. All categories of electronics fell within the same needs and

timelines for application and development.

Section 3 - The Workshop Process and Format — Validation/Verification Session

3.5

3.6

3.7

Objective and Goals

Develop V&V Programs from the identified requirements of Day 1 sessions

Organization and Process

Session facilitated by Mr. Philip Dussault, US Army AMRDEC and Mr. Clifford Wenrick,
Boeing. Facilitators introduced validation and verification definitions to the group. These
definitions from Carnegie Melon University Capability Maturity Model Integration (CMMI)
and International Standards Organization (ISO) 9000 formed the basis for discussion.
Facilitators introduced the templates from the previous sessions and opened the floor for

group participation.

Session Agendas and Charters

Session Agenda:
Introductions
V&V Definitions
Sun Microsystems V&V Discussion
Template Discussions



Charter:
To define the V&V efforts required for a broad spectrum of systems and to
organize (combine) them into cross platform applicable R&D Roadmaps by:

e Defining weapon systems that can benefit from electronics prognostics by type
(aircraft, ship, ground vehicles)

o Define the V&V efforts required to bring these technologies to TRL 6-7 so that
they can be confidently drawn upon by systems developers in their systems
designs.

o |dentify technology gaps and describe the V&V efforts to address them

3.8 Development of the Workshop Products

Most of the templates from the day one sessions did not address validation and
verification requirements. This group defined programs based upon the collective
knowledge of the participants. Dr. Kenny Gross was asked to expand on his presentation
of Sun Microsystems/Argonne National Labs telemetry approach to electronic systems
prognostics and how they performed V&V. The group focused upon completing the task
to develop V&V programs to address the technology gaps in prognostic algorithm and the
tools being developed to address each category of electronic system.

Section 4.2 Validation & Verification (V&V) Programs

The break-out session on validation & verification was focused upon defining and prioritizing the
V&YV tasks required to establish a fieldable electronic system prognostic capability. All programs
were categorized as new tasks and expected duration and costs associated with each task were
developed. The types of electronic systems warranting prognostics technology development and
requiring V&V were categorized as Electro-Optical Systems, Computers/Processors, Displays,
RADAR ,Flight Controls, Guidance/Navigation, Propulsion Controls (FADEC), Electro-mechanical
Interface, Power Supplies/Power Source, Wiring/Interconnections. For some of these programs,
the electronic system categories were considered succinctly different enough to require separate
study/execution.

The following programs were presented at the conclusion of the session:

B Topicl: Validation/Verification of prognostic algorithms/tools for each technology
area for new and existing weapon systems

B Description: Specific prognostic algorithms and/or tools to predict remaining useful
life of electronic systems in the above listed categories does not exist, or the
community does not have confidence in the broad application of these algorithms
and/or tools to all categories of electronics. Program is designed to separate V&V of
these algorithms and tools to 10 teams formed by either academia and laboratories
to access the validity of the tools and the methodology for each electronic system
category.

B Funding $90-$150M (10 teams at $2M/team/year + 50% for hardware)

®  Duration 3-5 years

B Topic2: V&YV feedback to support electronic prognostics spiral development as new
systems are fielded

B Description: Program designed to accelerate application of approved algorithms and
tools as spinout opportunities for new system development programs

B Funding $4M/year + NRE

B Duration 2 years/platform

B Topic3: Modeling & Simulation impact upon prognostic algorithm/tool V&V



Considered both a New and Existing program

Description: V&V of DOD and separate service modeling and simulation programs
impacted by prognostic algorithms and/or tools. Includes logistic impacts for sparing
or repair of degraded components.

Funding $33-$55M (5 teams at $2M/team/year + 10% for hardware)

Duration 3-5 years

Topic4: What is the data requirement for design of V&V program (study)
Considered both a New and Existing program

Description: Determination of data requirement for overarching V&V program
development.

Funding $5M

Duration 2 -3 years

Topic5: V&V of prognostic cost analysis tools for each electronic technology areas
Description: Specific cost models for analyzing benefits of impacts of electronic
system prognostics in the above listed categories does not exist, or the community
does not have confidence in the broad application of these cost models to all
categories of electronics. Program is designed to separate V&V of these costing
models to 10 teams formed by either academia and laboratories to access the validity
of the models and the methodology for each electronic system category.

Funding $66-$110M (10 teams at $2M/team/year + 10% for hardware)

Duration 3-5 years



B.

4 Navy Ships E Prognostic Workshop Notes

Introductions — Cdr Bill Graham, Tom Perotti, Mandeep Nehra

Agenda of the Workshop Session DRRS Defense Readiness Reporting System (DRRS)
We want to identify new S&T, Current RDT&E, Common Elements

Cdr Graham (CFFC) Comments — Systems Maintenance Progression, C51 Maintenenace
Manager N43 shop. Responsible for Material Readiness for C5I and maintenance
processes. Appropriate to use the slide for the roadmap to kick-off the meeting.
Represents decreased reliance on the man-in-the-loop in the future. Solid state
components do not always degrade gracefully and are usually on or off however, we need
to utilize existing technology to get there. We can’t wait until 2020 to get this type of
technology.

Q: Rob Stirbl (JPL) — Who runs the S&T funding?
A: Tom Galie — ONR runs all S&T for the Navy and no specific POC for transitioning
prognostics to the fleet. Closest person is Cdr Bill Graham.

Fleet pressures, reduced manning, reduced OPTAR, higher OPTEMPO, more operations
and less maintenance, reduced shore infrastructure & maintenance budgets. Facing an
increasing challenge to maintain the equipment.

What prognostics can do for us — It allows right time maintenance, in other words
knowing when the part will fail. Saves the fleet from taking a valuable asset off line in
the middle of a mission. Decreases the time for troubleshooting. Bandwidth is an issue.
Sailors can focus more on the mission, allows centralization of the workforce on the
shore structure. Gives the strike force commanders the current state of the force.

Q: Terry Tracey from Raytheon — Most of the systems they are designing are self-
reporting, self diagnostics capable.

A: CDR Graham - Providing a status of the systems that are self diagnosing is what they
are looking for. That is were we want to go but we have some interim steps to get over
before we get there.

Tom Perotti - Cdr Graham had a great lead into Tom’s prognostic capabilities. Brief
description on ICAS and what it monitors. Latest is the successful transfer of data back to
shore and the information resides on the ship and provide a report back to the ship.
Looking at the future at particular at the carrier is the secondary propulsion controls.
We’re trying to keep focused on the long term and the fewer number of sailors, and the



degradation of the systems. Historically, Philly has focused on the surface Navy and
prognostic capability could help in the ventilation, weapons elevators, strikedown,
storage and RFID to evaluate where the stores are in the store-room.

Q: Tom Galie — What are your thoughts on the prognostics of the electronics systems?
A: Tome Perotti — We’re looking at integrating all of these systems into a backbone and
integrate into the bigger backbone of the entire ship system.

We have seen more of the types of network failures, and we are looking at the types of
degradation. Much o the failures that we’re looking at are the types of conditions that
occur when the failure occurs.

Q: Terry Tracey — Sun Microsystems has software that will predict the type of failures.
A: Tom Perotti — I’ll look into that

Q: Jean Edwards — Sun Microsoft systems, we have that type
A: Tom Perotti / CDR Graham We’d like to hear from you.

Mandeek Nehra- We have some systems that we need help on. We are looking for 2-4
weeks prediction horizon and at least 75% confidence.

Cdr Graham — There is an incremental process that we would like to follow that we allow
the system to make the recommendation and eliminate the man-in-the-loop. We have the
systems that can make engagements autonomously, but we don’t always use that
capability. Do I run this part to failure just to prove that my prognostic capability is
accurate?

Terry Tracey — Sounds like you have a verification problem. As in the auto industry.

Rob Stirbl — Sounds like you need to focus on the legacy systems into the prognostic
capability. What percentage of legacy equipment do you want to monitor?

Cdr Graham — You are correct. However we need to look at the cost of retrofitting the
legacy systems but it seems to become cost prohibitive. We just don’t have the business
case analysis.

Tom Perotti — We’ve looked at legacy systems before and there is just not enough money
to retrofit and its easier to design the capability in up front.

Mandeek Nehra — Sonar Systems, Navigation Radar and propulsion control are some of
the systems we’d like to incorporate into e-prognostics. Sonar Arrays are another area we
are working (performance, fiber degradation). UUV’s is another area with improved
performance, and reliability.



Dr Muhammed — Have done some work with NSWC Carderock, and would like to bring
the prognostics issue workshop is the enabling capability or network enabled capability.
Also want to sense the changes of parts so that mis-matches of components can be
identified. Also precision weapons and target identification, technology insertion,
modeling and simulation of degradation under combat conditions. Some of the
technologies are wireless networks, new processors and sensors, technologies that enable
high life cycle operational times.

DDX Systems designer perspective on electronic prognostics.

Perhaps the next spiral should include all of the flags on the network bus. By collecting
all of the flags, you could easily catalog all of the flags.

Perhaps the designers should have requirement to provide an interface that can have ports
that can be accessed so that the hooks are built into the equipment.

You need the framework, to build on the knowledge framework. Perhaps we need a
business model to build upon. The results of all of the bit data and test results could help
the operational force, the in-service engineering agent and the manufacturer. He hardware
and software need to be integrated.

The government needs to provide a priority matrix and the requirements or standards that
should be built to. JPL is working with the SM-6 systems to monitor environmental
information.



E-Prog for Carriers, Surface Combatants and Amphibious Ships
Tom Perotti

5 Applications regarding HM&E Monitoring/Prognostic
Monitoring/Remote Monitoring

e Collective Protection System (CPS) and Ventillation system (Carrier, Surface Combatant,
and Amphib)

e Aircraft Carrier Secondary Steam system (catapaults, auxiliaries, etc)
e Aircraft Carrier Weapons elevators, conveyors, and stores elevators
e Submarine Life Support Electrolytic Oxygen Generator (EOG)

e Network status - switch status - blade failure (Carriers plus other classes and cross
HM&E and Combat)

e Smart Stores: Store rooms - changes - food/parts
e Gas turbine blades (RFID and prognostics to pre-determine and predict failures)
e HPACSs - air systems

e Calibration status of instruments - identify when a critical component will be due



A DD(X) Systems Designer Perspective on EP

Can you identify particular electrical or electronic based systems and/or components that DDX
would most likely want OSD to focus on in a prognostic research program?

Can you estimate when DDX would need some initial prognostic capability inserted into the
system'’s life cycle support process.

Can you identify any S&T or R&D that on-going on in the area of electronic prognostic technology
development .

From a Designer’s view the questions are puzzling. DD(X) does not have any unanswered specific
electronics prognostics requirements that | am aware of. The design is pretty much complete, the ship is
meeting the DD(X) Ao, maintenance manning and cost objectives as established by the USN; and has
completed Milestone B.

In overarching general terms, all of DoD could potentially benefit from somebody developing techniques to
perform prognostics on power supplies - but it’s difficult to say that is a problem on DD(X) because the
reliability and maintainability of all electronics has been ever increasing; such that MTTR for most
electronics is less than a half hour - making run to failure an attractive option.

The major "equipment downing" events for shipboard electronic systems that come to mind as being most
troubling have been those associated with the readiness of ship support systems (cooling, power, HVAC) -
S0 prognostics in those areas might be beneficial.

The issue of timing (when does DD(X) need it) varies. DD(X) is designed as an Open Architecture system,
ready for Technology Insertion throughout its lifecycle. Basically, all DD(X) Mission Critical Systems are
designed to report equipment health management data into the Total Ship Computing Environment. We
are completing a rolling series of Production Readiness Reviews in 2007, which triggers the process for
Flight I DD(X) equipment getting released to manufacturing. We are well beyond the science fair research
project phase - we need COTS/GOTS products in 2007.
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Prognostics SBIR Program List from SBA

Appendix C - Programs with Prognostics in Title or Abstract - Data Current Only to 2004
Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

152 70078 DOD, WILLIAMS-PYRO, INC. 2004 Configuration Management and Monitoring System for
Navy $70,000.00 Mission Module Interfaces

151 70055 DOD, MANAGEMENT 2004 Sentient Autonomous Maintainer (SAM) for Marine Diesel
Navy | SCIENCES, INC. $69,951.00 Engines

150 69974 DOD, IONIX POWER 2004 Assessing Useful Remaining Life of Lithium (Li)-lon Batteries
Navy | SYSTEMS, LLC $69,920.00 After Deep Discharges

149 69973 DOD, YARDNEY TECHNICAL 2004 Assessing Useful Remaining Life of Lithium (Li)-lon Batteries
Navy PRODUCTS, INC. $69,878.00 After Deep Discharges

148 69971 DOD, SCIENTIFIC 2004 Modeling, Simulation, and Other Techniques to Verify and



# ID Agency

Navy

147 69970 DOD,
Navy

146 69969 DOD,
Navy

145 69928 DOD,
Navy

144 69927 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

MONITORING, INC.

SENTIENT CORP.

IMPACT
TECHNOLOGIES, LLC

IMPACT
TECHNOLOGIES, LLC

FOSTER-MILLER, INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

$69,990.00 Validate Prognostic and Health Maintenance (PHM)
Capabilities

Title

2004 Validation Tools and Data for PHM Technologies
$69,989.00

2004 Advanced Techniques for Verification and Validation of
$69,836.00 Prognostic and Health Management (PHM) Capabilities

2004 Fault Detection in Ceramic Hybrid Bearings using
$69,837.00 ImpactEnergy T

2004 Sensitive Bearing Diagnostics for Rotorcraft Transmissions
$69,990.00



Prognostics SBIR Program List from SBA

. Phase 1 Year/Amt .
# ID Agency Firm Name Phase 2 Year/Amt Title

143 69923 DOD, QUALTECH SYSTEMS, 2004 Self-Evolving Maintenance Knowledge Bases
Navy INC. $69,990.00
142 69922 DOD, INTELLIGENT 2004 Distributed Ontogenetic Reasoning System
Navy AUTOMATION CORP. $69,997.00
141 69851 DOD, SOHAR, INC. 2004 Prognostic Models for Avionic Power Supplies
Navy $69,999.00
140 69850 DOD, IMPACT 2004 Integrated Diagnostics & Prognostics for Prediction of Aircraft
Navy | TECHNOLOGIES, LLC $99,791.00 Electronic System Power Supply Failures & Useful Life
Remaining



Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

139 69849 DOD, SCIENTIFIC 2004 Techniques, Processes, and Tools for Managing the

Navy  MONITORING, INC. $69,999.00 Relationship between Diagnostic and Prognostic Capabilities
as Applied to Health Management Systems

138 69848 DOD, ALPHATECH, INC. 2004 Self Assessment Tool for Intelligent Prognosis (SATIP)
Navy $70,000.00

137 69794 DOD, SPACEWORKS, INC. 2004 A Predictive Diagnostic System with Self-Learning for Space
MDA $99,348.00 Mechanisms

136 69715 DOD, IMPACT 2004 Optical System Health Management for the Airborne Laser
MDA TECHNOLOGIES, LLC $99,972.00

135 69702 DOD, INSTRUMENTAL 2004 Predictive Fault Detection for Unmanned Communications
MDA | SCIENCES, INC. $99,882.00 Facilities



# ID Agency

134 69445 DOD,
MDA

133 69443 DOD,
MDA

132 68331 DOD,
Army

131 68251 DOD,
Army

Prognostics SBIR Program List from SBA

Firm Name

FIREHOLE
TECHNOLOGIES

ACTA, INC.

ROD MILLEN SPECIAL
VEHICLES

ACELLENT
TECHNOLOGIES, INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2004 Data Driven Prognostics (Hybrid Nano-scale/Microscale
$0.00 Composites for Deep Thermal Cycle Damage Resistance)

2004
$749,967.00

2004 Real-Time Prognostic Health Management for Fault Tolerant
$0.00 Airborne Laser Systems

2004
$749,938.00

2004 Hydraulic Actuated Roll Inhibited Active Suspension for the
$69,940.00 Army

2004 A Novel Self-sensing Local/Global Structural Health
$120,000.00 Monitoring System

2004
$730,000.00



Prognostics SBIR Program List from SBA

# ID Agency Firm Name

130 68153 DOD, IMPACT
Army TECHNOLOGIES, LLC

129 67714 DOD, INVOCON, INC.
AF

128 67709 DOD, IMPACT
AF TECHNOLOGIES, LLC

127 66739 DOD, ADVANCED
OSD STRUCTURAL
TECHNOLOGY, INC.

126 65123 DOD, RIDGETOP GROUP, INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2004 An Affordable Health and Usage Monitoring System (HUMS)
$69,919.00 for UAVs

2004 Synchronized Wireless Accelerometer Network (SWAN)
$99,911.00

2004 Automated Contingency and Life Management for Integrated
$99,962.00 Propulsion and Power Systems

2003 A CAD-Programmable Environment for Developing CBM
$0.00 Systems for Rotorcraft

2003
$401,250.00

2003 Universal BIST/Prognostics Approach for Switch Mode Power



Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

Navy $69,999.00 Supplies

125 65122 DOD, IMPACT 2003 Prognostic Health Assessment System for Aircraft Engine
Navy < TECHNOLOGIES, LLC $69,826.00 Nozzles

124 65121 DOD, QUALTECH SYSTEMS, 2003 Diagnostic and Health Monitoring Techniques for Engine
Navy INC. $67,244.00 Nozzle Actuation Hardware

123 65088 DOD, LUNA INNOVATIONS, 2003 Fiber Optic, On-Board Generator Health Management System
Navy INC. $69,999.00

122 65086 DOD, PRIME RESEARCH, LC 2003 On-Board Real-Time Generator Component Failure
Navy $69,407.00 Diagnostics



# ID Agency

121 64820 DOD,
Navy

120 64819 DOD,
Navy

119 64817 DOD,
Navy

118 64783 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

ALPHATECH, INC.

IMPACT
TECHNOLOGIES, LLC

APPLIED CONCEPT
RESEARCH, INC.

POSITRON SYSTEMS,
INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2003 Dynamic, Adaptive Life Models for Drive Train Clutches
$70,000.00

2004
$589,090.00

2003 Incipient Fault-to-Failure Progression Models and Software for
$69,965.00 Drive Train Clutch Systems

2004
$799,665.00

2003 Integrated Turbine Engine Hot Section Component ULR
$68,480.00 Prognostic Model

2003 Quantitative Damage Detection Measurements and
$69,801.00 Performance Life Remaining Determination for Aircraft
Structural Materials Using Photon Induced Positro



# ID Agency

117 64646 DOD,
Navy

116 64524 DOD,
Navy

115 64520 DOD,
Navy

114 64519 DOD,
Navy

113 64434 DOD,
MDA

Prognostics SBIR Program List from SBA

Firm Name

INTELLIGENT
AUTOMATION CORP.

IMPACT
TECHNOLOGIES, LLC

JENTEK SENSORS, INC.

INTELLIGENT
AUTOMATION, INC.

Firehole Technologies

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2003 Failure Effects Modeling of Interconnected Subsystems
$69,956.00

2003 A Generic Prognostics Software Module for Characterizing
$0.00 Failure Progression in Gears

2003
$749,988.00

2003 Wireless Communications with Electromagnetic Sensor
$0.00 Networks for Nondestructive Evaluation

2003
$749,981.00

2003 A Novel Wireless System for Structural Integrity Monitoring
$0.00 of Aircraft

2003
$749,898.00

2003 Data Driven Prognostics
$69,992.00



# ID Agency

112 64433 DOD,
MDA

111 64431 DOD,
MDA

110 64430 DOD,
MDA

109 64429 DOD,
MDA

Prognostics SBIR Program List from SBA

Firm Name

Blue Ridge Nca Corp.

Barron Assoc., Inc.

E-Spectrum Technologies,

Inc.

Williams-Pyro, Inc.

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2003 Data Driven Prognostics
$69,931.00

2003 Advance Failure Warning via Data Driven Stochastic Models
$69,998.00

2003 A Generalized Data Driven Prognostic Algorithm Based On A
$68,434.00 Kalman Filter Mixture-Of-Experts Framework

2003 Data Driven Prognostics
$70,000.00

10



Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

108 64428 DOD, Pulsemetrics, LLC 2003 Data Driven Prognostics
MDA $69,988.00

107 64427 DOD, Impact Technologies, LLC 2003 Intelligent Software Agents for Data Driven Prognostics
MDA $69,992.00

106 64426 DOD, Management Sciences, Inc. 2003 Autonomous Learning for Condition Based Maintenance
MDA $69,953.00

105 64425 DOD, Golden Helix, Inc. 2003 Data Driven Prognostics
MDA $69,991.00

104 64424 DOD, Migma Systems, Inc. 2003 Data Driven Damage Diagnosis and Prognosis

11



Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

MDA $69,944.00

103 64423 DOD, Intelligent Automation, Inc. 2003 A Novel Prognostics Library for Electromechanical Systems
MDA $70,000.00

102 64422 DOD, Techno-Sciences, Inc. 2003 Data Driven Prognostics
MDA $69,729.00

101 64421 DOD, Star Software Systems 2003 Data Driven Prognostics
MDA Corp. $70,000.00

100 64420 DOD, ACTA, Inc. 2003 Real-Time Prognostic Health Management for Fault Tolerant
MDA $69,995.00 Airborne Laser Systems

12



#

99

98

97

96

ID Agency

64419 DOD,
MDA

64418 DOD,
MDA

64189 DOD,
MDA

64096 DOD,
MDA

Prognostics SBIR Program List from SBA

Firm Name

Intelligent Inference
Systems Corp.

IA Tech, Inc.

INTUITIVE RESEARCH &
TECHNOLOGY CORP.

LI CREATIVE
TECHNOLOGIES

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2003 Gated Experts Neural Networks for Prognostics
$69,855.00

2003 Library and Architecture for Implementing Data Driven
$70,000.00 Prognostics

2003 Tactically Ready Asset Condition Recorder (TRACR)
$69,363.00

2004
$746,235.00

2003 Data Driven Prognostics
$69,982.00

13



#

95

94

93

92

91

ID Agency

64095 DOD,
MDA

64094 DOD,
MDA

63187 DOD,
Army

63170 DOD,
Army

63076 DOD,
Army

Prognostics SBIR Program List from SBA

Firm Name

QUALTECH SYSTEMS,
INC.

MANAGEMENT
SCIENCES, INC.

AMERICAN SYSTEMS
TECHNOLOGY, INC.

TRANSLUME

TEXAS RESEARCH
INSTITUTE AUSTIN, INC.

Phase 1 Year/Amt

Phase 2 Year/Amt Title
2003 Data Driven Prognostic techniques for airborne laser systems.
$69,857.00

2003 Expert System for Diagnostics and Prognostics
$69,996.00

2003 42-Volt Vehicle System Conversion
$119,506.00

2004
$729,815.00

2003 Optical Microsystem Sensors for Vehicle Systems
$119,694.00

2004
$730,000.00

2003 Large Area Distributed Acoustic Emission Health Processor
$119,995.00 for Condition Based Maintenance, Diagnostics & Prognostics

14



#

90

89

88

87

ID Agency

62861 DOD,
Army

62674 DOD,
AF

62455 DOD,
AF

62364 DOD,
AF

Prognostics SBIR Program List from SBA

Firm Name

FOSTER-MILLER, INC.

Impact Technologies, LLC

QUALTECH SYSTEMS,
INC.

RESEARCH
APPLICATIONS, INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

2003
$729,888.00

Title

2003 An Innovative Method for the Prediction of Hydrogen
$69,914.00 Embrittlement in Steel

2003 Self-Diagnosis of Damage Criticality of Fibrous Composites
$99,991.00 Based on Multifunctional Characteristics

2003 FMECA Driven EHM Design
$99,627.00

2004
$749,945.00

2003 Improved Life Prediction of Turbine Engine Components
$99,925.00

15



#

86

85

84

83

82

ID Agency

62363 DOD,
AF

62264 DOD,
AF

61239 DOD,
OSD

59800 DOD,
Navy

59798 DOD,

Prognostics SBIR Program List from SBA

Firm Name

PEREGRINE
CONSULTING, INC.

ALPHATECH, INC.

Knowledge Based Systems,

Inc.

Ridgetop Group, Inc.

Sentient Corp.

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2003 Improved Life Prediction of Turbine Engine Components
$97,102.00

2004
$747,922.00

2003 Rapid Attack Discrimination & Response (RADR) Testbed
$100,000.00

2004
$790,282.00

2002 Military Health Data Mining Algorithms Library (M-HDML)
$0.00

2002
$729,800.00

2002 Effect of Analog Built-in Self Test (BIST) on a Flash Analog-
$69,914.00 to-Digital Converter's (ADC) Radiation Effects Behavior

2002 Fault-to-Failure Progression Modeling of Propulsion System

16



#

81

80

79

78

ID Agency

Navy

59797 DOD,
Navy

59796 DOD,
Navy

59788 DOD,
Navy

59787 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

Positron Systems, Inc.

Impact Technologies, Llc

Hood Technology Corp.

Vextec Corp.

Phase 1 Year/Amt
Phase 2 Year/Amt

$69,753.00 and Drive Train Bearings for Prognostic and Useful
Performance Life Remaining Predictions

Title

2002 Improved Life Remaining Predictions and Modeling for
$69,867.00 Propulsion Drive Train Bearings Using Photon Induced
Positron Annihilation (PIPA)

2002 Fault-to-Failure Progression Modeling of Propulsion System
$69,967.00 and Drive Train Bearings for Prognostic and Useful
Performance Life Remaining Predictions

2002 Prognostics for Blisks and Rotors in a Modern Engine
$69,617.00

2002 Detection-Driven Useful Life and Performance Life Remaining
$69,994.00 Prognostic Models for Aircraft Disk and Blade Propulsion
Turbo Machinery

17



#

77

76

75

74

ID Agency

59766 DOD,
Navy

59753 DOD,
Navy

59752 DOD,
Navy

59712 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

Alphatech, Inc.

Impact Technologies, Llc

Williams-Pyro, Inc.

Impact Technologies, Llc

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2002 Physics-based Diagnostics and Prognostics of Interconnected
$70,000.00 Aircraft Subsystems

2002 Intelligent Embedded Diagnostics and Open Architecture for
$69,948.00 Future Avionics Systems

2002 Intelligent Embedded Diagnostic System for Future Avionic
$70,000.00 Systems

2002 Prognostic Models and Remaining Life Predictions for Flight
$69,886.00 Control Actuators

18



#

73

72

71

70

69

ID Agency

59711 DOD,
Navy

59710 DOD,
Navy

59708 DOD,
Navy

59707 DOD,
Navy

59700 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

Qualtech Systems, Inc.

Scientific Monitoring, Inc.

Impact Technologies, Llc

B&C Engineering Assoc.,
Inc.

Global Technology
Connection, Inc.

Phase 1 Year/Amt
Phase 2 Year/Amt

2002 Early Detection, Isolation and Residual life prediction
$69,802.00 techniques for F/A-18 C/D actuator subsystem

Title

2002 Techniques and Prognostic Models to Relate Useful Life
$69,961.00 Remaining™ and "Performance Life Remaining" Predictions to
Detectable Fault Conditions in Flig"

2002 Techniques and Models to Enhance RUL Prognostics and Fault
$69,993.00 Detection in Mechanical Systems

2002 Techniques and Models to Relate Useful Life Remaining
$69,956.00 Predictions to Detectable Fault Conditions in Mechanical
Systems

2002 Autonomous Prescription of Maintenance Requirements
$70,000.00

19



#

68

67

66

65

ID Agency

59699 DOD,
Navy

59698 DOD,
Navy

59673 DOD,
Navy

59672 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

Intelligent Automation
Corp.

Foster-Miller Technologies,
Inc.

Aeptec Microsystems, Inc.

Impact Technologies, Llc

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2002 A Tool for Design of Automated CBM Systems
$98,766.00

2002 Autonomous Prescription of Maintenance Requirements
$70,000.00

2002 Integrated System Design and Maintenance Modeling Tools
$69,844.00 for CBM

2002 An Integrated System Design and Maintenance Modeling Tool
$69,999.00

20



#

64

63

62

61

60

ID Agency

59671 DOD,
Navy

59393 DOD,
Navy

59392 DOD,
Navy

59391 DOD,
Navy

59319 DOD,

Prognostics SBIR Program List from SBA

Firm Name

Foster-Miller, Inc.

Impact Technologies, Llc

Aera, Inc.

Research Applications, Inc.

Intelligent Automation

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2002 Automated Maintenance Prescription Generation for Shipboard
$69,612.00 Systems

2002 A Generic Prognostic Toolkit for Characterizing Failure
$99,657.00 Progression Rates

2002 Advanced Modeling to Characterize Failure Progression Rates
$99,942.00 from the Incipient Stage to Component Failure

2002 Advanced Modeling to Characterize Failure Progression Rates
$99,515.00 from the Incipient Stage to Component Failure

2002 A Testbed for Probabilistic Mission Engine Usage Analysis

21



#

59

58

S7

56

ID Agency

Navy

59127 DOD,
MDA

58309 DOD,
CBD

58130 DOD,
Army

58123 DOD,
Army

Firm Name

Corp.

Dacco Sci, Inc.

Physical Sciences, Inc.

Micron Instruments

Acta, Inc.

Prognostics SBIR Program List from SBA

Phase 1 Year/Amt
Phase 2 Year/Amt

$99,944.00

Title

2002 Corrosion Protection using Appliqu,s with Embedded
$70,000.00 Corrosion Sensors

2002 Smokes Originating From Biological Materials
$69,977.00

2002 Embedded Sensor Technology for Solid Rocket Motor Health
$96,986.00 Monitoring

2002 A Stochastic Neural Network Model for Missile Reliability
$99,991.00 Prognostics

22



#

55

54

53

52

ID Agency

57762 DOD,
AF

57649 DOD,
AF

57648 DOD,
AF

57500 DOD,
AF

Prognostics SBIR Program List from SBA

Firm Name

Qualtech Systems, Inc.

Impact Technologies, Llc

Williams-Pyro, Inc.

Interface & Control
Systems, Inc.

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2002 An On-line Monitoring and Data Analysis Process for Aircraft
$99,942.00 Bus Failure Forecasting and Health Management

2002 Advanced Ultra-High Frequency Vibration Monitoring for
$99,977.00 Improved Turbine Engine Diagnostics and Prognostics

2002 Advanced Vibration Monitoring Diagnostics and Prognostics
$100,000.00 Techniques

2002 ABEL: an Adaptive Belief Engine for Satellite Cluster Data
$98,973.00 Fusion

23



#
o1

50

49

48

47

ID Agency
55986 DOD, GLOBAL TECHNOLOGY

OSD

55985 DOD,
OSD

55465 DOD,
DARP

55462 DOD,
DARP

55339 DOD,
AF

Prognostics SBIR Program List from SBA

Firm Name

CONNECTION, INC.

IMPACT
TECHNOLOGIES, LLC

SCIENTIFIC RESEARCH
CORP.

IMPACT
TECHNOLOGIES, LLC

NEOTERIC
TECHNOLOGIES, INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2001 Real Time Collective Performance Feedback For Combat
$0.00

2001
$749,852.00

2001 Prognostic Enhancements to Diagnostic Systems
$0.00

2001
$749,830.00

2001 AF TOPIC NUMBER: AF00-120 Circular Trellis Coding for
$0.00 Wavelet Packet Modulation Digital Communications

2001 NAVY TOPIC: N00-001 A Design Definition Tool for
$0.00 Optimizing Health Management System Requirements

2001
$747,527.00

2001 EMI Control via System Design
$0.00

24



#

46

45

44

43

ID Agency

55216 DOD,
AF

55215 DOD,
AF

54706 DOD,
OSD

54701 DOD,
OSD

Prognostics SBIR Program List from SBA

Firm Name

ITCN, INC.

PRESCHUTTI & ASSOC.,
INC.

RESEARCH
APPLICATIONS, INC.

Creare, Inc.

Phase 1 Year/Amt
Phase 2 Year/Amt
2001
$599,951.00

Title

2001 Develop Prognostic Prototype for C-17 GATM
$0.00

2001
$749,796.00

2001 Aircraft Prognostics: Identifying Imminent Failures in Aircraft
$0.00 and System Components

2001
$508,126.00

2001 Fretting Fatigue Model
$99,944.00

2001 In-Line Health Monitoring System for Aircraft Hydraulic
$99,501.00 Pumps & Motors

2002
$749,119.00

25



#

42

41

40

39

ID Agency

54692 DOD,
OSD

53661 DOD,
Navy

53589 DOD,
Navy

53530 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

RLW, INC.

AEPTEC

MICROSYSTEMS, INC.

Luna Innovations, Inc.

INNOVATIVE
DYNAMICS, INC.

Phase 1 Year/Amt

Phase 2 Year/Amt Title

2001 Smart Machinery Spaces
$99,474.00

2001 Low Cost Compression Techniques Applied To Encrypted
$70,000.00 Data Distribution System

2001 Wireless Sensor Systems for On-Board Aircraft Health
$99,965.00 Monitoring

2002
$599,984.00

2001 Wire Chafing Diagnostic Technology for Aircraft
$69,981.00

2003
$750,000.00

26



#
38

37

36

35

34

Prognostics SBIR Program List from SBA

ID Agency Firm Name

53270 DOD, IMPACT
DARP TECHNOLOGIES, LLC

53269 DOD, Metrolaser, Inc.
DARP

53268 DOD, Vextec Corp.
DARP

53236 DOD, INTELLIGENT OPTICAL
CBD SYSTEMS, INC.

52866 DOD, QUALTECH SYSTEMS,
Army INC.

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2001 Tools For Predictive Assessment of Structural Integrity of
$98,782.00 Complex Mechanical Systems

2001 Optical Instrument for the Assessment of the Structural
$98,973.00 Integrity of Complex Systems

2002
$374,930.00

2001 On-board, Prognostic Micro-Structural Reliability Tool for
$99,000.00 Mechanical Systems

2002
$374,966.00

2001 Development of an Automated Precision Coating System for
$69,996.00 SAW-Based Chemical Sensors

2001 Data Mining within an Advanced Diagnostic and Prognostic
$69,877.00 System for Rotorcraft Maintenance

27



#

33

32

31

30

ID Agency

52452 DOD,
AF

52441 DOD,
AF

48458 DOD,
Army

47657 DOD,
Navy

Prognostics SBIR Program List from SBA

Firm Name

Innovative Scientific

Solutions, Inc.

Impact Technologies, Llc

FOSTER-MILLER, INC.

Impact Technologies, Llc

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

2001 Condition Monitoring of Aircraft and Ground-Support
$99,920.00 Subsystems

2002
$724,059.00

2001 Prognostics/Diagnostics for Improved Gas Turbine Engine
$99,945.00 Reliability and Maintainability

2002
$745,802.00

2000 Integrated Oil Debris And Condition Sensor (IODACS) for
$119,863.00 continuous monitoring of the transmission and engine
lubricants for total wear metal particles, contaminants and oil

2001 condition.
$719,450.00

2000 Optimizing Prognostic and Health Management System
$69,921.00 Designs for the Joint Strike Fighter

2002
$749,484.00

28



#

29

28

27

26

25

ID Agency

45077 DOD,
Navy

44805 DOD,
OSD

44804 DOD,
OSD

44803 DOD,
OSD

44802 DOD,

Prognostics SBIR Program List from SBA

Firm Name

ACULIGHT CORP.

KNOWLEDGE BASED
SYSTEMS, INC.

IMPACT
TECHNOLOGIES, LLC

QUALTECH SYSTEMS,
INC.

GLOBAL TECHNOLOGY

Phase 1 Year/Amt

Phase 2 Year/Amt Title

1999 Low Cost Ladar Transmitter
$100,000.00

2000
$678,729.00

1999 Prognostic Enhancements to Diagnostic Systems
$99,627.00

2001
$500,000.00

1999 Kinetic Energy Kill VVehicles and Components
$99,923.00

2001
$300,000.00

1999 A Human-Centered Integrated Diagnostic and Prognostic Tool
$99,917.00 for Condition-Based Maintenance Support

1999 Prognostic Enhancements to Diagnostic Systems

29



Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

# ID Agency Firm Name Phase 2 Year/Amt Title

OSD CONNECTION, INC. $99,943.00

24 44801 DOD, ORINCON CORP. 1999 RIPPEN-based Prognostic Enhancements to Naval Diagnostic
OSsD $99,946.00 Systems

23 44798 DOD, BARRON ASSOC., INC. 1999 Assessing the Cost Effectiveness of Diagnostic and Prognostic
OSD $99,680.00 Techniques

22 44221 DOD, ORINCON CORP. 1999 Prognostic Development Tools for Electric Actuation Systems
Navy $70,000.00

21 44112 DOD, FOSTER-MILLER, INC. 1999 Electric Actuator Prognostics System Development
Navy $69,947.00

2000

30



#

20

19

18

17

ID Agency

41082 DOD,
AF

40757 DOD,
AF

40604 DOD,
Navy

40449 DOD,
OSD

Prognostics SBIR Program List from SBA

Firm Name

Stress Technology, Inc.

Management Sciences, Inc.

AEPTEC
MICROSYSTEMS, INC.

ROTOMETRICS

Phase 1 Year/Amt
Phase 2 Year/Amt

Title
$813,179.00

1998 A PROBABILISTIC DIAGNOSTIC AND PROGNOSTIC
$99,759.00 SYSTEM (ProDaPS) FOR GAS TURBINE ENGINES

1999
$719,480.00

1998 Advanced Integrated Instruments for Space
$97,658.00

1999
$730,702.00

1998 Context Dependent Prognostics and Health Assessment: A
$69,996.00 New PAradigm for Condition - Based Maitenance

1998 A Prognostic System for Turbine Engines
$100,000.00

31



#

16

15

14

13

12

ID Agency

37047 DOD,
Army

36180 DOD,
AF

32177 DOD,
AF

29007 DOD,
Navy

28709 DOD,
Army

Firm Name

la, Inc.

Abtech Corp.

Abtech Corp.

Barron Associates, Inc.

Advanced Systems
Technology,

Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

Phase 2 Year/Amt Title
1997 Fiber Optic Biosensor for Early Prediction of Infection
$99,999.00

1997 Abductive Electronics Prognostic Tool (ADEPT)
$99,995.00

1996 ModelQuest Satellite Telemetry Anomaly Resolution (MQ
$99,583.00 STAR)

1997
$749,985.00

1995 Prognostic Techniques for Mechanical Failure Prediction
$69,996.00

1995 Fire Control Battle Management and Decision Support System
$70,000.00 Technology

32



#

11

10

9

8

ID Agency

28329 DOD,
Army

28315 DOD,
Army

27853 DOD,
Navy

26719 DOD,
DARP

Prognostics SBIR Program List from SBA

Firm Name

Concepts Eti, Inc.

Medical Thermal
Diagnostics

Cho-bra Engineering, Inc.

Optical Etc, Inc.

Phase 1 Year/Amt

Phase 2 Year/Amt Title

1995 Research, Design, and Development of Cost Effective Optical
$99,254.00 Vibration Monitoring System

1995 Development of Second Generation Thermography with
$100,000.00 Computerized Image Analysis for Breast Cancer Diagnosis

1996
$750,000.00

1995 Application of Acoustic Sensors for Rotorcraft Gearbox Health
$69,457.00 Monitoring and Diagnostics

1994 Veritcally Integrated Multichip Modules
$94,359.00

33



# ID Agency

26350 DOD,
Army

15905 DOD,
Army

13065 DOD,
Army

9262 DOD,
Army

9082 DOD,

Prognostics SBIR Program List from SBA

Firm Name

Orincon Corp

Micro Devices Corp

Technology Integration &

Dev G

Windrock Associates

Seagull Technology Inc

Phase 1 Year/Amt
Phase 2 Year/Amt

Title

1994 Prognostic Methodologies for Electronics or Mechanical
$69,918.00 Systems Model-Free Estimators Applied to Fatigue Life
Modeling

1991 HEAD UP DISPLAY PANEL METER FEATURING LIVE
$49,908.00 NTSC VIDEO WITH SUPERIMPOSED CONCURRENT
MEASUREMENT DATA

1990 PROGNOSTIC METHODS FOR ROTORCRAFT
$50,000.00 CONDITION MONITORING

1988 DETECTION OF INCIPIENT FAILURE IN ROTATING
$51,467.00 MACHINERY

1990
$498,114.00

1988 EXPERT SYSTEM PROGNOSTIC MONITOR

34



(o]
w

Prognostics SBIR Program List from SBA

Phase 1 Year/Amt

Agency Firm Name Phase 2 Year/Amt Title
Army $49,989.00
DOD, Analytical Software Inc 1988 VEHICLE MONITORING SYSTEM (VMS) DATA
Army $46,812.00 ANALYSIS
DOD, Tsilnc. 1987 DVELOPMENT OF A DUST DETECTOR FOR VEHICLES
Army $49,281.00
1989
$231,723.00

35



RIDGETOP GROUP, INC

ELECTRONIC PROGNOSTICS SBIR PROGRAMS

Phase 1
Year/Amt
Agency Firm Name Title
Phase 2
Year/Amt
DOD, Dept. | Ridgetop Group, Inc. 2001 | Improving Electronic Circuit and System Reliability using
of Energy $99,964 | Embedded Prognostics
DOD, Ridgetop Group, Inc. 2002 | Effect of Analog Built-in Self Test (BIST) on a Flash
NAVSEA $69,914 | Analog-to-Digital Converter's (ADC) Radiation Effects
Behavior
2003 (option)
$29,986
2003
$599,815
NASA/Godd | Ridgetop Group, Inc. 2003 | Measurement of Total Dose and SEU Radiation Hardness
ard $49,980 | Degradation of an ADC Through the Addition of Built-In
Self Test (BIST) circuits
2004
$216,017
DOD, Ridgetop Group, Inc. 2003 | Improved Weapons and Harsh Space Environment
MDA $69,801 | Radiation Effects Models for the Peregrine 0.5 um and 0.25
pum Silicon on Sapphire (SOS) Processes
DOD, Ridgetop Group, Inc. 2003 | A low power high-speed, radiation hard analog to digital
MDA $69,930 | converter (ADC) using FLEXFET technology
DOD, Ridgetop Group, Inc. 2003 | Hierarchical CAD Tools for Radiation Hardened Mixed
DARPA $98,621 | Signal Electronic Circuits
DOD, Ridgetop Group, Inc. 2004 | Universal BIST/Prognostics Approach for Switching Power
NAVAIR $69,999 | Converters
2004 (option)

$29,990




RIDGETOP GROUP, INC

ELECTRONIC PROGNOSTICS SBIR PROGRAMS

2005
$999,714
8 | DOD, Ridgetop Group, Inc. 2004 | Integrated Prognostics for Missile Electronics
NAVAIR $79,958.76
2006 (option)
$69,955.63
9 | DOD, Ridgetop Group, Inc. 2005 | Advanced Fault and Failure Anomaly Detection
NAVAIR $79,938 | Technologies to Support Enhanced PHM Capabilities
2006 (option)
$69,962
2006
$995,158
10 | DOD, Ridgetop Group, Inc. 2005 | Research, Development, test, and Evaluation of Radiation
NAVAIR $80,000 | Effects in Analog and Mixed Signal Technology
11 | DOD, Ridgetop Group, Inc. 2005 | Improved Prognostic/Diagnostic Tool
Air Force $99,969 | for Advanced Redundancy Management
12 | NASA/Ames | Ridgetop Group, Inc. 2006 | Electronic Prognostics for Vehicle Health Management
Research $68,143
Center
13 | DOD, Ridgetop Group, Inc. 2006 | Prognostics for Process-Related Integrated Circuits
NAVAIR $79,994
14 | DOD, Ridgetop Group, Inc. 2006 | Prognostic Capabilities for Field Effect Transistors
NAVAIR $79,927
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APPENDIX D - Other Lists of Relevant Programs

NAWC Philadelphia Listing of Prognostics Related SBIRS

e Prognostic Enhancements to Diagnostic Systems
(OSD99-006, PEO Ships Phase 111 ), Impact Technologies LLC

e Prognostic Enhancement to Diagnostic Systems (PEDS)
(OSD99-006, PEO Carriers, Phase I1), Global Technology Connections, Inc

e CBM Metrics Test Bench (OSD99-007 terminated Phase 11 commuted to NIST and the JSF PHM Initiative), Impact
Technologies LLC

¢ Integrated Mechanical Load and Condition Assessment System
(OSD99-008 Phase 111 ), Oceana Sensor Technology, Inc

e Prescription-Based Maintenance Management System
(N02-123 Phase 1), Impact Technologies, LLC

e Advanced Energy Scavenging - Mechanical Energy Application (N02-064 Phase 11), RLW Inc

e Power Harvesting for Shipboard Health Monitoring Sensors
- Mechanical Energy Application (N02-124 Phase I1), Microstrain Inc

e Power Harvesting for Shipboard CBM Wireless Sensors
(N02-124 Phase I1) — Thermal Energy Application, HiZ Inc



e CBM System Design and Modeling Tools (N02-132 Phase I1), Infoscitech Inc

e Data Driven Prognostics (MDAO3-T001 Phase Il STTR), Migma Inc and University of Rhode Island

e Integrated Shipboard and Shore-Based Maintenance Management Decision Tool (N05-051 Phase 1), four performers:
DEI Group, Impact Technology LLC, Progeny Systems Corp, and Beacon Interactive Systems Inc

e Prognostic Tool to Estimate Mission Readiness Based Upon System Health States (N05-052 Phase 1), three performers:
DEI Group, Impact Technologies LLC, and RLW Inc

e Automated, Wireless, Structural Damage Assessment and Health
(N05-054, Phase 1), four performers: Materials Sciences Corp, Luna Innovations Incorporated, Intelligent Automation,
Inc, Jentek Sensors

e Automated Debris Extraction and On-line Oil Quality System (DEQS),
(ONR S&T Project Based on FY01 Phl SBIR Topic “Broadband Impedance Spectroscopy Sensor for Real-time In-situ
Analysis of Fluid System Health”), New Jersey Institute of Technology and Impact Technology LLC



2005 CALCE Consortium Projects

Reliability and Failure Assessment

C05-25 Reliability of MCMs Under Combined Mechanical and
Thermal Stresses

C05-12 Failure Mechanism & Reliability Assessment for Solid-
State Lighting Products

C05-13 Dynamic Behavior of Plastics Under Impact Loading

C05-39 Failure Risk Assessment of LCD Modules under Shock
and Drop Load Conditions

C05-14 Reliability Assessment of Electronic Assemblies Under
High-G (Artillery Launch) Loads

C05-15 Repetitive Shock Events - Experiments and calcePWA
Model Development

C05-16 Degradation of BME Capacitors in Harsh Environments

C05-17 Hermeticity of Wafer Level Package (Phase I1)

C05-18 Development of PoF Based Virtual Qualification
Methodology for COF Packages (Phase I11)

C05-19 Identification of Failure Mechanisms Relevant to Stacked
Die Components

C05-20 Environmental and Electrical Load Effects on the
Electrical Performance of High-Density Sockets

C05-22 Performance and Reliability Assessment of Commercially
Available RF Components in Space Applications

C05-23 Study of lon Migration and Corrosion Resistance on Ultra
Thin Pd Pre-Plated Film (PPF) Leadframe

C05-24 Failure Assessment of Tape Carrier Package (TCP) on
Plasma Display Panel (PDP)

C05-26 Effect of Thermal Cycling Conditions on Reliability of
Fine-Pitch Flip Chip on Flex

Prognostics/Part Management/Obsolescence

C05-27 Remaining Life Assessment of Electronic Hardware

C05-28 Integrated Health and Usage Monitoring System

C05-29 Quantitative Assessment of Uncertainties in Health
Monitoring of Electronics

C05-30 Life Time Buy Forecasting

C05-31 Decision Support for PHM - Meeting Prognostic
Requirements

C05-32 Coupling Technology Insertion to Integrated Refresh
Costing and Planning

Thermal Management

C05-33 Heat Sink Fouling in Air-Cooled PCs

C05-34 Advanced Liquid Cooled Module for Cooling of High Flux
Electronics

C05-35 Impact of Temperature on Performance and life time of
Plasma Panels using Natural Graphite-Based Heat
Spreaders

C05-36 Influence of Air Flow Arrangement on the Performance of
Heat Sinks

C05-41 Single-phase Spot Cooling of High Flux Electronics

Virtual Qualification
C05-37 Modeling Enhancements to calcePWA: Heat

Sinks/Vibration Failure Assessment
C05-38 Package and Device Level Failure Assessment Software

calce Electronic Products and Systems Center

University of Maryland
Copyright © 2004 CALCE EPSC
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