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HRAM SIMULATOR PAPER 
SELECTED BEST 
SURVIVABILITY PAPER

The Survivability Technical Committee 
(SURTC) of the American Institute of 
Aeronautics and Astronautics (AIAA) 
has selected a technical paper written 
by Northrop Grumman employees 
Brandon Hull, Thomas Mifsud, and 
Teddy Sedalor for the committee’s 2019 
Best Survivability Paper award.  The 
paper, which was presented at the 
annual AIAA Science and Technology 
Forum and Exposition in San Diego, CA, 
in January, is titled “Utilization of 
Hydrodynamic Ram [HRAM] Simulator 
to Determine the Dynamic Strength 
Thresholds of Structural Joints.”  The 
paper was also published in the spring 
2019 issue of the Aircraft Survivability 
journal.

The paper details a method for estab-
lishing the dynamic failure limit of 
bonded composite joints exposed to 

HRAM loading.  Using the RamGun at 
Wright-Patterson Air Force Base, 
various joint configurations were 
exposed to HRAM pressure loads, and 
their survival or failure was recorded.  
The goal was to establish failure regions 
of pressures—or zones of mixed 
results—in which various joint configu-
rations could potentially fail or survive.  
This information can then be used to 
influence aircraft analysis and design to 
achieve a more survivable product with 
respect to HRAM event tolerance. 

AIAA SURVIVABILITY 
AWARD NOMINATIONS

The Survivability Technical Committee 
(SURTC) of the American Institute of 
Aeronautics and Astronautics (AIAA) is 
currently seeking nominations for the 
2020 AIAA Survivability Award.  

Established in 1993, this award is 
presented to an individual or team to 
recognize outstanding achievement or 
contribution in design, analysis, testing, 
implementation, and/or education of 
survivability in an aerospace system.  
The award is presented biennially (in 
even-numbered years) at the AIAA 
Science and Technology (SciTech) Forum.  

Note that nominees do not have to be 
AIAA members.  The nomination form 
and instructions on submitting a 
nomination can be found on the AIAA 
website (https://www.aiaa.org/
AwardsFAQ ).  For additional information 
or to discuss a potential nominee, 
please contact the AIAA SURTC Chair, 
Mr. Michael Schuck, at michael.
schuck@survice.com.  The deadline for 
nominations is 1 July 2019. 

NEWS NOTES By Dale Atkinson  
and Eric Edwards
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BILL DOOLEY RETIRES  

After 45 years of U.S. Navy service—
first as a member of the military, then as 
a contractor, and finally as a civil 
servant—Bill Dooley has retired.

A long-time survivability community 
leader, Bill began his Navy career with 
an appointment to the U.S. Naval 
Academy in 1974, graduating 4 years 
later with a B.S. in mathematics.  He 
was then selected for flight school and 
earned his gold wings in 1980.  As a 
Navy aviator, he first flew the A-7E 
Corsair II and then transitioned to 
become an A-6E Intruder bombardier/
navigator, accumulating more than 
2,500 hours and 500 traps.

Bill’s operational tours included 
deployments aboard the USS Coral Sea, 
where he flew armed sorties in the Gulf 
of Sidra in 1986, as well as the USS 

Dwight D. Eisenhower, where he had 
two deployments supporting Operation 
Desert Shield.

On 2 August 1990, Bill was aboard the 
Eisenhower, anticipating a reunion with 
his family after a long cruise, when 
Saddam Hussein’s forces invaded 
Kuwait and quickly changed Bill’s plans.  
In a rush to get U.S. air forces in 
position to block a feared invasion of 
Saudi Arabia, the Eisenhower sortied 
from the Mediterranean Sea through 
the Suez Canal and into the Red Sea.  
Bill’s squadron, the VA-34 “Blue 
Blasters,” hurriedly made plans to strike 
Iraqi ground forces if they continued 
their invasion into Saudi Arabia.  
However, the Iraqis stopped their 
advance, and the Eisenhower sailed 
back to Norfolk, VA, for replenishment 
and preparation for a potential conflict 
ahead.  The first Gulf War ended before 
Bill had a chance to see action and drop 
bombs in anger.

However, Bill’s academic career and (as 
he often says) “search for all knowledge 
and truth” was not over.  In 1992, he 
and his family headed to the Naval 
Postgraduate School, where he earned 
an M.S. in aeronautical engineering in 
1994.  Bill subsequently retired from the 
Navy in that same year with the rank of 
lieutenant commander.  He then worked 
as a contractor supporting survivability-
related Navy science and technology 
(S&T) development efforts before finally 
transitioning to Federal service as a 
Naval Air Warfare Center Aircraft 
Division (NAWCAD) employee.

In this role, he supported the F-35 Joint 
Program Office as the Signature Lead, 
Survivability Integrated Product Team 
(IPT) Leader, and (later) Mission Systems 
IPT Lead.  He successfully led these 
teams for more than a decade and was 
instrumental in ensuring that the F-35 
met its signature and other survivability 
requirements.  For his leadership of the 
Joint Strike Fighter Signature IPT, Bill 
was awarded the Office of the 
Secretary of Defense medal for 
Exceptional Civilian Service in August 
2006. 

In 2013, Bill was selected to lead the 
Naval Air Systems Command Aircraft 
Combat Survivability Division.  As the 
Division Director, Bill maintained his 
connection to the F-35 Program and 
became involved in many others, 
including the F/A-18E/F, P-8A, CH-53K, 
various weapons programs, and several 
S&T programs.  Bill also joined in an 
effort to assess electronic warfare 
capabilities and performance beyond 
the effects-based level of assessment.  
Under his leadership, the division grew 
in numbers, talent, technical capabilities, 
and comradery.

Bill also became the Navy’s Principal 
Member to the Joint Aircraft 
Survivability Program, where he was 
responsible for overseeing the various 
subcommittees and their technology 
development projects.  In addition, he 
participated in the National Defense 
Industrial Association’s Combat 
Survivability Division and in the 
Tri-Service Radar Cross Section 

Mr. Bill Dooley
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Measurement Standardization 
Committee.

Finally, Bill never hesitated to share his 
knowledge with those employees 
around him.  He was a strong supporter 
of the NAWCAD Science, Technology, 
Engineering, and Math (STEM) Outreach 
Program.  Furthermore, he took a 
genuine interest in his employees and 
encouraged many team-building 
activities, including those relating to his 
love of sports, such as bowling, golf, 

and “full-contact softball” (where it was 
not unusual for him to tackle unsuspect-
ing second basemen).  And no engineer 
who ever won the division’s much-
coveted Engineer of the Quarter Award 
will ever forget the prized Bill Dooley 
Memorial plastic “Rat Trophy,” for which 
Bill required each awardee to embellish 
the trophy with a personal item before 
handing it over to the next awardee.  

Bill’s plans for retirement include 
remaining in the local area, traveling to 

distant lands, enjoying drinking beer in 
his hot tub, and spending much time 
with his grandchildren.

The aircraft survivability community 
thanks Bill for his many years of service 
and wishes him and his family fair winds 
and following seas! 

24TH JASP MODEL USERS  
MEETING (JMUM)
The Joint Aircraft Survivability Program Office 
and Defense Systems Information Analysis 
Center are pleased to announce that the 24th 
JMUM will take place at the U.S. Southern 
Command in Miami, FL, on 9 to 11 July 2019.  
The meeting will include a full 3-day classified 
agenda with a plenary session, breakout 
meetings, and new technical content.

The purpose of JMUM is to provide model 
users, managers, stakeholders, and other 
interested individuals with the latest 
developments and updates associated with 
JASP-sponsored models and other models 
in use throughout the aircraft survivability 
(including susceptibility and vulnerability) 
technical community.  Attendees will be 
briefed on the latest software developments, 
upgrades, and threat model updates. 

For more information, please contact  
Mr. Alfred Yee at:
Phone:  937-255-4608 
Email:  alfred.yee@dsiac.org  
Web:  www.dsiac.org
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by Vincent Schuetz

ANTI-RPG WARHEAD 
PHASES II AND III:   
AN AIRCRAFT 
PROTECTION SOLUTION

This article, which is an update to work previously published in the summer 2018 issue of Aircraft 
Survivability [1], presents test and analysis results for warheads designed to dismember and/or dud 
incoming rocket-propelled grenades (RPGs) while simultaneously meeting stringent active protection 
system (APS) collateral damage requirements.  As discussed [1], the near-field-velocity liner war-
head technologies previously developed were found to be successful at minimizing collateral 
damage away from the RPG intercept point; however, only one design inflicted sufficient damage to 
the RPG to be considered a viable solution.  Thus, it was determined that a new warhead concept 
was needed to provide the same limited level of collateral damage previously demonstrated while 
also having a significant increase in lethality to the warhead.  What was needed were self-consum-
ing fragments, which have the potential to improve lethality against RPGs over the previous lethality 
mechanism tested in Phase I by introducing larger fragment masses that are still capable of meeting 
collateral damage requirements.
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PHASE II – DESIGN 
CONSIDERATIONS AND 
MANUFACTURING 

The concept of consumable fragmenta-
tion is that fragments will begin 
burning and consuming mass as they 
are explosively dispersed from a 
warhead.  A case/liner wrapped 
around an explosive will undergo 
shock heating from the detonation 
wave, mechanical heating from case 
expansion (assuming natural fragmen-
tation), heating from exposure to the 
explosive gases, potential aerody-
namic heating, and finally additional 
shock and mechanical heating from 
impacting the target.  For a consum-
able fragment to be most effective as 
a collateral damage reduction agent, 
combustion needs to occur as early in 
the heating process as possible.

There are many manufacturing 
methods and techniques to create a 
fragment that is conducive to con-
sumption.  The manufacturing method 
selected for this project is known as 
cold spray [2].  With this method, micro- 
 sized particles of material are 
deposited onto a substrate and 
chemically bond from the high-velocity 
impact.  The resulting build-up of 
particles can be capable of approach-
ing near the theoretical maximum 
density of the material(s).  A mixture 
of materials can also be combined 
together into one consolidated matrix, 
which has with the advantage of 
customizing the weight percentage of 
each material. 

Figure 1 shows an example of cold-
sprayed material pre- and 
post-machining.  Note that cold-spray 
experts at the U.S. Army Research 
Laboratory facilitated the 

manufacturing and processing of all 
consumable fragmentation material 
used in this effort.  

Four different warhead configurations 
(shown in Table 1) were generated 
using different materials and varying 
the consumable fragmentation liner 
thickness.  As a risk reduction to the 
collateral damage effectiveness of 
some of the materials, two of the 
designs included multiple thin consum-
able fragmentation liners instead of a 
single thicker liner.  The smaller 
fragments produced by the thinner 
liner were expected to provide less 

collateral damage, and consequently 
also to be less lethal. 

PHASE II – TEST SETUP

The Phase II test setup (shown in 
Figure 2) remained largely the same as 
that used in Phase I testing except for 
the exclusion of the horizontal RPG 
test condition.  For Phase II, both of 
the RPGs surrounding the thermite 
warhead were in the vertical orienta-
tion, as this arrangement produces the 
most likely engagement scenario.  
Witness panels at differing distances 
were used to record collateral damage 
effectiveness.

Table 2 shows a breakdown of the 
11-test matrix executed in Phase II.  
Testing comprised four experimental 
warhead designs statically detonated 
at three RPG standoff distances (close, 
medium, and far).  Two RPGs were 
used for each test, allowing for two 
differing miss distances per test.

 

Name Base Material Liner

Warhead E Dense Thin
Warhead F Dense Thick
Warhead G Rare Thin
Warhead H Rare Thick

Table 1.  Phase II Warhead Designs

Figure 2.  Anti-RPG Phase II Test Setup.Figure 1.  Cold-Sprayed Material Pre-Machining 
(Top) and Post-Machining (Bottom).

For a consum able fragment  
to be most effective as a 

collateral damage reduction 
agent, combustion needs to 
occur as early in the heating 

process as possible.
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PHASE II – TEST RESULTS

As expected from the research, test 
results of consumable fragmentation 
detonations (a picture of which is 
given in Figure 3) showed that the 
thicker liners produced larger frag-
ments.  The dense liners also produced 
deeper penetration into the RPG, as 
compared to the rare liners of the 
same design.

Post-test inspection of witness panels 
assessed low collateral damage due 
to fragment effects for each of the 
experimental warhead designs.  A 
sympathetic detonation by the RPG 
due to fragment impacts would 
understandably negate the desired 
low-collateral-damage nature of the 
intercept.  However, the experimental 
warheads did not induce an RPG 

detonation in any test, including those 
at the closest miss distances tested. 

PHASE II – SUMMARY

The low-collateral-damage aspect of 
consumable fragmentation worked out 
extremely well for the materials and 
manufacturing method selected.  In all 
four designs, the lethal radius of the 
warhead did not exceed the minimum 
collateral damage radius.  Figure 4 
provides a series of test photos 
showing fragments consuming 
themselves after detonation of the 
explosive.  Based on this project’s 
findings, it is believed consumable 
fragmentation is a viable and promis-
ing solution for low collateral damage 
and lethality effectiveness in an RPG 
APS engagement scenario.  

Test No. of  
Cold-Spray Liners Base Material Miss Distance

1 2 Dense Medium, Far
2 1 Dense Medium, Far
3 2 Rare Medium, Far
4 1 Rare Medium, Far
5 1 Dense/Rarea Medium, Far
6 2 Denseb Medium, Far
7 1 Dense Close, Far
8 1 Rare Close, Far
9 2 Rare Close, Far

10 1 Rare Close, Medium
11 1 Dense Close, Medium

a Dense internal and rare external dual-liner warhead.
b Removed gas check on outside of explosive to explore gas check effectiveness.

Table 2.  Phase II Static Detonation Test Matrix

Figure 3.  Consumable Fragmentation Warhead Effects.

Figure 4.  Test Showing Successful Consumable 
Fragmentation.
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PHASE III – DYNAMIC 
TESTING

The next step was to test the most 
promising experimental warhead 
designs from Phases I and II against a 
dynamic RPG setup.  Four designs 
from Phases I and II were selected to 
move on to Phase III.  These included 
Warhead B from Phase I (small 
diameter with brisant explosive) and 
Warheads E, F, and H from Phase II 
(see Table 1).

The test setup included an RPG 
launcher pointed downrange at a large 
block of witness panels.  The experi-
mental warheads were then detonated 
statically at the medium-range miss 
distance.  To trigger the warheads, a 
break screen with a delay generator 
was placed in the line of sight of the RPG. 

PHASE III – TEST RESULTS

Two of the four designs were consid-
ered successful in defeating the 
dynamically launched RPG.  The two 
designs not deemed successful 
allowed the RPG to survive as an 
artifact of the test setup, where large 
variations in the RPG velocity resulted 
in nonoptimal intercept locations.  
These locations were generally at the 
extreme aft of the RPG payload since 
a faster-than-expected RPG would fly 
farther during the preprogrammed 
delay used to initiate the warheads.  

It is believed that had the locus of 
fragments impacted the warhead for 
the unsuccessful designs, the RPG 
would have been defeated.  Figure 5 
shows an overall view of a dynamic 
RPG warhead engagement. 

Figure 6 is an example of defeating an 
RPG with a consumable fragmentation 

Figure 5.  Dynamic RPG Warhead Engagement.

Figure 6.  View of a Dynamic Engagement Showing Combusting Fragments From Warhead E.
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warhead (in this case, Warhead E).  
Likewise, Figure 7 shows an overall 
view of the Warhead B dynamic 
engagement test.  

Finally, Figure 8 shows the locus of 
fragmentation effects to the aft of the 
RPG warhead.  Warhead E also 
impacted aft of the RPG warhead, yet 
it still resulted in defeating the RPG.  
Post-test inspection of the RPG from 
test 3 (i.e., Warhead E) was unavail-
able since it was damaged from 
impacting a steel plate downrange. 

CONCLUSIONS

Analysis from the aforementioned 
fragmentation testing indicated that 
Warheads B and F produced the most 
damage during static testing.  
Unfortunately, dynamic testing was 
skewed by differing RPG flight 
velocities.  The test setup could have 
been improved by measuring the 
velocity of the RPG out of the gun and 
using that velocity to calculate a delay 
time for the fuzing.  In a real-life 
engagement, a target-detecting device 
on an APS countermeasure could 
produce fuzing accuracies to provide 
fragmentation well within the 
intended intercept point of an RPG. 

Lessons learned from the test results 
indicated that there are definitely 

Figure 8.  Warhead B Fragmentation Location on Dynamic RPG.

Figure 7.  Warhead B Dynamic Engagement.

Based on this project’s find-
ings, it is believed consumable 
fragmentation is a viable and 

promis ing solution for low 
collateral damage and lethal-
ity effectiveness in an RPG 
APS engagement scenario.
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areas where both Phase I and Phase II 
experimental warhead designs could 
be optimized.  However, the project 
did complete its goal—namely, that 
warhead countermeasures that can fit 
inside an ALE-47 flare dispenser can 
successfully defeat a dynamic RPG 
while meeting or exceeding low-collat-
eral-damage requirements of the 
engagement.

For a more comprehensive analysis of 
all three phases of this project, see 
the full technical report published by 
the Naval Air Warfare Center 
Weapons Division [3].  

ABOUT THE AUTHOR
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The F/A-18E model test article identified for the Super Hornet Live Fire Test (LFT) program has 
had a long and colorful life, extending all the way from its use in the F/A-18 E/F developmen-
tal testing beginning in the mid-1990s to its current use in the F/A-18 Block III upgrade in 2019 
(see Figure 1).  Through it all, the fighter jet has stood the test of time—as well as its share 
of abuse—and is ready for more.

FROM THE BONEYARD TO THE 
TEST PAD:  A SUPER HORNET 
TEST ARTICLE FINDS NEW 
LIFE AFTER 20 YEARS OF 
RETIREMENT

by Charles Frankenberger and Dennis Williams
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FROM DT50 TO ST56

As with most aircraft test programs, the 
use of test articles is critical in shaping 
various aspects of the program.  For 
both ground and flight testing, the 
number of available aircraft often 
dictates the volume and pace of test 
activities, and each article often must 
fill several roles.  The Super Hornet test 
article discussed herein, which was the 
third production F/A-18E engineering and 
manufacturing development (EMD) 
aircraft, was no different.  Designated 
as a ground test article, the fighter jet 
was initially configured for and used as 
the Full-Scale Aircraft Drop Test article, 
with the designation DT50.  Then, after 
a series of extensive and successful 
drop tests, McDonnell Douglas (now 
Boeing) personnel reconfigured the 
aircraft to fulfill its second role, as the 
Barricade Engagement Test article, with 
the designation ST56.

In September 1997, during one of the 
barricade engagement events, ST56 
ended up on its back in the woods (see 
Figure 2).  Naval Air Warfare Center 
Weapons Division (NAWCWD) and 
Boeing LFT personnel were sent to 
assess the damage and determine if the 
remaining structure would still be a 
viable LFT test article.  They found that 
the starboard side of the aircraft was in 
generally poor shape.  The aft control 
surfaces were lost, and the fuselage 
was tweaked as a result of tumbling 
into the woods.  The team concluded, 
however, that the aircraft could still be 
used for LFT if certain repairs were 
made to the aircraft and if some of the 
planned testing was relocated from the 
starboard side to the port side of the 
aircraft.

Accordingly, the F/A-18E was shipped 
back to the Boeing facility in St. Louis, 
was repaired, and was configured to 

meet numerous primary LFT require-
ments.  In particular:

 � All flight controls surfaces were 
provided and installed, except the 
right-hand horizontal stabilator and 
the right-hand vertical stabilizer.

 � All structural and nonstructural doors 
and fairings were installed.

 � Fuel and hydraulic plumbing integral 
to the wing were installed.

 � Wing integral fuel tank ullage 
explosion suppression foam was 
installed.

 � The windshield, canopy, and radome 
were installed.

 � The inlet duct fuel tank Damage 
Control System (with foam and 
leak-attenuating materials) was 
installed between fuel tanks 3 and 4 
and the inlet duct walls.

 � All fuel cells and related components 
were installed.

 � The fire suppression system was 
installed in the applicable dry bays.

 � An operating F414 engine was 
installed (for some tests).

THE ABUSE CONTINUES

With new life—as well as a new 
designation of SV52—given to the test 
article, the aircraft was delivered to 
NAWCWD in China Lake, CA, in May 
1998 for full-scale LFT (see Figure 3).  
And, in compliance with the LFT law, 
thus began yet another phase of “use 
and abuse” in the F/A-18E’s history.  In 
fact, of the more than 200 ballistic shots 
conducted for the LFT program, nearly 
30 ballistic tests were conducted on 
SV52, with threats ranging from missile 
warhead fragments to armor-piercing 
(AP) and high-explosive (HE) 
incendiaries.

Figure 1.  The Life of the F/A-18E Test Article.

Figure 2.  The Test Article After Barricade Engagement Testing.
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Figure 4 illustrates the different test 
types and locations conducted on SV52, 
and Figure 5 shows where LFT and 
damage control didn’t always go quite 
as planned.

As a testament to the F/A-18E/F’s robust 
and survivable design, hydrodynamic 
ram testing on the test article’s wing 
and torque box demonstrated the 
aircraft’s ability to maintain high 
structural loads after threat impact.  
Likewise, tests on the active dry bay fire 
suppression system in the aircraft’s 
center fuselage section demonstrated 
the system’s capability against a wide 
range of threats.

When the F/A-18E/F LFT program was 
completed in October 1999, the program 
summary stated that the aircraft design 
was more likely to survive combat 
damage than that of any of its predeces-
sors.  In addition, it was concluded that 
the LFT program—which at the time 
represented the largest single sequence 
of ballistic tests accomplished by the 
Department of Defense—met all the 
specification requirements and fulfilled 
the requirements of the Test and 
Evaluation Master Plan for the aircraft.

And with that, SV52 was given a 
well-deserved rest, taking up residence 
in the boneyard of NAWCWD’s 
Weapons Survivability Laboratory 
(WSL).  At least for a while.

RESURRECTED FROM 
RETIREMENT

For the current Block III Development/
Upgrade program for the F/A-18 Super 
Hornet, numerous performance 
enhancements are being incorporated, 
including Conformal Fuel Tanks (CFT) to 
improve the range of the fighter.  The 
CFTs are aerodynamically shaped fuel 
tanks, mounted on the top of the aircraft 

Figure 3.  SV52 Being Delivered to NAWCWD for LFT.

Figure 5.  Damage from an Unexpected Dry Bay Fire That Migrated to the Aft Fuselage.

Figure 4.  Test Types and Locations on SV52.
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on either side of the centerline dorsal, 
that provide approximately 3,500 lb  
(515 gal) of fuel in a low-drag configuration.

To represent and test the external and 
internal configuration of the CFTs, 
fabrication of a full-scale CFT simula-
tor—called the Iron Bird—is planned.  
The series of tests using this simulator 
will gather data to allow detailed design 
of the production CFTs.  In particular, 
pressure data will be gathered to 
determine bay overpressure during a 
ballistic event, with the requirement 
that the explosion suppression configu-
ration not produce local pressure spikes 
exceeding the capability of the CFT 
structure.  The testing will also help 
determine if there are opportunities to 
optimize the foam weight.

However, as Block III program planners 
began to define the testing needed to 
assess the CFTs, they discovered that 
the availability of aircraft assets was 
limited.  Possible options to address this 
limitation included coordinating the use 
of a recently retired aircraft between 
Government and industry sites, as well 
as fabricating individual test articles to 
support both CFT ullage and fuel 
leakage migration testing.

And then someone remembered SV52.  
Now, more than 20 years since its 
“retirement,” the test article is being 
resurrected, repaired, and reconfigured 
to support the Block III program.  As 
seen in Figure 6, many parts of SV52 
were damaged during the LFT program, 
and many other parts were removed 
(delicately or otherwise) for use in 
various other studies over the last two 
decades.  But substantial program risk is 
being minimized by renewed use of the 
aircraft.

Two series of testing are planned to be 
conducted on SV52.  In the first series, 

the CFT simulator will be installed on 
the Super Hornet (as shown in Figure 7), 
and the aircraft will be placed behind 
WSL’s Super High-Velocity Airflow 
System (SHIVAS) to conduct CFT fuel 
leakage safety testing.

As shown in Figure 8, SV52 will be 
positioned on jack stands with the CFT 
at the centerline of SHIVAS airflow, and 
testing will be conducted at airflow 
velocities of up to 500 knots.  Engineers 
will assess possible leak migration 
paths that could result in catastrophic 

Figure 6.  SV52 in the WSL Boneyard Prior to Preparation for Block III Testing.

Figure 7.  SV52 Being Fitted With CFT Simulator for Block III Testing.

Figure 8.  SV52 (F/A-18E) Readied for Testing.
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loss of the aircraft.  If leak paths are 
determined to be critical, then several 
leak mitigation concepts will be tested.

The second test series will consist of 
ballistic testing to evaluate the vulner-
abilities of the CFT and induced 
vulnerabilities to the aircraft in the CFT 
configuration.  This testing will assess 
ullage overpressure, dry bay fire, fuel 
ingestion, and unknown interactions 
with the aircraft.

READY FOR MORE

No matter its designation, the F/A-18 
test article discussed herein has proven 
to be a sturdy, robust aircraft that has 
held up to extensive inflicted damage 
over many years of testing.  And there 
appears to be no immediate end in sight 
for the potential use of the old warbird.  
If proposed Block Upgrade Programs 
occur, or if other future design changes 
are incorporated that could potentially 
impact the Super Hornet’s vulnerability, 
the test article will likely be ready and 
waiting for whatever new abuse  
awaits.  
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by Tom Johnson, John Haman, Heather Wojton, and Mark Couch

DESIGN OF 
EXPERIMENTS (DOE) 
IN SURVIVABILITY 
TESTING

The purpose of survivability testing is to provide decision-makers with relevant, credible evidence, 
conveyed with some degree of certainty or inferential weight, about the survivability of an aircraft.  
In developing an experiment to accomplish this goal, a test planner faces numerous questions:  
What critical issues are being addressed?  What data are needed to address them?  What test 
conditions should be varied?  What is the most economical way of varying those conditions?  How 
many test articles are needed?  Using Design of Experiments (DOE) provides an analytical basis for 
test planning tradeoffs when answering these questions.

Photo Courtesy of Darin Russell and U.S. Air Force



  21 jasp-online.org  AS Journal 19 / SUMMER

DOE is the process of determining 
purposeful, systematic changes to 
factors (the independent variables) to 
observe corresponding changes in the 
response (the dependent variable).  For 
instance, an experiment may investigate 
the survivability of various aircraft 
against engagements from different air 
defense systems, as shown in Figure 1.  
The selection of factors, response, and 
design points is called the experimental 
design.  DOE provides a framework for 
this process that accommodates a 
statistical model fit, allowing an analyst 
to extract cause-and-effect relation-
ships about the system under test.

Statistical measures of merit quantify 
the quality of a designed experiment.  
Power and confidence describe the risk 
in concluding that a factor does or does 
not have an effect on the response 
variable.  A correlation matrix describes 
the degree to which the factor effects 
can be independently estimated.  
Optimality criteria metrics summarize 
the variance in the estimators.  These 
measures of merit can be used in 
planning to characterize the quality of 
the prospective test length (sample 
size), run order, and design choice by 
considering the implications on preci-
sion, cost, and risk. 

In planning an experiment, DOE ensures 
adequate coverage of the operational 
envelope, determines the amount of 
testing required to answer the surviv-
ability questions under study, and 
provides an analytic basis for assessing 

test adequacy.  After data are collected, 
analysis involves the application and 
interpretation of statistical models to 
make estimates and draw inferences.  
Statistical analysis methods aim to 
incorporate all relevant information to 
ensure that conclusions are objective 
and robust.

Alternatives to DOE include observa-
tional studies and “one-factor-at-a-time” 
tests.  An observational study wields 
little or no control over factors; it simply 
observes and records their settings as 
they happen to occur.  This approach 
often suffers from confounding between 

factors and a lack of randomization, 
making it difficult to attribute a change 
in the response to one particular factor.  
In many fields, such as social sciences, 
observational studies are unavoidable.  
Because survivability tests typically 
occur in controlled environments, 
observational studies should be avoided.  

A one-factor-at-a-time test is an 
intuitive approach to designing an 
experiment that involves varying a 
factor in the experiment while holding 
all other factors constant.  After a 
“sweep” of data points is collected, the 
next factor is varied, and all other 
factors are held constant.  This 
approach is repeated for each factor in 
the experiment.  The problem with the 
one-factor-at-a-time approach, however, 
is twofold.  First, the approach becomes 
expensive as the number of factors 
increases, as the total sample size is the 

number of factors multiplied by the 
number of data points collected in the 
sweep.  Second, the approach precludes 
the estimation of interaction effects 
between factors.  A properly designed 
experiment varies factors simultane-
ously to efficiently cover the design 
space and accommodate the estimation 
of interaction effects in the statistical 
model.

FUNDAMENTALS OF DOE

At its core, DOE provides a strategic 
framework for controlling factors to 
form a statistical relationship with the 
response variable.  This relationship, or 
model, can then be used to provide 
quantifiable, statistically defensible 
conclusions about aircraft survivability.  
The six fundamental steps of DOE are as 
follows [1]:

1. Define the objective of the 
experiment

2. Identify the response variable 
(dependent variable)

3. Identify the factors (independent 
variables)

4. Select the experimental design
5. Perform the test
6. Statistically analyze the data.

Defining the Objective of the 
Experiment

A clearly defined objective is vital in 
aircraft survivability testing.  What is 
the survivability of an aircraft against 
small-arms fire?  What is the probability 
that a ballistic projectile will penetrate 
aircraft armor?  The test objective will 
answer these questions and drive the 
experimental design and analysis 
options.  Establishing an objective is a 
collaborative process that occurs early 
in the test planning phase, and is the 
point at which requirements representa-
tives, program managers, users, testers, 

Figure 1.  DOE Test Process.
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and subject-matter experts come to 
agreement (ideally).  The most general 
types of test objectives include screen-
ing, characterization, comparison, and 
optimization.

Screening tests are designed to help 
identify the most important factors in 
the test.  They are especially useful at 
the onset of testing, when little is 
known about how the system responds 
to various factors.  They also allow one 
to narrow the field of possible factors 
prior to more costly testing.

Testers conducting a screening test 
generate a list of all potential factors 
that are thought to affect the response 
variable, design and execute a simple 
test of these factors, and identify the 
factors that have the largest impact on 
the response.  Further testing in a 
sequential test program would focus 
only on these previously identified 
influential factors.

Characterization tests describe perfor-
mance at each level of the experiment’s 
several factors.  These tests have some 
of the most important and common 
goals for live fire testing.  
Characterization of a system helps one 
determine whether a system meets 
requirements across a variety of 
operational conditions. These tests 
accomplish this by accommodating a 
mathematical model that produces 
accurate predictions of the response 
variable.

Tests are often designed to compare 
two or more systems or variants across 
multiple conditions.  These tests aim to 
quantify and test for statistically 
significant differences in performance 
among systems that are operating under 
similar conditions.  For example, 
whether fuel type (biofuels vs. fossil 
fuels) impacts the self-sealing 

properties of fuel tanks is a comparison 
question.  In this example, fuel tanks 
holding different mixtures of fuel might 
be fired upon and fuel leakage 
compared.

Optimization tests seek to find the 
combination of controllable factors or 
conditions that lead to optimal test 
outcomes (i.e., maximize desirable or 
minimize undesirable outcomes).  For 
example, in a composite armor test, an 
optimization may inform the optimal 
number of plies and type of resin that 
achieves the lowest probability of 
projectile penetration at the lowest 
weight.  These tests are extremely 
useful in system design and manufactur-
ing, as well as in the development of 
military tactics, techniques, and 
procedures.

Identifying the Response 
Variable

The response variable is the measurable 
output from the experiment and is 
directly tied to the objective.  It sounds 
obvious to take response measurements 
that map to the survivability question, 
but this is sometimes overlooked or 

ignored because it can be inconvenient.  
If the objective is to characterize 
helicopter susceptibility to infrared 
seekers, then the response variable may 
be whether or not the seeker could lock 
on to the helicopter, or it may be the 
time it takes for the seeker to acquire 
the helicopter.

There are many options for response 
variables, with some better than others.  
Some tests will measure more than one 
response, as survivability can be 
measured in numerous ways.  The key is 
to select the most important and 
informative responses, as these will be 
used to determine the scale and cost of 
the test and enable the testers to draw 
definitive conclusions from the test data. 

A continuous response variable, such as 
an elapsed time measured in seconds, is 
more “information-rich” than a binary 
response variable, such as whether an 
aircraft was shot down (yes/no).  A 
sample size determination calculation, 
called a power analysis, generally shows 
that fewer continuous response 
variables are needed to achieve a 
desired level of risk. 

A seemingly obvious yet important 
practice is to make sure that the 
response variable is measurable.  That 
is, the response of interest can be 
observed and recorded at a reasonable 
cost and within a reasonable schedule, 
and it can be measured with precision 
and consistency.  Additionally, the 
response should be sufficiently informa-
tive to address the objectives.

Identifying the Factors

Factors are the independent variables 
that are expected to influence a change 
in the response variable.  Factors have 
varying levels, which are specific values 
or conditions they take on.  To illustrate, 

At its core, DOE provides a 
strategic framework for 
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a factor could be projectile velocity that 
has three levels—250, 500, and 750 ft/s.  
Another factor could be aircraft type 
with levels F-15, F-22, and F-35.  A 
well-designed experiment strategically 
and simultaneously varies the levels of 
all factors in the experiment to construct 
an efficient statistical relationship 
between the factors and the response 
variable. 

Selecting which factors to account for 
often begins with generating a large, 
exhaustive list.  This list can be nar-
rowed by prioritizing the factors that are 
central to the test objective.  For 
instance, if the objective is to assess 
the survivability of an aircraft under 
nominal flight conditions, the factors and 
levels should span those nominal 
conditions.

Factors that have a large impact on the 
response variable should also be 
emphasized.  If factors that have a large 
impact are neglected, their effect will 
be perceived as random variation on the 
response variable, possibly leading to a 
poorly fitting model.  Attempting to 
control many factors that have a 
negligible impact on the response 
variable can become needlessly 
expensive.

The factors that are selected will affect 
the design, analysis, and conclusions 
that can be drawn from the data.  It is a 
good idea to involve statistical expertise 
even at the earliest stages of test 
design.  Evaluators are often concerned 
with how the inclusion and management 
of factors in a test will affect test size 
and cost.  Contrary to common assump-
tions, adding or removing factors often 
does not change the required test size, 
as changes can be made to the experi-
mental design to accommodate the new 
number of factors.

Once factors are selected, the next 
question is how many levels should each 
factor have.  The test objective, 
resources available, and subject-matter 
expertise can help determine the number 
of factor levels.  Characterization experi-
ments may require several factor levels 
to cover the operational envelope, but 
comparison or screening experiments 
may require only two appropriately 
selected levels.

Selecting the Experimental 
Design

The experimental design specifies the 
factor settings for each run in the 
experiment.  Once the objective, 
response variable, and factors have 
been identified, the experimental design 
is selected.  The following are viable 
experimental designs for aircraft 
survivability tests.

Factorial designs include at least two 
factors and include a run for each unique 
combination of factor settings.  This 
combination allows the evaluator to 
determine the impact of each factor, as 
well as whether one factor influences 
the impact of another factor on the test 
outcome.  They are highly informative 
designs, though potentially overly 
expensive when many factors are 
involved.  For example, a factorial 
experiment with 5 three-level factors 
has 243 unique runs.  In destructive live 

fire testing, procuring 243 coupons could 
be cost prohibitive.

A special class of factorial experiment is 
called the 2k full-factorial experiment.  
Here, the experiment has k factors, and 
each factor has two levels.  These are 
often used to screen for important 
factors, but they also become more 
costly as the number of factors 
increases.  For instance, if k equals 8, 
the 28  factorial experiment has 256 
runs.  A full-factorial design provides 
information on the main effects (i.e., 
each individual factor) and how the 
factors interact (i.e., two-factor 
interactions, three-factor interactions, 
etc.).  Replication can be used to provide 
estimates of error; however, if the test 
is not designed well, confounding can 
occur, in which two factors vary in the 
same pattern in the test matrix.  

A more efficient class of factorial 
experiment is the fractional factorial.  
These variations of full-factorial designs 
do not require all combinations of factor 
levels to be included in the test, and 
they include only a fraction of the test 
points that would be in a full factorial, 
as shown in Figure 2.  They provide 
information on the main effects of each 
factor, as well as some information 
about how the factors interact.

Response Surface Designs, such as a 
central composite design, are collections 

Figure 2.  Common Experimental Designs.



AS Journal 19 / SUMMER jasp-online.org  24

of designs that spread test points to 
collect data throughout the experimen-
tal region such that a more detailed 
model of the pattern of responses can 
be ascertained.  They are used to locate 
where in the design space (or under 
what conditions) responses are optimal 
and often to “map” a system’s perfor-
mance across a variety of conditions.  
This approach often involves the 
inclusion of higher-order model terms 
that can estimate curves instead of 
monotonic linear effects.  These designs 
also allow estimates of lack-of-fit and 
experimental error by adding center 
points, replications, and axial runs to 2k 
factorial or fractional factorial base 
designs.

Optimal designs are constructed using 
algorithms that modify test point 
placement until some criterion is 
maximized or until the design is optimal 
in terms of that specific criterion (i.e., 
optimality criteria).  That is, the 
evaluators may want to generate a 
model that produces minimal average 
prediction variance over the operational 
envelope or has minimal variance in 
model parameter estimates.  Optimal 
designs are often used when constraints 
prevent the use of standard designs 
(e.g., cannot test one or more factors at 
the extremes).  

In developing an optimal design, 
evaluators input what model parameters 
they would like to estimate and how 
many runs are available, and the 
algorithm generates a design specifying 
the ideal placement of these test points.  
For example, consider an armor panel 
test in which the test program has 
exactly 20 panels at its disposal.  The 
response variable is the penetration 
depth of the projectile, and the factors 
are the projectile’s velocity, panel 

thickness, and obliquity angle.  The 
evaluator believes that the model should 
include main effects and two-factor 
interactions, in addition to a quadratic 
effect for velocity.  The evaluator can 
input this model and the desire for 20 
runs, and the d-optimal algorithm will 
output the experimental design that 
minimizes the uncertainty on the model 
coefficient estimates.

Performing the Test

Equally important as the selection of 
response variables, factors, and an 
experimental design is the management 
of the test execution.  Each run in the 
experiment should be executable.  The 
factors should be configurable, and the 
response variables should be measur-
able with some degree of precision and 
consistency. 

When it is known in advance that a 
preplanned run order cannot be 
executed, grouping schemes might 
mitigate this problem.  A split-plot 
design executes runs in groups and 
holds a hard-to-change factor constant 
within a group, while varying the other 
easy-to-change factors.  For example, in 

an armor panel test that includes two 
panels of different sizes, it may be 
determined that the panel size is 
hard-to-change, and each panel size 
should be shot 10 times.  Thus, a 
split-plot design executes the test in 
groups and holds the panel size 
constant, while firing 10 shots under 
easy-to-change factor settings that vary.  
The size of the panel is then changed, 
and this process is repeated. 

Split-plot designs are incredibly useful 
experimental designs that allow 
analysts to maximize the information 
obtained from an experiment and 
minimize the amount of time they spend 
collecting the data.

Another issue involving run schedule is 
encountered when humans are used in 
the testing.  If aircraft survivability is 
evaluated using actual pilots, learning 
effects (improved performance after 
continued operation/testing) and fatigue 
(decreased performance after continued 
operation/testing) can confound the 
results.  Furthermore, if multiple pilots 
are used in a test and they are not 
equivalent in skill, training, or other 
relevant characteristics, this disparity 
can also adversely affect results.  These 
issues can be mitigated, however, by 
pulling test pilots from a large pool of 
pilots who have homogeneous charac-
teristics, planning sufficient rest times, 
and randomly assigning these pilots to 
different missions.

Analyzing the Data

Analysis occurs after the test is 
executed and the data are tabulated.  
The analysis of the data is often one of 
the most neglected aspects of DOE, but 
if the tests are to provide meaning to 
decision-makers, the data must be 

In developing an optimal 
design, evaluators input what 
model parameters they would 
like to estimate and how many 

runs are available, and the 
algorithm generates a design 

specifying the ideal placement 
of these test points.
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analyzed to get the full value out of 
DOE.  The selections of the factors, 
experimental design, and response 
variable determine the general form of 
the statistical model that will be fitted.  
It is ideally known prior to test execution 
which general type of model will be 
used and what the particular analysis of 
that model will be. 

Statistical analyses can summarize and 
characterize information better than 
simple bin averages or “roll-up” 
measures.  Figure 3 illustrates this fact 
by displaying DOE inferences (red) next 
to roll-up inferences (blue and black).  
The DOE analysis results in smaller 
uncertainty intervals, and we learn that 
notional factor levels B and C have a 
significantly different effect on the 
response variable.  The difference does 
not come out in the non-DOE approach 
because the blue uncertainty intervals 
overlap.  If the difference between 
levels B and C is true, the non-DOE 
approach would require significantly 
more data (time and resources) to find it. 

The advantage of statistical models over 
roll-up measures is even greater in DOE 
because the chosen experimental design 
is fine-tuned for a statistical model.

Numerous types of statistical models 
can be used for aircraft survivability 
data.  A continuous response variable, 
such as the residual velocity of a 
projectile penetrating an armor coupon, 
can be fit with a linear model.  A binary 
response, such as whether or not a 
projectile penetrates an armor coupon, 
can be fit with a logistic regression 
model.  A response variable depicting 
time can be fit with an exponential, 
lognormal, or gamma model.

Statistical models provide numerous 
services to analysts, but, broadly 
speaking, models allow analysts to do 
two things:  make inferences and make 
predictions.  Analysts can estimate the 
effects (coefficients) of the model and 
determine which factors have large or 
small, and positive or negative, effects 
on the response. 

Statistical models have methods that 
allow analysts to quantify the uncer-
tainty in the estimates obtained from 
the model, informing them of the extent 
to which they should believe an effect is 
large or small.  This is the inference part 
of model analysis.

Statistical models are also prediction 
devices.  Analysts can use statistical 
models to make informed predictions 
about the range of plausible responses 
over the operational envelope, including 
at factor conditions that were not even 
tested!

Model-checking is an important part in 
the analysis stage.  Typically, statistical 
models have some assumptions that 
allow analysts to make the leap from 
raw data to inference.  And different 
models may have different assumptions.  
Generally, in real data analysis, the 
assumptions of the model are not met, 
but the model should still be investi-
gated so that the degree to which the 
assumptions are violated is understood.  
Many statistical models are robust to 
deviations from the model assumptions, 
meaning that statistical models can still 
be useful when assumptions are not 
grossly violated.

The statistical model provides the 
vocabulary to talk about how our test 
data relate to the research objective at 
the beginning of the DOE process.  This 
vocabulary includes the magnitude of 
effects, strength and types of relation-
ships, and degree of uncertainty in a 
result.  The statistical model can be 
used to make statements about changes 
in performance across the operational 
space, predict system performance, and 
assess requirements.

A variety of statistical software is 
available to assist with analysis and test Figure 3.  The DOE Advantage.  Differences in Response Between B and C Are Apparent When Data Are 

Modeled With DOE.
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design.  Design Expert by StatEase is 
great for learning DOE and has many 
powerful analysis capabilities.  It is set 
up in an intuitive layout that walks the 
user through planning, execution, and 
analysis.  In addition, it has an easy-to-
use graphical user interface (GUI) that is 
useful for exploring different types of 
experimental designs and focuses 
primarily on simple linear models.  JMP 
by SAS also has a GUI, but it has more 
functionality and complexity and is thus 
a bit more challenging to use.  Finally, 
the R computing language, which is free, 
offers even more functionality and 
complexity, but it is more challenging to 
use because it requires coding skills.

SUMMARY

Because aircraft survivability testing is 
complex and resource-intensive, it is 
important that data be collected and 
evaluated in the most efficient and 
meaningful way possible.  DOE provides 
an analytic work space in which testers 
and analysts can balance the test 
objectives with the test resources to 
find the optimal way to collect data.

Statistical methods for test design and 
analysis provide an effective means for 
doing so.  In addition, as aircraft 
systems become even more complex, 
the test community should continue to 
evolve applications of state-of-the-art 
statistical methodologies to confront 
these new challenges.  
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A FINAL SALUTE TO  
THE EA-6B PROWLER:
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COMBAT JET MOST 
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For nearly 50 years, the primary duty 
of the Prowler—which was the 
longest-serving tactical fighter jet in 
the history of the U.S. military—was 
to quietly find and disrupt enemy radar, 
communications, and other signals to 
allow surrounding U.S. and allied air, 
land, and sea forces to successfully 
execute their missions.  And the 
aircraft did just that through more 
than 260,000 hours of service and 70 
different deployments, including in 
every major U.S. military operation 
over the last half century and against 
every major U.S. enemy from Ho Chi 
Minh to Isis [1, 2].

The Prowler (shown in Figures 1 and 2) 
first appeared as a follow-on to the 
A-6 and EA-6A Intruders in the skies 
over Vietnam in 1971.  Distinguished 
by its insect-antenna-like refueling 
probe that extended from above its 
nose, this long-range, all-weather, 
multi-role jet was crewed by one pilot 
and up to three electronic countermea-
sures officers (or ECMOs).  In addition, 
as shown in Table 1, the aircraft was 
powered by two Pratt & Whitney J52 
turbojet engines, was carrier-capable, 
and could fire four AGM-88 high-speed 
anti-radiation missiles (HARMs) to 
suppress enemy air defenses [3].

But arguably the Prowler’s most 
important equipment was its elec-
tronic countermeasure suite of tools, 
which were designed to intercept and 
jam enemy radar, communications 
signals, and weapon systems.  This 
equipment included the ALQ-99 
jamming pods, an on-board receiver, 

and the USQ-113 communications 
jamming system [3].  

After the Air Force’s EF-111 Raven was 
retired in 1998 (and before the Navy’s 
EA-18G Growler appeared in 2009 to 
eventually replace the Prowler), the 
EA-6B was the primary (and virtually 

only, at times) provider of tactical 
electronic warfare (EW) support for all 
U.S. air arms.  In later years, the 
Marine Corps also began putting 
LITENING targeting pods on the 
aircraft, and the Prowler took on the 
missions of overwatch and surveil-
lance as well as jamming [2].

Figure 1.  Prowlers on a Final Flight (U.S. Marine Corps Photo).

When the last EA-6B Prowler made its final bank over the North Carolina coastline and 
touched its wheels down on the runway at Marine Corps Air Station (MCAS) Cherry Point 
this past March, a lot of people may have missed it.  However, the occasion marked not just 
the end of the line for the unique old warbird but also the end of a long and remarkable run in 
U.S. combat aviation.

Figure 2.  A Prowler Cleared to Launch From the Deck of the USS Nimitz in 2012 (U.S. Navy Photo).
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In addition to the radar-jammer’s 
remarkable record for longevity, the 
aircraft also amassed an amazing 
combat survivability record.  Not a 
single one of the 170 Prowlers 
deployed in its 48-year service life 
was ever lost due to enemy actions [1].  
Not in Vietnam, not in Grenada, not in 
Lebanon, not in Libya, not in Bosnia-
Herzegovina, not in Kosovo, not in 
Panama, not in Somalia, not in Iraq, 
not in Afghanistan, not in Syria, and 
not in many other hostile places 
around the world.

Perhaps the aircraft’s greatest 
achievement, however, is not found in 
its self-survivability but in the long-
standing large-force protection and 
survivability it provided to countless 
other vehicles and personnel that 
operated under its broad-area 
jamming umbrella.  With Prowlers in 
the skies, five decades of American 
enemies often found themselves 

“electronically blind” to our forces and 
operations, as well as unable to 
communicate about, much less 

respond to, them.  Even the F-35 Joint 
Strike Fighter, with its advanced 
capabilities and powerful EW suite, 
can’t make the same claim [2].

In addition, as U.S. stealth aircraft 
became operational, the Prowler 
played an important role in supporting 
their specialized missions.  In fact, it is 
thought to be no coincidence that the 
only F-117 stealth fighter lost in 
combat during Operation Allied Force 
in 1999 came on a night when no 
EA-6Bs were providing jamming cover 
in the skies over Kosovo [2].

Furthermore, in the late-night raid on 
Osama bin Laden’s Pakistani com-
pound in 2011, much attention has 
been given to the specially modified 
and stealthy Black Hawk helicopters 
that were used to sneak the Navy 
SEAL teams in and out of the area.  
What is not as well publicized, 
however, is that it was a Prowler that 
circled the area that night to keep any 
radar and electronic signals from 
potentially exposing the important 

mission before U.S. aircraft and 
personnel were out of harm’s way [1].

Who can really say how many actual 
aircraft and crew members were 
ultimately saved by the Prowler’s 
radar-scrambling capabilities over its 
nearly 50 years of service?  That type 
of survivability metric is hard to 
quantify, but the numbers would likely 
be staggering.  What’s more, for every 
aircraft that wasn’t shot down 
because of the Prowler’s efforts, 
consider how many additional aircraft, 
assets, and personnel were also 
potentially saved by not having to 
enter hostile territory to rescue 
downed aircrews.  “In other words,” 
as one writer put it, “the EA-6B had a 
cumulative effect on survivability 
rates of American aircraft” [2].

And the beneficiaries of the Prowler’s 
capabilities were not just air forces.  
The Prowler was able to jam not only 
radar and communications signals but 
also signals from other sources, such 
as cell phone and garage door openers.  

Primary Mission Electronic Countermeasures

Manufacturer Northrop Grumman Systems Corporation

Date Deployed First Flight:  25 May 1968; Operational Capability:  July 1971

Propulsion Two Pratt & Whitney J52-P408 turbojet engines (10,400 lbs thrust each).

Wingspan 53 ft

Airspeed >500 kn

Ceiling 37,600 ft

Range >1,000 nmi

Crew Pilot and three electronic countermeasures officers

Armament/Stores Missiles:  Up to four AGM-88 HARM
Other:  Up to five 300-gal external drop tanks, up to five AN/ALQ-99 tactical jamming 
system external pods, AN/ALE-43(V)1&4 bulk chaff-dispensing system pod, AN/AAQ-
28(V) LITENING targeting pod

Table 1.  The EA-6B Prowler at a Glance [3]



AS Journal 19 / SUMMER jasp-online.org  30

This capability would prove to be 
critical when remotely detonated 
improvised explosive devices (IEDs) 
emerged and began to threaten 
ground forces in Iraq and Afghanistan 
[2].  Without a doubt, the lives of many 
a soldier and Marine were saved by 
Prowlers preventing detonation 
signals from ever reaching their hidden 
IED receivers.  And many of these 
Warfighters and others were none the 
wiser.  Perhaps this is why the aircraft 
has been called “the most important 
combat jet that the public knows little 
to nothing about” [2].

To be fair, it’s not that the EA-6B hasn’t 
had its issues and incidents.  It has.  In 
fact, an estimated 50 Prowlers were 
lost due to accidents and mishaps 
during the aircraft’s lifetime [4].  One 
notable incident (pictured in Figure 3) 
occurred in 1981, when a Prowler 
crashed into the deck of the USS 
Nimitz, killing 14 crew members, 
injuring 45 others, and destroying or 
damaging 20 aircraft.  Similarly, in 
1998 a Prowler crashed into an S-3 
Viking on the flight deck of the USS 
Enterprise, killing four crew members 
and destroying two aircraft [4].  More 
recently, a Prowler on a low-level 
training mission in 2013 crashed near 
Spokane, WA, killing three Navy air 
personnel [5].

That said, the plane’s long-term proven 
record greatly outweighs its blem-
ishes.  But unfortunately, time (and 
technology) eventually catches up with 
everything.  And so it was with this 
last surviving member of the 

“Grumman Iron” tactical jets.  In July of 
2015, the Navy retired the last of its 
Prowlers, leaving only the Marine 
Corps to fly the aircraft until March of 
2019, when the one remaining Prowler 
Squadron—the Marine Tactical 
Electronic Warfare Squadron 2 (or 

VMAQ-2)—was officially deactivated 
at MCAS Cherry Point [2].

Technically, the Prowler’s very last 
sortie came a few days after its final 
flight and retirement ceremony at 
Cherry Point, when Lt. Col. Andrew 
Rundle, the commanding officer of 
VMAQ-2, piloted one of the historic 
planes to Washington, DC, where it 
will be displayed at the Smithsonian 
National Air and Space Museum [6].  
And rightfully so.

“[The Prowler] may not have been on 
all the Marine Corps aviation posters,” 
Lt. Col. Rundle said, “but [it] certainly 
[has] been involved in just about 
everything that has taken place in an 
air war perspective for the past 40 
years.”

And for that remarkable record of 
service, the aircraft survivability 
community salutes the EA-6B Prowler 
for a job well done.   

Figure 3.  Prowler Crash on the USS Nimitz in 1981 (U.S. Navy Photo).

Figure 4.  Sunset on the Last of the “Grumman Iron” Tactical Jets (U.S. Navy Photo).
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