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AFRL LASER SHOOTS 
DOWN AIR-LAUNCHED 
MISSILES

In April, the Air Force Research 
Laboratory (AFRL) reported that it had 
successfully used the Demonstrator 
Laser Weapon System (DLWS) to shoot 
down multiple air-launched missiles at 
the High Energy Laser System Test 
Facility at White Sands Missile Range, 
NM.  The shoot-down marked a major 
milestone in AFRL’s Self-Protect High 
Energy Laser Demonstrator (SHIELD) 
Advanced Technology Demonstration 
Program.

Although the DLWS was acting as a 
ground-based test surrogate for the 
SHIELD system, the goal of the program 
is to develop a directed-energy laser 
system that can be mounted as an 
aircraft pod (under an aircraft’s wings or 
fuselage) to provide a self-defense 
capability against surface-to-air and 
air-to-air missiles.  The Air Force is 
currently ruggedizing and reducing the 
size and weight of the SHIELD system 
and plans to have it fielded on super-
sonic and possibly other aircraft by 2021.

JASPO WELCOMES 
CARRELL MCALLISTER

The Survivability Assessment Flight, 
Aerospace Survivability and Safety 
Office (704 TG/OL-AC) and the Joint 
Aircraft Survivability Program Office 
(JASPO) are pleased to welcome their 
newest member, Ms. Carrell McAllister, 
to the team.  Carrell is serving as the 
JASPO lead for the Vulnerability 

Assessment and Reduction Subgroup, 
filling the vacancy left by Mr. Mike 
Weisenbach.

Prior to joining JASPO, Carrell served as 
an aerostructures analyst and project 
manager, providing consultant support 
to the Naval Air Systems Command 
(NAVAIR) Structures Division at Naval 
Air Station (NAS) Pax River for Magee 
Technologies.  Her experience includes 
aircraft design, systems integration, 
structural analysis, and damage 
tolerance.  Carrell also comes with a 
wealth of experience in aircraft 
survivability, having worked at the 
Institute for Defense Analyses (IDA) and 
Lockheed Martin Aeronautics Company.

During her tenure at IDA, she provided 
planning, analysis, and independent 
technical oversight of operational and 
Title 10, Live Fire Test and Evaluation 
activities for major acquisition programs 
in support of the Office of the Secretary 
of Defense (OSD), Director of 
Operational Test and Evaluation 
(DOT&E).  In particular, she served as 
the lead analyst for the KC-46 and 
various C-130 Live Fire efforts.  She also 
completed the Aircraft Survivability 

Short Course at the Naval Postgraduate 
School and has training in design of 
experiments and the COVART/FASTGEN 
survivability analysis codes.

Carrell holds B.A. and B.E. degrees from 
Dartmouth College as well as an M.S. in 
mechanical engineering from the 
Georgia Institute of Technology.

Welcome, Carrell! 

TOMMY SANDERS 
RETIRES 

Mr. Tommy Sanders, a great friend of 
the aircraft survivability community, is 
retiring after 47 years of Government 
service.  Tommy is one of the Navy’s 
foremost subject-matter experts on 
decoy flares and has been intimately 
involved with the design, development, 
fabrication, and testing of infrared 
countermeasures (IRCMs) and their 
dispensing systems.  Many know 
Tommy through his leadership on the 
tri-Service Joint Expendable 
Countermeasures Integrated Product 
Team or through his tireless support of 
IRCM testing at home and abroad.  
Except for a 1-year detail to Washington, 
DC, supporting PMA 272, Tommy spent 
his Navy career in Crane, IN, where he 
began as an In-Service engineer for 
Navy pyrotechnics, working on marking 
and signaling flares.  More than 4 
decades—and countless programs and 
test events—later, Tommy has decided 
to take a well-earned break from his 
longstanding service.  We wish him fair 
winds and following seas. 

NEWS NOTES by Dale Atkinson  
and Eric Edwards
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JCAT CORNER by LTC Ron Pendleton, CW5 Scott 
Brusuelas, and LCDR Matthew Kiefer

The Joint Combat Assessment Team 
(JCAT)—which consists of Army, Navy, 
and Air Force contingents—continues 
to adapt to the ever-changing worldwide 
operations to process evidence from 
aircraft hostile fire incidents to give 
combatant aircraft unit commanders 
immediate threat data, while also 
providing data for engineering improve-
ments to reduce the loss of lives and 
aircraft.

Since our last update, the team has 
been busy completing Phase Two and 
Three of our three-phase process to 
certify new JCAT assessors.  JCAT 
Phase Two training was held at the 
Naval Air Warfare Center (NAWC) China 
Lake, CA, on 11–15 March 2019.  JCAT 
trainees from Navy, Army, and Air Force 
personnel participated and received 
credit for JCAT training.  The Phase Two 
course is designed to build upon the 
student’s Phase One training, with 
additional classroom-based instruction, 
threat education, simulated field-based 
events, and event report-outs.

JCAT Phase Three, the Threat Weapons 
Effects (TWE) training, was held at Eglin 
AFB, FL, on 23–25 April 2019.  TWE 
training draws information from threat 
exploitation, live fire testing, and 
combat experience to provide a 
complete picture on threat lethality.  
This year’s event brought together 
approximately 200 personnel, including 
military and civilians in the survivability, 
intelligence, and aircraft operation fields.  
Subject-matter experts delivered 
briefings on various topics, such as 
design for Combat Rescue Helicopter 
(CRH) aircraft survivability, data analysis 
of recent hostile fire events, warhead 

design and blast effects, air-to-air 
threats, antitank guided missile threats 
to aircraft, and the Large Aircraft 
Infrared Countermeasure (LAIRCM) 
system, among others.  In addition to 
briefings on the latest happenings in the 
community, this event hosted a 
well-received live fire demonstration 
consisting of two shots of a man-porta-
ble air-defense system (MANPADS) 
against a simulated aircraft structure as 
well as a static detonation of a PG-7.  

With the completion of the JCAT phase 
training class of 2019, 27 joint personnel 
are now fully qualified JCAT assessors.  
Four of these members from the Air 
Force will be deploying to various 
overseas locations this year and are 
dual-hatted with battle damage repair 
and JCAT duties.  

Finally, Army JCAT would like to hail 
CW3 Paul Olson and his wife, Tracie.  
Paul joined JCAT in April after complet-
ing a recent deployment to Afghanistan 

with the Brigade Aviation Element, 1st 
Stryker Brigade Combat Team, 4th 
Infantry Division.  As a former infantry-
man and aviator, he brings a diverse 
background and is a welcomed addition 
to the team.  

In addition, Army JCAT extends a sad 
farewell to CW4 Bart Schmidt.  Bart 
officially retired from active duty at the 
end of May after a +26-year career, and 
he will be sorely missed.  The entire 
team would like to thank him for his 
service to the Army, to JCAT, and to the 
nation.  We wish him and his family the 
best of luck in their next adventure. 

U.S. Air Force Photo/Tech Sgt. D. Clare
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by Marty Krammer and Nathan Conde

ROTORCRAFT 
EFFECTS OF 
COUNTERING RPGs

Rocket-propelled grenades (RPGs), such as those shown in Figure 1, are a highly prolific threat that 
pose a significant danger to U.S. forces abroad.  Accordingly, these weapons have been the basis for 
multiple vulnerability studies, including the one presented herein.  To counter this threat, the U.S. 
Department of Defense (DoD) is researching numerous potential active protection system (APS) 
solutions for vehicle and aircraft applications.  In addition, the Navy has undertaken a project, spon-
sored by the Joint Aircraft Survivability Program Office (JASPO), to determine the potential effects 
of countering the RPG threat, as well as the residual debris created by the encounter, on military 
rotorcraft and the persons on board. 
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BACKGROUND

Over the last half century, from 
Vietnam through recent operations in 
Iraq and Afghanistan, U.S. aircraft 
combat losses have indicated a 
growing need to provide aircraft 
protection against RPG-rotorcraft 
encounters.  RPGs, once launched at a 
target, are a difficult challenge to 
defeat, and thus they pose a unique 
problem for Aircraft Survivability 
Equipment (ASE) countermeasure 
solutions.  They fly toward the target 
unguided and cannot be countered by 
traditional countermeasures that seek 
to jam, degrade, spoof, or decoy 
guided antiaircraft weapons.  And 
once they arrive, the relatively large 
power of their warheads, combined 

with the relatively lightweight 
structures of aircraft, can give them 
devastatingly destructive results. 

Solutions to RPG protection fall into 
three major areas: 

�� Prevent or distract the launch.
�� Intercept and degrade or destroy the 

RPG in flight.
�� Harden the aircraft to survive the 

engagement.

Recent technological advancements in 
APS for defeating or degrading the 
RPG have centered on the develop-
ment of a guided countermeasure 
munition (CMM), or RPG kill vehicle 
(KV), launched from an AN/ALE-47 
Countermeasure Dispense System, 

providing 360° protection to the 
rotorcraft against approaching RPGs 
(see Figure 2).   

Both warhead-kill vehicle (WKV) and 
kinetic-kill vehicle (KKV) CMM 
concepts have emerged from Army 
and Navy APS research efforts for 
countering the RPG threat.  Each 
concept, however, poses a unique 
engagement and defeat mechanism 
challenge against unguided aircraft 
weapons, such as the RPG.  The KKV, 
sometimes referred to as Hit-to-Kill 
(HTK) vehicle concept, accomplishes 
RPG defeat through precision CMM 
guidance and targeting, with physical 
body-to-body impact on the RPG 
warhead.  The WKV concept accom-
plishes RPG defeat or degradation 
through CMM guidance and lethal 
fragmentation targeting of the RPG 
warhead.  

ROTORCRAFT 
VULNERABILITY TO RPG 
DEBRIS PROJECT

In 2017, JASPO initiated a 3-year 
effort to understand rotorcraft effects 
of countering the RPG threat with APS 
CMMs.  The first year included 

Figure 2.  Notional Rotorcraft APS Engagement.

Figure 1.  The RPG Threat (Notional Representation).

Warhead Sustainer Motor Tail Fins

Expellant Charge

Fuze
REPLICA FIN ASSEMBLY (FIRED)

REPLICA RGP BOOSTER (PRE-FIRED)



AS Journal 19 / FALL	 jasp-online.org		  8

developing and demonstrating unique 
test capabilities to replicate KKV and 
WKV CMM engagements against the 
RPG.  The second year included live 
fire RPG debris characterization testing 
and RPG debris threat model develop-
ment.  The third year (2019) has 
included vulnerability analyses and 
reporting on results and findings.

Project objectives have included the 
following:

�� Characterizing RPG reactions and 
debris caused by KKV and WKV 
engagements.

�� Performing analyses to understand 
effects on rotorcraft, crew, and 
passenger survivability for RPG 
engagements.

�� Understanding the benefits of APS in 
reducing vulnerability and improving 
the survivability of the Warfighter.

Both APS WKV and KKV RPG defeat 
concepts were evaluated for the 
purpose of:

�� Determining their effectiveness in 
defeating the RPG threat at standoff 
distances away from the rotorcraft.

�� Understanding the RPG’s reaction to 
different engagements.

�� Understanding the residual debris 
(threat) effects created by the 
engagement and impact on rotorcraft 
vulnerability.  

Several locations on the RPG (high-
lighted in Figure 3) were targeted 
during RPG debris characterization 
testing.  These included the warhead’s 
fuze, warhead, motor, and tail sections.  
The APS RPG threat engagement 
scenario (illustrated in Figure 4) that 
was selected for testing represented a 
realistic engagement, producing 
maximum downrange RPG debris 
scatter and potential energy effects.  

Two standoff distances from the 
rotorcraft were evaluated for RPG 
debris characterization and vulnerabil-
ity analyses. 

The KKV used in testing reflected a 
Navy research APS CMM concept that 
was representative in size, mass, and 
materials composition.  Several WKV 
warhead concepts were evaluated in 
testing and reflected anti-RPG 
warhead designs developed under a 
related JASPO project, which focused 
on the development of an effective 
low-collateral effects warhead for 

APS application.  The anti-RPG 
warhead designs tested used a 
consumable fragmentation approach 
for RPG defeat.

For testing, a unique RPG launcher, 
KKV launcher, and targeting-firing 
control system was used to replicate 
body-on-body KKV-to-RPG intercepts 
and WKV warhead side-offset RPG 
engagement conditions (as illustrated 
in Figure 5).  These RPG launcher, KKV 
launcher, and intercept capabilities 
were developed and demonstrated in 
2017 under this project.  

TESTING

In 2018, live fire RPG debris character-
ization testing was performed at the 
Weapons Survivability Laboratory of 
the Naval Air Warfare Center 
Weapons Division (NAWCWD) in 
China Lake, CA.  Unique test capabili-
ties, data collection methods, and test 

Figure 3.  RPG Targeted Engagement Areas of Interest.

Figure 4.  Notional APS CMM RPG Engagement Scenario.

RPGs cannot be countered by 
traditional countermeasures 
that seek to jam, degrade, 

spoof, or decoy guided  
antiaircraft weapons.

Warhead Center

CMM Targeting Locations
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setup were developed to replicate APS 
CMM-to-RPG threat engagements.  
Data acquired in testing included RPG 

debris shapes, sizes, masses, speeds, 
and trajectories, as well as RPG 
shaped charge jet (SCJ) scatter, 

trajectories, and downrange penetra-
tions (when formed).

The setup developed for testing was 
extensive and spread over a relatively 
large area (as pictured in Figure 6).  
Testing used a custom RPG launcher 
gun, KKV launcher gun, and targeting-
firing control system to replicate both 
body-on-body KKV and WKV engage-
ment test conditions.  A total of eight 
high-speed cameras, combined with 
grid board and virtual measurement 
references, helped to determine 
residual RPG debris positions, veloci-
ties, and trajectories downrange.  
Time synchronization and positioning 
of cameras, combined with post-
processing parallax correction tools, 
also aided data collection efforts.

In addition, to assist with RPG debris 
observations, a witness wall was 
erected to help identify RPG debris 
trajectories and penetration capabili-
ties.  The RPG debris data acquired 

Figure 5.  RPG Launcher, KKV Launcher, HTK Fire Control System.

Figure 6.  RPG Debris Characterization KKV Test Setup at NAWCWD.
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from testing led to the development of 
RPG debris threat files to support 
vulnerability analysis.  WKV testing 
used the same setup as the KKV 
testing, with the exception of the KKV 
launcher gun, which was replaced 
with the WKV warhead fixture, and 
break-screen trigger arrangement 
(shown in Figure 7).

Testing (shown in Figure 8) was able to 
successfully characterize RPG debris 
resulting from KKV and WKV CMM 
engagements.  The testing also 
acquired data of RPG SCJ dispersions 
at long standoff distances (as shown 
in Figure 9).  The data supported the 
development of several RPG debris 
threat models supporting follow-on 

rotorcraft vulnerability and passenger 
survivability analyses efforts.

VULNERABILITY AND 
CREW AND PASSENGER 
SURVIVABILITY (CAPS) 
ANALYSES

Data captured from the Weapon 
Survivability Laboratory testing 
performed at China Lake were used to 
develop an RPG threat, which would 
feed into the Advanced Joint 
Effectiveness Model (AJEM).  This 
RPG threat, in conjunction with AJEM, 
was used to estimate rotorcraft 
vulnerability, as well as CAPS.  The 
objective of this analysis was to 

develop and demonstrate a modeling 
and simulation (M&S) methodology for 
assessing rotorcraft vulnerability to 
RPG debris as a result of a Navy CMM 
intercepting an incoming RPG at a 
specified distance from the rotorcraft.  
The objective was twofold: 

�� Determine the change in the 
rotorcraft’s vulnerability as a result of 
an RPG engagement with and 
without the Navy CMM.

�� Determine the change in the 
rotorcraft’s CAPS metrics as a result 
of an RPG engagement with and 
without the Navy CMM.

The project analysis leveraged work 
performed under a previous JASP 
project, a CH-53E integrated CAPS 
analysis.  As part of the project, the 
Navy developed a methodology to 
assess the survivability of aircraft 
personnel against hostile threats in 
the context of aircraft survivability.  
The AJEM data files created for the 
previous project were modified and 
subsequently used for this project. 

A total of 33 aspect angles were 
assessed for the AJEM runs.   
Figure 10 illustrates these angles  
on a notional aircraft.

Table 1 lists the five crash levels that 
factored into the primary CAPS 
metrics (the Probability of Exactly “i” 
Casualties [Ei] and the Expected 
Number of Casualties [EC]).  These 
metrics both depend on the crash level 
of the incident.

In addition to the five crash levels 
specified above, the CAPS analysis 
also considered casualty mechanisms 
(shown in Table 2) responsible for 
crew and passenger casualties.  A 
crash mechanism defines how the 
casualty occurred.  

Figure 7.  WKV Warhead Setup.

Figure 8.  RPG Engagement - WKV Warhead Testing.

Figure 9.  RPG Engagement - SCJ Formation.
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For the project, the five crash levels (in 
Table 1) and the four casualty mecha-
nisms (in Table 2) were used to assess 
the rotorcraft’s CAPS metrics.  The 
CAPS metrics were assessed for each 
of the five scenarios (shown in Table 3) 
to satisfy the overall objective of the 
analysis.

CONCLUSIONS

Results gathered from the AJEM runs 
involving the five aforementioned 
scenarios were successful in determin-
ing an optimal standoff distance from 
the rotorcraft, allowing for minimal 
casualties while also minimizing the 
rotorcraft’s probability of kill (PK) in the 
event of an RPG engagement. 
Additionally, this project’s analysis 
created a methodology framework 
that can now be used in future 
analyses involving APS CMM engage-
ments with incoming RPG threats. 

ABOUT THE AUTHORS

Mr. Marty Krammer is an aircraft 
vulnerability engineer at the Naval Air 

Figure 10.  Aspect Angles Assessed in AJEM.

Crash Level Description
Catastrophic Crash beyond structural limits, leaving no survivable space.
Critical Crash landing beyond crashworthy limits of aircraft, but not 

catastrophic.
Marginal Crash landing beyond structural design limits, but within 

crashworthy limits.
Minor Hard landing within aircraft structural limits.
Minimal Noncritical damage.  Aircraft is able to return-to-base (RTB) 

and land safely.

Table 1.  Definitions for CAPS Analysis

Casualty 
Mechanisms Description

Direct Casualty A casualty that occurs as a direct result of the threat, to 
include penetration, thermal, and blast effects.

Cascading 
Casualty 

Casualties that occur due to the cascading effects of the 
threat (e.g., fire), excluding effects caused by the crash or 
by failure to egress.  Cascading casualties can be caused 
by damaged components near the occupant causing a 
reaction that releases secondary mechanisms that injure 
the occupant (e.g., fire, smoke, hot fluid, overpressure, 
blunt force, etc.).

Crash Casualty A casualty that occurs during the crash element of the 
incident (due to blunt trauma, deceleration, penetration, 
etc., but not including fire [which would come under the 
cascading or egress mechanism]).

Egress Casualty A casualty that occurs during the egress portion of the 
incident.  This includes blocked egress and post-crash 
fire effects (thermal, toxicology, etc.).

Table 2.  Casualty Mechanism Definitions

Scenario Description
“Dud” RPG warhead fails to detonate; round treated as basic 

kinetic energy (KE) projectile.
Residual Debris CMM intercepts incoming RPG and disables SCJ 

warhead; resultant debris field from the APS CMM 
impacts the RPG still flying toward target.

Intermediate 
Standoff Distance

CMM intercepts incoming RPG at an intermediate 
distance from rotorcraft; damage effects comprise the 
jet itself, as well as the post-intercept debris field flying 
toward the target.

Long Standoff 
Distance

CMM intercepts incoming RPG far away from the 
rotorcraft; damage effects comprise the jet itself, as 
well as the post-intercept debris field flying toward the 
target.

Baseline CMM fails to intercept incoming RPG; RPG remains 
intact and fully functional as it impacts the target.

Table 3.  Run Scenarios Used in AJEM
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Warfare Center Weapons Division in 
China Lake, CA, currently leading live 
fire test and evaluations activities for 
several Navy aircraft programs.  With 
more than 28 years of experience, he 
has supported numerous aircraft 
vulnerability reduction and live fire test 
programs, including the AV-8B, F-15, 
F-14, F/A-18, JSF, AH-1, UH-1, H-60, V-22, 
and CH-53, and he has provided 
subsequent recommendations to reduce 
the vulnerability of these aircraft.  

Specializing in aircraft fire, fuel tank 
self-sealing, and explosion protection, 
Mr. Krammer also serves as the Navy 
co-chairman of JASPO’s Vulnerability 
Reduction and Analysis Subgroup, as 
well as the Navy Deputy Test Director 
for the Joint Live Fire Aircraft program, 
investigating vulnerability issues 
associated with fielded Navy aircraft.  

Mr. Nathan Conde is an aircraft 
vulnerability engineer with 10 years of 

experience in M&S at the Naval Air 
Warfare Center Weapons Division in 
China Lake, CA.  He is also the lead data 
developer for J-ACE (a Joint air-to-air 
and surface-to-air simulation program), 
and he has supported the analysis of 
numerous Navy aircraft platforms.  Mr. 
Conde also serves as the Navy 
representative for the System 
Characteristics Working Group.

For nearly a half century, the Joint Aircraft Survivability 
Program (JASP) and its predecessor organizations have 
worked to enhance combat mission effectiveness, 
improve the synergy and coordination of aircraft 
survivability improvement endeavors, and facilitate 
technology development and transition to weapon 
systems.  As part of these efforts, the Aircraft 
Survivability journal (ASJ) is published three times a 
year and distributed free of charge (in both hard copy 
and electronic form) to practitioners across the aircraft 
survivability industry.

JASP invites you to be a part of the ASJ community 
and connect with your fellow aircraft survivability 
professionals in this important field.
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Analysis Center (DSIAC) 
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To Submit an ASJ Article or 
Idea for a Future Article: 
Send an email to  
Mr. Dale Atkinson at  
daleatk@gmail.com



		  13	 jasp-online.org 	 AS Journal 19 / FALL

The HH-60W (shown in Figure 1) is the U.S. Air Force’s replacement for the aging HH-60G 
Pave Hawk helicopters, whose primary mission is combat search and rescue and personnel 
recovery.  Based on the in-production UH-60M, the HH-60W has been modified to meet 
unique mission needs, including larger internal fuel cells, increased survivability, updated 
mission systems, and aerial refueling capability.  This article, which is a follow-on to articles 
in the fall 2017 and fall 2018 issues of Aircraft Survivability, presents an overview of the 
HH-60W aircraft, the status of the LFT&E program, and an overview of the plan for the next year.  

THE HH-60W 
LFT&E PROGRAM:  
AN UPDATE
by Samantha Block

Sikorsky Photo
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Due to the commonalities among the -60 
Hawk fleet and the many years of 
relevant combat data, the Combat 
Rescue Helicopter (CRH) Live Fire Test 
and Evaluation (LFT&E) team is operat-
ing under a full-up, system-level (FUSL) 
waiver, approved by the Director, 
Operational Test and Evaluation 
(DOT&E).  Therefore, the HH-60W 
Alternative Test Plan LFT&E strategy 
focuses on new and modified compo-
nents and subsystems to determine the 
system-level survivability (susceptibility 
and vulnerability) of the aircraft as well 
as to assess the occupant force 
protection.  Leveraging the combination 
of existing LFT&E test data and combat 
data helps the Department of Defense 
(DoD) and industry to understand the 
challenges of balancing operational 
needs and the state of technology/
industry to continue to improve aircraft 
survivability.

The first flight of the HH-60W was 
completed on 17 May 2019 at Sikorsky’s 
Developmental Flight Center in West 
Palm Beach, FL, thus kicking off the joint 
Sikorsky/Air Force flight test program 
(see Figures 2 and 3).  Flight testing will 
occur in phases as the aircraft hardware 
and software configurations are 
modified and new airworthiness 
releases are obtained.  

REFUELING LINES

A building block approach is being used 
in the refueling line testing to maximize 
test efficiency and understand test 
variable effects before conducting 
production-representative testing.  The 
overarching goal of the test series is to 
determine the vulnerability of the 
HH-60W to threat-induced damage to 
fuel lines (including aerial refueling 
lines), such as leaks, fires, and starva-
tion.  Phase I LFT&E testing of the 
refueling lines, which was conducted to 
evaluate self-sealing line leak character-
istics, was completed in late 2018, 
giving the team actual data to inform 
Phase II testing.

Phase II, conducted in April 2019, was 
completed using an iron bird replica to 
evaluate the potential for sustaining dry 
bay fires underneath the cabin floor.  
Production-representative fuel transfer 
lines and fittings were used along with 

Figure 1.  The HH-60W (Sikorsky Photo).

Figure 2.  First Flight of the HH-60W (Sikorsky Photo).

The HH-60W has been modified 

to meet unique mission needs, 

including larger internal fuel 

cells, increased survivability, 

updated mission systems, and 

aerial refueling capability.
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realistic threats, assessing various 
shotline configurations impacting fuel 
hoses, fittings, and structural compo-
nents.  Dry bay conditions were 
monitored using thermocouples, 
external standard-speed cameras, and 
external high-speed cameras.  Any 
damage caused by sustained fires was 
documented thoroughly.  The results of 
Phase II testing is being used to 
determine the need for Phase III testing, 
which if required, will be conducted on 
an HH-60L surrogate aircraft.  

CABIN AND COCKPIT 
ARMOR

Given the expected operational use of 
the aircraft, the HH-60W is designed 
with parasitic armor in the cabin and 
cockpit to increase occupant force 
protection against realistic operational 
threats.  Designed to afford a greater 
level of protection than the HH-60G, 
ballistic qualification of the armor 
system is aimed at maximizing effective 
coverage.  The joint Air Force/Sikorsky/
supplier team worked through the 
challenge of maximizing ballistic 

performance around unique features in 
the armor design, including quick-
release pucks, attachments/fittings, 
high-use occupant areas, and panel 
edges.

Qualification testing, completed in May 
2019, included vibration testing for 
aircraft installation and ballistics, with 
completion of environmental testing to 
follow.  During ballistics qualification, 
the team encountered a concern with 
excessive backface deflection and 
worked to evaluate the risk of significant 
occupant injury by using a test proce-
dure described in body armor testing.  
Using a combination of test standards 
as a result of actual results encountered 
in testing is an example of the integra-
tion of the systems specification 
qualification and LFT&E teams.  This 
approach creates efficiency in the 
overall program schedule as well as 
better overall occupant protection while 
meeting qualification standards and 
LFT&E standards.

LFT&E of the armor system will begin 
with representative coupons to 

determine baseline performance of the 
armor against operationally relevant 
threats using DOT&E-approved statisti-
cal analysis methodologies.  The results 
of the coupon testing will inform testing 
of full panels installed on a surrogate 
H-60L aircraft.  The results of this 
testing, which is planned to take place 
in late 2019, will be incorporated into 
the overall aircraft vulnerability analysis 
report, and then into the consolidated 
LFT&E report, prior to the full-rate 
production decision.

FUEL CELL

The HH-60W fuel cell was completely 
redesigned to account for the extended 
combat radius and increased aircraft 
weight (as compared to the UH-60M 
baseline aircraft).  Qualification test 
activities began in late 2016, continued 
throughout 2017 and 2018, and were 
completed in early 2019.  LFT&E testing 
of the fuel cell will begin in 2019 and 
will include testing to characterize the 
system’s performance against the 
combat environment in which the 
HH-60W is designed to operate.  The 
system will be tested to operationally 
relevant threats in a production-repre-
sentative installed configuration, and 
the results will be analyzed for incorpo-
ration into the Integrated Survivability 
Assessment.

Figure 3.  First Flight Test Articles for the HH-60W LFT&E Program (Sikorsky Photo).

The HH-60W is designed with 

parasitic armor in the cabin 

and cockpit to increase occu-

pant force protection against 

realistic operational threats.


