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As aviation systems are developed for the Joint Force, survivability must be integrated as a
key component of performance parameters. This threat-based mindset will serve U.S. forces
well in the development of balanced and capable platforms that will encounter a variety of
operating environments and adversaries. Moreover, when considering survivability-enhancing
equipment, options for kinetic/ballistic defeat are critical. Unfortunately, today’s aircraft armor is
often heavy and provides limited ballistic threat defeat. The challenge is thus to be able to
protect against relevant, highly proliferated armor-piercing (AP) threats without introducing
significant weight penalties for the aircraft.

15 PYROPHORIC PASTA: PROMISING NEW MATERIALS
AND PROCESSES FOR THE IR BATTLEFIELD
by Kendall Mills, Aaron Stern, and Clinton Plaza

The Advanced Materials and Technology Branch (AMTB) at the U.S. Army’s Combat
Capabilities Development Command Armaments Center (DEVCOM-AC) at Picatinny Arsenal, NJ,
has been quietly innovating with a special class of materials known as pyrophoric substances
and finding interesting ways to exploit their properties. Pyrophoric materials, such as pyrophoric
iron, spontaneously burn in contact with air, and the AMTB team specializes in harnessing this
power. Though not obvious to the casual observer, the formation of rust (iron oxides) on the
surface of iron is an exothermic reaction, meaning heat is produced. The reaction is not exactly
energetic enough for one to notice his/her car slowly heating up as it rusts in the driveway;
however, things get can much more interesting when a lot of rust is made in a very small space
very quickly.

19 THE CHINOOK TURNS 60: A PILOT’S PERSPECTIVE ON
THE OLD ‘WORKHORSE OF THE SKY’
by Eric Edwards

In August of 1962, a unique, new helicopter—the CH-47 Chinook—took to the skies for the
U.S. military. Possessing an unprecedented combination of power, speed, stability, and payload
capacity, the Chinook quickly became the Army’s primary heavy-lift rotorcraft, a title it’s continued to hold for the past 6 decades. The so-called “Workhorse of the Sky” has not only ferried
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millions of tons of equipment and personnel (including other vehicles) back and forth across the
globe, but it’s also helped change the standards and expectations of all U.S. military helicopters
that have followed. Moreover, the aircraft has proven its suitability and effectiveness not just for
its primary cargo and troop transport duties but also for many other specialized missions,
including medical evacuation, search and rescue, parachute drops, aircraft recovery, special
operations, disaster relief, firefighting, and construction support. It’s thus no wonder that the
aircraft is now flown by more than 20 militaries around the world.

26 EVALUATING SHiELD AS A COST-EFFECTIVE
SURVIVABILITY ENHANCEMENT FOR LATE-GENERATION
AIRCRAFT

DSIAC Headquarters
4695 Millennium Drive
Belcamp, MD 21017-1505
Phone: 443/360-4600
Fax: 410/272-6763
Email: contact@dsiac.org

DSIAC is sponsored by the Defense
Technical Information Center (DTIC)
and is operated by the SURVICE
Engineering Company under
Contract FA8075-21-D-0001.

by Wen Xiang Ong and Christopher Adams

When operating in a man-made hostile environment, a fourth-generation fighter aircraft
(such as an F-15 Eagle or F-16 Fighting Falcon) would likely be more susceptible to adversarial
air-to-air and surface-to-air missile threats when compared against the more modern and
stealthier fifth-generation counterparts (such as an F-22 Raptor or F-35 Joint Strike Fighter).
Expendable countermeasures such as chaff and flares are currently deployed to defend the
aircraft against such threats. However, the effectiveness of these countermeasures is highly
dependent on the aircrew’s judgement regarding when to deploy them to achieve the highest
probability of survivability and whether the incoming missiles are “smart” enough to distinguish
the countermeasures vs. the actual target. Such countermeasures are also limited in quantities—once they are expended, the aircraft would have no other tools to defend itself against
incoming threats. Accordingly, against a backdrop of increasingly complex air-to-air missiles,
increasingly accurate and lethal air defense capabilities, and ongoing developments in hypersonic
missiles, enhanced combat survivability of late-generation fighter aircraft is needed.
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33 JMUM’S 24TH YEAR BRINGS A CYBER TWIST TO
SURVIVABILITY M&S SUPPORT
by James Davis

On 21–25 March, approximately 170 survivability practitioners from Government and
industry gathered at the Georgia Tech Research Institute in Atlanta, GA, for the 24th Joint Aircraft
Survivability Program (JASP) Model Users Meeting (JMUM). The purpose of the meeting—
which was hosted by the Defense Systems Information Analysis Center (DSIAC) in partnership
with the JASP Office and select model managers—was to promote ongoing modeling and
simulation (M&S) support and collaboration throughout the aircraft survivability community.

		
3

jasp-online.org AS Journal 2022 /SUMMER

NEWS NOTES
BOB CLODFELTER PASSES

by Dale Atkinson
and Eric Edwards

course and spent more than 20 years
training other aircraft practitioners in his
important field of work.
JASPO extends its sincere condolences
to the Clodfelter family and posthumously thanks Bob for his many years of
dedication, contribution, and achievement in aircraft survivability.

JASPO PERSONNEL
CHANGES

Bob Clodfelter

In January, long-time aircraft survivability and safety leader Bob Clodfelter
passed away in Dayton, OH, at the age
of 86. A mechanical engineer with
undergraduate and graduate degrees
from the University of Dayton and The
Ohio State University, respectively, Bob
initially worked for Northrop Aircraft
before beginning a 35-year career at
Wright-Patterson AFB. He held
numerous positions at the Air Force
Research Laboratory, including serving
as Chief of the Fire Protection Branch in
its Propulsion Directorate. Bob also
travelled the world investigating aircraft
fires and mishaps, including the
infamous 1996 TWA 800 accident,
which resulted in the most extensive
and expensive air disaster investigation
in U.S. history. In addition, he authored
numerous technical reports and papers
and worked with astronauts on the
NASA space program.
Following Bob’s retirement at WrightPat, he developed a popular Aircraft Fire
Protection Mishap Investigation Training

JASPO is pleased to welcome three new
Deputy Program Managers (DPMs) to
the team. Mr. Andrew Kurpik from the
U.S. Air Force Life Cycle Management
Center (AFLCMC) will be taking the
modeling and simulation (M&S) reins
from Mr. James Davis. In addition,
Messrs. Charles “Chad” Zolynsky and
Kenneth Butler from the U.S. Army
Aircraft Survivability Equipment
Program Manager’s office (PM-ASE)
will team up to manage the JASP
Susceptibility Reduction Program,
allowing Mr. Robert Lyons to fulfill his
JASP Technical Director role.

Andrew Kurpik has supported Air Force
Acquisition for more than 18 years, with
experience in many survivability
disciplines. These include ballistic
vulnerability modeling and testing, Joint
Combat Assessment Team (JCAT)
assessments, endgame analysis,
mission-level modeling, and cyber
analysis. In addition to assuming the
JASPO position as the DPM for M&S, he
is also an M&S Technical Expert for
AFLCMC/EZJA and an Advanced
Framework for Simulation, Integration
and Modeling (AFSIM) Threats and
Scenarios Working Group Co-Chair.
Mr. Kurpik holds a bachelor’s degree in
mechanical engineering and a master’s
degree in engineering from Wright State
University. He is also a 2019 graduate
of the Air Force Air War College
Distance Learning Program.

Chad Zolynsky

Chad Zolynsky is the Army
Representative DPM for Susceptibility
Assessment & Reduction and the ASE
Digital Engineering Lead under the Army
Capabilities Development Command
Aviation & Missile Center’s Technical
Management Division. He is an
experienced systems engineer with
prominence in requirements

Andrew Kurpik
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management and model-based systems
engineering. He has supported various
Product Offices, including Utility
Helicopters Modernization, Joint
Air-to-Ground Missile, UH-60V Digital
Cockpit with the Prototype Integration
Facility, and Infrared Countermeasures.
In these efforts, Mr. Zolynsky’s focus
has been on Government requirement
allocation, flowdown, and traceability
via the Technical Decision DOORS
database and other requirement metric
tools. As the ASE Digital Engineering
Lead, he reviews contract deliverables
for model-based engineering efforts
with the goal of evolving acquisition into
the digital environment. He holds a
bachelor’s degree in industrial systems
engineering from the University of
Alabama and a master’s degree in
project management from Embry-Riddle
Aeronautical University.

Kenneth Butler

Kenneth Butler joined JASPO in March
to serve as a DPM for the Army,
assuming research, development, test,
and evaluation efforts across the JASP
portfolio. He also supports PM-ASE and
is firmly invested in its mission of
“developing and fielding world-class
aircraft survivability systems that
maximize the survivability of Army
aircraft against a continually evolving
threat without degrading combat
mission effectiveness.” As an experienced systems engineer, Mr. Butler has
worked on the Common Infrared

Countermeasure Program (CIRCM),
assisting in all programmatic milestones
up to the Full-Rate Production award,
including managing/tracking of requirements, providing support and analysis of
live fire test events, and supporting all
systems engineering technical efforts.
He has also been integral in getting
CIRCM fielded with the Army’s rotarywing fleet, including the UH-60 and
CH-47. Mr. Butler also previously
worked as a materials engineer at
Purdue University, as well as a process
engineer for GE Aviation. He holds a
B.S. in mechanical engineering from
Tuskegee University.
Finally, JASPO’s excitement of adding
new team members is tempered by the
departures of LCDR Tyler “Sloth” Harrell
and James Davis. After 2½ years
serving as JASPO Military Deputy,
LCDR Harrell has moved on to his next
assignment as Senior Air Defense Duty
Officer in support of Operation Inherent
Resolve. In this exciting position, he will
oversee execution of close air support
(CAS) sorties and assist in reroling CAS
assets in support of troops in contact,
dynamic targeting, and real-time highvalue target prosecution. LCDR Harrell’s
experience as a UH-60 helicopter pilot
and time working with the JASP
community are sure to bring a unique
perspective and understanding of
aircraft survivability to his new role.

LCDR Tyler Harrell
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James Davis

In addition, after 3½ years as the JASP
M&S Lead, James Davis is shifting his
focus to leading engagement analysis
efforts at AFLCMC. Mr. Davis will
continue to support the JASP as the
M&S Lead for the Susceptibility
Reduction Working Group Joint Aircraft
Threat Model Simulation Validation,
which is a JASP-led effort to validate
rotary-wing susceptibility M&S using
the JASP model Survivability and
Lethality of Aircraft in Tactical
Environments (SLATE).
JASPO thanks LCDR Harrell and Mr. Davis
for their service and wishes them much
success in their new assignments.

AJEM 4.22.1 RELEASED

In February, the U.S. Army Combat
Capabilities Development Command
(DEVCOM) Analysis Center (DAC)
announced the release of version 4.22.1
of the Advanced Joint Effectiveness
jasp-online.org AS Journal 2022 /SUMMER

Model (AJEM). The release integrates
the latest version of the Joint Technical
Coordinating Group for Munitions
Effectiveness (JTCG/ME) Projectile
Penetration (ProjPen) model. ProjPen
3.1.0 is thread-safe, enabling multithreaded, parallel-processed AJEM
analyses of projectile threats against
materiel targets. The result is improved
throughput and faster run times to
provide more timely vulnerability/
lethality estimates in support of system
acquisition, live fire test and evaluation,
and weaponeering requirements.
For more information about AJEM or
v4.22.1, readers are encouraged to
contact the AJEM Model Manager,
Ms. Marianne Kunkel, at marianne.
kunkel.civ@army.mil. To obtain the
latest version of AJEM, qualified users
should contact the Defense Systems
Information Analysis Center at
https://dsiac.org/models/ajem/.

CMV-22B OSPREY
COMPLETES MAIDEN
DEPLOYMENT AND IOC
MILESTONE

Hawkeye squadrons on the 8-month
deployment, executed a mission
completion rate of 98% and a mission
capable rate of 75%.
This first deployment of the CMV-22B
came just 19 months after its first flight.
The aircraft features redesigned forward
sponson fuel tanks, as well as the
addition of two wing fuel tanks, giving it
50% more internal fuel than the
Marines Corps variant and significantly
extending its flight range. Accordingly,
the CMV-22B will be able to transport
up to 6,000 lbs of cargo and personnel
more than 1,150 nautical miles. This
multirole, long-range capability is
considered crucial due to the cargo
capacity needed to transport F-35
power modules, as well as the wide
range of logistics support needed for
future air wing operations and nextgeneration-platform deployments.

MARINE CORPS F-35 PILOT
FIRST TO REACH 1,000 HRS
In January, the Marines Corps
announced that Lt. Col. Brian Bann
became the first pilot in the U.S. military
to accumulate 1,000 flight hrs in the

U.S. Navy Photo by MC Specialist 3rd Class Megan
Alexander

In February, the Navy announced the
initial operational capability (IOC) of its
CMV-22B Osprey after the tiltrotor
aircraft successfully completed its
maiden deployment with Carrier Air
Wing 2 and the carrier USS Carl Vinson.
The Osprey squadron, which joined
F-35C Lightning II and E-2D Advanced
U.S. Marine Corps Photo by Sgt. Allison Lotz
AS Journal 2022 / SUMMER jasp-online.org		
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F-35 Lightning II. The milestone came in
December, when Lt. Col. Bann delivered
a new production F-35B to Marine Corps
Air Station Yuma in southwestern
Arizona. In addition to his 1,000 hrs in
the F-35, the Marine aviator has
extensive flight time in the AV-8B
Harrier II and the F-16 Fighting Falcon,
and he was one of the first Marine
Corps pilots to fly the Joint Strike
Fighter.

HEARD ANY
NEWS?
If you know of a
community-related event,
announcement, or other
news item that you
would like to submit for
consideration as a News
Note, please contact
Mr. Dale Atkinson at
daleatk@gmail.com.

JCAT CORNER

By CDR Zach Kennan and CDR Joseph
Walker

U.S. Navy Photo by MC Specialist 1st Class Brian Brooks

For this installment of “JCAT Corner,”
we briefly focus on the Naval component of the Joint Combat Assessment
Team (JCAT)—the Next-Gen Naval
Combat Assessment Team (NCAT)—
and some of the issues and challenges it
is expected to face in conducting timely
aircraft survivability assessments in
future peer-level conflicts.
The work of the U.S. Navy, Army, and Air
Force JCATs has long relied on physical
evidence as part of their aircraft
survivability assessments. This
attribute is well documented in the
assessments the JCATs have conducted
over the past 20 years in support of
overseas contingency operations in
Afghanistan and Iraq, where most
aircraft losses were the result of
small-arms fire and man-portable
weapons. The availability and accessibility of the physical evidence from
these incidents were largely dependent
on the location of the attacks (i.e., over
land), the caliber of the munitions or
threat used, and the fact that many of

the aircraft losses were low-flying
fixed-wing aircraft and helicopters,
which often allowed for the accurate
determination of engagement location
and with largely intact aircraft.
However, in future peer-level conflicts in
the U.S. Indo-Pacific Command
(USINDOPACOM) (and other extremely
large commands), it is expected that
aircraft survivability assessors may not
always be able to rely on these legacy
forensic techniques, especially in the
early phases of conflict, in which
physical damage may be unavailable
and the window for providing useful
assessments on combat incidents may
be small. Accordingly, NCAT is working
to develop new tools and techniques to
try to address these new and emerging
challenges.
The USINDOPACOM’s area of responsibility (AOR) is substantial. It covers
more of the globe than any other
geographic combat command, contains
more than 50% of the world’s
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population, and includes vast stretches
of ocean. Thus, any future assessment
of aircraft loss in this AOR could be
extremely difficult. The standard JCAT
tools—which include physical inspection of the aircraft, crew debriefs, and
threat information—may not be
possible as U.S. maritime and tactical
air assets may be spread out over
far-reaching distances. Moreover,
advanced threats may prevent the
electronic transfer of aircraft loss
details or the movement of JCAT
assessors to the necessary locations.
Compounding these challenges to the
NCAT mission is an increasingly critical
time component, which places high
demands on assessors to quantify
aircraft loss data quickly and allow the
Warfighter and others to incorporate
appropriate changes to tactics and/or
survivability equipment. As seen in
Operation Enduring Freedom and
Operation Iraqi Freedom, the warfighting community has relied on JCAT
assessments to rapidly adjust to threats.
jasp-online.org AS Journal 2022 /SUMMER

intelligence community and the
information it collects and stores on
classified networks. It may be that
these intelligence products will likely be
more accessible than the aircraft or
crew. Additionally, because command
and control nodes can monitor this same
information, they also represent an ideal
central location for NCAT assessors to
quickly collect available information
about the loss event and provide an
assessment of the threat environment
responsible.
U.S. Marine Corps Photo by SSgt. John Tetrault

And this adjustment is expected to be
even more critical during a peer-level
conflict in which warfighting assets will
be stressed and commanders will have
to accept even higher levels of risk to
achieve mission success. In short, NCAT
knows that operational commanders
and the acquisition community will
continue to depend on timely, highly
accurate survivability data to balance
the likelihood of higher-risk
engagements.

NCAT is also exploring new and better
methods of leveraging intelligence tools
and sources in its assessment practices.
In the past, JCAT assessments have
often relied on intelligence as just one
piece of the overall puzzle. However, for
many assessments in future peer-level
conflicts—where intelligence information may be the only “evidence”
available—it is expected that assessors
will need to maintain a much closer
interaction with, and monitoring of, the

In the end, at the onset of a future
peer-level conflict, threat briefings,
enemy order of battle, and intelligence
collection methods are expected to be
the primary arrows in the NCAT quiver,
allowing for the proper and timely
decomposition of aircraft loss events, as
well as the incorporation of the
necessary survivability enhancement
features to keep U.S. aircraft and
aircrews safe.

2022 AIRCRAFT
SURVIVABILITY SYMPOSIUM
Save the Date
Advancing Weapon Systems Survivability to Achieve Land,
Air, and Sea Dominance
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.

November 1–3 | Monterey, CA | NDIA.org
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STOP THE BULLET:
ADVANCING THE STATE
OF THE ART IN SPACED
AIRCRAFT ARMOR
By George Tunis, Emily Tunis, and Ben Kremer

U.S. Air Force Photo by Yasuo Osakabe

As aviation systems are developed for the Joint Force, survivability must be integrated as a key
component of performance parameters. This threat-based mindset will serve U.S. forces well in the
development of balanced and capable platforms that will encounter a variety of operating environments and adversaries. Moreover, when considering survivability-enhancing equipment, options for
kinetic/ballistic defeat are critical. Unfortunately, today’s aircraft armor is often heavy and provides
limited ballistic threat defeat. The challenge is thus to be able to protect against relevant, highly
proliferated armor-piercing (AP) threats without introducing significant weight penalties for the aircraft.
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Accordingly, Hardwire, LLC—under an
initiative funded by the U.S. Army
Combat Capabilities Development
Command (DEVCOM) and Special
Operations Command (SOCOM) and
executed as a Joint Aircraft
Survivability Program (JASP) task—
has been developing an innovative,
lightweight armor technology that has
demonstrated defeat of numerous
small-arms AP threats. This article
provides an overview of this initiative
and underlying technology involved.
(Note that, for security reasons, the
specific armor areal densities, threats,
and round velocities used have been
excluded from this overview. For more
information on these specifics, readers
are encouraged to contact the authors.)

LAYERS, SPACE, AND
TUMBLING: A LETHAL
COMBINATION FOR
KINETIC DEFEAT
Significantly lighter than other modern
armor systems, the subject technology
incorporates Hardwire’s proprietary
Turning Block (TB), which comprises
composite materials oriented in a
unique topology within a spaced armor
system. This system provides for the
possibility of numerous survivability
options for aircraft in extremely
lightweight configurations.

Ultimately, this program was able to
exceed these goals, successfully
demonstrating a >40% weight
savings over today’s state-of-the-art
technology.
As shown in Figure 1, this type of
spaced armor configuration leverages
air gaps between two (or more) panels.
The TB panel serves as the strike face
of the armor system and is configured
to deflect or tumble the incoming
projectile. After tumbling, subsequent
armor layers catch the projectile. As
such, the overall spaced armor
package is typically thicker than an
armor solution that contains all the
protective material as one panel or
plate.
The TB panel is followed by an air gap
and then a subsequent layer of armor,
called a Catcher Plate (CP), which
“captures” the incoming, tumbling
projectile. The defeat mechanism for
the TB relies on that tumbling effect
and is not dependent on significant
blunting or shattering of the AP
penetrator. This approach is different
from ceramic-based armor solutions
that rely on penetrator shattering to
defeat the round. Because the TB
relies on penetrator tumbling and not
penetrator shattering, it works equally
well on threats of all penetrator

hardness, which makes it especially
weight-efficient against even the most
difficult AP threats.
In principle, the larger the air gap is,
the further the threat turns, and the
lighter the armor system can be.
There is a direct correlation between
system weight and thickness. The
team thus investigated the weight/
thickness trade space for specific AP
threats and considered various TB
materials and thicknesses, CP
configurations, and other aspects that
affect the ability to integrate the
technology on aircraft. These aspects
included threat obliquity, backface
deformation of the CP, and multihit
capability.

TB MATERIAL
INVESTIGATION
At the program onset, powder curves
and a test setup were established for
ballistic evaluation. Ballistic testing
was conducted in Hardwire’s gun
tunnel using a universal receiver and
the range setup shown in Figure 2.
At the start of testing, a baseline TB
material made from “traditional”
composites was used. The baseline
TB material had previously shown
success against various AP threats.

For the recent JASP program, the
team’s overall objectives were as
follows:
 Investigate lightweight armor
technologies to defeat an AP threat
of interest.
 Optimize protection at reduced
weights.
 Demonstrate armor solution(s) that
are >10% lighter than today’s
state-of-the-art technology.

Figure 1. Typical Single-Panel Armor Systems vs. Spaced Armor. (*In Hardwire’s spaced armor, the strike
face is the Turning Block [TB].)
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Because the TB relies on
penetrator tumbling and not
penetrator shattering, it works
equally well on threats of all
penetrator hardness, which
makes it especially weightefficient against even the
most difficult AP threats.

Figure 2. Test Setup.

However, to assess and leverage the
improved grades of materials that
have been developed over the past
decade, higher-grade materials were
also investigated. These materials
resulted in significant enhancements
to the TB’s performance and ultimately
enabled the use of lighter-weight and
thinner armor than ever achieved
before.

the team to focus on the moreeffective Enhanced TB1 material. A
second improved material—Enhanced
TB2—was also investigated. In this
case, two different material
thicknesses were compared for the
two material configurations (see
Figure 4).
Both of these enhanced materials
were observed to be more effective at

Specifically, three material grades for
the TB were investigated in this
work—Baseline TB, Enhanced TB1,
and Enhanced TB2. Using different
materials with different properties
demonstrated that improvement in
raw materials resulted in a betterperforming TB. These higher grades of
material increased the induced
projectile yaw and provided efficient
tumble, which allowed the overall
system thickness and/or the overall
system weight to be reduced without
lowering the ballistic protection.

inducing projectile tumbling than the
baseline TB. It is important to note
here that more data exist for the
Enhanced TB1, and only limited shots
were taken with the Enhanced TB2.
Nonetheless, results indicate that the
materials are likely similar in
performance, with Enhanced TB1
performing slightly better than
Enhanced TB2. Enhanced TB1
materials are also known to be more
available in raw material form and are
less expensive. So, from an
optimization perspective, Enhanced

For example, Figure 3 compares two
different TB material configurations,
with the Enhanced TB1 materials
tumbling the threat faster.
This demonstrated significant
enhancement in performance allowed

Figure 3. Higher-Performance Materials Produced, on Average, a Slope Increase of ~19%.
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The team also investigated the TB
thickness effect on projectile velocity
after TB engagement, but prior to CP
impact. While yaw is one significant
factor, velocity is another; and TB
thickness was found to play a
significant role in velocity reduction.
Because velocity is directly related to
projectile energy, it plays a critical role
in the amount of CP needed to arrest
the projectile. The significant
reduction recorded means less CP
material is needed, as there is less
energy in the tumbling projectile. This
is an important factor to account for in
overall system optimization.

Figure 4. Comparison of Higher-Performance TB Materials.

TB1 proved to be a preferrable
alternative and, therefore, was the
main focus of testing for the bulk of
the JASP program.
After initial testing, specific TB
thicknesses and areal densities were
identified to be the most promising.
The initial goals were to understand
how the projectile tumbled after
interacting with the TB and determine
the minimum amount of TB material
needed to consistently engage the
threat and induce the desired tumble.
At or above a specific minimum
thickness, the consistency of the TB
mechanism was shown to be
maintained. This minimum thickness
is dependent, of course, on the
specific threat to be tumbled. The
effort also demonstrated that, due to
the statistical nature of ballistics,
optimization requires a sufficient
amount of testing to ensure that
consistency is maintained. Adequate
data were captured with various TB
thicknesses to demonstrate consistent
performance and establish a minimum
thickness for the threat of interest (as
shown in Figure 5).

Through high-speed video analyses, a
projectile tumble rate for various TB
configurations (i.e., multiple
thicknesses) was calculated (as shown
in Figure 6). (Once again, for security
purposes, specific thicknesses, which
correlate to areal density, have been
excluded from this discussion.) As
shown, the thicker the TB, the higher
the tumble rate of the projectile. With
thicker TB, there is more engagement
of the TB by the threat, resulting in a
more efficient result. The linear
relationships are fairly quickly
identified.

Turning Block above the minimum
thickness showed highly consistent
performance.

Figure 5. TB Effectiveness as Dependent on Thickness.
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Ultimately, this work to better
understand the TB phenomenon
resulted in a deeper understanding of
the TB’s effect on the projectile(s) and
of how to most effectively use this
part of the spaced armor system.

CP INVESTIGATION
Once the team better understood the
TB effect, attention was turned to
testing enhanced grades of CP
materials and configurations. By
varying the air gap and the amount of
backer material, testers were able to
stop the threats of interest. Similar to
that performed for the TB, optimization

Turning Block below the minimum
thickness showed a 25% drop in
rotation for 1 of 5 shots, indicating less
consistent performance.

Because the TB defeat mechanism is
different from traditional defeat
mechanisms, this work was done to
ensure protection against lower-level
rounds was preserved even at these
light weights. As expected, the armor
demonstrated good multihit capability
against the multiple threats.

Figure 6. Tumble Rate Related to the Amount of TB Presented.

testing established minimum
thicknesses of CP materials required
to arrest the tumbling AP projectile. In
addition, the trade space between
weight in the TB panel vs. the CP
panel was explored extensively.

OVERALL SYSTEM
PERFORMANCE
By varying CP areal density and
distance, the relationship between
total system weight and total system
thickness became clear. (Note that
system thickness is defined as the
distance from the front of the TB panel
to the back of the CP panel.) This
relationship is shown in Figure 7 for
three material combinations.
Optimized systems were as much as
48% lighter than today’s state-ofthe-art technology.
Future testing is expected to further
define the trade space and boundaries
of weight vs. thickness. Additionally,
in using these data as a baseline for
future aircraft optimization, armor
solutions specific to aircraft
geometries, space claim, and threat
specifications can be designed.

OTHER TECHNICAL AREAS
OF INTEREST
As mentioned, the team also
investigated other pertinent aspects of
this spaced armor technology,
including obliquity, backface
deformation of the CP, and the
system’s multihit capability. These
areas were explored to identify critical
elements that should be considered
when transitioning this technology to
aircraft use.
Although one specific threat was the
focus of this effort, multiple AP
threats were ultimately tested.

Additionally, a common question with
respect to this technology is, What
happens if the projectile impacts at an
oblique angle to the TB? Two critical
angles of interest were thus
investigated. Testing showed that one
of these angles lowers the
effectiveness of the TB due to the
method in which tumble is induced.
However, when integrating the
TB-based solutions onto platforms,
obliquity can be properly considered—
through engineering, shotline analyses,
and testing—to minimize system
vulnerabilities.
Another integration factor of interest
was backface deformation. Because
this armor system may be mounted in
an aircraft interior, it is important to
consider what is behind the CP as the
composites get in motion to capture
and stop the projectile. Testing was
thus performed with clay placed
behind the CP. Clay is a widely used
material in the body armor industry to

Figure 7. Weight Savings vs. Thickness Trade Space for Spaced Armor Configurations.
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help measure the backface
deformation of armor. As shown in
Figure 8, the backface signature was
relatively low for these threats,
measuring ~38 mm or less.

CONCLUSIONS
Overall, the work discussed herein
demonstrated that the subject spaced
armor technology can defeat the given
AP threats even at extremely
lightweight configurations. As
mentioned, significant achievements in
armor technology development were
achieved, ultimately demonstrating a
>40% weight savings over today’s
state-of-the-art armor solutions.
Several parameters were also
identified to support integration
engineering at the platform level.
Accordingly, the subject lightweight
spaced armor technology represents a
promising new solution for military
aircraft, where weight is always
critical, with the ultimate benefit
potentially being improved force
protection and combat effectiveness
in emerging threat environments.
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PYROPHORIC PASTA:
PROMISING NEW MATERIALS
AND PROCESSES FOR THE IR
BATTLEFIELD
By Kendall Mills, Aaron Stern, and Clinton Plaza

The Advanced Materials and Technology Branch (AMTB) at the U.S. Army’s Combat Capabilities
Development Command Armaments Center (DEVCOM-AC) at Picatinny Arsenal, NJ, has been quietly innovating with a special class of materials known as pyrophoric substances and finding
interesting ways to exploit their properties. Pyrophoric materials, such as pyrophoric iron, spontaneously burn in contact with air, and the AMTB team specializes in harnessing this power. Though not
obvious to the casual observer, the formation of rust (iron oxides) on the surface of iron is an exothermic reaction, meaning heat is produced. The reaction is not exactly energetic enough for one to
notice his/her car slowly heating up as it rusts in the driveway; however, things get can much more
interesting when a lot of rust is made in a very small space very quickly.
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CUE THE
NANOTECHNOLOGY
Nanomaterials have structures and
features that are 100 nm or smaller in
size (a nanometer is 1 billionth of a
meter). Not only is this size much
smaller than a human hair, it’s also much
smaller than the wavelength of visible
light. In addition, nanopowders and
nanostructured materials have an
exceedingly high surface area-to-mass
ratio. To better understand why this is
so, one can consider a cube of iron. If
the cube is cut into finer and finer pieces,
more surface area is exposed, even
though the same amount of material is
present. Moreover, if taken to the
extreme, cutting the cube into 100-nm
cubes exposes hundreds, if not thousands, of square meters of reactive
surface area. In this way, the surface
area-to-mass ratio increases exponentially
as the material gets smaller. And
nano-sized iron materials have so much
surface that nearly every last iron molecule
can, in a literal flash, spontaneously
convert to rust when exposed to air.
Pyrophoric iron is actually already used
in military applications for generating
infrared (IR) light (such as shown in
Figure 1), but the AMTB team has
discovered uniquely cost-effective and
environmentally friendly precursor
materials to generate such materials.
The group has also focused on innovation in bulk manufacturing these
materials in tunable form factors and
the products using them. And because
the Armaments Center mission focuses
on the scale-up and advanced manufacturing of new weapons technology
rather than on pure basic science,
Picatinny Arsenal is well-poised to help
bring nanotechnology-based materials
to the battlefield at strategic scale.

Figure 1. Thermal IR Image Showing Pyrophoric Response of Particles Poured in Air.

THE NEED
The thermal IR spectrum is an acutely
important part of the electromagnetic
(EM) spectrum as it is used for detection
and tracking of many systems and
targets, including aircraft. Most readers
are familiar with gun camera footage
using forward-looking infrared (FLIR)
pods in which many systems and
missiles (e.g., Hellfires) can home in on
their target, even tracking them through
the thickest battlefield smoke. One can
readily see how a hot engine can easily
be distinguished against the relative
cold of the night sky. It is this thermal
IR emission that is directly detected by
“heat-seeking” systems, which are
typically low cost, widely available, and
easily portable. Thus, these systems
have enjoyed significant proliferation
and represent a real and present danger
to adversarial aircraft.
This threat was arguably first made
obvious to the public in the 1980s, as
the Mujahidin successfully repelled the
Soviet Union forces in Afghanistan.
(Interestingly, as this article is being
written, one can watch nearly the same
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thing happing on the news in near real
time.) The threat is real; the proliferation of IR search and track (IRST)
passive detection systems, even on
fourth-generation fighters and air
defense systems, is a particularly
challenging development. IRST capabilities
allow threats to track aircraft in an
entirely undetectable manner, which
adds an additional wrinkle to the
battlespace. Accordingly, new
materials and countermeasures
are being prepared to address many
aspects of the rapidly advancing
IR battlefield.

THE SCIENCE
Pyrophoric iron is traditionally produced
by the caustic etching of bulk iron into a
nanostructure. The etching process
requires the use of extremely large
quantities of toxic and dangerous
chemicals, which produces waste
products that have to be carefully
handled to mitigate environmental
impacts. This handling, of course, adds
significantly to production costs.
Alternatively, the aforementioned new
materials (shown in Figures 2 and 3)

sidestep this issue by heat treating
precursor iron salts (compounds
containing iron atoms but not metallic
iron) and converting them directly to
nanostructured iron through heat. And
the only byproducts of this “activation”
are carbon dioxide and water vapor,
which can be safely vented directly into
the atmosphere.
Figure 4. Pyrophoric Pasta.

Boyardee”—can be produced in
quantity without elaborate and
expensive manufacturing facilities.

Figure 2. Scanning Electron Microscope Image of
Iron Salts in Carbon Matrix.

Figure 3. Higher Magnification of Iron Salts
Showing Individual Nanostructures of Pure Iron,
Which Provides the Pyrophoric Response.

Admittedly, thermal decomposition of
metal salts into high-surface-area metal
is not new. However, the team has
experimented with numerous additives
and binders to alter or enhance the
properties and aid in processing bulk
quantities, ultimately finding that
carbon-based binders such as highgluten flour offered some unique and
symbiotic benefits. So, leveraging the
amateur chef pretensions of some of the
AMTB group, a commercial pasta
machine was purchased and a new
class of material (shown in Figure 4)
was developed. This material—which
some have affectionately referred to as
pyrophoric “pasta” or even “Chaff

One piece of equipment that may not be
as familiar to some people is the inert
gas glove box. As the nanomaterials
react spontaneously with oxygen, it is
necessary to perform all the manufacturing steps for activated materials in
the inert gas atmosphere. One can think
of a glove box as a hermetically
pressurized container with an atmosphere scrubbing unit. Material enters
and exits through an air lock, and the
operator uses arm-length gloves to
manipulate objects in the box. These
glove boxes are widely used in numerous industries, the most notable being
lithium battery production, as lithium
will spontaneously react with oxygen
and moisture in the atmosphere.

PROTOTYPING AND
TESTING
The team has developed the capability
to rapidly prototype pyrophoric products
by leveraging advances in additive
manufacturing (i.e., 3-D printing), as
well as scalable industrial processes.
The team’s processes and supporting
facilities have enabled rapid design
iteration and the capability to make
kilogram-sized quantities of materials in
several chemical and physical configurations in a single day. Furthermore,
scalable production techniques have
been a priority for the team as it
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This material—which some
have affectionately referred to
as pyrophoric “pasta” or even
“Chaff Boyardee”—can be
produced in quantity without
elaborate and expensive
manufacturing facilities.
focuses on small-scale equipment (e.g.,
pasta extruders and pharmaceutical
granulation equipment) with easy
upgrade paths to mass production (see
Figure 5). In fact, research is being
conducted on the smallest available
equipment that will allow testable
quantities to be produced and that will
guarantee that equipment exists to
manufacture (literally) tons of material
at a time at production-efficient speeds.
Furthermore, several patents have been
granted to cover the subject materials,
production, and component configurations, allowing the technology to remain
entirely under the ownership of the U.S.
Government.
The slowest and most expensive part of
the entire endeavor described herein is
testing, whether it be instrumented
radiometric analysis or flight testing.
While laboratory tests can provide
useful information, use-case-representative flight testing provides critical data
that cannot otherwise be collected. In
addition, the team is currently looking
for interested partners who have testing
and collaboration opportunities that
could assist in expediting development.

ADVANTAGES
The new pyrophoric compounds
mentioned herein (and shown in Figure 6)
have additional benefits beyond just the

jasp-online.org AS Journal 2022 /SUMMER

Who knew so much from the kitchen
could be used on (or above) the
battlefield?

ABOUT THE AUTHORS

Figure 5. Experimental-Size Production Equipment, Which Is a Critical Aspect of Inventing/Adopting
Processes That Can Be Easily Scaled to Mass Production. In the Center Is an Extruder Used in Pharmaceutical
Research; on the Left Is a Commercial Pasta Machine. Both Machines Are the Smallest Available Production
Equipment With Exact Analogs Capable of Tons Per Hour.

weight, and power. Another benefit is
that these materials are not pyrotechnic
(usually categorized as a class 1
explosives), thus significantly increasing
their safety and logistical footprints. As
class 4 flammable solids, they are much
safer and easier to handle and transport.

CONCLUSION
Figure 6. Activated Pyrophoric Material Sealed
Under Pure Nitrogen Gas in Vials. The Upper Vial
Contains Microspheres Produced With
Pharmaceutical Equipment Used in “Rapid Release”
Gel Caps; the Lower Vial Contains Extruded
Pyrophoric Pasta Cut Into Short Cylinders.

previously described environmental
waste, cost, and flexibility advantages.
The carbon-bonded materials are also
extremely lightweight, which can
reduce the expulsion forces that can be
a concern in some applications. The use
of these materials could also open the
door to equipping unmanned aerial
systems with countermeasures without
significantly impacting loiter times and
payload and with minimal effect on size,

Flour, water, salt, heat—though there’s
obviously more to the new pyrophoric
pasta “recipe” than just these ingredients, the production process for these
promising new materials has proven to
be remarkably simple and flexible. In
addition, the materials’ IR properties
and performance can easily be adjusted
by simply modifying the ingredients and
ratios and/or changing the dimensions
of the materials produced (much like the
differences between linguini, spaghetti,
and couscous). And the juxtaposition of
cutting-edge nanotechnology and
advanced manufacturing at the Army’s
premier weapons research facility with
the humble phenomenon of rusting iron
has truly led to remarkable results.
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COVER STORY

THE CHINOOK TURNS 60:
A PILOT’S PERSPECTIVE
ON THE OLD ‘WORKHORSE
OF THE SKY’

by Eric Edwards

U.S. Army Photo

In August of 1962, a unique, new helicopter—the CH-47 Chinook—took to the skies for the U.S.
military. Possessing an unprecedented combination of power, speed, stability, and payload capacity,
the Chinook quickly became the Army’s primary heavy-lift rotorcraft, a title it’s continued to hold for
the past 6 decades. The so-called “Workhorse of the Sky” has not only ferried millions of tons of
equipment and personnel (including other vehicles) back and forth across the globe, but it’s also
helped change the standards and expectations of all U.S. military helicopters that have followed.
Moreover, the aircraft has proven its suitability and effectiveness not just for its primary cargo and
troop transport duties but also for many other specialized missions, including medical evacuation,
search and rescue, parachute drops, aircraft recovery, special operations, disaster relief, firefighting,
and construction support. It’s thus no wonder that the aircraft is now flown by more than 20 militaries around the world [1].
In recognition of the Chinook’s 60-year
milestone, we asked CW4 Mark
Chamberlin (pictured in Figure 1)—
a retiring CH-47 pilot and subjectmatter expert from the Joint Combat
Assessment Team (JCAT)—to provide
a pilot’s perspective on this iconic
warbird, its remarkable capabilities,
and its likely future.

How long have you been flying
Chinooks?
“I’ve been flying the Chinook for
18 years, and in pretty much every
condition imaginable. This
includes one deployment in Iraq to
support the Marines and two
Afghanistan deployments. And
between the aircraft itself and its
crew, the helicopter has always
brought me home safely. Most
people don’t realize it, but without

Figure 1. CW4 Chamberlin in the Driver’s Seat.

the work of the flight engineers
and crew chiefs that run the back
half of the aircraft, we couldn’t
perform our mission as pilots.”

What other aircraft have you
flown?
“I flew the Bell Jet Ranger (also
known as the TH-67) in flight
school at Fort Rucker, AL. I then
transitioned to the CH-47D. As you
can imagine, going from an aircraft
that has a max gross weight of
5,500 lbs to carrying that in just
gas is pretty amazing. The center
of gravity of a TH-67 is also very
sensitive. Because the CH-47 is
basically hung from two rotor
systems, its center of gravity is
very hard to throw out of balance.”

As Boeing’s longest-running
continual-production program,
the Chinook is one of only two
U.S. military aircraft developed
in the 1960s that are reportedly
still in production and service
after 60 years [1]. How do you
explain the aircraft’s ongoing
longevity?
“The progression of the Chinook has
been filled with trials and tribulations, but ever since its time in
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U.S. Air Force Photo by Gary Emery

Southeast Asia, the helicopter has
proven itself to be a battle-tested,
versatile workhorse that doesn’t
know the meaning of quit. Having
the ability to leverage the entire
airframe for carrying cargo or
personnel makes the Chinook a
perfect platform for everything
from air assaults to resupply
missions. And that isn’t going to
change any time soon.”

What are the main features of
the CH-47 that sets it apart from
other similar helicopters?
“The Chinook has a current max
gross weight of 50,000 lbs,
compared to the Blackhawk’s
22,000. This makes the Chinook
an extremely capable aircraft for
humanitarian and military operations. In addition, having a
dual-rotor system allows the

Public Domain

Chinook to apply all 100% of its
power to lift; no power is lost to a
tail rotor. The aircraft also has
three hooks, which allows it to
sling multiple objects in a single
lift. So, the ability to simultaneously sling external loads while
also carrying internal cargo or
personnel continues to make the
Chinook an unmatched asset for
the battlefield commander.”

How has the aircraft changed
since it first entered service?
“The Chinook has been a gamechanger in virtually every conflict
the world has seen during its
lifetime—including Vietnam, Iran,
Libya, the Falklands, Iraq, and
Afghanistan. When the -47A
model appeared in 1962, it had a
maximum gross weight of 33,000 lbs.
Then, in 1966, the aircraft received
a much-needed upgrade to the
-47B, integrating the T55-I-7C
turboshaft engines and an
improved airframe, which
increased the maximum gross
weight to 40,000 lbs. The -47B
also featured a blunted rear rotor

U.S. Army Photo by Barbara Romano

pylon, redesigned asymmetrical
rotor blades, and strakes along the
rear ramp and fuselage to improve
aerodynamics [2].
A year later, the -47C was Boeing’s
response to the Army’s request for
the ability to transport 15,000 lbs
30 nautical miles on a 95° day at
4,000 ft. It was powered by
T55-I-11 engines, which brought
the maximum gross weight up to
46,000 lbs. All three of these early
Chinook models were flown in
Vietnam [2].
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After Vietnam, 472 of the previous
models underwent massive
upgrades, which led to the CH-47D.
Introduced in 1979, the -47D had
larger engines (the T55-l-712 and,

“The Chinook has been a
game-changer in virtually
every conflict the world has
seen during its lifetime.”

jasp-online.org AS Journal 2022 /SUMMER

later, the T55-l-714), with more
than 5,000 hp/engine at contingency power. This upgrade
allowed for the tremendous
payloads and maximum gross
weight of >50,000 lbs that we see
today [2].
Finally, the upgrades that were
made to bring the 40-yr-old -47D
into the 21st century were
earth-shattering. Beginning
around 2006, we went from doing
landings with forward airspeed
(“crash and bangs”) to hovering
down in a complete brown-out
with the ability to Position Hold the
aircraft within a 3-ft circle.
Another major upgrade going from
the -D to the -F model was having
the ability to constantly update the
performance charts. As altitudes
change and temperatures adjust,
the aircraft will automatically tell
you if you are about to hit a limit or
time-limited operation. It’s just
another great feature to ensure
we’re getting the best performance
out of this heavy-hitter.”

slow down so the fully loaded
Apaches can keep up. And you
never want to outrun your security.”

What do you like most about
flying the current Chinook?
“The CH-47F (which replaced the -D
model) is one of the most
advanced aircraft the Army has the
luxury of owning, giving the
Warfighter the capability to fight
around the globe in any environment and in any conditions. With
a new avionics suite comprising
the Common Avionics Architecture
System (CAAS) and the Digital
Advanced Flight Control System
(DAFCS), the aircraft has the
capability to use an extremely
advanced Flight Director for every
mission set. Once you set up the
mission and flight route at your
desk or in the cockpit, engaging
the Flight Director allows for
autonomous flight to your

It’s been said that the Chinook
is faster than the Apache. Is
that true?
“As the Chinook has progressed in
design and performance, it’s
become an extremely fast and
nimble aircraft. On paper, the
Chinook is actually the slowest
aircraft of the big three—the
Chinook, the Apache, and the
Black Hawk—with a maximum
recommended speed of 170 knots.
However, during an air assault in
which we’re just carrying an
assault force, the Chinook will
often outrun its security element.
Multiple times I’ve been asked to

U.S. Army Photo by John Pennell
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destination, including the
approach and any holding or
deviations you might have
programmed or need to adjust to
in flight.”

What do you like least about
flying the current Chinook?
“The thing I like least about the
Chinook also happens to be one of
its biggest upgrades, the Flight
Director and DAFCS. As amazing

“The CH-47F is one of the
most advanced aircraft the
Army has the luxury of owning, giving the Warfighter the
capability to fight around the
globe in any environment and
in any conditions.”

U.S. Army Photo

as these systems are, having all of
them requires quite some time for
the pilot to bring the aircraft up to
operating speed and puts us at risk
for newer threats on the battlefield
and increased start-up times. You
can start a -47F in the same
amount of time as a -47D, but
you’d be departing with quite a
few systems offline.”

What can you say about the
Chinook’s overall survivability?
“The Chinook is an extremely
survivable aircraft, and it wasn’t all
done completely on purpose.
Most of the components are in
very survivable locations, and
almost everything is redundant.
Because of its sheer size, most of
the critical components (and
backup systems) are separated
enough that it would likely take
multiple engagements to bring
down the aircraft. Even when hit
multiple times, the Chinook has
very low vulnerability, as the
secondary or emergency systems
are often on the opposite side of

the aircraft. With my years being
part of JCAT-Army, I’ve done
multiple assessments on damaged
Chinooks, and almost every time
the aircraft makes it back to its
home base without issue.”

What can you say about the
Chinook’s ability to transport
personnel?
“When it comes to personnel
movement, the CH-47 is by far the
preferred carrier among our
customers. One of my favorite
sayings in our community is, ‘How
many personnel can a Chinook
carry?’ The answer is always ‘one
more.’ The main cabin can
officially hold up to 33 fully
equipped troops (plus 3 crew
members); and when the helicopter is used for medical evacuation,
the cabin can accommodate 24
litters (stretchers). However, in the
final days of the Vietnam War, one
Chinook was said to have transported 147 refugees in a single lift.”
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“Even when hit multiple
times, the Chinook has very
low vulnerability, as the
secondary or emergency
systems are often on the
opposite side of the aircraft.”

How does the CH-47’s handling
compare to other helicopters in
the fleet?
“I often get asked, ‘What’s it like to
not think about torque?’ This is
something our sister airframes,
such as the Black Hawk and
Apache, have to think about
often—How much gas can I take,
Do I need to trade fuel for ammo,
How many passengers can I carry,
Can the VIP bring his entire
entourage, etc.? In short, the
Chinook has more than enough
power to get the mission done.
That’s not to say, of course, that we
jasp-online.org AS Journal 2022 /SUMMER

Photo by Cpl Rob Travis and SAC Nicholas Egan, RAF Odiham

don’t think about power performance. I have carried everything
from M113’s to M198’s under my
aircraft. When you ferry equipment back and forth, you just want
to consider which load is the
heaviest, so you can take it last
and burn off some of the aircraft’s
6,000 lbs of fuel first.”

What’s a pinnacle landing like?
“Pinnacle landings are something
we practice starting in flight school.
I’ve done air assaults where the
terrain was so challenging that we
could only get one wheel on the
ground and with just enough room
for the passengers to get off the
ramp. This is where trusting the
crew comes into play. I don’t have
the ability to look over my shoulder
and back up the aircraft like you
would a car in the driveway. So,
the crew members in the back of
the aircraft have to tell me how far
forward and how high I am from
landing. Obviously, the more

“One of my favorite sayings in
our community is, ‘How many
personnel can a Chinook
carry?’ The answer is
always ‘one more.’”
proficient the crew is, the easier it
is to do, but it takes a lot of trust
and experience to do it slow and
steady.”

What is your most memorable
moment flying a Chinook?
“When I was first deployed to
Afghanistan, we flew multiple
missions to a place called Barg-e
Matal. It’s a small village north of
the Kunar Valley. The mountains
and rivers in that area are so
beautiful that it reminded me of
flying in Alaska. It wasn’t a very
friendly area, however, so we
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didn’t go there that often. But
when we did, I always tried to get
on that flight. Between the
scenery and the fresh air, you
often forgot you were in
Afghanistan.”

What is your scariest moment
in a Chinook?
“During a particular mission where
we were going after a high-value
target, the illumination from the
moon was about 98%, which is
great if you are trying to do some
night-vision goggle (NVG) work at
home station but not so great
down range. The simple rule of
thumb is, if you can see your
sister-ship unaided (without NVGs),
so can the enemy. So, as we were
about to touch down in the landing
zone (LZ), I heard and felt a loud
explosion. My NVGs whited out,
and I realized we’d been shot at by
a large weapon system. My door
gunner calmly announced ‘RPG left
gun’; it was his calmness and

U.S. Air Force Photo by SrA. Anthony Leclerec

professionalism that snapped me
back into reality. Without thinking,
I pulled max power and kept it
there until we were out of harm’s
way. As we were departing the LZ,
four more RPGs were launched in
our direction, with most hitting the
sides of the mountain and casting
shadows of our aircraft on the
surrounding landscape as we
made our escape. We landed at a
nearby combat out post (COP) and
made sure the aircraft was still
flyable. We didn’t get a scratch;
the ramp gunner saw the RPG
gunner fire, but the round missed
the aircraft and hit the bolder out
our left door.”

The Future Vertical Lift
Program is supposed to start
replacing the current Army
helicopter fleet in the 2030s.
The initial focus is said to be on
medium-lift helicopters, which
may keep the Chinook in
service beyond 2060 (and its

100-year anniversary) [3]. What
do you think is the future of the
aircraft?
“Reportedly, the Chinook is
supposed to stay in use until 2075.
That will make the airframe 113
years old. At that time, it will be
very interesting to see what
replaces it. Hopefully, I’ll still be
around to see the progression of
this amazing aircraft (but I may be
pretty old).”

What will you miss most about
flying the Chinook?
“The thing I already miss most
about flying the Chinook is the
feeling of freedom when you’re in
the open air in it. Even though
it’s a big airframe, once you
become one with it, you don’t
even know it’s there. The aircraft
is so dynamic and nimble, it feels
like an extension of your body.”
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Photo by Hamish Burke, Courtesy of Wikimedia
Commons
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EVALUATING SHiELD AS A COSTEFFECTIVE SURVIVABILITY
ENHANCEMENT FOR LATEGENERATION AIRCRAFT
By Wen Xiang Ong and Christopher Adams

Air Force Research Laboratory Image

When operating in a man-made hostile environment, a fourth-generation fighter aircraft
(such as an F-15 Eagle or F-16 Fighting Falcon) would likely be more susceptible to adversarial
air-to-air and surface-to-air missile threats when compared against the more modern and
stealthier fifth-generation counterparts (such as an F-22 Raptor or F-35 Joint Strike Fighter) [1].
Expendable countermeasures such as chaff and flares are currently deployed to defend the
aircraft against such threats. However, the effectiveness of these countermeasures is highly
dependent on the aircrew’s judgement regarding when to deploy them to achieve the highest
probability of survivability and whether the incoming missiles are “smart” enough to distinguish the
countermeasures vs. the actual target [2]. Such countermeasures are also limited in quantities—
once they are expended, the aircraft would have no other tools to defend itself against
incoming threats. Accordingly, against a backdrop of increasingly complex air-to-air missiles,
increasingly accurate and lethal air defense capabilities, and ongoing developments in hypersonic missiles, enhanced combat survivability of late-generation fighter aircraft is needed.
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This article presents a fundamental
evaluation of enhancement to a
fourth- and fifth-generation fighter
aircraft’s combat survivability through
the deployment of a tactical airborne
laser system— such as the SelfProtect High Energy Laser
Demonstrator (SHiELD)—as a
survivability enhancement feature
(SEF). A system-level study applying
the concepts of aircraft combat
survivability to a notional combat
scenario was designed and modelled
using Monte Carlo simulations to
analyze the enhancement to combat
survivability. Subsequently, a cost
effectiveness analysis of the tactical
airborne laser pod was performed to
understand whether its deployment on
the current and next-generation fighter
aircraft might make it a worthwhile,
cost-effective aircraft combat SEF in
the future.
[Authors’ Note: The names of specific
fighter platforms in this article are
included for illustrative purposes only
and do not reflect actual platformspecific test/analysis data. In addition,
the potential system characteristics
described herein are taken from
information available in open literature,
and the modeling and simulation of
systems are for conceptual analysis
only.]

SHiELD: A NEW LIGHT IN
THE FIGHT
The Air Force Research Laboratory—
in collaboration with Lockheed Martin,
Northrup Grumman, and Boeing—has
developed the SHiELD tactical
airborne laser pod to be installed on
fighter aircraft and potentially defeat
incoming surface-to-air and air-to-air
missile threats [3]. With SHiELD’s
wide field of regard, it can “see”

Against a backdrop of increasingly complex air-to-air missiles,
increasingly accurate and lethal
air defense capabilities, and
ongoing developments in hypersonic missiles, enhanced combat
survivability of late-generation
fighter aircraft is needed.

incoming threats, maintain direct line
of sight, and direct its laser beam to
engage threats without needing the
pilot to execute evasive maneuvers.
The system’s beam control and turret
were also designed to compensate for
the turbulent effects of transonic flight
regime. In addition, the host aircraft
can recharge SHiELD’s battery without
the need to replace its entire power
generation system [4].
As a pod-mounted weapon system,
SHiELD would be compatible with
many fighter aircraft platforms,
including fourth- and fifth-generation
platforms. Lockheed has conducted a
significant number of flight tests and
hopes to improve the power output of
directed energy systems in the coming
years [5, 6]. It should be noted,
however, that adding an external pod
to a fifth-generation fighter could
significantly increase the radar
signature to an unacceptable level
depending on the threats encountered
on the mission.
SHiELD comprises three key subsystems: (1) the Laser Advancements for
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Next-generation Compact
Environments (LANCE) high-energy
laser (HEL), an electrically powered
fiber laser by Lockheed Martin; (2) the
SHiELD Turret Research in Aero
Effects (STRAFE) beam control
subsystem by Northrop Grumman; and
(3) the Laser Pod Research and
Development (LPRD) subsystem for the
external aircraft pod, from which the
HEL would be powered and cooled, by
Boeing [7, 8].
By early 2021, SHiELD’s key subsystems had achieved significant project
milestones. The Air Force successfully
flew test flights using an F-15 mounted
with Boeing’s test pod and shot down
air-launched missiles from a groundbased version of the LANCE HEL [9].

MODELING AIRCRAFT
COMBAT SURVIVABILITY
The concept of aircraft combat
survivability, as developed by
the Naval Postgraduate School’s
Dr. Robert Ball, revolves around two
keywords: susceptibility and vulnerability [2]. In an engagement scenario,
the probabilistic kill chain is defined by
the susceptibility and the vulnerability
probabilities, where susceptibility
refers to the inability to avoid threats
and is represented by a P(Hit)—or
P(H)—while vulnerability is defined
as the inability for the aircraft to
withstand damage inflicted and is
represented by P(Kill|Hit)—or
P(K|H).
As shown in Figure 1, susceptibility
has been described by the probabilities of the first five phases of the
engagement scenario, as seen from
the perspective of the enemy’s air
defense system. These phases
include:
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missile system. A total of 100,000
Monte Carlo simulation runs were
performed to calculate the probabilistic outcomes and evaluate the
enhancement in probability of survival
P(S) for a SHiELD-equipped fighter
aircraft vs. a baseline aircraft.
[Authors’ Note: Other than estimated
cost, the numbers shown or derived in
this article are notional and not
representative of any specific system or
aircraft, as the intent of this article is
simply to provoke discussion on the
cost benefit of certain SEFs to combat
effectiveness.]
Due to atmospheric attenuation, we
could expect SHiELD’s laser beam to
have greater effect on the incoming
missile during its mid-course intercept
phase compared to its initial launch
phase. As such, for engagement
scenarios involving SHiELD-equipped
fighter aircraft, the P(I|L) and P(H|I)
values were arbitrarily reduced by
mean values of 20% and 50%,
respectively, with a 5% standard
deviation. For example, as shown in
the “Final Percent Reduction” column
of Table 1, the P(I|L) was reduced by
17% while the P(H|I) was reduced by
48% in one of the simulations. A
standard deviation value of 5% was
arbitrarily chosen to represent the
differences in the SHiELD pod’s
effectiveness due to various factors,
such as manufacturing tolerances.

Figure 1. Single-Shot One-on-One Probabilistic Kill Chain Between Aircraft and Air Defense System [10].

1.
2.
3.
4.
5.

P(Active)—or P(A);
P(Detect | Active)—or P(D|A);
P(Launch | Detect)—or P(L|D);
P(Intercept | Launch)—or P(I|L);
P(Hit | Intercept)—or P(H|I).

Finally, the vulnerability part of the kill
chain corresponds to the previously
mentioned P(K|H). Thus, in essence,
the less susceptible and less vulnerable an aircraft is, the more survivable
it ultimately will be.

ENGAGEMENT
SCENARIOS
Two sets of single-shot one-on-one
engagement scenarios were modeled
for a fourth-generation fighter (such as
the F-16) and a fifth-generation fighter
(such as the F-35) to be individually

engaged by a notional foreign surfaceto-air missile system. In the first
scenario, the fourth- and fifth-generation fighters were equipped with their
respective baseline SEFs, such as an
electronic countermeasure suite.
However, in the second scenario, the
fighters were additionally equipped
with the SHiELD pod on their centerline station. During the engagement,
each fighter aircraft was modeled to
fly individually through an area of
operations defended by the notional

The input parameters used in the
Monte Carlo modeling of the

Table 1. Example of P(I|L) and P(H|I) Reduction Parameters
Notional Mean
Values
(%)

Standard
Deviation
(%)

Final Percent
Reduction
(%)

Percent Reduction to P(I|L)

20

5

17

Percent Reduction to P(H|I)

50

5

48
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single-shot one-on-one engagement
scenario for the fourth-generation
fighter vs. the notional missile system
are shown in Table 2. The parameters
were adapted from Kim et al. [11],
which attempted to evaluate the
susceptibility of a representative
fighter aircraft against a surface-to-air
missile threat using the Analytic
Hierarchy Process’s (AHP) weighted
score algorithm. (Once again, these
parameters do not reflect actual test
data values and instead serve simply
to provide an illustration of the model
for readers to better understand.)
Also, while external carriage of
SHiELD pods on the aircraft will
adversely affect the P(D|A) and
P(L|D), these effects were largely
ignored in the model so as to reduce
the variables and instead focus solely
on the enhancements to survivability
due to the SHiELD pods.
For the fifth-generation fighter vs.
missile system engagements, the input
parameters are as shown in Table 3.
As the notional fifth-generation fighter
was designed with stealth capabilities
and has a significantly reduced radar
cross section compared to the
fourth-generation fighter, the input
parameters for the baseline fifthgeneration fighter vs. missile system
were arbitrarily determined by
assuming that the fifth-generation
fighter P(D|A) was 30% lesser than
that of the fourth-generation fighter.
Similarly, the conditional probabilities
P(L|D), P(I|L), and P(H|I) were
arbitrarily reduced by 15% when
compared to the fourth-generation
fighter, as it was assumed that once
the fifth-generation fighter was
detected and a launch solution
calculated, the remaining probabilities
of intercept from the engagement
would change slightly.

Table 4 shows the results from the
Monte Carlo simulations. Note that
the average P(S) for the baseline
fourth-generation fighter is 0.796,
while the SHiELD-equipped fourthgeneration fighter yielded significantly
better average P(S), at 0.918, which
represents a 12.2% survivability
enhancement, as shown in Figure 2.
For the fifth-generation fighter, the
baseline aircraft has an average P(S)
of 0.912, and the SHiELD-equipped
fifth-generation fighter is 0.965. The
fifth-generation fighter, being a

stealthier aircraft, already has high
P(S) even for its baseline configuration, and SHiELD only marginally
enhanced its survivability by 5.3%, as
shown in Figure 3. Note also that the
SHiELD-equipped fourth-generation
fighter was marginally more survivable
than the baseline fifth-generation
fighter.
Furthermore, when the single-shot
one-on-one engagements were
extended to 10 engagements, it
became clear that as the number of

Table 2. Input Parameters for Fourth-Generation Fighter vs. Notional Missile System Probability Kill Chain
Fourth-Generation Fighter
Input Parameters
Baseline

Fourth-Generation Fighter Input
Parameters With 5% Standard Deviation

SHiELD-Equipped

Baseline

SHiELD-Equipped

P(A)

1.000

1.000

1.000

1.000

P(D|A)

0.559

0.559

0.542

0.665

P(L|D)

0.667

0.667

0.641

0.607

P(I|L)

0.682

0.608

0.727

0.618

P(H|I)

0.803

0.420

0.857

0.384

P(K|H)

1.000

1.000

1.000

1.000

P(K)

0.204

0.095

0.216

0.096

Table 3. Input Parameters for Fifth-Generation Fighter vs. Missile System Probability Kill Chain
Fifth-Generation Fighter Input
Parameters
Baseline

Fifth-Generation Fighter Input
Parameters With 5% Standard Deviation

SHiELD-Equipped

Baseline

SHiELD-Equipped

P(A)

1.000

1.000

1.000

1.000

P(D|A)

0.391

0.391

0.372

0.402

P(L|D)

0.567

0.567

0.537

0.592

P(I|L)

0.580

0.466

0.547

0.551

P(H|I)

0.683

0.332

0.717

0.248

P(K|H)

1.000

1.000

1.000

1.000

P(K)

0.088

0.034

0.078

0.032

Table 4. Sample Output Data From Monte Carlo Simulations for Single-Shot One-on-One Engagement
Between Fourth- and Fifth-Generation Fighters vs. Notional Missile System
Fourth-Generation Fighter
Baseline
Monte Carlo
Average
P(S)
Enhancement

Fifth-Generation Fighter

SHiELD-Equipped

Baseline

SHiELD-Equipped

P(K)

P(S)

P(K)

P(S)

P(K)

P(S)

P(K)

P(S)

0.204

0.796

0.082

0.918

0.088

0.912

0.035

0.965

0.122
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0.053
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surviving after 10 engagements. In
contrast, the SHiELD-equipped
fifth-generation fighter was expected
to have 0.702×24≈16 aircraft surviving
after 10 engagements due to the 5.3%
enhancement in P(S).

COST-EFFECTIVENESS OF
SHIELD FOR FOURTH- VS.
FIFTH-GENERATION
FIGHTERS
Figure 2. P(S) for Fourth-Generation Fighter in Single-Shot One-on-One Engagement Scenario.

Figure 3. P(S) for Fifth-Generation Fighter in Single-Shot One-on-One Engagement Scenario.

engagements increases, the P(S)
decreases. The results from the
engagements are shown in Table 5.

engagements. In that regard, it is
evident that the 12.2% susceptibility
reduction—or enhancement in
P(S)—has a significant impact on the
aircraft availability.

For a typical fighter squadron with 24
aircraft, the P(S) values obtained
meant that only 0.109×24≈2 baseline
fourth-generation fighters would be
expected to survive 10 engagements
with the missile system. In contrast,
0.434×24≈10 SHiELD-equipped
fourth-generation fighters would be
expected to survive after the 10

For the fifth-generation fighter, the
survivability results were considerably
better than the fourth-generation
fighter, as would be expected for the
latest-generation fighter aircraft. The
baseline fifth-generation fighter was
expected to have 0.405×24≈9 aircraft

Based on the model’s assumptions,
SHiELD-equipped fighter aircraft
achieved significant total cost savings
when compared against their baseline
configuration. This savings is because

With SHiELD’s wide field of
regard, it can “see” incoming
threats, maintain direct line of
sight, and direct its laser beam

Table 5. P(S) Values From Monte Carlo Simulations

No. of
Engagements

P(S) for Baseline
FourthGeneration
Fighter

P(S) for
SHiELD-Equipped
FourthGeneration
Fighter

P(S) for Baseline
Fifth-Generation
Fighter

P(S) for
SHiELD-Equipped
Fifth-Generation
Fighter

1

0.796

0.918

0.912

0.965

10

0.109

0.434

0.405

0.702
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Table 6 shows the cost of replacing
fighter aircraft when encountering
multiple one-on-one engagements
with the missile system. Assuming
each SHiELD pod costs $2 million (in
U.S. dollars), a simple estimation for
the total acquisition cost of equipping
a squadron of 24 fighter aircraft would
be $48 million (using the F-16 as an
example). In terms of aircraft, each
F-16 costs approximately $30 million,
while the conventional F-35A variant
costs approximately $80 million, and
the short takeoff and vertical landing
(STOVL) F-35B variant costs approximately $115 million [12–14].
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to engage threats without
needing the pilot to execute
evasive maneuvers.”

the replacement cost for each fighter
aircraft was much higher compared to
the price of a SHiELD pod.
Now if we use cost figures for some
current fighters (such as the F-16,
F-35A, and F-35B) as stand-ins for the
cost of the notional fourth- and
fifth-generation fighters and then
apply the output data from the
preceding model, we can get a rough
idea of the cost benefit of SHiELD.
For example, the total cost of replacing
22 attritted baseline F-16’s after
10 engagements would be $660 million,
but it costs only $496 million to
replace 14 SHiELD-equipped F-16’s.
This fact translates to a cost savings
of $164 million due to SHiELD. The
highest cost savings applying the
notional survivability model was
achieved when comparing baseline
F-35B’s against SHiELD-equipped
F-35B’s after 10 engagements, at
$741 million. Overall, it thus appears
more cost-effective to equip these
expensive fighter aircraft with SHiELD.
A sensitivity analysis for the cost price
of the SHiELD pod and the total cost
savings for the fighter aircraft types
after 10 engagements was also
performed, and the results are given in
Table 7. The analysis showed that
when the SHiELD pod was priced at
$7 million per unit, it incurred a loss of
$26 million between the baseline F-16
and the SHiELD-equipped F-16. Thus,
it would be more cost-effective not to
equip the SHiELD pods on the F-16.
However, due to the significantly
higher price tag of an F-35, it was still
more cost-effective to equip them
with SHiELD. For the F-35A and F-35B,
the decision-making would only lean
toward not equipping them if a SHiELD
pod was to cost $18 million and
$26 million, respectively, in 10
engagements.

Table 6. Cost-Effectiveness Comparison Between Baseline and SHiELD-Equipped Aircraft (in U.S. Dollars)

Aircraft Type

Cost of
SHiELD per
SQN ($)

Replacement
Cost per
Fighter ($)

Baseline F-16

0

SHiELDEquipped F-16

Over 10 Engagements
Expected No.
of Fighters
Killed

Total Cost ($)

Savings ($)

30M

22

660M

164M

48M

32M

14

496M

Baseline F-35A

0

80M

15

1,200M

SHiELDEquipped F-35A

48M

82M

8

704M

Baseline F-35B

0

115M

15

1,725M

SHiELDEquipped F-35B

48M

117M

8

984M

496M

741M

Table 7. Decision Matrix for 10 Engagements
Unit Cost of
SHiELD ($)

Baseline
F-16

2M
7M
18M
26M

SHiELDEquipped
F-16

Baseline
F-35A

P
P
P
P

A fully effective SHiELDequipped fourth-generation
fighter could achieve similar
survivability to a baseline fifthgeneration fighter.
CONCLUSIONS
Based on the modeling, assumptions,
and evaluations presented herein, the
subject fourth- and fifth-generation
fighter aircraft equipped with the
SHiELD system have been shown to
achieve better combat survivability
than equivalent baseline fighter
aircraft. In addition, a fully effective
SHiELD-equipped fourth-generation
fighter could achieve similar survivability to a baseline fifth-generation
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SHiELDEquipped
F-35A

Baseline
F-35B

P
P
P
P

SHiELDEquipped
F-35B

P
P
P
P

fighter. Finally, from a cost-effectiveness perspective, the deciding factor
on whether to equip fighter squadrons
with the SHiELD pod will ultimately
depend on factors such as the cost of
the SHiELD pod and its true capabilities.
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JMUM’S 24TH YEAR
BRINGS A CYBER TWIST
TO SURVIVABILITY M&S
SUPPORT
By James Davis

U.S. Navy Photo by MC Specialist 3rd Class Javier Reyes

On 21–25 March, approximately 170 survivability practitioners from Government and industry gathered at the Georgia Tech Research Institute in Atlanta, GA, for the 24th Joint Aircraft Survivability
Program (JASP) Model Users Meeting (JMUM). The purpose of the meeting—which was hosted
by the Defense Systems Information Analysis Center (DSIAC) in partnership with the JASP Office
and select model managers—was to promote ongoing modeling and simulation (M&S) support and
collaboration throughout the aircraft survivability community.
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For anyone not familiar with the
JMUM, the annual meeting was
started in 1998 with the specific focus
on improving survivability-related
models to support system design,
acquisition, and operational decisions;
helping those models be better applied
and used; and helping to produce
better model data for decision-makers.
The gathering also provides a good
opportunity for model users to meet
and interact directly with model
managers, developers, and fellow
users to influence the future direction
of aircraft survivability M&S.
This year’s JMUM included a plenary
session of threat briefings, model

overviews, model success stories, and
future development plans; multiple
concurrent breakout sessions for the
air-to-air engagement, surface-to-air
engagement, and vulnerability/
lethality model groups; and
Configuration Control Board meetings
for respective JASP-funded models.
During the breakout sessions, model
managers detailed model support
efforts (often driven by software
change requests submitted by users)
undertaken during the past year.
Likewise, model developers discussed
their recent development efforts and
planned efforts for next year; and
model users presented example use
cases, discussed updates they have

made to the models to fit their specific
needs, and identified deficiencies they
would like to have addressed.
Furthermore, the last 2 days of this
year’s meeting featured a new cyber
M&S breakout session, thus
expanding the JMUM’s focus on the
susceptibility/vulnerability of aircraft
to traditional kinetic energy and
directed energy threats to also include
the effects of current and emerging
cyber threats on aircraft systems and
associated missions. For this new
session, Army, Navy, and Air Force
representatives gave briefings on their
respective organizations’ toolsets and
various approaches to evaluating cyber

Table 1. M&S Tools Covered at the 24th JMUM

Model Group

Model

Air-to-Air
Engagement
Group






BRAWLERa – Air-to-Air Combat Model
J-ACE – Joint Anti-Air Combat Effectiveness
JAAM – Joint Anti-Air Model
AFSIM – Advanced Framework for Simulation Integration and Modeling

Surface-to-Air
Group













SLATEa – Survivability and Lethality of Aircraft in Tactical Environments
ALARMa – Advanced Low Altitude Radar Model
BLUEMAXa – Flight Path Generator
DREAMa – Directed RF Energy Assessment Model
ESAMSa – Enhanced Surface-to-Air Missile Simulation
RADGUNSa – Radar-Directed Gun System Simulation
ADAM – Air Defense Artillery Model
Amber – Ground-Based Radar Model Implemented in Matlab/Simulink
MOSAIC – Modeling System for Advanced Investigation of Countermeasures
RPGEM – Rocket-Propelled Grenade Engagement Model
AFSIM – Advanced Framework for Simulation Integration and Modeling

Vulnerability/
Lethality Group








COVARTa – Computation of Vulnerable Area Tool
FASTGENa – Fast Shotline Generator
FATEPENa – Fast Air-Target Encounter Penetration Endgame Framework
NGFMa – Next Generation Fire Model
AJEM – Advanced Joint Effectiveness Model
ProjPen – Projectile Penetration Model

Cyber Survivability  MAESTROa – Machine-Assisted Exploitability Simulation and Testing for Resilient Operations
Group
 ASSURANTa
 COLE – Cyber Operations Lethality and Effectiveness
 URAMS – Unified Risk Assessment and Measurement System
 BRM – Blade Risk Manager
a

Part of the JASP model suite.
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survivability at the system and mission
levels.
While the JMUM is primarily focused
on JASP-supported models, planners
also strive to include participation
from across the M&S community,
especially in areas where JASP
models are leveraged or used by other
related tools or frameworks. For
example, this year the Air Force
Research Laboratory discussed the
Advanced Framework for Simulation
Integration and Modeling (AFSIM), a
framework that JASP is working on to
integrate select models with, and
expose JASP models to, a much larger
M&S community across the Services.
Service representatives also gave
presentations on the toolsets they are
using to assess aircraft cyber

survivability and leverage modelbased systems engineering.
JMUM planners are always seeking
feedback from JASP and other related
model users, especially regarding
topics they would like to see
presented at next year’s JMUM. For
more information or to submit
abstracts, input, and/or suggestions,
please contact Mr. Alfred Yee at
alfred.yee@dsiac.org.
Note that JMUM attendance is limited
to U.S. military and DoD civilian
personnel and DoD contractors
possessing a SECRET-level (or higher)
clearance and valid need-to-know.
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CALENDAR OF EVENTS
JUNE

AUGUST

OCTOBER

Cyber/Electronic Warfare Convergence
2022
7–9 June in Charleston, SC

2022 AAS/AIAA Astrodynamics
Specialist Conference
7–11 August in Charlotte, NC

Military Standard 810 Training
17–20 October in Boxborough, MA

https://www.crows.org/page/Charleston2022

http://www.space-flight.org/docs/2022_
summer/2022_summer.html

Space-Cyber Resiliency Summit
14–16 June in Bedford, MA
https://www.crows.org/events/EventDetails.
aspx?id=1622580&group=

Training and Simulation Industry
Symposium
15–16 June in Orlando, FL
https://www.ntsa.org/events/2022/6/15/tsis-2022

2022 AIAA Aviation and Aeronautics
Forum and Exposition
27 June–1 July in Chicago, IL (and Online)
https://www.aiaa.org/aviation

JULY
2022 CBRN Defense Conference and
Exhibition
26–28 July in Baltimore, MD
https://www.ndia.org/
events/2022/7/26/2300-cbrn

2022 Space Warfighting Industry Forum
17–19 August in Colorado Springs, CO
https://www.ndia.org/events/2022/8/17

/2341---swif-2022

https://equipment-reliability.com/open-courses/
military-standard-810-mil-std-810-boxboroughoctober-17-20-2022/

59th AOC International Symposium &
Convention
25–27 October in Washington, DC
https://www.crows.org/mpage/2022HOME

SEPTEMBER

NOVEMBER

AAAA Aircraft Survivability Equipment
Symposium
12–13 September in Lexington, KY

NDIA Aircraft Survivability Symposium
1–3 November in Monterey, CA

https://www.quad-a.org/Public/Events/AAAA_

Events/Public/Events/Upcoming_Events.aspx
Fundamentals of Random Vibration and
Shock Testing Open Course
13–15 September in Longmont, CO

https://www.ndia.org

I/ITSEC 2022
28 November to 2 December in Orlando, FL
https://www.iitsec.org/

https://equipment-reliability.com/open-courses/
training-in-fundamentals-of-random-vibration-andshock-testing-september-13-15-2022/

JAS Program Review
27–29 September in Miami, FL
https://www.dsiac.org

Note
The inclusion of an event in this calendar does not necessarily reflect the endorsement of that event or its sponsoring organization(s) by the Joint Aircraft Survivability
Program Office or the Defense Systems Information Analysis Center.
Information for inclusion in the
Calendar of Events may be sent to:

DSIAC Headquarters
4695 Millennium Drive
Belcamp, MD 21017-1505

Phone:		
Fax: 		
Email:		

443/360-4600
410/272-6763
contact@dsiac.org

To update your mailing address, fax a copy of this page with changes to 410/272-6763 or scan and email it to contact@dsiac.org.

