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It’s not a missile or bullet.  It’s not an enemy plane.  And it’s not the latest high-tech 
electronic gadget or cyber weapon.  No, when it comes to Naval aviation’s worst enemy—and 
biggest systemic degrader—the clear leader is a much older and simpler problem:  corrosion.  
According to the Department of Defense (DoD) Corrosion Policy and Oversight Office, the impact 
of corrosion on DoD-fielded systems has cost U.S. taxpayers a staggering $20 billion annually 
since 2005 and has directly contributed to 94 million hours of system downtime.  Furthermore, 
the corrosion-driven maintenance average is estimated to represent 20% or more of Naval 
aviation’s total maintenance costs.  Thus, corrosion has been named the top issue degrading the 
overall performance of the Navy.
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by Sandra Hobson, Paul Lowe, Nilo Thomas, Jeremy Werner, and Garry Bishop

Test and evaluation (T&E) of Department of Defense (DoD) acquisition programs is essential 
to fielding a lethal, suitable, resilient, survivable, agile, and responsive Joint Force.  T&E capital-
izes on the knowledge of the operational environment (notionally depicted in Figure 1) and the 
latest advances in science and technology to inspire trust and confidence in our warfighting 
capabilities and help avoid operational failures in battle.  In June 2022, the Director, Operational 
Test and Evaluation (DOT&E) delivered the Strategy Update 2022 to set a course for transforma-
tive changes to the T&E infrastructure, tools, processes, and workforce.  Specifically, the strategy 
details the path forward to continue to enable accurate characterization of the operatinal 
performance and limitations of the DoD to Prevail in Conflict and Defend the Homeland.
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23 EXCELLENCE IN SURVIVABILITY:  HUGH GRIFFIS
by Robert Wissel

The Joint Aircraft Survivability Program Office (JASPO) is pleased to recognize Mr. Hugh 
Griffis for his Excellence in Survivability.  A well-known technical expert, leader, and voice in the 
industry for more than 40 years, Hugh currently serves as the Director of the Air Force Life Cycle 
Management Center (AFLCMC) Analysis & Training Systems Division (EZJ).  Throughout his long 
career, he has successfully developed and applied rigorous modeling and simulation (M&S) 
methodologies in support of numerous program acquisition efforts, defining weapon system 
requirements, verifying specifications, performing assessments for developmental/operational 
testing (DT/OT), and enabling Warfighters to evaluate and refine operational tactics.

26 2022 NDIA AIRCRAFT SURVIVABILITY SYMPOSIUM
 by Robert Gierard and Thao Nguyen

“If you’re in the survivability business, the place to be in November is Monterey”—this 
longstanding mantra in the survivability community was true once again this year as the annual 
Aircraft Survivability Symposium, following 2 years of COVID-driven disruptions, returned to the 
Naval Postgraduate School (NPS) on November 1–3.  Hosted by the National Defense Industrial 
Association (NDIA) Combat Survivability Division (CSD), the symposium once again welcomed 
survivability practitioners from across industry, government, and academia for 3 days of technical 
tutorials, presentations, poster displays, and discussions on a wide range of survivability-related 
topics.  Also presented at the symposium were CSD’s annual awards for leadership, technical 
accomplishment, lifetime achievement, and excellence by a young professional.

32 STORIES IN SURVIVABILITY:  REMEMBERING THE 
NORTH STAR’S LIFE-SAVING TOW 40 YEARS AGO

 by Eric Edwards

Throughout history, explorers, sailors, and other travelers have relied on the North Star to 
lead them safely home.  As a result, the night sky’s most recognizable heavenly body is now 
regarded in many cultures not just as a dependable navigational tool but also as a symbol for the 
virtues of dependability, steadfastness, and guiding truth.  How appropriate it is then that an Air 
Force KC-135 Stratotanker—operating under the call sign “North Star”—once served as the 
unlikely guide by which a distressed F-4 Phantom fighter jet was led to safety over the icy waters 
of the North Atlantic.  The incident, which occurred 40 years ago this fall, would be recognized 
not only as the Air Force’s most meritorious flight of the year but also as yet another example of 
the toughness and adaptability of U.S. combat aircraft and the brave and innovative personnel 
who operate them.
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Welcome to the latest edition of the 
Aircraft Survivability journal (ASJ), 
featuring updates and insights from the 
aircraft survivability community.  

In this issue, we have summaries of last 
fall’s 2022 Joint Aircraft Survivability 
Program (JASP) Program Review (JPR), 
as well as the National Defense 
Industrial Association’s Aircraft 
Survivability Symposium and awards.   
In addition, we recognize the 50th 
birthday of the F-15 aircraft, with its 
long, impressive history of survivability 
and ongoing impact in the field.

Our cover story—written by Dr. Sandra 
Hobson, Mr. Paul Lowe, Mr. Nilo 
Thomas, Dr. Jeremy Werner, and  
Mr. Garry Bishop—provides a detailed 
summary of DOT&E’s strategy to 
transform the test and evaluation of 
acquisition programs and fielded 
systems to meet the objectives of the 
2022 National Defense Strategy.

From the Joint Combat Assessment 
Team, CDR Oral John and LT William 
Hutson update us on joint efforts to 
maintain and improve aircraft combat 

damage reporting capability across the 
Services.

Ms. Julia Russell from the Naval Air 
Warfare Center gives us a glimpse into 
naval aviation’s reported top perfor-
mance degrader—corrosion—and 
highlights how the Naval Aviation 
Enterprise is working to combat this 
environmental threat and significantly 
reduce its impact.

For our Excellence in Survivability article, 
Mr. Bob Wissel honors Mr. Hugh Griffis 
of the Air Force Life Cycle Management 
Center for his longstanding contribu-
tions and leadership to the U.S. Air 
Force, JASP, and the Joint Services.

Finally, Mr. Eric Edwards remembers the 
unlikely, life-saving tow of an F-4 
Phantom by a KC-135 Stratotanker over 
the North Atlantic 40 years ago, 
providing yet another example of the 
remarkable bravery and ingenuity of our 
military aviators as well as an ongoing 
tribute to the many designers, manufac-
turers, testers, analysts, modelers, 
maintainers, and others who strive 
every day to make U.S. combat aircraft 
the toughest, most survivable, and most 
effective aircraft possible.

Thank you again for reading the journal.  
We welcome any feedback and 
contributions you have.  And be sure to 
stay tuned for our summer and fall 
issues, which will include results from 
our recent ASJ reader survey; updates 
on the CH-53K tail drive and Chinook 
Block 2 testing programs; a status 

report on the latest aircraft fire/ullage 
studies; and detailed discussions on 
numerous technical topics, including 
cyber survivability measurement, the 
role of M&S in developing software for 
uncrewed air systems, and the develop-
ment of a Dynamically Variable 
Magazine that promises to provide 
aircraft with enhanced self-protection 
and survivability against guided and 
unguided threats.

In addition, we’ll take a tour through the 
Davis-Monthan “Boneyard” to see how 
the Air Force is retiring (or just resting) 
the country’s largest collection of old 
warbirds, as well as how the aircraft 
survivability community is continuing to 
leverage these valuable assets to 
improve current and future warfighting 
capability. 

Sincerely, 

FROM THE 
DIRECTOR’S DESK by Dennis Lindell

HEARD ANY 
NEWS?
If you have a  

community-related  
event, announcement, or 

other news item you’d like 
to submit for consideration 

as a News Note, visit 
jasp-online.org/
stay-connected.

https://www.jasp-online.org/stay-connected
https://www.jasp-online.org/stay-connected
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FY22 JPR HELD AT NELLIS

On 27–29 September, approximately 90 
survivability professionals from 
Government and industry met at Nellis 
AFB, NV, for the Joint Aircraft 
Survivability Program’s (JASP) FY22 
Program Review (JPR).  The location of 
this year’s meeting, which was held at 
the home of the 414 Combat Training 
Squadron’s famed Red Flag Exercise 
facility (and immediately adjacent to the 
base’s flightline and busy runway)— 
provided an appropriate backdrop to 
discuss a wide variety of JASP-
sponsored projects and related aircraft 
survivability information.

During the 3-day meeting, more than 40 
technical presentations were given in 
the following categories:

 � Near-Peer Adversary Threats
• Infrared
• Radio Frequency

 � General Projects and Invited 
Presentations

 � Aircraft Force Protection

• Fire
• Vulnerability Accuracy and 

Confidence
• Structural Vulnerability 

Reduction.

Following the technical presentations, a 
closed session was held with the 
Principal Members Steering Group 
(PMSG) to complete the FY23 program 
build.  For more information about the 
FY22 JPR and its presentations, please 
contact Mr. Darnell Marbury at 
t.d.marybury.ctr@us.navy.mil or 
703-604-0387. 

F-15 CELEBRATES  
50 YEARS OF AIR 
SUPERIORITY AND 
SURVIVABILITY

In July 2022, the Air Force celebrated 
the 50th anniversary of the maiden flight 
of the F-15 Eagle.  And in the 5 decades 

since that flight, the iconic jet has 
proven itself as one of the most 
effective and survivable fighters in 
modern military history.  In fact, the 
plane, which was specifically designed 
by McDonnell Douglas to have unprec-
edented air superiority over all peer 
adversaries, has reportedly racked up an 
undefeated lifetime dogfighting record, 
with more than 100 victories and 0 
(confirmed) losses.  It’s thus no wonder 
some have suggested that this 
extremely fast, highly lethal, highly 
versatile, and battle-tested fighter might 
just be the very best U.S. fighter of all time.

Probably the most famous example of 
the Eagle’s impressive survivability 
capability came in 1983, when an Israeli 
Air Force pilot was able to stabilize and 
land his F-15D after a midair collision 
with an A-4 Skyhawk during a training 
exercise.  With the plane’s entire right 
wing sheared off, the pilot was able to 
employ the afterburners on the 

NEWS NOTES by Dale Atkinson  
and Eric Edwards

U.S. Air Force Photo

U.S. Air Force Photo by Master Sgt. Lee Osberry
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powerful Pratt & Whitney twin engines 
to regain control of the spinning aircraft 
and safely land it (though at twice the 
normal speed).  Flying and landing an 
F-15 with just one wing were previously 
believed by many (including its manufac-
turers) to be virtually impossible, but 
with the Eagle’s wide body and 
high-thrust capability, inspectors 
realized the aircraft could effectively fly 
(for a short time) much like a wingless 
rocket.  And remarkably, after the 
damaged plane was given another wing 

and repaired, it went on to notch 
another aerial combat kill of a MiG-23  
2 years later.

More recently, to extend the aircraft’s 
service life and maintain its competi-
tiveness against other fourth- and 
fifth-generation aircraft, the F-15’s 
survivability capability has been 
enhanced by the addition of the 
BAE-Boeing Eagle Passive Active 
Warning and Survivability System 
(EPAWSS).  Currently being installed on 

the F-15E and F-15EX, the EPAWSS is 
also giving the aircraft fully integrated 
advanced radar warning, situational 
awareness, geolocation, and self- 
protection capabilities.   

Have you checked out the JASP Space on DoDTechipedia? Here, 
you can find and share the latest information on what’s been done, what’s 
being planned, and who’s conducting projects in the aircraft survivability and 
aerospace communities. Typical content includes:

 � Information on current RDT&E 
projects, developments, and 
documents

 � The latest in community M&S 
tools and technologies

 � Announcements about upcoming 
training, meetings, and other 
community events

 � Controlled information not 
available in public release formats.

In addition, the site is expected to 
soon include sections for providing 
feedback on reports, answering 
surveys, and submitting queries.  
And remember it’s all free and 
available to Government and 
contractor personnel with a DTIC 
account and proper access.

So let the space explorations begin! Please visit:  
https://www.dodtechipedia.mil/dodwiki/display/JAS/JASP+Home.   

For more information about the JASP Space, contact Mr. Darnell Marbury at t.d.marbury.ctr@us.navy.mil.  
General user guidance is also available on DTIC’s DoDTechipedia Team page at  

https://www.dodtechipedia.mil/dodwiki/display/DAT/Welcome+to+DoDTechipedia.

ATTENTION ALL  
‘SPACE’ TRAVELERS!
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In September 2022, members of the 
Navy Reserve Naval Air Warfare Center 
Aircraft Division, China Lake (NR 
NAWCAD CHL) conducted a live fire 
event at Naval Air Weapons Station 
(NAWS) China Lake to develop Joint 
Combat Assessment Team (JCAT)  
Phase II training articles.  The articles 
will be used to demonstrate weapons 
effects of near-peer threats on tactical 
air (TACAIR) maritime aircraft.  Working 
with civilian members of the Naval Air 
Warfare Center Weapons Division 
(NAWCWD) Weapons Survivability 
Laboratory, the team coordinated the 
$120,000 live fire event in just 4 months, 
taking advantage of an opportunity to 
increase the readiness of the unit.

Two different warheads from represen-
tative peer surface-to-air missile threats 
were provided by the Missile and Space 
Intelligence Center (MSIC) and were 
statically detonated next to two F/A-18 
Hornets.  The Hornets will be used in 
the JCAT Phase II boneyard at NAWS 
China Lake for practical exercises in 

which combat assessor students must 
analyze threat damage using forensic 
principles to inform operational 
commanders and the aircraft survivabil-
ity community about threats affecting 
the survivability of Navy and Marine 
Corps combat aircraft.  The event also 
provided JCAT members who will serve 
as instructors in Phase II and other JCAT 
training with an opportunity to glean 
valuable hands-on information from 
post-detonation effects for future 
training and/or mission events.  Special 
recognition goes to LT Jesse Hilton and 
Mr. Martin Krammer for doing the heavy 
lifting in setting up and coordinating the 
event.

Additionally, in October 2022 NR 
NAWCAD officers (CDRs Joseph Walker 
and Oral John and LTs William Hutson, 
Luis Rosario, Bryan Otis, and Daniel 
Rolfe) supported the combined Navy 
JCAT/Forward Deployed Combat Repair 
(FDCR)/Aircraft Battle Damage Repair 
(ABDR) exercise at Naval Air Station 
(NAS) Key West with the selection, live 

fire, and movement of battle damage 
training assets.  Unit members coordi-
nated the selection of primary control 
surfaces from F/A-18 E/F, P-8, and F-35 
aircraft that were recently shot and 
shipped to NAS Key West.  There, Navy 
JCAT and ABDR teams performed 
assessments exercising concept of 
operations and procedures to identify 
possible challenges with carrying out 
this type of support in contested and 
austere environments while providing 
assessment data to inform battle space 
commanders and the survivability 
community about threats affecting Navy 
and Marine Corps combat aircraft 
survivability. 

Finally, in January 2023 NR NAWCAD 
bid farewell and following seas to  
CDR Joey Walker as he completed his 
term as Officer-in-Charge (OIC).  
Fortunately, with the loss of one comes 
the gain of another, as CDR Zachary 
Kennan, who served as Navy JCAT 
Operations Lead under NAWCAD HQ, 
has now assumed the OIC duties.   

JCAT CORNER by CDR Oral John and 
LT William Hutson
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by Julia Russell

COMBATING CORROSION:
HIGHLIGHTS IN THE FIGHT 
AGAINST NAVAL AVIATION’S 
NO. 1 ENEMY

It’s not a missile or bullet.  It’s not an enemy plane.  And it’s not the latest high-tech electronic 
gadget or cyber weapon.  No, when it comes to Naval aviation’s worst enemy—and biggest 
systemic degrader—the clear leader is a much older and simpler problem:  corrosion.  According to 
the Department of Defense (DoD) Corrosion Policy and Oversight Office, the impact of corrosion 
(such as that shown in Figure 1) on DoD-fielded systems has cost U.S. taxpayers a staggering  
$20 billion annually since 2005 and has directly contributed to 94 million hours of system downtime.  
Furthermore, the corrosion-driven maintenance average is estimated to represent 20% or more of 
Naval aviation’s total maintenance costs.  Thus, corrosion has been named the top issue degrading 
the overall performance of the Navy [1, 2].

NAVAIR Photo
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by Julia Russell

Ongoing efforts at the Naval Aviation 
Enterprise (NAE), however, are 
attempting to change that, or at least 
significantly reduce the scale and 
impact of this silent but deadly threat.  
Leading the fight is the Corrosion 
Management Board (CMB), which the 
Navy established in 2020 specifically 
to address its systemic corrosion 
problem.  Using a top-down 
perspective, the board is responsible 
for guiding relevant strategy, 
addressing challenges, identifying 
barriers, and tracking actions and 
outcomes across the Navy.

In addition, the board has identified 
and aligned investments to address 
the leading causes of corrosion, a 
problem that includes not just the 
oxidation and deterioration of metals 
(i.e., rust) but also of other materials, 

such as polymers and ceramics.  These 
causes include:

 � Coating Failures
 � Improper Maintenance
 � Outdated/Inadequate Corrosion 

Maintenance Tasks
 � Inadequate Corrosion Measures
 � Dissimilar Metals
 � Design Limitations.

Working across systems commands, 
the CMB is also executing a number of 
initiatives in the engineering, training, 
and data analytics domains to confront 
corrosion.  The following sections 
briefly highlight a sampling of some of 
those initiatives.

ENGINEERING SOLUTIONS

Engineering is a key component of 
effective corrosion prevention and 
control.  For example, corrosion 
engineering technical warrant holders 
(TWHs) at the Naval Air Systems 
Command (NAVAIR) are responsible for 
developing, validating, and 
implementing robust material and 
process solution sets to at least 

control, if not prevent, corrosion.  
Shortly after being established, the 
CMB directed investment for NAVAIR 
to validate a pneumatic scraper tool 
(such as shown in Figure 2) to reduce 
maintenance manhours associated 
with the time-consuming task of 
sealant removal.  When compared to 
hand removal tools, the technology 
demonstrated a 75% reduction in 
maintenance manhours on multiple 
type/model/series (TMS).  As a result 
of this work, the H-1 community 
revised its technical publications to 
permit the use of this tool for sealant 
removal maintenance tasks [3].

In another example, a new, advanced 
plating process (such as that shown in 
Figure 3) was implemented at three of 
the Navy’s Fleet Readiness Centers 
(FRCs)—FRC East in North Carolina, 
FRC Southeast in Florida, and FRC 
Southwest in California—to help 
address the corrosion problem.  The 
new process replaces the current 
cadmium plating, which is a sacrificial 
coating designed to protect steel from 
corrosion.  However, cadmium, the 
coating’s main corrosion inhibitor, is 
carcinogenic and poses a hazard to 
the fleet maintainers and depot 
artisans.  Cadmium plating is also 
susceptible to wear and abrasion, 
leaving the steel substrate vulnerable 

Corrosion has been named as 
the top issue degrading the 

overall performance of the Navy.

Figure 1.  Galvanic Corrosion Inside an F/A-18 Hornet Wing (NAVAIR Photo).

Figure 2.  Using a Pneumatic Scraper to Remove 
Built-Up Sealant Around an F/A-18 Windscreen 
(Photo Courtesy of Rybeck Services [3]).
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to the corrosive operational 
environment.  The new plating, on the 
other hand, is an environmentally 
compliant sacrificial coating with 
robust wear performance; and its use 
is targeted for high-wear, corrosion-
prone components, such as 
transmission systems and landing gear.

To support the transition to the new 
plating technology, NAVAIR published 
a new military specification in 2020 
that covers a new alloy composition 
for electroplating.  Furthermore, in 
2022, the plating technology was 
incorporated into a separate 
instruction that covers the 
requirements for cleaning, surface 
treatment, and application of inorganic 
coatings for metallic surfaces of 
weapons systems parts.  The 
instruction is a key element of NAE’s 
corrosion prevention and control 
requirements recommended to ensure 
corrosion prevention is incorporated 
into a weapon system’s design up 
front and early.

Executed by the corrosion engineering 
workforce, the CMB also partnered 

with the F/A-18 and EA-18G Program 
Office (PMA-265) and landing gear 
TWHs to use a suite of technologies to 
address corrosion damage on F/A-18 
Super Hornet landing gear.  Once the 
coating stack-up is demonstrated and 
validated, PMA-265 will have a mature 
corrosion solution in its toolbox that 
will offer improved durability 
protection and extended corrosion 
protection.  And this protection 
continues to be vitally important for 
Navy aircraft, especially those that 
spend much of their service lives 

operating in wet, salty, and other 
corrosion-conducive environments.

COMPREHENSIVE 
CORROSION TRAINING 
STRATEGY

Training in the area of corrosion 
maintenance has also been a top 
priority for the CMB, as it strives to 
ensure sailors receive proper, 
proficiency-based training, as 
envisioned in the NAE Corrosion 
Training Strategy.  To date, the NAE is 
implementing several systematic 
reduction initiatives to address 
corrosion and is instituting Naval 
aviation-wide training to improve the 
approach of current aircraft 
maintainers to corrosion mitigation.

For example, both Naval Aviation 
Maintenance Center of Excellence-
Training (NAMCE-T) Lemoore and 
NAMCE-T Oceana have implemented 
corrosion prevention and/or treatment 
efforts that have contributed to 
achieving the mission-capable aircraft 
goals of strike fighters.  Technicians 
have worked more than 200,000 
manhours fixing, repairing, and 
returning aircraft to the flight line and 
have launched corrosion-specific 
courses contributing to an overall 
maintenance reset of aircraft.  In 
addition, NAMCE-T Lemoore 
collaborated with PMA-265 in 2021 to 
set up a 35-calendar-day deep dive 
into F/A-18 aircraft that arrive for a 
maintenance reset.  Maintainers 
identify and repair all corrosion and 
other discrepancies during this 
timeframe.

Parallel to these efforts, the CMB is 
executing a comprehensive corrosion 
training strategy to include tasking 
Corrosion Maintenance Readiness 

The new plating is an 
environmentally compliant 

sacrificial coating with robust 
wear performance; and its use 

is targeted for high-wear, 
corrosion-prone components, 
such as transmission systems 

and landing gear.

Figure 3.  Electroplating the Landing Gear of an F-16 (U.S. Air Force Photo by Alex Lloyd).
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Teams (CMRT) to assess squadron 
corrosion removal efforts on a 
quarterly basis.  The CMB is also 
pursuing the establishment of a Center 
of Excellence for Corrosion and Finish 
(CoECF) to produce certified and 
proficient professionalized maintainers.

DATA ANALYTICS

Finally, to help accomplish the NAE’s 
tasking to better understand, address, 
and control the widespread issue of 
corrosion, the CMB analytics team has 
developed several data analytic 
strategies to help baseline and 
quantify the problem.  These 
strategies include a comprehensive 
Corrosion Health Assessment 
Scorecard (CHAS) and a Corrosion 
Integrated Assessment (CIA) tool.

The CHAS offers a 360° view of the 
corrosion challenge for the PMA 
across four pillars of metrics.  These 
metrics are exercised to identify areas 
of improvement in engineering, 
logistics, maintenance compliance, 
and supportability per TMS.  Likewise, 

the CIA tool, under development with 
the fleet as the end user, will 
consolidate existing operational 
maintenance corrosion measures into 
one dashboard per TMS and be 
accessible on the CMB website.

CONCLUSION

The aforementioned examples are just 
a few highlights of a plethora of 
corrosion-related efforts currently 
being conducted within the Navy’s 
engineering, governance, training, 
supply, maintenance operations,  
and maintenance support domains.  
For further information on these or 
other activities within the NAE CMB, 
please contact the board at 
corrosionnae.fct@navy.mil.   
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Additionally, the strategy emphasizes 
the need to implement the DoD Data 
Management Strategy and to 
accelerate delivery of T&E data to 
acquisition decision-makers to Build 
Enduring Advantage.  It also focuses 
on increasing the DoD’s ability to 
illuminate and help mitigate 
vulnerabilities at scale, frequency, and 
depth to improve survivability in a 
contested environment and build 
Defense/Resilience.  And it aligns with 
the DoD Responsible Artificial 
Intelligence Strategy and 

Implementation Pathway, emphasizing 
the need for continuous evaluation of 
the operational and ethical 
performance of software-reliant 
systems designed to change over time.  
Lastly, the DOT&E Strategy Update 
2022 focuses on fostering an agile and 
enduring T&E enterprise workforce to 
enable the DoD’s Readiness and 
Training.  This article summarizes the 
intent of the strategy and focuses on 
those lines of efforts that could benefit 
the aircraft survivability community. 

STRATEGIC DRIVERS

Existing T&E infrastructure, tools, and 
processes have largely been rooted in 
20th century frameworks focused on 
the acquisition of hardware and built 
around a contested environment that 
is primarily driven by kinetic threat 
effects.  The era of information, 
advanced algorithms, and high-
performance computing is driving us to 
transform T&E to a data-centric 
enterprise optimized for the 
acquisition of largely software-reliant 

Test and evaluation (T&E) of Department of Defense (DoD) acquisition programs is essential to 
fielding a lethal, suitable, resilient, survivable, agile, and responsive Joint Force.  T&E capitalizes on 
the knowledge of the operational environment (notionally depicted in Figure 1) and the latest 
advances in science and technology to inspire trust and confidence in our warfighting capabilities 
and help avoid operational failures in battle.  In June 2022, the Director, Operational Test and 
Evaluation (DOT&E) delivered the Strategy Update 2022 to set a course for transformative changes 
to the T&E infrastructure, tools, processes, and workforce.  Specifically, the strategy details the 
path forward to continue to enable accurate characterization of the operational performance and 
limitations of the DoD to Prevail in Conflict and Defend the Homeland.

Figure 1.  Joint Force and Multi-Domain Operations (Graphic Courtesy of BAE Systems).
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systems that need to be survivable in 
a multi-domain operating environment 
comprising both kinetic and nonkinetic 
threats.

For example, modern software 
engineering introduces never-before-
seen capabilities and vulnerabilities 
that change at never-before-seen 
dynamic rates.  This includes artificial 
intelligence (AI) and machine-learning 
(ML) tools designed to generate, 
exchange, process, validate, fuse, and 
analyze vast amounts of data at  

machine speeds.  Machine-speed 
warfare, in turn, integrated across all 
combat domains and environments, 
requires intent focus on the T&E of 
mission threads that make up the 
system-of-systems and the 
exponentially larger attack surface.  
The sheer volume of systems, and their 
extensive reliance on each other to 
form effective kill webs, will require 
tools, processes, infrastructure, and a 
workforce that facilitate continuous 
and automated T&E, resulting in the 
ultimate strategic driver—the 

“speed-to-field.”

STRATEGIC PILLARS

The DOT&E Strategy Update 2022 
defines five strategic pillars to deliver 
on the Director’s intent to transform 
T&E and enable the delivery of the 
world’s most capable warfighting 
capability.  Table 1 summarizes these 
pillars, their associated high-level key 
actions, and the desired end state. 

Table 1.  Strategic Pillars of T&E Transformation and Capability Delivery

Pillars Key Actions Desired End State

Test the Way We Fight Architect T&E around validated mission 

threads and demonstrate the operational 

performance of the Joint Force in multi-

domain operations

 � Accurate representation of the Joint, multi-domain 

operating environment in test

 � Adequate evaluation of Joint warfighting capabilities 

and mission threads (kill webs, system-of-systems 

performance)

Accelerate the 

Delivery of Weapons 

That Work

Embrace digital technologies to deliver 

high-quality systems at more dynamic rates

 � Discoverable, accessible, and secure data 

repositories

 � Near-real-time test data analysis and assessment

 � Established tools and processes that optimize 

integrated T&E

 � Digital documentation and tracking of T&E strategies 

and plans

Improve the 

Survivability of the 

DoD in a Contested 

Environment

Identify, assess, and act on cyber, electro-

magnetic spectrum, space, and other risks to 

the DoD mission—at scale and speed

 � Minimized mission-critical vulnerabilities in a 

contested environment 

 � Timely tracking and response to mission-critical 

vulnerabilities as systems and threats evolve

Pioneer the T&E of 

Weapon Systems Built 

to Change Over Time

Implement fluid and iterative T&E across the 

entire system life cycle to help assure 

continued combat credibility as the system 

evolves to meet warfighter needs

 � Standardized and increased use of credible digital 

twins in T&E

 � Adequate assessment of operational and ethical 

performance of AI-enabled systems

 � Effective tracking of any degradation of operational 

performance of DoD systems in theater

Foster an Agile and 

Enduring T&E 

Enterprise Workforce

Centralize and leverage efforts to access, 

curate, and engage T&E talent to quicken the 

pace of innovation across the T&E enterprise

 � Highly skilled T&E workforce prepared to meet the 

toughest challenges

 � Effective continuous learning program and a robust 

recruitment/retention plan

 � Agile and innovative workforce operating model
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Pillar 1:  Test the Way We 
Fight

The first pillar focuses on two lines of 
effort (LOE).  The first LOE centers on 
the operational environment, a key 
prerequisite of operational and Live 
Fire Test and Evaluation (LFT&E) that 
could also be leveraged for 
experimentation, training, and mission 
reherseals.  The second LOE centers 
on the operational performance of the 
Joint Force that intentionally expands 
on the T&E requirements tailored to 
evaluating individual acquisition 
program to focus on the evaluation of 
mission and mission threads, 
comprising multiple systems working 
together to achieve the desired effect.  
Figure 2 notionally illustrates the 
importance of interoperability and the 
array of factors that could affect 
mission success.

LOE 1.1:  Standardize the 
Development of a Scalable and 
Adaptive Representation of the 
Joint, Multi-Domain Operating 
Environment

Why This Matters:  Accurate evaluation 
of next-generation warfighting 
capabilities requires an adequate 
representation of the theater-
representative operating environment 
during test, training, and mission 
reherseal.  It also requires equipment, 
both physical and digital, that can 
adequately measure technical and 
operational performance of emerging 
or fielded warfighting capabilities in 
that environment.  The DoD has an 
array of test and training ranges and 
capabilities managed, funded, and 
operated by different stakeholders.  To 
enable efficient and structured 
modernization and sustainment of 
existing range capabilities while also 

transforming the ranges to meet the 
demands of the future, it is important 
to have an accurate and common 
picture of existing and required future 
range capabilities.  It will be equally 
important to ensure this common 
picture is accurate, digitized, and 
transparent to key T&E stakeholders 
to enable collaboration in developing 
joint/interoperable solutions, avoiding 
redundancies, and increasing 
capability delivery and efficiencies.  
Defining the requirements for and 

developing an accurate representation 
of the future operating environment 
will be critical for an evaluation of 
aircraft survivability and air-superiority 
in multi-domain operations.

LOE 1.2:  Implement Measures, 
Tools, and Processes to Efficiently 
Evaluate Mission Threads, Kill 
Webs, and System-of-Systems 
Performance

Why This Matters:  Real-world mission 
scenarios involve the use of multiple 
systems of varying complexities and 
pedigrees working together to achieve 
the desired lethal effect.  The 
emergence of highly network-centric 
concepts, greater dependency on 
connectivity, and the use of large 
amounts of data from a wide array of 
shooters and sensors across multiple 
domains, at machine speeds, warrants 
a review of our T&E processes within 
individual acquisition programs.  
Evaluating warfighting capability is 
further challenged by asynchronous 
updates and continuous evolution of 
the various components that comprise 
these system-of-systems operations.  
These evolutions demonstrate an 
inherent need to continually 

Figure 2.  Notional Example of a Mission Thread (Graphic Courtesy of Lockheed Martin).

The sheer volume of systems, 
and their extensive reliance on 

each other to form effective 
kill webs, will require tools, 

processes, infrastructure, and 
a workforce that facilitate 
continuous and automated 

T&E, resulting in the ultimate 
strategic driver—the 

“speed-to-field.”
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characterize the interoperability of 
such systems and their effectiveness 
as would be employed by the 
Combatant Commands.  With the 
emergence of joint all-domain 
command-and-control solutions and 
the concept of kill webs, it is important 
to define the process and the required 
T&E tools that would effectively 
measure the success rates of mission 
threads, concepts, and solutions.  For 
example, an array of different types of 
aircraft could be tasked to support 
such complex missions, requiring a 
well-thought-out process for 
evaluating each aircraft’s contribution 
to that mission’s success and any 
relevant mission-critical vulnerabilities 
that would have to be accounted for in 
aircraft design modifications, mission 
planning, or execution. 

Pillar 2:  Accelerate the 
Delivery of Weapons That 
Work

The second pillar focuses on 
embracing digital technologies and 
solutions to introduce efficiencies in 
T&E, plans, execution, and analyses by 
way of two related LOEs:  (1) 
improving the way we store and acess 
T&E data so we can then increase their 
usage by (2) developing tools and 
methods to increase our analytical and 
inference capabilities.

LOE 2.1:  Develop and Implement an 
Enterprise-Level T&E Data 
Management Solution

Why This Matters:  Data are strategic 
assets that fuel automation and 
algorithms designed to alleviate our 
workload, speed up our processes, 
help us achieve new insights, and 
achieve T&E at scale and speed.  As 

data-driven and complex systems 
continue to proliferate, it is important 
to develop T&E data and interface 
standards, stores, and platforms to 
ensure that the data are credible, 
trustworthy, available, and secure 
across the T&E enterprise.  The T&E 
community must demonstrate its 
compliance with and contribution to 
the DoD Data Management Strategy 
and enable research, development, 
test, and evaluation (RDT&E) data 
collection, storage, visibility, sharing, 
accessibility, ingestion, and security 
across commercial and Government 
stakholders to expedite data analysis, 
optimize T&E planning and execution, 
and enable more automated T&E.  This 
compliance translates to availability of 
data stores, knowledge management 
tools, and data fusion/analytics tools 
that will enable the new fluid and 
iterative nature of T&E demanded by 
software-and data-reliant systems.  
Data are also critical to verify and 
validate digital tools.  Lastly, all data 
(contractor, developmental, 
operational, and Live Fire) must be 
effectively leveraged to adapt, inform, 
and optimize T&E plans—no data 
should be left on the table.

For example, aircraft survivability 
evaluations rely heavily on contractor, 
developmental, operational, and Live 
Fire test data, as well as modeling and 
simulation (M&S) outputs, to support 
the evaluation of aircraft susceptibility, 
vulnerability, force protection, and 
recoverability, including the evaluation 
of residual mission capability.  
Adequate evaluation of aircraft 
survivability hinges on these various 
sources of data—collected throughout 
the acquisition program as the system 
matures through its development 
process—requiring a capability not 

only to capture and store those data 
but also to credibly piece those 
different data elements together in a 
meaningful way.

LOE 2.2:  Integrate T&E in Model-
Based Engineering to 
Operationalize and Optimize the 
Shift-Left Approach

Why This Matters:  Modern model-
based engineering and adaptive 
inference processes offer integrated, 
holistic approaches to generating and 
managing knowledge of system 
performance throughout the life cycle.  
Early test data from system 
components, for example, can be 
integrated into a larger system model 
to predict mission-level performance 
early in development.  Advanced 
performance inference techniques 
(e.g., Bayesian or similar) can be used 
to carry forward data from early 
prototypes through evaluation of 
production-representative systems.  
Moreover, model-based engineering 
can eliminate manual workflows 
through automation that enables 
generation and distribution of up-to-
date dynamic reports on systems and 
their status in the acquisition life cycle.

Defining the requirements for 
and developing an accurate 
representation of the future 

operating environment will be 
critical for an evaluation of 

aircraft survivability and 
air-superiority in multi-domain 

operations.
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The aircraft survivability community 
will have to leverage heavily model-
based system engineering and other 
digital tools and technologies to 
enable full spectrum survivability 
evaluations, as required by the Fiscal 
Year 2022 National Defense 
Authorization Act (NDAA), Section 
223.  Full-spectrum aircraft 
survivability evaluations are intended 
to enable the survivability of the 
aircraft in a multi-domain operational 
environment, accounting for both 
kinetic and nonkinetic threats—such 
as cyber; directed energy weapons 
(DEW); electromagnetic spectrum 
(EMS) fires; chemical, biological, 
radiological, and nuclear (CBRN) 
threats; and any combination thereof.  

Moreover, full-spectrum survivability 
evaluation is intended to leverage 
digital technologies required to enable 
such evaluation throughout the life 
cycle of the acquisition program, as 
both the fielded system and the 
threat(s) evolve over time at more 
dynamic rates. 

Pillar 3:  Improve the 
Survivability of the DoD in a 
Contested Environment 

The third pillar was brought in as its 
own pillar specifically to focus on 
LFT&E and survivability-related 
challenges and the importance of 
evaluating synergistic kinetic and 
nonkinetic effects.  In short, the same 
amount of rigor must be applied to 
survivability evaluation against cyber, 
EMS, and similar threats as has been 
historically applied to kinetic threat 
effects.  While this requirement/
resolution may appear to be simple, 
the dynamic nature of these 
increasingly advanced threats and 
complexity of their potential effects 
make them much more involved and 
challenging than traditional kinetic 
threats.

LOE 3.1:  Standardize and Automate 
Mission-Based Risk Assessments

Why This Matters:  Seamless 
integration of various systems and 
technologies working together across 
multiple domains introduces a 
potential for vulnerabilities that cannot 
be evaluated one system or one threat 
at a time.  As discussed under the first 
pillar, testing must consider the 
mission thread, specifically the 
composition of weapon systems; 
networks; critical infrastructure; 
equipment; and tactics, techniques, 
and procedures (TTPs).  A rapid and 
accurate mission-based survivability 
assessment would define specific 
steps to enhance mission assurance 
and identify the defenses required 
against threats to those missions.  

While there are several ways to 
potentially do this type of assessment, 
one example of a mission-based  
risk assessment design is shown in 
Figure 3.  The approach is based on 
the Leveson and Thomas System-
Theoretic Process Analysis framework, 
which is composed of (1) scope of 
analysis, (2) model of control, (3) 
identification of failures, and (4) 
identification of loss scenarios.  This 

Figure 3.  Notional Mission-Based Risk Assessment Process Overview.

Evaluation of aircraft 
survivability hinges on the 

capability not only to capture 
and store different data 

elements but also to credibly 
piece them together in a 

meaningful way.
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mission-based risk assessment 
process is directly applicable to 
aircraft survivability evaluation.  
However, bounding the scope of the 
assessment is essential to 
establishing a reliable process.  The 
mission-based risk assessment would 
also have to be conducted iteratively 
during the life cycle of the system.  In 
addition, this process requires early 
engagement, starting with the 
development of request for proposals 
and other contractual requirements, so 
mission engineering artifacts 
(including models of the control and 
other functional models needed to 
define mission-critical functions and 
establish unacceptable losses) are 
readily available to the operational 
and LFT&E community for an adequate 
mission-based risk assessment. 

LOE 3.2:  Emphasize Cyber and EMS 
Survivability

Why This Matters:  The weapon 
systems of today and the future are 
defined by both software and 
hardware.  Battle networks are central 
to the kill web, and information 
technology is at the heart of cyber, 
space, and EMS warfare.  The 
complex interactions between 
software and hardware can 
sometimes be difficult to predict or 
evaluate.  Our challenge is to evaluate 
cyber-physical systems against 
advanced cyber and EMS threats at 
scale and speed.  Attack surfaces are 
growing exponentially, reaching into 
supply chains, software factories, and 
pipelines; the EMS; and an array of 
cloud solutions.  We therefore must 
aggressively pursue verified and 

validated digital tools and 
transformative technologies to 
manage cyber, EMS, and advanced 
kinetic threat survivability T&E and 
assess the effectiveness of 
countermeasures and other self-
defense solutions.

Figure 4 shows a notional overarching 
framework for evaluating full-
spectrum survivability effects, 
emphasizing cyber and EMS 
survivability within the traditional 
survivability evaluation approaches.

As illustrated in the figure, in step 1, 
the system under test (SUT) 
intelligence inputs are fed into a suite 
of effects M&S tools within an 
overarching full-spectrum effects 
M&S framework (the center portion of 
the figure).  Kinetic, cyber, EMS, 
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directed energy, and CBRN M&S tools 
will each characterize and visualize 
the system; identify and prioritize 
vulnerabilities; plan attacks (leveraging 
threat intelligence data) and 
probabilistically analyze results; and 
assess functional defeat and mission 
impact. 

In step 2, adversary objectives and 
SUT survivability requirements are 
translated into functional defeat 
metrics (the top portion of Figure 4).  
Mission planning is carried out to 
develop an overall attack plan, 
comprising a combination or sequence 
of different domain attacks on the SUT 
(e.g., a cyber attack followed by an 
EMS attack followed by a kinetic 
attack).  For step 3, the mission 
planning engine appropriately defines 
attack inputs to each of the individual 
effects M&S tools, which then 
execute the attacks and compute SUT 
functional defeat.  Moving to step 4, 
individual functional defeat results are 
fed back into the mission planning 
engine, where adjustments to the 
coordinated attack plan can be made; 
and in step 5, this iterative process 
continues until overall functional 
defeat is optimized with respect to the 
prescribed SUT functional defeat 
metrics.

Finally, in step 6, full spectrum effects 
M&S shares a symbiotic relationship 
with T&E activities throughout the 
system life cycle.  In one direction, the 
M&S framework can be used to 
augment (or potentially replace) T&E 
activities, which may be cost-
prohibitive or even untestable if full 
spectrum effects T&E infrastructure is 
not in place.  In the other direction, 
data collected through T&E can be fed 
back into M&S framework activities to 
improve model fidelity and simulation 
accuracy. 

LOE 3.3:  Evaluate Operational 
Performance in a Contested Space 
Environment

Why This Matters:  Space is 
increasingly congested and highly 
contested, with a broad array of 
rapidly evolving threats.  Reliance on 
space-based capabilities has 
sharpened the DoD’s—and our 
adversaries’—focus on deploying both 
offensive and defensive weapons in 
space.  Because the DoD must operate 
in this contested environment, the T&E 
enterprise must be ready to accurately 
evaluate space-based and space-
dependent systems’ operational 
performance, including survivability 
against current and anticipated 
threats.  Furthermore, for aircraft 
survivability evaluations, additional 
focus needs to be placed on mission-
critical functions that could affect 
aircraft survivability and air superiority. 

Pillar 4:  Pioneer the T&E of 
Weapon Systems Built to 
Change Over Time

The fourth pillar is focused on 
addressing the T&E challenges 

associated with complex, largely 
software-reliant systems, the 
operational performance of which 
could be affected by incremental and 
frequent software upgrades and/or 
frequent and dynamic changes to the 
operating environment.  Related to 
software-reliant systems, this pillar 
also focuses on the challenges brought 
by AI and ML capabilities.  All 
elements of this pillar are counting on 
advances of the digital ecosystems, 
which start with the development of 
credible digital twins.

LOE 4.1:  Increase the Use of 
Credible Digital Twins in T&E

Why This Matters:  The combination of 
new domains and operational 
constraints makes verified and 
validated digital technologies the 
necessary, practical approach for 
development and T&E of certain 
systems where live T&E is not 
possible or practical.  For example, 
digital twins that can be subjected to 
repeated cyber attacks—as the 
system itself, the threats it will face, 
and adversary TTPs and procedures 
change over time—will help 
developers and program managers 
improve system cyber survivability at 
an increased pace.  A digital twin is a 
high-fidelity digital representation of a 
physical object.  These types of 
models allow us to find out how 
real-world objects might behave under 
different conditions or requirements.  
The defining feature of a digital twin is 
the ongoing data integration between 
the digital model and its physical unit 
counterpart.  Digital twins have begun 
to incorporate transmission of real-
time data sensed by the real-world 
object.  These new, higher-resolution 
sensor data allow the digital twin to 
reason about future behaviors, then 
transmit feedback to the physical 

We must aggressively pursue 
verified and validated digital 

tools and transformative 
technologies to manage cyber, 

EMS, and advanced kinetic 
threat survivability T&E and 
assess the effectiveness of 
countermeasures and other 

self-defense solutions.
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object.  This ability could be 
particularly useful in enabling 
continuous monitoring of operational 
performance of systems as they 
evolve over time.  Unfortunately, while 
digital twins create new opportunities 
for T&E to determine the performance 
of continuously evolving systems, they 
also create new verification, validation, 
and accreditation challenges.  
Moreover, for the purposes of aircraft 
survivability evaluation, additional 
work is required to determine, for 
example, what is considered an 
adequate digital twin of an aircraft. 

LOE 4.2:  Evaluate the Operational 
and Ethical Performance of AI-
Based Systems

Why This Matters:  AI-based systems 
have accelerated the need to 
re-engineer T&E to enable continuous 
assessment once fielded.  The T&E 
enterprise must monitor and evaluate 
the drift in deployed AI models’ 
behavior, which could occur when 
real-world data deviate from the 
training data used to create the model.  
Testing also must demonstrate with 
confidence that AI-based systems are 
responsible, ethical, equitable, 
traceable, reliable, and governable.  
Ethical and safe use of AI is necessary 
to reduce risks to U.S. strategic 
initiatives, reputation, operations, 
legal standing, and privacy issues.  
Due to their reliance on ever-changing 
data, however, AI-based systems are 
uncertain by nature.  Emerging 
approaches that have the potential to 
address such uncertainty propagation 
deserve further investigation.  
Additional research is also needed to 
re-envision the T&E process with 
increased AI and automation tools to 
support, for example, aircraft 
survivability T&E professionals and 
identify opportunities where AI can 
assist them—relieving them of 

tedious tasks so they can better focus 
on tasks that require the creativity and 
innovation that only humans can 
provide.

LOE 4.3:  Advance the Evaluation of 
Software-Reliant Systems’ 
Operational Performance

Why This Matters:  Modern warfighting 
systems are increasingly software-
reliant.  They are developed through 
complex software pipelines filled with 
a myriad of tools intended to ensure 
automatically that the product is 
effective and secure.  Yet, developers 
more and more frequently use 
open-source and third-party software, 
which raises risk from the security and 
sustainability perspectives.  It is 
important to identify new approaches 
to address change propagation within 
software-reliant systems.  For 
example, the aircraft survivability 
community needs to influence and 
measure the development and cyber 
defense of software pipelines and 
factories up front with accredited 
tools, techniques, and procedures.  
Automated testing should be 
embraced at every level, and a 
rigorous standard of testing should 
continue to continue to be 
implemented at the speed of 
relevance. 

Pillar 5:  Foster an Agile and 
Enduring T&E Enterprise 
Workforce

The fifth pillar is focused on preparing 
the T&E community, including the 
aircraft survivability community, for 
the challenges of the future.  On one 
hand, we need to clearly define what 
we need in terms of capacity and 
skillsets and how to measures and 
track our readiness.  On the other hand, 
we need a feasible continuous 
learning and a recruitment strategy 
that will allow us to prepare, retain, 
and augment our existing workforce 
while also being able to reach out to 
on-demand experts, as needed.

LOE 5.1:  Identify and Track T&E 
Workforce Competencies and 
Capabilities

Why This Matters:  A structured 
approach for the collective 
development and sustainment of the 
T&E enterprise workforce will enhance 
workforce agility and response to 
emerging T&E requirements.  
Dedicated T&E skill codes and 
qualifiers to track T&E professionals’ 
knowledge, skills, and abilities would 
improve the Department’s awareness 
of the T&E workforce’s overall health 
and development.  An infrastructure to 
make data-driven workforce planning 
decisions would enable the T&E 
enterprise to forecast, track, and 
address gaps in the T&E workforce’s 
collective capabilities.  It would also 
enable unified development of the T&E 
enterprise workforce, as well as its 
agility to move among the 
requirements developers, technology 
developers, buyers, and across the 
Service T&E communities.  The 
requirements for the aircraft 
survivability community must also be 
accounted for in this approach. 

While digital twins create new 
opportunities for T&E to 

determine the performance of 
continuously evolving systems, 

they also create new 
verification, validation, and 
accreditation challenges.
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LOE 5.2:  Assess and Address 
Critical T&E Workforce Professional 
Development Needs

Why This Matters:  T&E professionals 
of the future require access, 
bandwidth, and clear requirements to 
engage in continuous learning 
opportunities.  Providing these tools/
needs will better prepare them for 
advances in T&E operational and 
technical capabilities needed to 
perform their duties.  It is important to 
establish enterprise-wide baseline 
education and training needs and the 
ability to identify all T&E-related 
course offerings to strengthen 
workforce capabilities.  The T&E 
learning apparatus should change as 
quickly as the T&E operating 
environment, resulting in easily 
adaptable courses, content, and 
training and workforce demands.  It is 
also important to establish a 
continuum of cutting-edge learning 
opportunities that can tie training and 
education to specific job and career 
outcomes across the enterprise; this 
establishment will improve and 
incentivize T&E learning and 
workforce retention.  To compete with 
private sector organizations for 
top-tier talent and promote retention, 
the T&E enterprise will need to invest 
in workforce experiences that appeal 
to a diverse T&E workforce in terms of 
skill development, rotational 
opportunities, and leadership roles.

DOT&E STRATEGY 
IMPLEMENTATION PLAN

Requirements, intelligence, and the 
acquisition pathways drive the T&E 
process.  Changes in capabilities, such 
as kill webs, complex all-domain 
environments, and gaps newly 

identified by intelligence reports, will 
steer acquisition decisions and 
commensurate T&E responses.  Based 
on the requirements, intelligence, and 
mandates sourced from the six 
acquisition pathways, the T&E 
community will collaborate to identify 
and develop the T&E capabilities 
necessary to test and evaluate 
systems in the acquisition pipeline.  
These T&E activities will realize the 
goals of the five aforementioned 
strategic pillars that will in turn inform 
T&E policy and guidance with the 
potential to inform operational and 
system requirements, system 
development, and acquisition 
contracts. 

The operating model depicted in  
Figure 5 highlights the significance  
of collaboration across an array of 
stakeholders that drive and affect the 
future of the T&E enterprise.  The 
model identifies layers of governance, 
as well as key stakeholders, to 
demonstrate how the T&E community 
can align on and execute against the 
five strategic pillars.  It is imperative 
that we work together and promote a 
pioneering spirit, as well as a culture 
of continuous learning, agility, 
transparency, and co-ownership, to 
use our combined talents most 
effectively.  The operating model 
promotes the establishment of 
interdisciplinary teams of experts to 
forge and accelerate research and 
development needed to transform T&E 
tools, processes, infrastructure, and 
human capital.

MOBILIZE TO ACTION

The Department faces a shifting threat 
landscape and the need to swiftly 
leverage advanced technologies to 

increase the lethality, suitability, 
resiliency, survivability, agility, and 
responsiveness of our future Joint 
Force.  To continue to deliver credible 
warfighting capability at the speed of 
need, the T&E enterprise must rethink 
the way we do business.  We must 
become more agile, efficient, and 
effective to adequately account for 
the technology disruptors as we face 
an inflection point in the scope, 
scalability, and capabilities of our 
infrastructure, tools, processes and 
workforce.

This DOT&E Strategy Update drives 
the T&E enterprise into the future 
through a series of coordinated 
enterprise-wide activities designed to 
achieve the future vision that is 
embedded in the strategy.  It sets the 
framework to leverage ongoing 
government-based activities, as well 
as the best practices of industry, 
academia, and our allies to develop a 
future-ready T&E enterprise.  Our 
immediate next step is to establish a 
governance charter and launch 
multi-disciplinary teams for each of 
the five pillars with a clear direction on 
what they need to accomplish, when, 
and why.  

The T&E enterprise of the future must 
be agile, motivated by scenario/
mission thread approaches, Joint 
warfighting concepts, and the power 
of digital tools and technologies.  It 
will be strengthened by the effect of 
these changes on our ability to support 
the Warfighter.  It will be empowered 
by continuous learning and supported 
by abundant access to state-of-the art 
skills and technologies. 

By implementing this strategy, the T&E 
enterprise will stay ahead of the 
adversary and continue to advocate 
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for the Warfighter and the mission, as 
defined by the National Defense 
Strategy 2022.  We welcome you to 
join us in this important journey.  
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Figure 5.  DOT&E Strategy Implementation Plan Operating Model.

The T&E enterprise of the 
future must be agile, 

motivated by scenario/mission 
thread approaches, Joint 

warfighting concepts, and the 
power of digital tools and 

technologies.
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The Joint Aircraft Survivability Program 
Office (JASPO) is pleased to recognize 
Mr. Hugh Griffis for his Excellence in 
Survivability.  A well-known technical 
expert, leader, and voice in the industry 
for more than 40 years, Hugh currently 
serves as the Technical Director of the 
Air Force Life Cycle Management Center 
(AFLCMC) Analysis & Training Systems 
Division (EZJ).  Throughout his long 
career, he has successfully developed 
and applied rigorous modeling and 
simulation (M&S) methodologies in 
support of numerous program acquisi-
tion efforts, defining weapon system 
requirements, verifying specifications, 
performing assessments for develop-
mental/operational testing (DT/OT), and 
enabling Warfighters to evaluate and 
refine operational tactics.

An Ohio native and system engineering 
graduate of Wright State University, 

Hugh began his Government service in 
1981 at the Aeronautical Systems Center 
at Wright-Patterson Air Force Base.  As 
a junior engineer, he was privileged to 
be mentored by national experts and 
trained with in-house engineering 
classes on subjects such as nuclear 
weapon effects and simulations, 
FORTRAN computer programming, finite 
element simulations, weapon system 
acquisition, and FASTGEN3 target 
description modeling.

Hugh’s first task in the business was to 
migrate FASTGENv3 punch card decks 
to mainframe computers with perma-
nent data storage.  The B-52 and A-10 
target descriptions were contained in 
dozens of card boxes, with each card 
requiring a specific order.  So, getting 
the data stored permanently was a 
ground-breaking, albeit tedious, 
achievement.

In the early 1980s, nuclear threats were 
a high national priority, and the Air 
Force engineering community was 
responsible for determining the nuclear 

hardness of aircraft.  Hugh was tasked 
with updating legacy nuclear effects 
models and authoring nuclear weapon 
delivery “safe escape” data for all 
nuclear-capable aircraft, including the 
B-52, B-1B, FB-111, F-16, and F-15, as 
well as the United Kingdom’s Tornado 
aircraft.  The nuclear effects data and 
methodologies he developed in these 
efforts were used explicitly in the 
weapon delivery technical manuals 
(which, thankfully, were never used in war).

In 1984, Hugh was assigned to the 
Advanced Technology Bomber (ATB)—
which later became known as the 
B-2—prior to its Preliminary Design 
Review.  As the nuclear hardening lead, 
Hugh managed requirements that 
altered the B-2 outer mold line and all 
major aircraft attributes, including the 
crew station, engines, weapons bay, 
structures, avionics, mission systems, 
coatings, and supportability consider-
ations.  The team’s use of advanced 
M&S, verified by testing, contributed 
greatly to the B-2’s successful develop-
ment.  And these enhanced nuclear 

EXCELLENCE IN SURVIVABILITY: 
HUGH GRIFFIS

by Robert Wissel
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simulations, with modest improvements, 
are still in use.

With the fall of the Berlin Wall in 1989 
and the decreased urgency for nuclear 
hardness assessments, Hugh shifted his 
technical focus to ballistic vulnerability 
activities.  Leveraging his FASTGEN3 
experience, he initiated data processing 
improvements and authored the 
FASTGENv4 model.  The new code 
changed the geometry model data 
standard to today’s simpler and less 
error-prone data structure.

In the spring of 1991, when the Air Force 
awarded the Milestone B contract for 
the F-22, program management was 
informed that the program was in 
violation of Live Fire Test & Evaluation 
(LFT&E) congressional law.  Thus, to 
avoid the purchase of an additional and 
highly costly Engineering Manufacturing 
Development aircraft, Hugh was tasked 
with developing and leading the F-22 
LFT&E and ballistic vulnerability 
hardening programs.

Congress requested a study by the 
National Research Council (NRC) to 
explore the pros and cons of full-scale, 
full-up testing of the F-22.  In 1994, 

Hugh spent 3 days briefing the NRC 
review board—which comprised more 
than a dozen national experts—on the 
program’s alternative LFT&E plan.  After 
months of follow-up discussions and 
negotiations, the plan ultimately 
became part of the NRC’s final report 
(which still remains a valuable technical 
resource), and Congress approved the 
NRC recommendation in 1997.

Also in support of the F-22’s develop-
ment, Hugh led the chemical/biological 
(C/B) hardening program, which was 
favorably reviewed by the Government 
Accounting Office review in 1995, as 
well as led the development of a new 
COVARTv4 model, merging best-avail-
able legacy vulnerability missile 
fragments and high-explosive projectile 
methodologies into an improved single 
application.  Based on the efforts of 
Hugh and the EZJA Vulnerability Team, 
both COVART and FASTGEN would 
continue to be improved and adopted as 
important analysis tools in vulnerability 
reduction and LFT&E programs through-
out the survivability community.

The last major test of the F-22’s planned 
LFT&E program was the aircraft’s 
ballistically hardened wing testing, 

which was completed at Wright-
Patterson in 2001.  Prior to that testing, 
a major facility upgrade was required, 
and Hugh served as the acting Technical 
Director of the Aerospace Vehicle 
Survivability Facility during both the 
facility’s construction and wing testing.  
He also authored and delivered the final 
F-22 LFT&E report in 2004.

In 1998, while still leading the F-22 
LFT&E activities, Hugh was also 
assigned to support the new Joint Strike 
Fighter (JSF), later called the F-35.  
Hugh provided technical oversight 
during the program’s demonstration 
phrase, in which extreme efforts were 
required to ensure the mandated use of 
Government-furnished models and data 
didn’t provide a competitive edge to 
either vender.  Hugh was assigned to 
lead the development of an alternative 
LFT&E plan for the three Service variant 
aircraft and to define the vulnerability 
reduction design requirements for 
ballistic, C/B, laser, and high-power 
microwave threats.  Working with the 
Naval Air Systems Command (NAVAIR) 
at Patuxent River, MD, as well as 
AFLCMC and the Air Force Research 
Laboratory (AFRL) at Wright-Patterson, 
he helped provide time-critical, expert 
support in crafting the important design 
requirements.

During the JSF’s source selection, Hugh 
also served as lead for vulnerability 
reduction and LFT&E.  Leveraging many 
of the F-22 program’s insights, Hugh 
was instrumental in defining the F-35 
system engineering approach for C/B 

U.S. Air Force Photo by 2nd Lt. Samuel Eckholm
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design and obtaining funds to develop 
long-lead test data.  With the support of 
Lockheed, Battelle, and AFRL, the 
resultant F-35 program provided 
enhanced C/B material databases and 
robust decontamination technology (as 
discussed in numerous previously 
published Aircraft Survivability journal 
articles).  Hugh would continue to lead 
the F-35 ballistic vulnerability, C/B, and 
LFT&E program for several years.

In the fall of 2003, Hugh was selected 
to serve as JASP’s Air Force Principal 
Member, and in 2004 he was promoted 
to the position of Technical Director for 
the Analysis and Training Systems 
Division of AFLCMC’s Engineering 
Directorate.  Then in 2005, he stepped 
up to serve as Chief of the division, a 
position he held for 4 years before deftly 
arranging to hire his successor so he 
could move back to his preferred 
Technical Director role.

In 2009, Hugh was also tasked to serve 
as the Air Force Lead for the Joint 
Technical Coordinating Group for 
Munitions Effectiveness (JTCG/ME), 
Joint Anti-Air Combat Effectiveness 
(J-ACE) Air Superiority Program.  As 
time marched on, Hugh became the 
Integrated Product Team lead, and he 
continues to lead the high-performing 
J-ACE team and its development of the 
Joint Anti-Air Model (JAAM), currently 
used by more than 4,000 users and 360 
operational sites.

Additionally, Hugh has supported 
numerous Air Force engineering process 
improvement activities over the years to 

accelerate weapon system acquisition.  
One of them, in 2010, resulted in the 
MIL-HDBK-520, System Requirements 
Document Guide, and defined the 
concepts used in today’s systems 
engineering requirements traceability 
tools.  

Hugh currently continues to lead 
development efforts for both JASP and 
the JTCG/ME, leveraging numerous 
advanced computer simulations, such as 
Survivability and Lethality of Aircraft in 
Tactical Environment (SLATE), Air 
Combat Effects Library (ACEL), 
BlueMaxv7.x, Endgame Manager 
(EMv6.x), and multiple Intelligence 
Center simulations.

Hugh and the team have also recently 
defined an innovative process in which 
technical developments would first be 
implemented in SLATE/ACEL.  Then, as 
features and data mature, these 
capabilities would be promptly migrated 
into the JAAMv6.0/ACEL Warfighter 
application.  Although this technical 
management approach requires 
significant effort, delivery times of new 
simulation capabilities to the Warfighter 
are expected to be greatly reduced.

Not surprisingly, Hugh has been the 
recipient of numerous awards and 
honors throughout his career, with the 
most notable being the Combat 
Survivability Technical Award from the 
American Defense Preparedness 
Association (now called National 
Defense Industrial Association) in 1996.  
But in spite of his many achievements 
and recognitions, Hugh is quick to point 
out that his successes in M&S and 
testing would not have been possible—
or as meaningful—without the 
contributions of the many skilled, 
dedicated professionals in Government 
and industry whom he has been 

fortunate to work with throughout his 
career.  Most importantly, he feels 
fortunate to have had the constant, 
loving support of his wife, Anita, and 
daughter, Daniele.

Congratulations, Hugh, on this well-
deserved recognition for your many 
contributions, longstanding dedication, 
and proven excellence in aircraft 
survivability, as well as for your 
mentoring of countless members across 
the community.  Your pioneering efforts 
have not only helped lay the foundation 
for today’s aircraft survivability profes-
sionals but are sure to continue to help 
guide future practitioners for many 
years to come.  
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IN SEARCH OF 
EXCELLENCE
We’re always on the lookout 
for deserving candidates to 
recognize for their Excellence 
in Survivability.  If you have a 
colleague who has made, or is 
making, important technical or 
leadership contributions in the 
field and you’d like to submit 
his/her name for consideration, 
please visit jasp-online.org/
stay-connected.
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by Robert Gierard and Thao Nguyen

2022 NDIA AIRCRAFT 
SURVIVABILITY 
SYMPOSIUM

“If you’re in the survivability business, the place to be in November is Monterey”—
this longstanding mantra in the survivability community was true once again this year as the 
annual Aircraft Survivability Symposium, following 2 years of COVID-driven disruptions, 
returned to the Naval Postgraduate School (NPS) on November 1–3.  Hosted by the National 
Defense Industrial Association (NDIA) Combat Survivability Division (CSD), the symposium 
once again welcomed survivability practitioners from across industry, government, and aca-
demia for 3 days of technical tutorials, presentations, poster displays, and discussions on a 
wide range of survivability-related topics.  Also presented at the symposium were CSD’s 
annual awards for leadership, technical accomplishment, lifetime achievement, and excel-
lence by a young professional.

Advancing Weapon Systems Survivability to Achieve  
Land, Air, and Sea Dominance
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by Robert Gierard and Thao Nguyen

The theme of this year’s gathering was 
“Advancing Weapon Systems 
Survivability to Achieve Land, Air, and 
Sea Dominance”; and as in past years, 
the goal was to foster technical 
dialogue and exchange of information 
in areas such as design, operational 
experience, current and future threats, 
reliability, maintenance, and testing of 
aircraft survivability technologies.  
Presenters discussed numerous 
survivability-related technologies and 
techniques, survivability sustainment 
and operations, threats, countermea-
sures, and their assessed/predicted 
effects on current and future 
battlefields.

The first day of the symposium 
included two tutorial sessions—“The 
Fundamentals of Aircraft Survivability” 
and “An Introduction to 
Hypersonics”—followed by an 
evening networking and welcome 
reception.  The formal part of the 
symposium, held the next 2 days, was 
kicked off with opening remarks by the 
current NPS President, retired Navy 
VADM Ann Rondeau, followed by the 
industry keynote address by Mr. Chris 
Flynn, Pratt & Whitney’s Vice 
President of Military Development 
Programs and Gatorworks.  The 
Government keynote address was 
provided by Air Force Maj. Gen. Evan 
Dertien, Commander of the Air Force 
Test Center at Edwards Air Force Base.  
Various speakers from across the full 
spectrum of the survivability commu-
nity then provided threat briefings, 
lessons learned, research and devel-
opment updates, methodologies for 
countering threats, and future 
requirements.  

2022 NDIA AIRCRAFT 
SURVIVABILITY 
SYMPOSIUM AWARDS

Another highlight of the symposium 
was the awards ceremony and 
luncheon, held on Thursday in NPS’s 
historic Herrmann Hall.  The awards 
were presented in the following four 
categories.

Professor Robert E. Ball Young 
Professional Award for Combat 
Survivability

The Young Professional Award is 
presented to an early- to mid-career 
person (35 years of age or younger at 
the time of award) who has made a 
significant technical, analytical, or 
tactical contribution to any aspect of 
aircraft survivability.  This year’s 
award was presented to Ms. Gwen 
Maciejewski, a recognized young 
combat survivability engineer and 
team leader within the Naval Air 
Warfare Center (Aircraft Division) 
(NAWCAD)/Combat Survivability 
Division (CSD), who has been 

instrumental in enhancing the surviv-
ability posture of aircraft across the 
Naval Aviation Enterprise.  In addition, 
she is a mentor and project lead for 
the Science, Technology, Engineering, 
& Math (STEM) high school outreach 
program in Lexington, MD.

After working as high school  
mathematics teacher for 6 years,  
Ms. Maciejewski joined NAWCAD  
in 2017, applying her quantitative 
analytic skills as a combat survivability 
engineer for PMA-265.  Her responsi-
bilities grew from Survivability 
Engineer to Low Observables (LO) 
Engineer, to Science & Technology 
Development Engineer and Deputy 
Program Manager for LO Technologies, 
and finally to Combat Survivability 
Systems Integrator and Technical 
Team Lead for ACAT 1 Programs.   
Ms. Maciejewski was the driving  
force in establishing LO maintenance 
practices for the F/A-18E/F Super 
Hornet and the EA-6G Growler.  Her 
efforts led to the inclusion of LO 
practices in the Naval Aviation 
Maintenance Program, developing and 
publishing multiple organizational-  

Figure 1.  2022 Robert Ball Young Professional Award.  From left to right, Award Chairman Robert Gierard, 
Awardee Gwen Maciejewski, Board Member Mark Couch, and Board Member/NPS Professor Chris Adams.
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and intermediate-level job qualification 
requirements for LO technicians and 
supervisory positions.  In her current 
role as NAWCAD/CSD Systems 
Integration Lead, Ms. Maciejewski 
ensures all aspects of survivability are 
duly represented in establishing robust 
and well-defined requirements aligned 
with program needs.

Combat Survivability Award for 
Technical Achievement

The Technical Achievement Award is 
presented to a person who has made 
a significant technical contribution to 
any aspect of survivability.  It may be 
presented for a specific achievement 
or for exceptional technical excellence 
over an extended period.  Individuals 
at any level of experience are eligible 
for this award.  This year, Mr. Stephen 
Cramm was honored for his almost 
40-year career in the Air Force and 
defense industry and for his sustained 
technical leadership across the full 
spectrum of research, development, 
testing, and acquisition (RDTA) of air 
vehicle performance and survivability 

technologies.  Mr. Cramm has enabled 
the fielding of dominant and survivable 
rotary- and fixed-wing aircraft across 
the Department of Defense (DoD) and 
has provided critical technical leader-
ship in the development and 
integration of technologies that have 
greatly improved the survivability and 
performance of dozens of current and 
future aircraft and space systems, as 
well as their required testing 
capabilities.

Mr. Cramm was initially an Air Force 
aircraft software programmer but 
quickly transitioned to his role as a 
Survivability Flight Test Engineer at 
the Air Force Flight Test Center.  Here, 
he supported numerous aircraft test 
programs, including several special 
operations aircraft, en route to leading 
the LO flight testing for the B-2 
Combined Test Force.  As a Test 
Program Manager/Chief Engineer for 
multiple Advanced Air Vehicle 
Programs, he also led national 
technical teams focused on improving 
aircraft survivability and effectiveness.  
And as the Technical Director for 

Nationally Directed Advanced Defense 
Programs, he led the enhancement of 
unique national test facilities, spear-
headed development of novel flight 
test capabilities, and was consulted by 
senior executives of numerous 
agencies. 

After retiring from the Air Force,  
Mr. Cramm became the Director of 
Electronic Warfare Technology 
Development at Boeing’s Phantom 
Works, guiding the creation and 
integration of advanced technologies 
across their portfolio.  Mr. Cramm was 
selected to be the Phantom Works 
Chief Engineer, leading the engineer-
ing team of a competitive ACAT 1 
classified development program and 
later became the Chief Engineer for 
the Phantom Works Air & Space 
Systems, where he was responsible 
for the invention and integration of 
advanced technologies into current 
and future air and space defense 
systems.  After retiring from Boeing, 
Mr. Cramm became a senior consult-
ing engineer at Denmar Technical 
Services, a position in which he 
continues to serve.

RADM Robert H. Gormley Combat 
Survivability Award for Leadership

The Leadership Award is presented to 
a person who has made major 
leadership contributions to combat 
survivability.  The individual selected 
must have demonstrated outstanding 
leadership in enhancing overall combat 
survivability or played a significant 
role in a major aspect of survivability 
design, program management, 
research and development, test and 
evaluation, modeling and simulation, 
education, or the development of 
standards.  The emphasis of this 
award is on demonstrated superior 
leadership over an extended period.  

Figure 2.  2022 Combat Survivability Award for Technical Achievement.  From left to right, Award Chairman 
Robert Gierard, Awardee Stephen Cramm, and Board Member Mark Couch.
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This year’s leadership award went to 
Dr. Robert Shin, Principal Staff 
Member of the Intelligence, 
Surveillance, and Reconnaissance 
(ISR) and Tactical Systems Division at 
MIT Lincoln Laboratory (MITLL), as 
well as the Director of the MITLL 
Beaver Works.  

Dr. Shin is recognized across the DoD 
as a world-class expert in radar cross 
section (RCS) measurement and 
prediction, as well as electronic 
countermeasures and counter-counter-
measures techniques.  Over his 
>35-year career, he has advanced U.S. 
capabilities by leading air vehicle 
survivability evaluation programs and 
developing numerous airborne 
prototype systems.

Upon receiving his doctorate, Dr. Shin 
began his long and illustrious career at 
MITLL, as well as holding numerous 
appointments and advisory committee 
memberships in support of Defense 
and Intelligence agencies.  He 
progressed from Research Staff to 
Assistant Group Leader within the Air 
Defense Techniques Group and was 
instrumental in advancing state-of-
the-art RCS prediction codes, 
low-altitude propagation models, and 
clutter models.  Dr. Shin truly made his 
name when he joined, and rose to 
Group Leader of, the Systems and 
Analysis Group, which was closely 
associated with the Assistant 
Secretary of the Air Force (Acquisition) 
Air Vehicle Survivability Evaluation 
Program (aka the Red Team) and the 
DoD tri-Service community.  He has 
led numerous high-priority systems 
analyses for Air Force, DoD, and 
Congressional leadership, focusing on 
air vehicle survivability and weapon 
systems effectiveness and counter-
measures, backed by development and 

employment of novel flight test assets 
and gold standard data models. 

Dr. Shin was also selected to be the 
Technical Advisor to the Technical 
Director of the newly formed Air Force 
Rapid Capabilities Office, providing 
technical assessments of state-of-the-
art combat capability concepts.  
Returning to MITLL, he then led the 
ISR and Tactical Systems Division and 
is currently Principal Staff and Director 
of MITLL’s Beaver Works.  Dr. Shin 
also continues to be a dedicated and 
tireless believer in project-based 
STEM education; and his leadership 
resulted in an MIT, MITLL, and 
industry collaboration culminating in 
the award-winning Beaver Works and 
Beaver Works Summer Institute.

Combat Survivability Award for 
Lifetime Achievement

The Lifetime Achievement Award is 
presented to a person who has made 
significant technical and leadership 
contributions throughout his/her 
professional career, spanning many or 
most of the numerous facets of 
aircraft combat survivability.  This 
award is nominated by the CSD 

Executive Board and is intended to 
recognize an individual’s lifetime of 
accomplishments and dedication to 
the aircraft survivability community 
and the aircrews we serve.  This year, 
retired Air Force Lt. Gen. Eric Fick was 
recognized for his 32-year career, 
spanning the gamut of Air Force RDTA 
activities and impacting many of the 
major ACAT 1 air vehicle programs, as 
well as key weapons programs in the 
U.S. and allied aviation enterprises.  
Throughout his career, Lt. Gen. Fick has 
been cognizant of the proper mix of 
capabilities and the need for advanced 
offensive and defensive technologies 
to ensure the delivery of the most 
dominant, effective, and survivable 
airborne weapon systems to the 
United States and its allies. 

Commissioned in 1990, then-Lt. Fick 
started at the Ogden Air Logistics 
Complex at Hill Air Force Base, moving 
rapidly from Logistics Plans & 
Programs to a hands-on F-16 mechani-
cal systems engineer role, working 
engine and fuel systems.  He was then 
selected to attend the Air force 
Institute of Technology, where he 
received his master’s in aeronautical 
engineering, and he worked in both a 
computational fluid dynamics role 
(leading F-35 axisymmetric thrust 
vectoring research) as well as a test 
program manager role at Wright-
Patterson Air Force Base.

His career then took him to Edwards 
Air Force Base, where he was a 
Distinguished Graduate of the 
Experimental Flight Test Engineering 
course.  Now a testing specialist, his 
responsibilities grew from serving as 
Testing Lead for ground- and air-
launched weapons, to Director of Test 
for the Counter-Air Joint Systems 
Program Office, to Deputy Chief of 

Figure 3.  The 2022 Gormley Combat Survivability 
Award for Leadership:  Robert Shin.
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Weapons Fight Test, to Operations 
Officer and Commander for the 46th 
Test Squadron.  As Commander of the 
Advanced Combat Systems Group 
within the Air Force Rapid Capabilities 
Office, Lt. Gen. Fick developed and 
fielded advanced combat capabilities, 
many of which became relevant to his 
numerous Program Element Monitor 
(PEM) and Program Executive Officer 
(PEO) roles impacting air vehicle and 

weapons programs across the Air 
Force mission space. 

Lt. Gen. Fick retired as the PEO and 
Program Director of the F-35 
Lightening II Program, where he led 
the life cycle program management of 
the F-35A/B/C variants.  With the help 
of his efforts, this program produced 
not only the fifth-generation strike 
fighter of choice for the Air Force, 

Navy, Marines, and numerous interna-
tional partners and customers but also 
the largest ever ACAT 1 program, 
delivering the most dominant, surviv-
able, and effective air strike weapon 
system in history.

RECOGNITIONS AND 
THANKS

As the old saying goes, “it takes a 
village” to host an event such as the 
Aircraft Survivability Symposium, and 
the NDIA CSD Executive Board thanks 
all the planning committees and the 
following individuals, without whose 
tireless efforts, commitment, and 
cooperation this year’s event would 
not have been possible.

 � NDIA Combat Survivability Division 
Executive Board
• Division Chair:  Lt. Gen. Chris 

Bogdan (Ret)
• Symposium Chair:  Thao Nguyen
• Symposium Co-Chair:  Richard 

Huffman
• Tutorial Chairs:  Chris Adams and 

Mark Couch

Figure 5.  Combat Survivability Division Board Members and 2023 Awardees.  First Row (left to right):  Chris Adams, Steve Cramm, Gwen Maciejewski, Bob Shin,  
Lt. Gen. Eric Fick, and Tom Fick.  Second Row:  Dewayne Hines, Bart Huffman, Thao Nguyen, Mark Couch, Robert Gierard, and Barry Vincent.  Third Row:  Ken McKensie, 
Jack Rau, Dennis Lindell, and Amy Howell.

Figure 4.  The 2022 Combat Survivability Award for Lifetime Achievement:  Retired Air Force Lt. Gen. Eric Fick.
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• Awards Chair:  Robert Gierard
• Posters Chair:  Barry Vincent
• Session Chairs:  Amy Howell, 

Richard Huffman, Mike Laramee, 
and Dewayne Hines

 � NDIA Staff
• Tommy Kienzle, Maura Deely, Jae 

Yu, and Kimberly Williams
 � NPS Staff

• NDIA CSD Executive Board and 
NPS Professor:  Chris Adams

• Classified Computing:  David Mah
• Security Manager:  Marcus 

Andersen

The Board also extends a special 
thanks to this year’s corporate 
sponsors, BAE Systems and Pratt & 
Whitney, as well as all the presenters, 
poster participants, and attendees.

LOOKING AHEAD TO 2023

It’s not too early to plan to be “in the 
place to be” in Monterey next 
November, as well as to consider who 
among our ranks is deserving of 
recognition for the 2023 Survivability 
Symposium awards.  Is there someone 
in your staff/organization who has 
demonstrated exemplary technical or 
leadership achievement in the 
survivability community?  Or perhaps 
you have an early- to mid-career 
colleague who has shown a distinct 
flair for the survivability discipline and 
is deserving of early recognition.  The 
CSD will publish award nomination 
deadlines and submission procedures 
later in 2023, but there’s no need to 
wait.  Those interested in making a 
nomination, gaining more information, 
or discussing the nomination process 

should contact Mr. Robert Gierard at 
Gierard.llc@gmail.com or 310-909-
4592 or Mr. Tom Kienzle at tkienzle@
ndia.org or 703-247-2575. 

ABOUT THE AUTHORS

Mr. Robert Gierard currently serves as 
Chairman of the NDIA Combat 
Survivability Division Awards 
Committee and is a strategy 
consultant with Booz Allen Hamilton.

Mr. Thao Nguyen currently serves on 
the Executive Board of Directors of the 
NDIA Combat Survivability Division 
and was the Chair for the 2022 
Aircraft Survivability Symposium.  He 
is a Technical Fellow in the 
Survivability Discipline Group and a 
Discipline Chief of the Survivability-
Vulnerability Group at Pratt & Whitney.

2023 AIRCRAFT
SURVIVABILITY SYMPOSIUM

Save the Date

Collaborative Survivability and Kill Webs

Join senior-level defense industry professionals and their government 
counterparts as they engage in a technical dialogue and exchange 
information related to technological advances, operational experiences, 
current and future threats, system reliability, and other aircraft 
survivability topics. Over the course of three days in a classified 
environment, attendees will collaborate to unlock the keys to 
enhancing survivability across a multi-domain battlespace. This 
symposium offers a unique opportunity for learning with its extensive 
agenda and inclusion of relevant tutorials and presentations. Mark 
your calendars for this highly anticipated event.

October 31–November 2  |  Monterey, CA  |  NDIA.org
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by Eric Edwards

STORIES IN SURVIVABILITY:
REMEMBERING THE NORTH 
STAR’S LIFE-SAVING TOW 40 
YEARS AGO

Throughout history, explorers, sailors, and other travelers have relied on the North Star to lead them 
safely home.  As a result, the night sky’s most recognizable heavenly body is now regarded in many 
cultures not just as a dependable navigational tool but also as a symbol for the virtues of depend-
ability, steadfastness, and guiding truth.  How appropriate it is then that an Air Force KC-135 
Stratotanker—operating under the call sign “North Star”—once served as the unlikely guide by 
which a distressed F-4 Phantom fighter jet was led to safety over the icy waters of the North 
Atlantic.  The incident, which occurred 40 years ago this fall, would be recognized not only as the Air 
Force’s most meritorious flight of the year but also as yet another example of the toughness and 
adaptability of U.S. combat aircraft and the brave and innovative personnel who operate them.

Courtesy of the U.S. National Archives
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JUST A ‘ROUTINE’ FLIGHT

On 5 September 1983, a group of 24 
F-4E Phantom II jets (like that shown in 
Figure 1) lifted off from Seymour 
Johnson AFB near Goldsboro, NC, and 
turned northeast to begin a routine 
trans-Atlantic flight to Germany.  Of 
course, “routine” in military aviation can 
be a deceiving term, as U.S. combat 
aircraft are regularly called on to 
perform extraordinary and dangerous 
missions in all types of conditions all 
around the globe.  And in this case, the 
F-4’s, with limited fuel capacity and 
range, were heading out over a frigid 
ocean for a many-hour flight with only a 
fraction of the fuel needed to get them 
safely to the other side [1, 2].

Accordingly, the Phantoms were 
escorted by eight refueling tankers:  four 
KC-135A Stratotankers (such as that 
shown in Figure 2) and four KC-10 
Extenders.  Together, these eight flying 
gas stations would be responsible for 
keeping all the jets airborne over the 
water via a series of eight planned 
aerial refuelings.  One of the KC-135’s, 
call sign “North Star,” was operated by 
Crew E-113 of the Air Force’s Strategic 
Air Command.  Onboard were the flight 
crew (shown in Figure 3)—Capt. Robert 
Goodman (pilot), Capt. Michael Clover 
(copilot), 1st Lt. Karol “Wojo” Wojcikowski 
(navigator), and SSgt. Douglas Simmons 
(boom operator)—as well as  
SSgt. Michael Bouchard (crew chief), 
A1C Ron Craft (assistant crew chief), 

and 22 Service personnel and family 
passengers [1,2].  

Loaded with 70,000 lbs of fuel, the 
North Star was paired up with one of 
the KC-10’s, which would share the 
refueling responsibilities for their “cell” 
of four Phantoms across the ocean.  The 
two tankers successfully completed 
their first three fuel transfers without 
incident.  The situation quickly changed, 
however, as North Star prepared to gas 
up its F-4’s for the fourth time.  Without 
warning, the no. 2 General Electric J-79 
engine on one of the twin-engine 
Phantoms began having trouble.  
Piloting the F-4 was Maj. Jon “Ghost” 

Alexander, with Maj. Dan Silvis serving 
as the weapons system officer (WSO) in 
the seat behind him (see Figure 4).   
Maj. Alexander quickly asked his 
wingman to circle underneath his 
now-struggling airplane to see if he 

Figure 1.  The F-4 Phantom (Photo Courtesy of 
Wikimedia Commons).

Figure 2.  The KC-135 Stratotanker (Air Force Photo by SMSgt. Vincent De Groot, Air National Guard).

Figure 3.  The Crew of KC-135 North Star.  Left to right:  1st Lt. Karol Wocjikowski, Capt. Michael Clover, Capt. 
Robert Goodman, and Staff Sergeant Douglas Simmons (U.S. Air Force Photo).

Figure 4.  Maj. Jon Alexander and Maj. Daniel 
Silvis in Their F-4E Phantom.
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could identify the issue.  The report that 
came back wasn’t good:  the engine was 
leaking oil badly [1, 2].

500 MILES FROM SAFETY

Maj. Alexander immediately declared an 
emergency and rerouted his plane 
toward the closest emergency divert 
base.  Unfortunately, that base—and 
essentially the nearest patch of 
land—was Gander International Airport 
in Newfoundland, Canada, more than 
500 miles away [1].  In between, lay 
nothing but a seemingly endless stretch 
of cold, black ocean.

As the minutes ticked by and the plane’s 
issues started mounting up, it was 
increasingly clear that, unless some-
thing could be figured out quickly, the 
Phantom wouldn’t be able to make it to 
land and safety.  With engine no. 2 still 
turning but providing little thrust, the 
supersonic-capable fighter continued  
to lose lift, airspeed, and altitude.   
Maj. Alexander tried to squeeze all he 
could out of the remaining engine, but it 
was now overheating as it struggled to 
keep the heavily loaded Phantom in the 
air.  The jet had been equipped with 
three external drop fuel tanks under the 
wings to help extend its range during 
the trip.  Maj. Alexander quickly 
jettisoned the drop tanks to reduce the 

aircraft’s weight and drag.  This helped, 
but the plane still had to fly at an odd 
45°, nose-up attitude to remain aloft [2].

The situation then went from bad to 
worse when the F-4’s hydraulic system 
also went partially dead, preventing the 
aircraft from being able to bank or turn 
right.  Everyone realized that the list of 
available options for Majs. Alexander 
and Silvis was quickly shrinking to just 
one:  ejection.  But everyone also 
realized that option wasn’t a good one 
at all.  According to some estimates, the 
two airmen would have only about 90 s 
of consciousness, followed by near-
certain death, after they entered the 
North Atlantic’s icy waters and 60-ft 
swells [2].  And those swells were 
growing closer and closer to the dying 
plane every minute.

AN UNLIKELY SOLUTION

Nearby in the North Star, Capt. Goodman 
had been instructed by the mission 
commander to stay with the F-4 and 
provide whatever assistance he could, 
and the crew was busy trying to figure 
out what that assistance might be [1].  
The first priority was to get the F-4 
refueled again (as shown in Figure 5) so 
it could continue flying (or at least trying 
to fly).  But in the Phantom’s disabled 
condition, this task itself was now  
an extremely risky one, not only for  

Majs. Alexander and Silvis but also  
for the KC-135 crew and all of its 
passengers.  If the crew wasn’t careful, 
a potential loss of 1 aircraft and 2 souls 
could easily be turned into an actual 
loss of 2 aircraft and 30 souls.

Capts. Goodman and Clover carefully 
positioned the Stratotanker forward and 
above the Phantom and used virtually 
every technique they could to slow the 
KC-135 down enough to match the F-4’s 
dangerously slow top speed.  By setting 
their engines to idle; dropping their flaps, 
slats, and landing gear; deploying their 
airbrakes; placing themselves in a high 
angle of attack; and even rocking the 
airplane back and forth; they were able 
to slow the North Star to below 200 knots 
(just above the tanker’s normal landing 
speed) to attempt the refueling.

“The only thing keeping us airborne was 
we were nose down in a dive,” recalls 
former Assistant Crew Chief Ron Craft.  

“Our boom operator [SSgt. Simmons], 
even in these conditions, was able to 
make a hook-up on the first shot.  We 
used our refueling boom as a tow bar 
and brought [the F-4] out of a dive and 
leveled him off at about 9,000 feet, but 
we must have gone a little too fast, and 
it was a brute-force disconnect.  He 
broke off and went into another dive.  
We had to do the whole scenario over 
again.  The second time we made the 

“Routine” in military aviation 
can be a deceiving term, as 

U.S. combat aircraft are 
regularly called on to perform 
extraordinary and dangerous 

missions in all types of  
conditions all around the globe.

Figure 5.  An F-4 Approaching a KC-135 for Refueling (U.S. Air Force Photo).
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hook-up and leveled off, we were only 
1,500 feet off the water, watching 
waves break” [3].

After several more failed hook-up 
attempts and brute-force disconnects, 
the KC-135 was able not only to remain 
locked on to the Phantom and transfer 
fuel but also to pull the jet up to a higher 
altitude and toward safety.  

“The dead weight of that fighter,” Craft 
remembers, “was bending our boom like 
you’re bringing a bigmouth bass out of 
the reservoir.  It’s not supposed to bend.  
We thought we were going to watch it 
break off, but it held” [3].

Remarkably, the North Star ended up 
sustaining its life-saving tow of the F-4 
for almost 200 miles, which allowed the 
Phantom’s no. 1 engine to cool down 
enough so the jet was able to once 
again maintain altitude on its own.  And 
that left just one last problem to 
overcome.  With much of the F-4’s 
hydraulic system still inoperable, the 
plane still couldn’t bank or turn right.  So, 
as the pair of aircraft approached the 
much-anticipated Canadian coast,  
Lt. Wojcikowski computed a route that 
would allow Maj. Alexander to approach 
the airfield, line up with the runway, and 
land the Phantom using only left turns [1].

Finally, some 5½ hrs after the “routine” 
flight had begun, the wheels of both 
planes touched down on the runway at 
Gander [1].  Majs. Alexander and Silvis 
were safe and sound, as were the crew 
and passengers of the KC-135.  The 
North Star had lived up to its name and 
once again had led some weary 
travelers safely home.

THE MACKAY TROPHY

For its heroic efforts in rescuing the  
F-4 and likely saving the lives of  

Majs. Alexander and Silvis, the crew of 
the North Star was awarded the Air 
Force’s 1983 Mackay Trophy (shown in 
Figure 6).  The trophy, which is perma-
nently housed at the Smithsonian 
Institution’s National Air and Space 
Museum, has been presented annually 
since 1911 for “the most meritorious 
flight of the year” by an Air Force person, 
persons, or organization.  Other Mackay 
honorees have included Eddie 
Rickenbacker (the highest scoring 
American ace of World War I) in 1918; 
the crew of the first round-the-world 
flight in 1924; Chuck Yeager (the first 
pilot to break the sound barrier) in 1947; 
and many lesser-known aircrews 
involved in equally remarkable acts of 
bravery, selflessness, and effectiveness 
during combat, rescue, and other 
missions [4].

In the larger picture, however, the story 
of the North Star’s life-saving tow 
across the Atlantic 40 years ago isn’t 
just a story about the skill and bravery 
of one KC-135 crew.  It’s also an 
enduring testament to all those in the 
military aviation and survivability 
industry—operators, designers, 
manufacturers, testers, analysts, 

maintainers, and others—who have 
long worked, and continue to work, to 
make U.S. combat aircraft the toughest, 
most survivable, and most effective 
aircraft possible.

For more information about the North 
Star incident (as well as ongoing efforts 
to document the story in a feature-
length film), see the “Hell Over High 
Water” Facebook page [5].  
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Figure 6.  The 112-Year-Old Mackay Trophy 
(Courtesy of Wikimedia Commons).

The North Star had lived up to 
its name and once again had led 

some weary travelers safely 
home.
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MARCH
NDIA Human Systems Conference
1–2 March in Arlington, VA
https://www.ndia.org/events/ 
2023/3/1/3350---human-systems 

IEEE Aerospace Conference
4–11 March in Big Sky, MT
https://www.aeroconf.org/

AFA Warfare Symposium
6–8 March in Aurora, CO
https://www.afa.org/
events/2023-afa-warfare-symposium 

Collaborative EW Symposium
14–16 March in Pt. Mugu, CA
https://www.crows.org/page/
CollaborativeEW2023?_zs=6iDwa&_zl=9jIK3#CFP 

JASP Model Users Meeting (JMUM) 2023
20–23 March in Atlanta, GA
https://www.jasp-online.org/event/
jasp-model-users-meeting-jmum-2023/

APRIL
Aircraft Combat Survivability Short 
Course
11–13 April in West Palm Beach, FL
https://www.jasp-online.org/event/
aircraft-combat-survivability-short-course-2023/ 

2023 AIAA DEFENSE Forum
11–13 April in Laurel, MD
https://www.aiaa.org/defense 

AIAA Taking Advanced Computing to the 
Tactical Edge Webinar
12 April (Virtual)
https://www.aiaa.org/events-learning/
event/2022/04/12/default-calendar/
aiaa-aerospace-perspectives-series-taking-
advanced-computing-to-the-tactical-edge 

AIAA Hypersonics Challenges Webinar
28 April (Virtual)
https://www.aiaa.org/events-learning/
event/2022/04/28/default-calendar/
aiaa-webinar-hypersonics-challenges 

MAY
Simulation & Training Community Forum 
2023
3 May in Fairborn, OH
https://www.ntsa.org/events/2023/5/3/stcf-2022 

Vertical Flight Society 79th Forum
16–18 May in West Palm Beach, FL
https://vtol.org/forum 

NTSA MODSIM World 2023
22–23 May in Norfolk, VA
https://www.ntsa.org/events/2023/5/22/
modsim-world-2023

FY24 JASP Proposal Review Meeting
23–25 May in Alexandria, VA
https://www.jasp-online.org/event/
fy24-proposal-review-meeting-prm/

JCAT Threat Weapons Effects Training
25-27 May at Eglin AFB, FL
https://www.dsiac.org/events

JUNE
2023 AIAA AVIATION Forum
12–16 June in San Diego, CA
https://www.aiaa.org/aviation/

International Powered Lift Conference
12–16 June in San Diego, CA
https://vtol.org/events/
international-powered-lift-conference-iplc-2023 

Training & Simulation Industry 
Symposium 2023
21–22 June in Orlando, FL
https://www.ntsa.org/events/2023/6/21/tsis-2023 

JULY
AIAA Space Debris Mitigation and 
Management Webinar
27 July (Virtual)
https://www.aiaa.org/events-learning/event/ 
2022/07/27/default-calendar/aiaa-aerospace- 
perspectives-series-space-debris-mitigation-
and-management
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