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The electromagnetic noise on an electric motor-driven proprotor was resolved and hover
data successfully acquired in the Glenn L. Martin wind tunnel. Electric motors have the
potential to produce electromagnetic interference on surrounding systems. With the growth
of electric vertical lift aircraft, electric motors are becoming more prevalent throughout the
aerospace industry. To stay on the cutting edge of electric vertical lift research, the Uni-
versity of Maryland has developed an electric tiltrotor rig. This rig, henceforth called the
Maryland Tiltrotor Rig (MTR), is a semi-span, floor-mounted, optionally powered rig with
a static nacelle tilt mechanism, capable of testing 3-bladed proprotors up to 4.75 feet in
diameter. The MTR contains an integrated electric motor inside its nacelle, in unavoid-
ably close proximity to sensitive instruments. Whenever the motor was powered, severe
noise contaminated all data channels, limiting the scope of useful testing to un-powered,
freewheeling whirl flutter tests. The mitigation of this noise issue was the principle task of
this work. The noise was diagnosed systematically, then solved using four filters, namely,
a power filter, an edge filter, a signal filter, and a load cell channel filter. The first three

filters required special hardware. Of these, the first two were custom built by LaunchPoint.



The third was built in-house. It proved to be the most significant of all the filters. The
fourth filter was a low-pass software code. The source of the problem was tracked down
to high frequency pulses from the motor drive. The pulses repeated at 20 kHz and had 1.6
MHz ringing. With noise solved, the first successful hover testing of the MTR was con-
ducted in the Glenn L. Martin wind tunnel. The collective (q75) was swept from 6 to a
high value of 30 to put the rotor into stall with a blade loading (Cy=s) up to 0.24. Thrust,
torque, and tunnel circulation were measured. Figures of Merit and propulsive efficiencies
were calculated from the measurements. A maximum Figure of Merit of about 0.8 was
obtained. Both straight and swept-tip blades were tested. The accuracy of the data was
assessed using blade element momentum theory, which included exact/large angles, air-
foil decks, corrections for low Reynolds numbers, and corrections for tunnel recirculation.
Now that is possible to conduct powered testing with the MTR, a wide range of future tests
become possible, including powered whirl-flutter, nacelle tilt, and high-speed proprotor

performance tests.
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Preface

This thesis represents a con uence of passions. The rst passion is electrical engi-
neering, in which | obtained a Bachelor's degree from Virginia Tech in 2021. The second
passion is for helicopters, which was rekindled after working at the Boeing facility in Rid-
ley Park, Pennsylvania, where rotorcraft such as the long-lived CH-47 Chinook and unique
V-22 Osprey tiltrotor are produced.

While 1 was working at Boeing in 2022, the University of Maryland (UMD) completed
initial tests with a new tiltrotor rig (the details of which will be discussed in the body of this
work). This rig was unique in that it had an electric motor, which aimed to keep pace with
the development of the electric aviation industry. But this electric motor was interfering
with their data signals. As | was becoming dissatis ed with my Boeing job, | looked to
UMD as a way to foster my passion with helicopters. | began at UMD in the fall of 2023
with the task of rectifying the problem with their electric motor on their new rig.

Some thought had already been given to the problem, with a private company being
contracted to build three physical lters for the rig. Two of the Iters worked well, but
the third had some problems. Much time was spent trying to understand and X this lter.
Efforts which, in the end, were fruitless.

wind tunnel testing was a major part of this thesis, as this was the nal arbiter of
whether the problem was xed or not. Test campaigns lasted a week or more and the days
were always full of work. | learned much about experimental rotor testing through these,
and they were a great chance to get hands on with equipment.

The rst wind tunnel test with the lters was in October 2024 and did not collect valid
data. | was frustrated because | knew my graduation timeline depended on a successful
test. There was still time for one more wind tunnel test before summer 2025, but we had

to get the rig ready in a very short period. We accomplished this by replacing the guts of



one defective lter with an in-house design. The time from concept to completion was just
over a month.

The nal wind tunnel test took place in May 2025 and spanned two full weeks. This
test, upon which my timely graduation depended, began on a very rough footing. First, the
motor claimed to be overheating. This was traced to a faulty signal cable. | can be seen
repairing the cable in Figure 1 below. Next, the azimuth sensor cable simply wore out and
had to be replaced by scavenging a much more rugged one from the wind tunnel. Then,
a cable harness broke, requiring new parts to be shipped overnight. These are only a few
of the problems we encountered during that test. Yet, we diligently worked through each,
always committed to each other and the task at hand. In the end, we collected good data

and the test was a success.

Figure 1: The author in the Glenn L. Martin wind tunnel performing 'tiltrotor surgery' trying to x
a faulty motor signal cable.

| began writing this thesis in late June 2025 and it has taken me to Thanksgiving to
complete it. Every chapter has been rewritten at least once. Chapter 7, in particular, was

re-written from scratch and totally re-organized. The nal thesis is shorter than many of



its drafts to avoid the main ideas being diluted with interesting but tertiary details. While
writing | found | was prone to philosophize, and much of this had to be pruned in favor of
facts and concrete analysis.

The river of this thesis has many tributaries, and much more could have been written
had | decided to go down each one. For example, the investigation of the defective lter
was deeper than described in the thesis. But the overall point was that it did not function,
which only needed one de nitive proof instead of three.

Somewhat ironically, this thesis has led me back to where | started. After | graduate
from the Alfred Gessow Rotorcraft Center | will start again at Boeing, Ridley Park, the

same facility | left almost three years ago.

William Magellan Ogle
College Park, MD
November 2025
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Chapter 1: Introduction

The objective of this thesis is to describe the investigation, diagnosis, and solution to
the electromagnetic interference issue speci c to the Maryland Tiltrotor Rig (MTR) and

acquire the rstresults from hover testing of the MTR in the Glenn L. Martin wind tunnel.

1.1 On Airplanes, Helicopters, and Tiltrotors

Man has long looked to creatures of the sky and wondered what it would be like to
y, to have the ability to be unchained from solid ground and experience a new realm of
freedom. It was not until 1903 with the rst Wright yer that man could begin to glimpse
this new paradigm. Due to their speed relative to conventional forms of transportation, such
as caravans and ships, airplanes revolutionized travel and connected the world, allowing
unparalleled trade and cultural cross-pollination. While airplanes revolutionized the world,
they are limited by the need for forward airspeed to y. Flight without forward airspeed,
also known as hover, would expand freedom of ight, offer new mission sets, and eliminate
the need for large, improved runways for take-off and landing. Aircraft with large, rotating
wings, which became known as helicopters, answered this challenge. The rst successful
helicopters were developed in the 1930's by pioneers such as Focke, Wulf, and Achgelis
in Europe and later by Sikorsky, Piasecki, and Bell in the US. Pictured in Figure 1.1 is the
VS-300 designed by Igor Sikorsky, the rst successful single main rotor helicopter built in

the United States. Europe had early success with side-by-side rotors. Figure 1.2 shows a



German Focke-Achgelis Fa-223.

Figure 1.1: Vought-Sikorsky VS-300 ( rst ight Figure 1.2: Focke-Achgelis Fa-223 (rst ight
1940) by Unknown author, Public Domain, wiki1940) by U.S. Centennial of Flight Commission,
media.org. Public Domain, centennialof ight.net.

Helicopters immediately changed the search and rescue industry, allowing rescuers to
reach victims faster and transport them to care from anywhere. Helicopters also changed
military doctrine, allowing air mobile units to quickly insert and extract for targeted strikes.
But helicopters, having achieved hover, now lacked something which xed wing aircraft
possessed: speed. Helicopters can take off from small clearings in a forest or from a small
bank in a river, but they are slow. This is due to the inherent aerodynamic limitations of
a rotating wing in forward ight. For many decades, the dream to combine the speed of
airplanes with the hover of helicopters remained beyond reach.

In the golden age of aviation (between 1950-1980), many vertical take-off and landing
(VTOL) designs were attempted, including co-axial tail sitters, quad tilt-ducted fans, tilt-
wing, and many variations of compound helicopter. Some examples of these are shown in
Figures 1.3, 1.4, 1.5, and 1.6. For various reasons, none of these ideas reached production-
level maturity. Most suffered from mechanical complexity. Ducted fans suffered from
heavy weight and high-drag. Tilt-wings suffered from heavy weight and the barn door

effect in hover. Compound helicopters lacked adequate autorotational performance. The



only concept which made it out of this maelstrom of ideas was the tiltrotor.

Figure 1.3: Convair XYF-1 PogoFigure 1.4: Bell X-22 quad tilt ducted fan (rst ight 1966) by
co-axial tail sitter (rst ight US Army - defense.gov, Public Domain wikimedia.org.
1954), Public Domain, wikime-

dia.org.

Figure 1.6: Lockheed AH-56 Cheyenne com-
pound helicopter (rst ight 1967), Public Do-
main, wikimedia.org.

Figure 1.5: Ling-Temco-Vought XC-142 tilt
wing ( rst ight 1964) by NASA, Public Do-
main, wikimedia.org.

In a tiltrotor, rotors are mounted on swiveling nacelles at either end of a xed wing.
The nacelles point upwards to hover, and forwards to achieve wing-borne forward ight.
This concept represents a good balance of dual-role components, good packaging, and

excellent cruise performance. Although it is sometimes argued that, despite the speed



advantage of tiltrotors over conventional helicopters, a heavy-lift helicopter may achieve
a higher speci ¢ productivity (payload x speed / gross weight) [1], this has not hampered
the V-22 Osprey, a modern tiltrotor pictured in Figure 1.7, from being mass-produced and
sold to multi-national militaries. A total of 469 have been purchased by the US military
and 17 by the Japanese Self Defense Force. However, the cost of the V-22 is quite high.
According to a 2025 report by the Congressional Research Service, the US Department of
Defense has spent a total of $55.7 billion on V-22 acquisition (including ancillary expenses
and research and development), resulting in an average cost per aircraft of $118.8 million
[2]. For comparison, a CH-53E Super Stallion heavy lift helicopter, with 12,000 Ib more
internal payload, had acquisition costs of approximately $30 million per unitin 2025 dollars
[3]. Despite the V-22's high cost, its 275 knot cruise speed (CH-53E cruises at 150 kts)

combined with its VTOL ability offers incredible mission capability.

Figure 1.7: Bell-Boeing V-22 Osprey tiltrotor ( rst ight 1989) by James Haseltine (USAF), Public
Domain, wikimedia.org.

However, the tiltrotor has still not achieved the ultimate VTOL dream. Turboprop air-
craft can cruise at speeds near 400 knots (e.g. the Piaggio P.180 Avanti), and a tiltrotor
should too. The dif culty is not a lack of thrust, but an aeroelastic instability encountered

at high speeds known as whirl utter, which is when the apping motion of the rotor cou-



ples with the motion of the wing. If left unchecked, it can lead to structural failure. To
mitigate whirl utter, the V-22 wing is structurally stiffened, resulting in a thickness-to-
chord (t/c) ratio of 23%, which is thicker than the typical 14% of a turbo prop aircraft
[4]. This high thickness creates high compressibility drag and prevents the aircraft from
reaching higher speeds. To achieve higher speeds in tiltrotors, whirl utter must be over-
come by some means other than a thick wing. One option is to fold and stow the rotor
blades during wing-borne ight and provide thrust via turbojet engines. Bell is pursuing
this radical concept [5]. Another option is to use different types of blades, hubs, and pylon
placements that change the mechanism of coupling, potentially delaying the onset of whirl
utter. These must be tested on a physical model, various hypotheses veri ed, mathemati-
cal theory and models validated, and a new generation of engineers trained. This gave birth

to the Maryland Tiltrotor Rig (MTR).
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