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Why should you join the

Vertical Flight Society?

Engage with other VTOL
researchers and professionals
at local chapter events, our
Annual Forum or our other
meetings around the world.

Network with our industry’s
decision makers from
government, industry and
academia around the world.

Boost your research capabilities with
respected technical publications such
as the Journal of AHS, Vertiflite, and
over 15,000 digitized technical papers
from the online Vertical Flight Library.

I just wanted to write to express my thanks to the
organizers of the HUMS and Airworthiness Technical
Meeting. My colleague and I enjoyed the event very
much and found the presentations and associated
discussions highly informative.
We made some very useful contacts and intend to
try and foster some collaborative activity for the future.
We have some ongoing programs of activity
proposing to use regime recognition software for
which the presentations provided some significant and
positive inputs.”
Glenn K. Terry, CEng, MIMechE
Hampshire, United Kingdom

Vertical Flight Society
2700 Prosperity Ave, Suite 275, Fairfax VA 22031 USA
1-703-684-6777 Ext 107  Fax: 1-703-739-9279
Membership@vtol.org  www.vtol.org

Advancing Vertical Flight
For more than 80 years, the Vertical Flight Society — founded in 1943 as the American
Helicopter Society, Inc. — has been leading efforts to advance vertical flight.
VFS is the world’s only international technical society for engineers, scientists and leaders
working to advance vertical takeoff and landing (VTOL) technology. We bring together industry,
academia and government to tackle the toughest challenges in vertical flight. Our members
share a legacy of knowledge and accomplishment that has been driving innovation since the
advent of the helicopter.
Every year, the Society organizes or co-sponsors several regional and international conferences
that facilitate the advancement of the understanding and practice of VTOL aircraft technology,
and publishes the proceedings. The Society publishes the premier vertical flight technology bimonthly magazine, Vertiflite, as well as the world’s only peer-reviewed vertical flight technical
publication, The Journal of the AHS. VFS advocates on behalf of vertical flight to the public
and to government bodies, awards $100,000 in annual engineering scholarships, and sponsors
annual student competitions. In addition, the Society presents two dozen annual awards to
members of the vertical flight technical community for technical and practical accomplishments.

Mike Hirschberg
Executive Director
The Vertical Flight Society

Vertiflite’s editorial energies are devoted to informing our members of the advances being made
in the industry and encouraging increasingly broader use of vertical flight aircraft. Typical issues
are 80+ pages and cover the gamut of crewed/uncrewed, military/civil, piston/turbine/electricpowered aircraft, technology and developments. Vertiflite is written and managed by several leading award-winning VTOL journalists
and experts. This edition of Vertiflite CLIPS includes a sample feature article on the Future Vertical Lift (FVL) program and examples of
typical department articles from 2022.
We hope that you enjoy the sample articles in this issue of Vertiflite CLIPS and will join us in advancing vertical flight!

THE VERTICAL FLIGHT SOCIETY

Commentary

FVL — The Affordable Solution
By Mike Hirschberg, Executive Director

With the start of the new year, the pressure of two unexpected
crises gripped Washington — record inflation and unchecked
Russian aggression against Ukraine.
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Simultaneously, the two US Army Future Vertical Lift (FVL)
programs — the Future Long Range Assault Aircraft (FLRAA)
and the Future Armed Reconnaissance Aircraft (FARA) —
continued to make impressive progress towards their goals (see
“FVL: Protected Across Domains,” pg. 26).
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hostilities at extreme distances and high altitudes that are
denied to current Army helicopters, a key capability gap during
the war in Afghanistan.
Perhaps more important than overcoming the “tyranny of
distance” in the Eastern European and Asia-Pacific regions,
however, is the affordability baked into the designs. The Defiant
and Valor demonstrators proved that modern design and
manufacturing advances will make a step-change improvement
in both capability and affordability. With huge reductions in
parts counts, lower-cost materials and manufacturing methods,
and 3D-modeling tools for digital designs and virtual-reality
maintenance simulators, individual aircraft production and
maintenance costs will be substantially lower than the current
fleet on an aircraft-weight basis. Even more significant is the fact
that the FLRAA aircraft are capable of not only self-deploying,
but also flying long distances directly to the fight — without the
need to set up vulnerable and costly forward arming and refueling
points (FARPs) or repeated air-to-air refuelings — reducing the
time to arrive in theater by hours, days or even weeks.

Revolutionary Capabilities
The first FARA competitive prototypes — the Bell 360 Invictus
and the Sikorsky Raider X — are nearing completion in
preparation for their first flights next year.

Despite a highly constrained defense budget environment,
the challenges of near-peer competitors are greater now than
at any time since the end of the Cold War. Today’s inflation
woes are almost certainly a temporary blip. However, any
funding disruption to the FLRAA and FARA programs now
will be a long-term threat to the security of the US and its
allies, a threat put into sharp focus due to Russia’s increasingly
bellicose activities.

Meanwhile, the Joint Multi-Role Technology Demonstrators
(JMR TD) for the FLRAA acquisition program — initiated
with the first industry contracts in 2011 — have conclusively
proven that revolutionary performance and affordability can
be part-and-parcel of the next-generation rotorcraft being
developed under FVL.

As the nation’s leaders struggle with tough decisions for budget
priorities, rotorcraft modernization efforts are essential
to preserve. FVL is the affordable and low-risk acquisition
solution for the US Army, based on the JMR TD and extensive
design and testing over a decade — which has significantly
burned down risk.

The two companies are taking different technology approaches
to their efforts. The Bell V-280 Valor is an advanced tiltrotor
aircraft that converts from vertical to horizontal flight by
rotating its proprotors from vertical lift — like a helicopter’s
rotors — to the horizontal, like conventional aircraft
propellers, for high speed. The Sikorsky-Boeing SB-1 Defiant
is an advanced compound helicopter using twin coaxial rotors
to provide lift and a pusher propeller for high speed. Both
aircraft have verified that the designs meet the Army’s key
performance parameters through extensive testing campaigns.

Whereas today’s helicopters will have significant difficulties
in deploying across vast distances that may be necessary in
future conflicts, FLRAA will field advanced rotorcraft that can
fly to the area of operations and quickly be ready to fight as an
integral part of a multi-domain force.

The Defiant and Valor technology demonstrators for the
FLRAA acquisition program have proven the potential for
next-generation rotorcraft to leap far beyond current tools
for the warfighter, and far beyond anything else available in
the world. In addition to speed and maneuverability, the long
range for FLRAA will serve the US and allied nations to counter

Revolutionary Affordability
The Army can’t afford not to invest in FVL — these programs
have momentum, are performing well and must be seen
through. The United States is in a constant state of competition
with its peer and near-peer competitors, regardless of current
budgets, and the cost of inaction is high.
Industry has invested heavily to compete in FVL — estimated
at some $1.5B over the past decade — and the Army has seen
incredible levels of rapid technology maturation and risk
reduction as a result. The time is now to capitalize on FVL. The

concentration of effort, the proven configurations, the technical
advancements — much of that will be lost if the programs are
delayed. Delays will increase risk and cost to the nation.
In addition, the enduring fleet has reached its limits
in performance and cannot match FVL platforms for
integration of new technology. The innovations offered by
the modular open system approach (MOSA), as well as the
company systems integration labs (SILs) and the digital
environment offer increased speed to integrate and field this
transformational capability.
More than 400 rotorcraft and 600 American lives were lost in
that first decade of military operations in Afghanistan and
Iraq due to shootdowns and accidents at high altitudes, hot
temperatures and in dusty visual environments. This horrific
loss of blood and treasure must never be repeated. FVL promises
not only the aircraft performance and sensor fusion to avoid
accidents, but unprecedented survivability and operational
flexibility to operate in increasingly hostile threat environments.
FVL is also good for the entire rotorcraft industrial base — even
those companies who are not directly involved, as it shows the

possibilities of next-generation rotorcraft. Would Leonardo
and Airbus be developing advanced, high-speed rotorcraft
demonstrators focused on affordability and sustainability for
the European Union’s Clean Sky 2 initiative if FVL had never
existed? Perhaps not.
An Unpredictable Future
FVL is a smart investment ready to deliver game-changing
capability for warfighters with room for future improvements,
without breaking the budget. Cancellations of previous Army
rotorcraft acquisition programs significantly impacted Army
Aviation, and a major disruption in the FVL development
programs would be devastating to the US industrial base and
future combat capabilities.
The national security objectives of the US and its allies
are threatened by ever-increasing unpredictability. FVL
is transformational, the development efforts are making
impressive progress, and it’s a national security priority we
simply can’t afford to lose.
What do you think? Let me know at director@vtol.org.
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Rotorcraft News

Germany Selects CH-47F Chinook

On June 1, Germany’s Federal Ministry of Defense (BMVg)
announced that it had selected the Boeing CH-47F Chinook
for its heavy-lift helicopter requirement. In a press statement,
German Defense Minister Christine Lambrecht said that
the BMVg planned on acquiring 60 CH-47Fs in the Block
II Standard Range configuration with air-to-air refueling.
Germany’s parliament will need to approve the deal, which is
valued at up to $4B, before it is formalized.
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The decision is the culmination of the long-running Schwerer
Transporthubschrauber (STH, “Heavy Transport Helicopter”)
program, which sought to find a replacement for the German
Air Force’s ageing Sikorsky CH-53G Super Stallions. Germany
selected the Chinook, offered jointly by Boeing and Airbus,
over the Sikorsky CH-53K King Stallion, offered by Lockheed
Martin and Rheinmetall Group. According to a report in
Defense News, a driving reason for the decision was the lower
unit cost of the CH-47F, as the BMVg could afford to buy
50% more aircraft. The faster delivery timeline was likely
also a factor, as the German government is working to pass
an urgent €100B ($108B) defense boost prompted by the
Russian invasion of Ukraine.
Japan’s UH-2 Makes Maiden Flight
On May 19, Subaru Corporation conducted the maiden flight
of the first production Subaru UH-2 twin-engine utility
helicopter destined for Japan’s military. The 30-minute
hovering flight occurred at a Subaru facility north of Tokyo.
The helicopter is the first of an initial batch of six UH-2s that
Subaru is set to deliver to the Japan Ground Self-Defense
Force (JGSDF) by 2023, with additional deliveries scheduled
through 2025.
The UH-2, formerly the UH-X, is based on the Subaru Bell
412EPX, which Japan selected in 2015 to replace its ageing fleet
4

of Fuji UH-1J helicopters, a variant of the Bell UH-1H Huey.
Subaru, previously Fuji Heavy Industries, began producing
the Huey under license in the 1960s. A prototype of the UH-2
made its maiden flight in December 2018. The JGSDF has
placed orders for at least 26 UH-2s to date, according to Janes.
Connecticut Signs Agreement with Sikorsky

On May 23, Connecticut Governor Ted Lamont signed
legislation designed to maintain Sikorsky’s presence in the
state. A 20-year agreement ensures that Lockheed will maintain
Sikorsky’s headquarters in Stratford until 2042 and continue
to support the more than 30,000 direct and indirect jobs in
the state. The law ratifies an agreement that provides Lockheed
Martin, Sikorsky’s parent company, up to $75M in tax offsets
and incentives should Lockheed secure the contract for the
Future Long Range Assault Aircraft (FLRAA), for which it has
proposed to build the SB>1 Defiant with the Boeing Company.
South Korea Selects Bell 505
On May 17, Bell announced that the Republic of Korea (ROK)
has selected the Bell 505 for its military trainer program.
The Defence Acquisition Program Administration, South
Korea’s defense procurement agency, awarded Bell Textron
Asia a contract for the delivery of 40 Bell 505 helicopters by

2025. The deal, the value of which is estimated at $132.8M,
also includes the delivery of eight simulators produced by a
Korean firm, according to Yonhap News Agency. The contract
comes after a years-long effort to replace Korea’s fleets of MD
500 and Bell UH-1H training helicopters, which are in service
with the ROK Army and ROK Navy, respectively.
The South Korean military is the latest to select the Bell 505,
also known as the Jet Ranger X, as a training platform. The
Bell 505 has been in service as a trainer with Japan Coast
Guard since 2018. In December 2021, Bell delivered two
Bell 505s to Indonesia to be used as trainers for the Navy.
In February, Bell announced that the worldwide fleet of 360
civil and military Bell 505 helicopters had amassed more than
100,000 flight hours.
China Advances Heavy-Lift Helicopters
China’s 13-ton AC313A heavy-lift civil helicopter conducted its
maiden flight on May 17. The Aviation Industry Corporation
of China (AVIC) AC313A, an upgraded version of the AC313,
reportedly features new engines and gearboxes, modernized
avionics and other improvements. Unlike the AC313, which

incorporates Pratt & Whitney Canada PT6B-67A engines,
the three-engine A-model is believed to use locally produced
engines. The AC313 is based on the militarized Z-8 mediumutility helicopter, itself a locally produced version of the
venerable Aérospatiale (now Airbus) SA 321 Super Frelon.
Meanwhile, the AC352 reportedly completed its final
certification flight in late May, according to AVIC officials.
Since making its maiden flight in December 2016, the AC352
has accumulated more than 420 flight hours. The 7-ton civil
transport helicopter is a locally produced version of the
Airbus H175 that is powered by two WZ16 engines,
locally produced versions of the Safran Ardiden 3C.

Relentless
Insight
Bell’s first truly integrated vehicle health
monitoring system aims to warn Model 525
operators of problems and tell maintainers
and fleet managers what to do about them.
By Frank Colucci

B
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ell named its Model 525 super-medium helicopter
“Relentless” to underscore its expected unparalleled
availability in high-cycle oil industry flight operations. At
least part of that promised readiness comes from an integrated
vehicle health monitoring (IVHM) system with a modern central
maintenance computer that aggregates vibration data with
electrical performance, fluid levels and other health measures.
IVHM condition indicators (CIs) are downloaded on the
flightline or via satellite to help maintainers and fleet managers
remedy failures and anticipate maintenance. According to Bell
525 principal engineer Tim Doucet, “We anticipate the operation
on each aircraft to vary from owner to owner. We know that the
various maintenance practices and aircraft operation will directly
influence the aircraft’s availability, direct operating costs, direct
maintenance costs, etc.”

The current Model 525 IVHM system uses a Collins Aerospace
health monitoring unit (HMU) in the baggage compartment
to tap 25 accelerometers, five tachometers, and an optical
rotor track-and-balance sensor. The HMU also monitors tail
rotor torque and electrical currents and voltages, and monitors
trends in gearbox oil and hydraulic fluid levels. Collins fully
absorbed Goodrich Aerospace in April 2020, including the
Goodrich health and usage monitoring systems (HUMS)
used on military UH-60M and commercial S-92 helicopters
(see “Positive Prognosis,” Vertiflite, May/June 2012). Collins
Aerospace declined to describe the lineage of the Bell 525
HMU, but Doucet said, “That is a new-design box for the 525.”
The Collins HMU sorts system data into different folders
and flags exceedance, transmission chips and trending data.
Maintainers can view IVHM CIs on the Garmin G5000H
avionics system in the Model 525 glass cockpit. Doucet noted,
“The Garmin suite is the interface to the HMU for the display.
There’s no actual processing or analysis being performed by the
Garmin. It’s an integrated avionics suite, and the HUMS system

Relentless Development
The Model 525 IVHM system
is the first that has been
integrated on a Bell helicopter
from inception, and it promises
to grow more capable as the
big, new transport enters
service. “The IVHM system
will be functional on the first
aircraft delivery,” Doucet
noted. “All of the technical
aspects of the system will be
in place, and Bell will continue
to monitor and improve the
functionality of the system
as the product matures.” As
the first commercial fly-bywire (FBW) helicopter, the
20,500-lb (9.3-t) Relentless
continues type inspection
authorization testing while
Bell files certification artifacts
with the US Federal Aviation
Administration (FAA).
The Bell Flight Research Center
in Arlington, Texas, now flies
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three Model 525 test aircraft — the first prototype was lost
in 2016, and another recently-retired helicopter is being
converted into a maintenance trainer at the Bell Training
Academy in Fort Worth. “Those five aircraft were instrumented
to capture all of the data we were looking for to support those
condition indicators,” said Doucet. “We continue to capture
information today.” The IVHM system typically generates
about 30 MB of data per flight test hour and today provides
3,400 CIs about the helicopter drivetrain. Bell continues to
evaluate additional CIs to enhance the system.

The Bell Model 525 was designed with an integrated vehicle health monitoring system (IVHM) for
high-intensity oil industry operations. Ship 15 flew over the Gulf of Mexico from Galveston, Texas, in
October 2021. (Bell)

is integrated into the avionics package
to see any alerts in the system.”
Bell engineers worked with Collins
and Garmin to develop, configure,
integrate, and test the system. Bell
IVHM manager Alan Love explained,
“The short of it is, after evaluation of
the different technologies, we chose
the manufacturer who was most
willing to collaborate on a full system
integration.”
Built-In to Read-Out
Bell Model 407, 412 and 429
helicopters each acquired HUMS as
The Model 525 will have the ability to downlink real-time IVHM system data via satellite. (Bell)
a kit certified by supplemental type
certificates and added to the aircraft
when completed. Doucet said, “Typically, when we look at
the 429, the 412, those are still add-on kits from a different
manufacturer or supplier, not necessarily Collins.” The military
V-22 Osprey tiltrotor integrated VSLED — the vibration,
structural life and engine diagnostic system. The Model 525
was designed with vibration monitoring, but the broader
IVHM system was optimized with commercial fleet operator
input. Bell’s customer advisory panel and IVHM focus group
provided invaluable input, according to Doucet. “Effectively,
the 525 program has been specifically geared towards the
commercial market itself. When we look at the military aspect,
there may be some similar pieces to the program. However, the
525 is a completely new design and unique to itself.”
The Model 525 is integrated around ARINC-429 and -717
databuses, enabling the Collins HMU and Garmin suite to
consolidate information from distributed sensors. The General
Electric CT7-2F1 turboshafts also have full authority digital
electronic controls (FADECs) that feed engine health data to the
HMU and Garmin touch-screen controller. Engine data appears
on the HMU display. “The maintainer has the opportunity to
begin troubleshooting in the cockpit,” explained Doucet. While
the aircraft is on ground, IVHM data displayed in the cockpit is
limited to advisories that capture events and the triggers that
led to them.
Collected advisories, raw IVHM data and avionics data can be
downloaded to a Bell maintenance hub with MissionLink Edge
software. “When you have data from the aircraft going to the
laptop, the MissionLink Edge will marshal that data where it
needs to go,” explained Doucet. “Ultimately, we’re working
toward a variety of methods. One method is by Ethernet direct
connection. Another is by USB. We also have Wi-Fi capability
and envision SATCOM capability download as well.”

delivery, the customer will receive the Bell maintenance hub,
ruggedized laptop pre-loaded with maintenance software
including the Collins Pulse ground station, MissionLink Edge,
MissionLink Offline Fault Viewer, the Integrated electronic
technical manual and access to the web-based MissionLink
application.”
Bell servers will ultimately host a MissionLink web service
available to any Model 525 operator. A real- time aircraft health
service will also be available after type-certification using the
Garmin GSR-56H Iridium transceiver for satellite downlink.
Aircraft data sent during flight operations will update the
status of components. One Model 525 test aircraft at Arlington
already has the satellite kit installed.
The Relentless IVHM system and supporting tools cannot yet
predict component failures. According to Tim Doucet, “As we
talk today, that is not the capability of the aircraft itself. We
want to be able to leverage that through MissionLink. The end
goal is to have predictive maintenance and so forth to predict
when a component is failing ahead of time. That is always
a work in process.”
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IVHM advisory information is decoded in plain language
and visualized by the MissionLink offline fault viewer. The
viewer, in turn, links the Bell 525 to an interactive electronic
technical manual (IETM) for faster troubleshooting and repair.
Replacement procedures and part ordering are also integrated
seamlessly to provide faster corrective actions and dramatically
reduce downtime. Alan Love added, “With every aircraft

The Bell 525 underwent maintenance at the Bell Piney Flats,
Tennessee, facility on the way to a demonstration near
Washington, DC, last year. (Bell)

A VFS photo gallery of the Bell 525 Relentless and other
Bell/Textron aircraft is online at www.vtol.org/gallery.
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NASA’s LA-8: Generating
Public eVTOL Data
NASA Langley continues research to support
next-generation eVTOL aircraft with the
Langley Aerodrome No. 8.
By Robert W. Moorman

W

hile numerous electric vertical takeoff and landing
(eVTOL) aircraft move toward certification, NASA
Langley Research Center in Hampton, Virginia, is
researching how these aircraft operate and interact with an
electric-propulsion system.

NASA’s Langley Aerodrome No. 8 is a flying laboratory for eVTOL
research. (All images NASA)

The testbed for wind tunnel and free flight testing is the
distributed electric-propulsion Langley Aerodrome No. 8 (LA8) subscale eVTOL aircraft. The 65-lb (29.5-kg) LA-8, named
in honor of aviation pioneer Samuel Pierpoint Langley, who
coined the term “aerodrome” when naming his series of
subscale test aircraft in the late 1890s, is a tandem tiltwing
aircraft with four propellers on each tilting wing.
The LA-8 features a tricycle landing gear, with a vertical
strut at the front of the aircraft and an inverted V-shaped
structure for its rear landing gear. About 80% of the model
is built using 3D printers using nylon and polycarbonate,
which allows engineers to change the wings, the fuselage
and add other sections of the model, such as propellers
and computer hardware, rapidly. Flexibility in the aircraft’s
main components allows for quick changes to the vehicle’s
configuration to consider alternate designs.
The LA-8 is part of NASA’s Advanced Urban Air Mobility Test
Beds project, initiated to provide a baseline for understanding
the aerodynamics of present and future aircraft in the advanced
air mobility (AAM) sector, which includes the gamut of electric
aircraft from short-haul urban to regional flights.
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Data from the study could be used to develop test processes for
the US Federal Aviation Administration (FAA) airworthiness
certification. NASA wants to share the LA-8 test data with the
private sector to ensure eVTOL aircraft are safe for various
roles, including package delivery and passenger service.
“This particular aircraft doubles as both a wind tunnel and
flight dynamics model,” said David North, Unmanned Aerial
Systems Section Lead at NASA Langley. “The idea is to obtain
useful data that can be used to perfect modeling tools.”
Part of NASA’s work is to determine “how we model these new
type of vehicles, where you have highly integrated propulsion
and airframe interaction,” said North.
8

NASA’s David North and Brian Duvall work on the first LA-8 test
bed in the Langley wind tunnel.

Test Progress
The LA-8 effort was announced by NASA in April 2019 after
it had completed the first tests in NASA’s 12-ft (3.7-m) wide
Low Speed Wind Tunnel. Since then, the agency has kept the
research relatively quiet.
North updated Vertiflite on the ongoing testing.
“We’ve been through two years and four rounds of wind tunnel
testing, which we may revisit. And completed three months of
initial flight testing,” he said. “Those tests included pre-flight
and check flights, which validated the airframe and controller.”
So far, the LA-8 has been through functional flight-testing,
which established the basic airworthiness of the aircraft,
and allowed the flight test team to become familiar with the
craft. In early May, NASA posted a video of the second LA-8
transitioning to full wingborne flight at 130 ft (40 m) altitude
and 32 kt (59 km/h) at full tilt. North expects the LA-8 program
will move to more expansive flight tests later this year.

The second LA-8 completed a full transition to wingborne flight
earlier this year. (Video screenshot)

The LA-8 has an extensive data recording system that can
record 148 flight parameters, including airspeed, altitude,
pilot inputs, flight control outputs, Inertial Measurement Unit
(IMU) sensor data, power use, and motor RPM. Upcoming
research will focus on advanced flight vehicle modeling
techniques that use flight data to build analytical models.

of Aeronautics and Astronautics (AIAA) conferences, but also
published on the NASA Technical Reports Server (NTRS).

“Development of these techniques will help the eVTOL private
sector build their certified flight controllers in a more efficient
way,” said North.

“Design and Fabrication of the Langley Aerodrome No. 8
Distributed Electric Propulsion VTOL Testbed” highlights the
early development work on the drone.

NASA researchers also are trying to find the most effective
way to use the flight controls and ensure they can tolerate and
adapt to failures.

“System Identification for eVTOL Aircraft Using Simulated
Flight Data,” notes, “Propellers used for electric vertical takeoff
and landing (eVTOL) aircraft propulsion systems experience
a wide range of aerodynamic conditions, including large
incidence angles relative to oncoming airflow…”

Part of NASA’s research is determining the best way to control
and maneuver the LA-8 and, by extension, other eVTOL
aircraft. Explained North: “We want these vehicles to be overactuated. Meaning, you have several means of controlling the
aircraft in the three axes of pitch, roll and yaw. You might use
motors, elevators or wing tilting to control pitch.”
As with all research, mishaps happen. On one test fight, the
aircraft lost a blade on one of the propellers and the motor shut
down. “There wasn’t a significant change in the way the aircraft
flew,” said North. “We were able to get the vehicle down safely.
With a smart flight controller, you can sense those failures.”

Moog has a history with NASA. The company’s radiation-protected
avionics technology will control the space agency’s VIPER rover
during next year’s 100-day mission to the moon’s south pole.
Several technical summaries have been published so far on the
LA-8 program, including technical papers for American Institute

Another paper, “Wind Tunnel Testing Techniques for a
Tandem Tilt-Wing, Distributed Electric Propulsion VTOL
Aircraft,” notes that eVTOL “designs frequently include
multiple distributed propulsors, complex wing-propulsor
aerodynamics, significant airframe configuration changes
during normal flight operations, and no historical database
regarding the best ways to transition between vertical and
horizontal flight.”
NASA Technical Memorandum TM-2020-220437, “An
Experimental Approach to a Rapid Propulsion and Aeronautics
Concepts Testbed,” described the design process, fabrication
process, ground testing, and initial wind tunnel structural and
thermal loading of the LA-8, as a proof-of-concept test bed
to develop a database to improve the prediction of complex
propulsion-airframe interactions.
When asked if NASA was late in offering research data for
eVTOL aircraft that have been developed already, North
said, “The vast majority of data from eVTOL developers is
not publicly available.” He added, “Some companies don’t
have the resources to generate the data necessary to build
accurate models. Others, like Joby Aviation, Archer and Beta
Technologies have the resources to hire analysts and modelers,
but are not sharing that data.”
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North said researchers would soon venture into another test
phase, integrating the Moog flight controller and “smart”
autopilot. Moog, Inc., a manufacturer of precision control
components and systems, is a partner in the LA-8 program.
So, too, is Auburn University and Flight Research, Inc., a flight
testing and contract air support company. Both entities have
done research on the LA-8 program under Small Business
Innovation Research (SBIR) funding. SBIR grants are awarded to
small businesses with innovative ideas for government research.

The first LA-8 completed four rounds of wind tunnel testing
since 2019.

Consequently, NASA Langley is gathering data that is available
9

to anyone, including eVTOL aircraft developers, regulators
and the flying public. Despite profitability, regulatory and
operational concerns, the prospective applications for eVTOL
are numerous and varied.
“The emerging class of eVTOL aircraft has considerable, even
transformative market potential,” said Ray Jaworowski, senior
aerospace analyst, Forecast International. “That said, there are
a number of issues that need to be addressed before the full
market potential of eVTOL aircraft can be realized.”
He explained, “One involves infrastructure: a network of
vertiports and support facilities needs to be developed. In
addition, the FAA and other civil aviation authorities must
continue to develop regulatory and policy frameworks within
which these platforms can operate.”
Sharpening the Tools
The LA-8 program is the latest iteration of NASA’s AAM related
projects. In 2014–2016, Langley tested the first distributed
electric VTOL drone, the GL-10 Greased Lightning. The 62-lb
(28.1-kg) aircraft had a 10-ft (3-m) wingspan and 10 electric
propellers. That program garnered international attention for
the potential of distributed electric propulsion and helped kick
off the eVTOL revolution. The LA-8 flight control system is
based on the successful flight control system used on the GL-10.
The idea of designing, fabricating and testing these new types

of aircraft was part of NASA’s Transformative Aeronautics
Concepts (TAC) Convergent Aeronautics Solutions (TAC-CAS).
NASA’s Air Traffic Management — Exploration (ATM-X) and
TAC Transformational Tools and Technologies (TAC-TTT)
programs, are also supplying funding.
The TAC-TTT section is responsible for NASA’s controls
research program titled, Learn to Fly, which deals with the
rapid development of flight controllers and the ability to make
quick changes to flight control algorithms.
At present, the burgeoning eVTOL market resembles a Gold Rush.
More than 670 concepts for eVTOL aircraft have been proposed,
according to the Vertical Flight Society’s World eVTOL Aircraft
Directory (www.eVTOL.news). Industry observers believe
only a handful of these aircraft are expected to be certified and
marketable. Developing new aircraft is capital intensive. eVTOL
developers with deep-pocketed partners and a balance between
simplicity and performance, with manageable direct operating
costs, have a better chance of surviving.
Despite the challenges, analysts concur on the potential for this
new, clean form of air travel. The global eVTOL aircraft market
in 2021 was valued at $5.4B, according to Fortune Business
Insights. By 2028, the market is expected to climb to $23.21B.
If those projections hold up, eVTOL aircraft will become
a permanent provider of global air transportation.
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Piasecki to Fly World’s
First Hydrogen Helicopter
By VFS Staff

E

ssington, Pennsylvania-based Piasecki Aircraft Corp.
(PiAC) announced on March 29, 2022, that it had signed
an exclusive license for edm aerotec GmbH’s CoAX-2D
two-seat coaxial helicopter. The cooperative development and
license agreement with the edm aerotec — based in Geisleden,
in Thuringia, Germany — extends to other fields of research
and development (R&D).

The two-seat edm aerotec CoAX-2D. (edm photo)

edm aerotec developed and certified the CoAX-2D as a Light
Sport Aircraft under the German airworthiness authority.
The agreement provides PiAC exclusive rights to produce,
sell and support the CoAX-2D in North America, and
provides a collaborative framework for further research
and development. “This is a great opportunity for both
edm aerotec and PiAC. The two companies share a similar
heritage and the partnership expands market and R&D
opportunities for both companies,” stated PiAC President
and CEO, John Piasecki. Anja Ernst, CEO edm aerotec,
confirmed: “The cooperation with PiAC is a milestone for
edm aerotec, since not only can the CoAX be established in
America, but both partners can also continue to develop
and complement their know-how — this is the perfect
prerequisite for future developments.”
PiAC has procured two CoAX-2D helicopters for engineering and
flight evaluations to support near-term research and development
objectives. As part of the collaboration, PiAC will conduct a
market and technical feasibility assessment to determine the
best path forward to obtain FAA certification. Potential markets
include training, personal transport, utility inspection, and other
uses requiring an affordable two-person helicopter capability.
With advances in Simplified Vehicle Operation (SVO), PiAC sees
potential growth in access and utilization of vertical lift mobility
for both personal and commercial applications.
At the 1st H2-Aero Symposium & Workshop — held by the
Vertical Flight Society in Long Beach, California and online on
March 29–30 — PiAC CEO John Piasecki provided details on
its PA-890 hydrogen fuel cell-powered, slowed-rotor winged
compound helicopter. In addition, he revealed for the first time
that the company would flight test what will most likely be the
world’s first human-carrying hydrogen-powered helicopter,
using the edm aerotec CoAX-2D as the testbed. The hydrogenpowered CoAX would use a HyPoint 80-kW high-temperature
proton-exchange membrane (PEM) fuel cell.

innovation. Piasecki has developed and flown more than 25
different advanced VTOL and uncrewed aircraft.
edm aerotec was founded in 2011 and is one of the leading
developers and manufacturers of ultra-light helicopters. The
company has its origins in Dreiling Maschinenbau GmbH
(with 130 employees) and has an accomplished history and
experience in mechanical engineering. Thanks to vertically
integrated state-of-the-art turning and milling centers, the
company manufactures all components in-house. edm aerotec
GmbH, which was spun off in 2011, manages the development
and production of UL helicopters as well as the repair and
assembly of machines and systems in a 2,400-m² (15,000-ft²)
facility employing 30+ engineers and technicians.
The CoAX-2D has two counter-rotating, two-bladed composite
rotors with a diameter of 21.3 ft (6.5 m), and weighs 625 lb
(283 kg) empty, with a maximum gross takeoff weight of 992
lb (450 kg). It normally uses a 125-hp (93.2-kW) D-Motor
International engine and has a maximum speed of 92 kt (170
km/h) and a cruise speed of 81 kt (150 km/h). D-Motor is a
Belgian company founded in 2010; its six-cylinder 245 cubic
inch (3993 cc) LF39 four-stroke side valve (flathead)
boxer engine weights 170 lb (78 kg).

May / June 2022

Founded in 1955, PiAC is a pioneering research and
development business specializing in design, fabrication
and flight testing of experimental rotorcraft and unmanned
air vehicles. Piasecki has been recognized with numerous
awards, including the “National Medal of Technology,” the
Smithsonian’s “Air and Space Achievement Award,” and the US
Department of Defense “Tibbetts Award” for small business

Piasecki will flight test the CoAX-2 using a hydrogen fuel
cell system.
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Beta Flies
Cross Country
In May, Beta Technologies flew its all-electric
Alia-250 prototype from New York to Arkansas
in a record-setting cross-country flight.

By Kenneth I. Swartz

O

n May 23–24, the Beta Technologies Alia-250 (N250UT)
electric vertical takeoff and landing (eVTOL) aircraft
made a 705-mile (1,135-km) cross-country flight
from Plattsburgh International Airport (PBG) in New York to
Springfield-Beckley Municipal Airport (SGH) in Ohio, after
recharging stops at Griffiss International Airport (RME) and
Chautauqua County/Dunkirk Airport (DKK) in New York, and
Akron-Canton Regional Airport (CAK) in Ohio.
This was one of the longest cross-country flights performed
by an electric aircraft of any kind in North America — since
the cross-country journey of the Solar Impulse in 2016 — and
highlights the technical maturity of Alia-250 flying in electric
conventional takeoff and landing (eCTOL) configuration.
Springfield-Beckley Airport is where the US Air Force Research
Laboratory (AFRL) broke ground an advanced air mobility
technology simulator facility in December 2020 to support the
AFWERX Agility Prime initiative. Beta has installed an Alia250 flight simulator at the Air Force facility and another in
Washington, DC, to support its Agility Prime contract and civil
development efforts.
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On May 28, the aircraft departed Springfield heading southwest
across Ohio, Indiana, Illinois and Missouri over three days,
before arriving in Bentonville.

12

Bentonville is the headquarters for Walmart, founded by Sam
Walton in 1962, while Bentonville Municipal Airport/Louise
M. Thaden Field is the home of Game Composites, a composite
aircraft manufacturer founded in 2013 by Sam Walton’s
grandson, Steuart Walton, and aerobatic champion Philipp
Steinbach. The company produces the GB1 GameBird aerobatic
aircraft, which achieved certification by the US Federal Aviation
Administration (FAA) in May 2019.
The Alia-250 was displayed in Bentonville on June 6-8 at the
2022 UP.Summit, and did a flight demonstration during a
Community Day at Thaden Field on Sunday, June 5. The inviteonly UP.Summit was founded in 2017 and is jointly hosted by
investment firm UP.Partners, Walmart heirs Tom and Steuart

Beta’s Alia–250 prototype flies past the US Air Force Museum at
Wright-Patterson Air Force Base near Dayton, Ohio. (Beta)

Walton, and Ross Perot, Jr., alternating between Bentonville
and Dallas/Ft. Worth, Texas, annually.
After the UP.Summit, the Alia-250 returned to SpringfieldBeckley Airport, making an overnight stop on June 12 at
Kentucky’s Louisville Muhammad Ali International Airport
(SDF), which is the site of the massive 5.2-million-ft2
(483,000-m²) UPS Worldport air cargo facility. In April 2021,
UPS Flight Forward became the third customer for Beta with
plans to buy up to 150 units. The company’s specifications
show that the Alia-250c eVTOL aircraft has a cargo capacity of
1,400 lb (635 kg) and a range of 250 miles (400 km).
This is the latest in a series of cross-country flights for
the Alia-250, which first flew as a conventional fixed-wing
aircraft at Plattsburgh Airport in upstate New York in July
2021, after being flown across Lake Champlain by Sikorsky
S-61N helicopter from the Beta hangar and headquarters at
Burlington International Airport (BTV) in Vermont.
In mid-March 2021, the aircraft made its first multi-airport
flight when it flew under its own power back to Burlington
with flight tests confined to the Burlington-Plattsburgh
area. Then, on April 15, 2022, the prototype flew to Lebanon
Municipal Airport (LEB) and Manchester Boston Regional
Airport (MHT) in New Hampshire (see “Beta Alia-250 Flies to
New Hampshire,” Vertiflite, May/June 2022)
Since then, the prototype made a record-setting 2:09-hour
flight between Rutland-South Vermont Regional Airport
(RUT) and Plattsburgh on May 20, prior to departing for
Griffiss Airport in Rome, New York, on Monday, May 23.
All total, the flight from Plattsburgh to Bentonville covered
1,355 miles (2,181 km). An article posted on PopSci.com
reported that the aircraft flew a total of 1,403 miles (2,258 km)
in the air during the trip from Plattsburgh to Bentonville.
In late 2020, Beta founder and CEO Kyle Clark announced
the company had already begun establishing charging
infrastructure to facilitate cross-country flights of the Alia-250

Map of Alia’s route created with Great Circle Mapper, a free program for mapping routes and flights. (Author using gcmap.com)

between Plattsburgh and Springfield-Beckley Airport as part
of its initial flight test contract with AFWERX.
Beta has elected to fly the Alia-250 as a conventional fixed-wing
aircraft before commencing the vertical flight and transition
portion of the flight test program, which will largely fall to the
second Alia-250 prototype (N251UT), which is being outfitted
with four lift propellers for tethered flights.

Beta has not revealed exactly when it expects the Alia-250
to make its first transition between vertical and horizontal
flight, but the company expects the first aircraft to enter organ
transfer and cargo service in 2024.
Beta’s original Ava XC technology demonstrator, which made
its first flight in 2018, was first flown in the hover mode,
but later took off horizontally from the runway.
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Electric VTOL News

Here’s our roundup of news on electric and hybrid-electric
vertical takeoff and landing (eVTOL) aircraft from our
Electric VTOL Newsletter and website: www.eVTOL.news.
More than 575 eVTOL aircraft have been catalogued to date,
with new aircraft added after every unveiling. Check out
eVTOL.news for more information on each of the aircraft
described here or to subscribe to our newsletter.
AIR Reveals AIR ONE

accepting a limited number of orders for delivery in 2022
and 2023. The 200-lb (90-kg) Jetson ONE is being sold for
$136,000 and, as of December 2021, customers had reserved
all but three of the available aircraft. “The Jetson ONE is an
electric helicopter that you can own and fly,” Jetson co-founder
Peter Ternström said in a statement. “We intend to make
everyone a pilot.”
Vertical Unveils VX4 Mockup

January / February 2022

On Oct. 19, AIR, an eVTOL developer based in Pardes Hanna,
Israel, unveiled the AIR ONE eVTOL concept. The AIR ONE is
designed to have a capacity for two people and will be powered
by four pairs of coaxial electric propellers, enabling it to reach a
maximum speed of 135 kt (155 mph) at a range of 177 km (110
miles) on a single charge. The AIR ONE is advertised as capable
of taking off and landing on any flat surface, and promoted for
personal use, with collapsible wings for storage. “AIR is looking
to make a true difference by making the freedom of flight truly
accessible to people,” said AIR CEO Rani Plaut in an interview
with the Times of Israel. The company began flying a 60%-scale
aircraft in 2019 and is aiming to begin full-scale flight tests in
February 2022; AIR hopes to obtain FAA certification for the
aircraft by the end of 2023, with deliveries beginning shortly
thereafter. According to Plaut, pre-orders of the AIR ONE are
already in the “triple digits.”
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Jetson ONE Primed to Deliver
Jetson AB, a Stockholm, Sweden-based eVTOL developer, has
begun accepting a limited number of orders for the Jetson
ONE, a single-seat eVTOL featuring a rigid aluminum frame
and eight electric motors. The company was founded in 2017
in Poznan, Poland, and began flying its “Speeder” prototype in
January 2018 (see Electric VTOL News, March/April 2019).
Jetson completed the first Jetson ONE prototype in 2020. It
was officially unveiled on Oct. 21, 2021, at which point it began

On Oct. 27, Vertical Aerospace announced that it had secured
$205M in a financing. The new funding will support the
production and certification of the VA-X4 (now renamed the
“VX4”) , its five-seat eVTOL with a range of 100 miles (161
km). Murdrick Capital Management led the round with an
investment of $200M; it was joined by Kouros SA with a $5M
investment. In addition, shareholders of Broadstone Acquisition
Corp. — a special purpose acquisition company (SPAC), which
is a shell company that serves as a vehicle for listing on a public
stock exchange — voted to complete the business combination
with Vertical on Dec. 14. Vertical was then uplisted on the New
York Stock Exchange under the symbol “EVTL.”
Meanwhile, Vertical Aerospace has bolstered its efforts
to develop the infrastructure to facilitate future eVTOL
operations. On Oct. 25, the company announced a collaboration

with London’s Heathrow Airport to study the feasibility of
conducting eVTOL operations from Heathrow by the mid2020s. Then, on Oct. 28, Vertical announced that it had
partnered with Ferrovial to develop a network of more than
25 vertiports across the UK. In “The Future of Advanced Aerial
Mobility,” a whitepaper published in October, Vertical noted
the complexity involved in developing vertiports, estimating
that it would likely take 3–5 years to develop a site depending
on local regulations. With this new partnership, Vertical
expects that Ferrovial, which has invested in or manages 33
airports worldwide, will bring its expertise to this new domain.
According to SMG Consulting’s Advanced Air Mobility (AAM)
Reality Index, Vertical Aerospace has conditional orders and
options totaling 1,350 aircraft, the most known from any
electric aircraft company. The company revealed a full-scale
mock-up (shown) of its VX4 on Dec. 9.
Dufour Launches Aero2 Drone

vehicles and convening public and
private stakeholders to responsibly shape
the emerging Advanced Air Mobility
(AAM) industry. It plans to launch its
first commercial flight in 2028 and
scale operations, leveraging the Group’s
manufacturing expertise, as the AAM
market and public acceptance begin to grow in the 2030s,” the
press release stated. Jaiwon Shin, who has led Hyundai’s AAM
work since 2019, was named as the CEO, while Ben Diachun
remains as the CTO. Supernal means “of exceptional quality
or extent” (as well as “relating to the sky or the heavens”) and
“speaks to how the Company plans to revolutionize travel and
enhance the passenger experience.” Supernal has offices and
facilities in Washington, DC, and throughout California.
In addition, Supernal announced the expansion of its Airspace
Management Consortium on Nov. 8, with the introduction
of Skyroads (formerly D3 Technologies), Altitude Angel and
OneSky to the industry working group. Hyundai launched the
consortium in June to serve as a resource for the AAM industry
and policymakers in the US and internationally as they begin
to shape common operating and design standards that support
industry development.
Manta Aircraft Expands Network

Hyundai is Supernal
On Nov. 5, Hyundai Motor Group announced the formation
of “Supernal, LLC” ( www.supernal.aero) to lead its AAM
efforts. “The Company is developing a family of electric air

In November, Manta Aircraft, a Switzerland-based developer
of hybrid-electric vertical and/or short takeoff and landing (V/
STOL) aircraft, announced five new partnerships. On Nov. 9,
Manta announced that it had partnered with Kineton, Pantecnica,
Powerflex and Pietro Rosa on the development of its electric V/
STOL aircraft, ANN. Kineton will contribute to the development
of the software for ANN, while Pantecnica and Powerflex will
assist with aerospace qualification testing and the design of other
onboard systems. Pietro Rosa, a company specializing in engine
components, will also support the development of the propulsion
system. On Nov. 17, Manta announced that it had partnered with
Foviatech GmbH on the integration of AI solutions on eVTOL
aircraft to optimize flight controls. The company has been flying a
one-third scale model of its ANN2 “Speeder” since 2020 (shown).
The two-seat ANN2 has eight ducted lift fans and is
intended to cruise above 160 kt (300 km/h).

January / February 2022

Zurich, Switzerland-based eVTOL company Dufour Aerospace
launched the Aero2 as its first commercially available product
in their tilt-wing eVTOL family on Nov. 4. Aero2 is designed as
a multi-purpose small unmanned aircraft system (UAS) with
“an unmatched operational flexibility and low operating cost.”
This planned commercial drone is based on the subscale flight
test demonstrator the company has been flying since 2020 to
develop their Aero3 tiltwing eVTOL for passenger transport
and search and rescue (SAR). The Aero2 has a payload of up to
88 lb (40 kg), a maximum take-off weight of 330 lb (150 kg) and
a maximum flight time of one hour in all-electric configuration
and up to three hours with a hybrid-electric propulsion system.
Dufour said the Aero2 was designed to fully comply with the
European Union Aviation Safety Agency (EASA) “Special
Condition for Light Unmanned Aerial Systems,” and would be
“suitable for a wide variety of customer applications.”
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Leadership Profile

Mark Cherry

Vice President & General
Manager, Boeing Vertical Lift
Heading the Vertical Lift division
within Boeing Defense, Space &
Security since March, Mark Cherry
manages more than 5,000 people
who design, manufacture and support
advanced military rotorcraft. “We
strive to be absolutely boring,” he
offered, “just deliver on time and
on schedule with everything our customers expect. There’s
always drama that comes with that, whether it’s supply chain
disruptions; whether its COVID; you name it. I, and my Vertical
Lift management team, work to reduce anything that’s in the way
of our engineers [and] our technicians doing their quality work
and getting their jobs done.”
The jobs are divided mostly between the Philadelphia,
Pennsylvania, and Mesa, Arizona, complexes that deliver
Apaches, Chinooks and Ospreys to US and international
customers. Cherry explained, “Because we’re delivering more
Apaches than Chinooks or V-22s on an annual basis, the takt
or rate of line movement is faster, and that brings its own
challenges to ensure just-in-time kitting and the like. But for
the most part, we approach the operations part of Vertical Lift
at Philly and Mesa in a similar manner.”

November / December 2021

Day-to-day operations and customer interactions also provide
engineering insight to pursue new business. Cherry said, “You
start with execution, but then it’s helping our customers think
about what the next thing might be, whether it’s producibility,
whether it’s supportability, whether it’s capability specifically
as our customers are pivoting from the War on Terror to the
IndoPaCom region and a peer-to-peer fight. We’re helping
them think about ways vertical lift can accentuate their mission
capabilities there.”
Boeing Vertical Lift is teamed with Sikorsky, a Lockheed
Martin Company, on the Defiant X Future Long Range Assault
Aircraft (FLRAA) proposed for the Future Vertical Lift (FVL)
initiative. “We are a 50-50 partner on Defiant,” noted Cherry.
“We have unsurpassed experience in mission systems, training,
sustainment, and we’re well positioned to meet the Army’s
needs in 2035 and beyond. I will also say that something we’ve
been working very hard on is using the digital thread and digital
capabilities there. I think that is one of the exciting things that’s
happened in aerospace. It’s not the what; it’s the how.”
Learning How
18

Cherry was born at Loring Air Force Base in northern Maine
and grew up following his father’s duty assignments to Kadena,
Okinawa; Strategic Air Command headquarters in Nebraska;
and Virginia, close to the Pentagon. “I am an Air Force brat,”
he noted. “My dad was 26 years in the Air Force and retired as
an O-6 [Colonel] back in the early ‘90s.” Charles Cherry flew
as a navigator and electronic warfare officer on B-52 bombers
and RC-135 reconnaissance aircraft and ultimately served as
a Joint Staff action officer in Washington, DC. “My dad had a
friend who was an SR-71 pilot, so they let me, as a kid, walk
around an SR-71, and I thought that was the most amazing
thing I’d ever seen in my life. I got enthralled by aerospace. I
was really into building models growing up. I also wanted a
chance to play football and to possibly fly. I decided to go to the
Air Force Academy and haven’t looked back since then.”
Cherry graduated as an officer and engineer in 1991. “I’m a
mechanical engineer. I toyed around with electrical engineering
but mechanical engineering seemed more intuitive to me.”
He subsequently earned his Master’s degree in systems and
aeronautical engineering from the Air Force Institute of
Technology (AFIT) and worked on the F-16 Advanced Fighter
Technology Integration (AFTI) effort, the ground collision
avoidance system, and early unmanned aircraft systems (UAS)
at what is now the Air Force Research Laboratory (AFRL) at
Wright-Patterson Air Force Base near Dayton, Ohio.
The engineer left the Air Force and earned a Master of
Business Administration from Stanford before joining Boston
Consulting Group. “They help CEOs solve problems,” he
explained. “Do I outsource or in-source? Do I move a plant from
the United States internationally? What do I do to optimize my
supply chain? That really helped me in terms of refining some
business skills. I studied for my MBA, but now I was practically
using those tools to solve business problems.”
An excursion into semiconductor test equipment led Cherry back
to aerospace and introduced him to vertical flight. “I got hired to
work for [Sikorsky VP and later President] Mick Mauer as his
director of operations at Sikorsky. “I did all the capacity analysis.
This is back in 2007. We were still ramping up [UH-60M] Black
Hawk production. We were preparing for -53K production. I
was looking at S-92 production. It was really a combination of
optimizing for capacity. Then I was VP of Marine Corps systems
where I was responsible for the Presidential helicopter and the
CH-53K, as well as the ’53 Delta and Echo models.”
Cherry was vice president of strategy for the helicopter maker
when recruited to work on broader cutting-edge technologies. “I
left Sikorsky because I had an opportunity to become president
and chief operating officer of Aurora Flight Sciences, which
specializes in unmanned aircraft and advanced capabilities. I

was really excited by autonomy and the use of autonomy by my
earlier days in the Air Force.” Cherry was on hand at China Lake,
California, for the first flight of Aurora’s Orion medium altitude,
long endurance (MALE) UAS. “Any first flight is nail-biting, but
going through that was really something,” he noted. “We did the
Centaur aircraft where we autonomously flew the aircraft in the
National Air Space, the first time that had happened.”
Aurora won the VFS 2018 Howard Hughes Award for its work
on an autonomous Huey for the Office of Naval Research
(ONR) Autonomous Aerial Cargo Utility System (AACUS)
program. “We were able to demonstrate autonomous flight as
well as resupply capability that would be advantageous to the
Marine Corps,” Cherry noted. “You had the sensor capabilities
— lidar, etc. — with a pilot on the loop versus in the loop.
Tightening that loop and having confidence that people can get
on the loop but not in the loop is probably one of the biggest
breakthroughs for the community in the last 10 years.”
Equally intriguing was the XV-24A Lightning Strike hybrid-electric,
ducted-fan UAS, one of the first large-scale electric vertical takeoff
and landing (eVTOL) designs, with a 12,000-lb (5.4-t) gross weight.
“We actually flew a [325-lb (150-kg)] scaled version of Lightning
Strike, and it was very successful,” observed Cherry. “The challenge
was the key supplier of the 1 MW generator couldn’t get it to work
the way we expected it to. I think the success of Lightning Strike was
just being able to distribute that power. Unlike the classic vertical
lift machine where you’re using gears and gearboxes to distribute
the power from your engine, if you can do that electrically, there’s
huge savings in weight. It’s a huge enabler in what is possible from
a platform perspective. We were successful in the architecture that
allowed for the distribution of that power.”
Boeing Breakthroughs

Phantom Works beat competitors Lockheed and General
Atomics with the MQ-25 unmanned tanker designed for the
US Navy around model-based systems engineering (MBSE) and
the digital thread. “Boeing first utilized the digital thread and
model-based systems engineering for the T-7 trainer,” noted
Cherry. “That was a prototype completely built from a digital
perspective.” The engineering tools promise faster, more efficient
ways to redesign systems and update changes. “We’ve already

MBSE and the digital thread likewise promise to address what
Cherry sees as the primary rotorcraft shortcoming. “It’s not
really the capability. It’s how we produce. With semiconductors,
it’s Moore’s Law: you double capability and halve cost every X
number of months. It wasn’t until I got back into aerospace
that [I saw that] there was a natural assumption of cost
escalation all the time. We’re going to have to find a way to turn
that curve. That’s where it goes to the use of the digital thread,
and where model-based system engineering might be a way to
turn the tide. We cannot continue to escalate and expect our
customers to pay more and more.”
Cherry continued, “Obviously safety and quality are number one
— we don’t ever want to put those at risk. But if you look at how
we do sand castings and forgings and gears and how much that
has not changed over the last two, three, four decades, compare
that with what has happened in software and the like. We need to
bring in the entire platform and capabilities with the same sort of
expectation of cost improvement. We’re demonstrating some of
that on our FLRAA offering, but I think there’s more to come. I
think in order for that to happen, we need the entire community
to step with us, not only the OEMs and the supply chain, but the
airworthiness authorities. We all need to work together. They
have to hit the ‘I Believe’ button on digital models to say they are
true representations of what actually happens in flight test.”
Boeing has demonstrated autonomous refueling between the
unmanned MQ-25 tanker and manned F-18 and F-35 fighters,
and Cherry sees implications for advanced rotorcraft. “Autonomy
and the ability to use aircraft autonomously is something we
consider a necessary option and something all of our platforms
are going to need to have in the future. We’re more closely looking
at manned-unmanned teaming, how Air Launched Effects could
work harmoniously with Apaches, Chinooks or other of our
platforms.” Teaming is more than technology. “I think it goes
more to the airworthiness community and the comfort they
have. Where do we have humans — on the loop or in the loop? I
think it depends on the mission.”
Mark Cherry joined VFS — then the American Helicopter Society
— in 2008. He was elected to the VFS Board of Directors this past
April. “I think it’s a great community to tackle common issues,”
he said. “It’s also about attracting people to the community, new
talent. I loved the engineering challenges like the human-powered
helicopter. Those are the sorts of things that get folks excited
about the community and attract the next generation of
engineers. I think that’s one of the best value propositions
the Society brings, and I’m excited to be part of that.”

November / December 2021

Aurora was acquired by Boeing in 2017, and Cherry became
vice president and general manager of its advanced research
and development organization. “We sold Aurora to Boeing on
a Tuesday, and I started as leader of Phantom Works on that
Friday. About 80% of what we do at Phantom Works is classified,
but I can say [Boeing Defense CEO] Leanne Caret asked me to do
two things — win new franchises and to be the Phantom Works
for all of Boeing, not just focused on one domain. That’s one of
the great things about Boeing — we go from seabed to space.”

seen incredible reduction in test costs, in production costs,
and the expectation is we’re going to be able to demonstrate
operating and support savings as well, as those platforms move
toward the sustainability portion of their life cycles.”
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Educational Initiatives

Ohio State Wins 2nd DBVF Student Competition
On June 6, VFS announced the winners of its second annual Design-Build-Vertical Flight (DBVF) Student Competition. The Ohio
State University (OSU) took first place, University of Maryland (UMD) took second and the Pennsylvania State University (PSU)
took third.
Place

University

Location

Team

Cash Prize

1st

Ohio State University

Columbus,
Ohio, USA

Buckeye Vertical

$2,000

2nd

University of Maryland

College Park,
Maryland, USA

Autonomous Micro Air
Vehicle

$1,000

3rd

Pennsylvania State
University

State College,
Pennsylvania, USA

Autonomous Robotics
Competition Club

$500

The annual remote-control, electric-powered vertical takeoff and
landing (VTOL) DBVF competition seeks to encourage student interest
in unmanned aircraft technology, and small air vehicle design and
fabrication. The competition is designed to develop hands-on skills and
familiarization with electric VTOL and advanced air mobility (AAM)
technology at the university student level, helping to prepare the next
generation of engineers and leaders to push the limits of this exciting
technology into the future.
The 2021–22 request for proposal (RFP) published in August 2021
challenged the teams to build an electric VTOL aircraft weighing no
more than 15 lb (6.8 kg) and capable of carrying a payload of at least
2 lb (0.9 kg), with sufficient endurance to complete the demanding
competition requirements. In addition, the aircraft had to be capable of
flying manually and autonomously. The RFP and other information are
available at www.vtol.org/fly.

1st OSU

2nd UMD

Nine universities from across North America were selected to
compete based on the strength of their proposals. Eight universities
submitted Preliminary Design Reports in December, and three
of those schools received cash prizes for their work, for a total of
$5,000 was awarded in the competition:

July /August 2022

• 1st Place – Pennsylvania State University ($750)
• 2nd Place – University of Michigan ($500)
• 3rd Place – Ohio State University ($250)
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Six schools made it to the Final Technical Report submission
on May 2, and five schools gave their final presentations at the
end of May: McGill University, Montreal, Quebec, Canada; Ohio
State University, Columbus, Ohio, USA; University of Maryland,
College Park, Maryland, USA; Pennsylvania State University, State
College, Pennsylvania, USA; and Vaughn College of Aeronautics &
Technology, Queens, New York, USA.
The final flight competition was held June 1–2 at the US Army’s
Combat Capabilities Development Command (DEVCOM) Army
Research Laboratory (ARL) Robotics Research Collaboration Campus
(R2C2) near Aberdeen, Maryland. The three teams that made it to

3rd PSU

the flyoff were Ohio State, University of Maryland and Penn
State. They contended with 100°F heat index, high humidity
and gusting winds.
ARL signed a five-year Educational Partnership Agreement
with VFS last year in order to host the event and collaborate
on vertical flight education outreach initiatives. Over the past
year, ARL conducted significant work in preparing for the flight
competition, including working with the students on the myriad
requirements to fly drones on a US government installation.
The Society is very grateful for the US Army’s support of this
important educational initiative, as the future technical
workforce is a critical need for advanced military and civil VTOL
developments. Belcamp, Maryland-based SURVICE Engineering
was a Gold Sponsor of the competition and Mountain View,
California-based Wisk Aero was a Bronze Sponsor.

Ohio State flies its DBVF eVTOL drone.

use of Chinese-made drone electronics. Supply chain delays,
technical and programmatic challenges, flight test
accidents and COVID-19 also impacted the teams.

Last year’s flyoff was canceled due to COVID-19 impacts. This
year’s competition was also made very difficult due to a recent
Department of Defense (DoD) mandate that prevented the

A photo album of the flyoff and awards ceremony is available
in the VFS Photo Gallery: www.vtol.org/gallery.

VFS Members

Stay In the Know With Access to…

5,000+
+ digitized technical papers
h Latest research and technical developments with 15
from the Vertical Flight Library
h Current scientific and engineering breakthroughs in vertical flight with the Journal of the AHS
h In-depth insights on industry trends and developments with Vertiflite
h Online encyclopedia of aircraft, organizations, people & milestones in Vertipedia
Membership in VFS connects our company with a vast array of
resources from networking to peer-reviewed research to policy
outreach. In VFS, we find a community of people committed
to aggressively cultivating innovative vertical lift technology.
Thank you for providing a valuable service not available
through any other forum, which is both critical for the health of
our industry and important for the future of the country.”
Dr. Benjamin Tigner
CEO, Overair

vtol.org/membership

VFS Calendar of Events

Check out these exciting upcoming vertical flight technical events,
and make your plans today to be part of tomorrow's vertical flight technology!
Sept. 6–9, 2022

Winterthur,
Switzerland

Sept. 14–15, 2022

Huntsville,
Alabama, USA

Sept. 20–22, 2022

Dayton, Ohio, USA

Oct. 26–28, 2022

Munich, Germany

Nov 8–10, 2022

Cologne, Germany

Jan. 24–26, 2023
Mesa,
Arizona, USA

47th European Rotorcraft Forum (ERF)

The European Rotorcraft Forum is one of the premier events in the rotorcraft community’s calendar bringing together
manufacturers, research centers, academia, operators and regulatory agencies to discuss advances in research,
development, design, manufacturing, testing and operation of rotorcraft.

2022 Development, Qualification & Affordability of Complex Systems Technical Meeting

This meeting will investigate new standards, processes, methods and tools relevant to the qualification and fielding of
complex systems applicable to future vertical flight platforms.

6th Workshop on eVTOL Infrastructure

This two-day workshop will focus on infrastructure operations and safety as they relate to eVTOL aircraft capabilities and
performance. The sessions will include presentations from key players and experts from the industry.

AIRTEC 2022

AIRTEC 2022 is the international B2B trade fair and dialogue platform for aerospace and future mobility. VFS is organizing
multiple sessions on Electric VTOL & Advanced Air Mobility.

EUROPEAN ROTORS

The European Helicopter Association (EHA) and the European Union Aviation Safety Agency (EASA) have teamed up to
create a showcase for the European vertical flight business. VFS is organizing multiple sessions on rotorcraft technology
and Advanced Air Mobility.

10th Biennial Autonomous VTOL Technical Meeting & 10th Annual Electric VTOL Symposium

The 10th Biennial Autonomous VTOL Technical Meeting features technical paper presentations on civilian and military
platforms of all sizes, applications and autonomy levels. In parallel with the technical meeting, the 10th Annual
Electric VTOL Symposium will feature invited presentations, panel sessions and discussions by leaders in this exciting
field. Abstracts due Sept. 15!

Find out more at

www.vtol.org/events

