SR/C aircraft able to fly at extreme Mu-ratios offer numerous advantages over other kinds
of rotorcraft. Government, military and aerospace VIPs understand helicopters and
tiltrotors. They believe they understand SR/C aircraft - but experience has shown they do
not. If the best rotorcraft technology is to be chosen for AMT, it is important that SR/C
aircraft be understood at the same level as helicopters and tiltrotors. This paper offers the
opportunity to learn about SR/C aircraft and their potential value to the military and general
aviation markets.

CCTD

Carter’s SR/C aircraft prototype, the CarterCopter Technology Demonstrator (CCTD)
began flight-testing in September 1998 following four years of R&D. The 5-seat aircraft
has since achieved a Mu ratio of 0.87 and a speed of 173 mph. It demonstrates the validity
of SR/C technology and the feasibility of constructing rotorcraft capable of high speed,
high altitude flight with fuel efficiency approaching that of fixed wing aircraft. The aircraft
contains the ultra-high-inertia (UHI) rotor, the small high-aspect-ratio wing and the rotor-
wing interface that comprises Carter SR/C aircraft designs. The CCTD is not a helicopter,
autogyro or fixed-wing -- but a unique combination of the three flight modes. The result is
a disruptive technology much greater than the sum of its individual aircraft types. The
primary difference between the CCTD and CHT is that the rotor on the CHT will be
powered when the pilot opts to use its helicopter flight mode for VTOL and hover. When
constantly powered, the Carter rotor provides a very stable hover out of ground effect
(HOGE) platform with a greatly reduced "dead man zone". The flight-test results of the
CCTD combined with innovative lightweight composite technology, leads us to believe
that Carter SR/C aircraft can be scaled up to a size larger than the C-130 transport.

CarterCopter Technology Demonstrator (CCTD) — SR/C prototype

High-Mu Flight

Several issues related to high-Mu flight were recognized by Carter and studied analytically
before the CCTD was designed. The data from more than five years of test flying indicates
that Carter’s original flight-control philosophy for SR/C aircraft was correct. To analyze



our control philosophy, we developed a finite element performance analysis program. The
effort took 3 years and 2000+ man hours. The program reconfirmed our original control
concepts, but also predicted some phenomenon that we had not anticipated. Most notably,
it predicted that at a certain airspeed, increasing the collective blade pitch would cause
rotor RPM to increase rather than the normal RPM decrease experienced by all
conventional rotorcraft. After making this prediction with our analysis program, we
learned that this phenomenon had occurred during testing of the experimental Bell model
533. The key elements that Carter determined had to be resolved before high-Mu SR/C
aircraft flight could be attempted follow:

Flapping Due to Low CF & Lift on Advancing Blade

Carter recognized the importance of keeping the rotor stable at low RPMs and high forward
speeds (high-Mu ratios) before building the first 1/6 scale model for testing in our “poor
boy” wind tunnel. In conventional rotorcraft, the rotor blade centrifugal force (CF)
provides a moment that counters the blade lift to keep the blades from coning excessively.
As the aircraft speeds up, at some point there will not be enough CF to handle the blade lift
on the advancing blade due to forward speed of the aircraft. As the advancing blade flaps
up, somewhere between the 12 o’clock and 3 o’clock blade position, the blade will see a
lift force due to the underside of the blade seeing a force due in part to the forward airspeed
of the aircraft and its increased area 90 degrees to the direction of the aircraft. As the rotor
flaps up more, the exposed area of the advancing blade 90 degrees to the aircraft direction
becomes greater while the blade radius and its CF becomes less. At some point the CF will
not be great enough to counter this lift moment and the blade will fold back and break off
the aircratft.

We first experienced this event while testing our 1/6 scale rotor at Mu-ratios greater than
one. Our first scaled rotor tests were done with a rotor that was dynamically scaled lighter
than the full size design. When the rotor flapping diverged and one blade broke off, we
confirmed that we would need to increase the blade-tip weight in order to achieve higher
Mu-ratios. Weight was then added to the blade tip so that it was dynamically scaled to the
proposed full size rotor. This permitted us to achieve a Mu-ratio of 8 without the flapping
diverging.

Eighteen months ago, Ken Wernicke (retired former chief project engineer for all of Bell
Helicopter’s tiltrotor programs) was asked to recheck our numbers to find the highest Mu-
ratio we could achieve at different altitudes with our existing blade slowed to 100 RPM.
He determined the worst case was when the blade was at 1:30 (45°), and predicted a Y2 rev
flapping. He also determined that our max speed before this forward speed flapping
diverged was a direct function of density altitude and was influenced by rotor RPM. In a
NASA funded STTR project between Georgia Tech and Carter and with Ken’s assistance,
we plan to develop a program to more accurately predict the forward speed flapping
divergence value based on a given rotor planform, weight distribution and rotor rpm.

A literature search by Georgia Tech shows that the blade flapping instability problem at a
certain airspeed could have been caused by the phenomenon described above. Since rotor
lift is influenced by rpm”2 and aircraft velocity”2, among other things and flapping is a
function of rotor lift and centrifugal force, with centrifugal force being a function of rpm”2,
then the ratio of lift to the centrifugal force remains a constant independent of RPM



because both are functions of RPM#2. This leaves another portion of lift related to forward
velocity. This could be a possible reason why the phenomenon seems to occur at a given
airspeed, independent of RPM. However Ken’s analysis does not show this to be the case
nor did our finite element performance model.

Flapping Due to Unbalance in Lift Between Advancing and Retreating

Blade at High-Mu (>0.6 to 5)

Flapping is the method by which the lift moment on each blade is equalized. As Mu-ratio
increases, the average velocity increases across the leading edge of the advancing blade and
decreases across the retreating blade. For a given rotor collective pitch, to keep the lift
moment of each blade equal as the Mu-ratio increases, flapping must increase which in turn
increases the angle of attack on the retreating blade and decreases the pitch on the
advancing blade. To reduce flapping, the rotor blade collective pitch is reduced which
reduces its lift. In order to reduce the lift on the rotor, lift must be provided by a wing and
thrust provided by a propeller or jet. At a certain point, as the Mu-ratio increases, the
average velocity on the retreating blade will begin increasing, though in a reverse flow
direction. Even though an airfoil in reverse flow is not as efficient as it is in normal flow, it
will still generate lift given a positive angle of attack. So as the average velocity begins
increasing in the reverse direction, the retreating blade is able to generate more lift, and the
flapping can decrease for a given rotor lift. Our analysis program predicted that the worst
condition for flapping would occur at a Mu of 0.75, because that is where the rotor has the
lowest average velocity. As the Mu-ratio increases above 0.75, flapping for a given rotor
lift can decrease. At 400 mph and at a Mu-ratio of 4, our analysis program predicts that the
aircraft could experience a vertical gust of 50 ft/s without the flapping becoming excessive.
In flight testing, we have flown through 0.75 Mu without a problem.

Since flapping is a function of the lift that the rotor produces, decreasing rotor lift will
decrease the flapping. Flapping is always controlled by collective pitch. Decreasing the
pitch will decrease the flapping. In fact, we have designed the rotor to be able to go to
negative pitch. If the flapping goes too high or increases too rapidly, the pilots can push
the collective to negative pitch, which almost immediately brings flapping back under
control. This feature has saved us several times in flight when the pilots got distracted and
let the flapping get too high before taking corrective action. Once much of the retreating
blade is in stall, flapping can go from 7 degrees to 12 degrees in a matter of a few seconds.

Blade Flutter/Divergence on Retreating Blade

There is instability on the retreating rotor blade caused by reverse flow shifting its
aerodynamic center from the %4 chord to the % chord. The design of our rotor, which is
very torsionally stiff, has the ability to very rigidly carry torsional loads across the blade
hub from one blade to the other, which means that the stability of each blade is coupled to
the other blade. We developed a simple equation to predict the stability of our rotor, and
have verified the equation through flight testing. We designed our rotor blade to be
inherently stable up to high-Mu ratios (Mu ~1.4) by the planform and weight distribution
of the rotor blade. Near the tip of each blade, there is a leading edge extension that has a
lead weight, which shifts the blade CG forward. Also at the tip, there is a trailing edge
extension, which shifts the AC aft. While this combination of CG & AC shift makes the
advancing blade very stable, there is a decrease in stability in the retreating blade.



However because the velocity is so much lower at the tip of the retreating blade, its
instability is less than the advancing blades increased stability, and since the blades are
torsionally tied together, the net result is a stable rotor. At a Mu of 1, the velocity at the tip
of the retreating blade is zero, which results in a very small unstable pitching moment. But
at some increased Mu-ratio the reverse flow velocity over the retreating blade will cause
that blade to become more unstable than the advancing blade becomes stable and the rotor
will become unstable. At this point the cyclic control will need to be very stiff and will
require boosted controls. Any cyclic movement due to the rotor trying to diverge will
cause one blade to increase pitch while decreasing the pitch of the other blade and this will
cause the blades to go out of track. At this point the lift on the rotor is small and if the
amount the blades are out of track is small due to a sufficiently rigid cyclic control, the one
per rev vertical lift oscillation may not be noticeable.

During flight testing, we have experienced this rotor blade instability. It manifests itself in
the rotor going “out of track.” One blade will be at a higher pitch than the other. As the
rotor turns, the blade with the higher pitch will run higher than the other blade. The pilots
will see the one blade running higher than the other, and can slowly increase speed and
note how the instability increases, or slow down and note the blades going back in track.

It is not a sudden, disastrous divergence.

Rotor Driving Force Sensitivity at High Speeds Where the Rotor is
Mostly Unloaded — Rotor Plane of Rotation <5° Off Air-stream

Our analysis program helped verify the sensitivity of rotor rpm to rotor angle of attack at
high Mu-ratios and validated our rotor rpm control patent before we ever flew. We
accomplished this rotor RPM control by creating a “spindle trim.” As the aircraft flies
faster and the wings generate more lift, the pilot must pitch the aircraft forward to keep
from climbing, just as in any aircraft. When the pilot pushes forward on the stick, it also
tilts the rotor forward, further unloading it. At a certain point, if there were no way to
correct it, the rotor would be tilted too far forward, and would become unloaded to the
point where the rpm would drop too low, or if the aircraft continues to tilt forward, the
rotor would again load up with negative lift and increase rpm. We resolved these potential
problems by creating the spindle trim, whereby we tilt the rotor spindle relative to the
control stick and horizontal stabilizer position, allowing the rotor angle to be trimmed /
adjusted to maintain the desired rpm. At the same time that the trim tilts the spindle aft, it
also desensitizes the spindle to stick movement, such that with full trim, full travel of the
stick results in only 2° of spindle travel. This basically keeps the rotor at a constant angle
relative to the fuselage, so that when the pilot moves the stick, the rotor moves with the
aircraft and stays at essentially the same angle of attack as the wing, and the wing angle of
attack does not change much at cruise. And, with a stable aircraft, gusts will cause the
aircraft and the rotor to change pitch as required to keep the aircraft stable. Since the rotor
does not require much power to keep it rotating at its low cruise RPM, and since we have a
very high inertia rotor, the result is a rotor that is RPM stable and easy to control. Even
though our rotor is lighter than most rotors, having the weight concentrated near the tips
gives it a very high rotational inertia.

A phenomenon affecting rotor RPM that was discovered through testing of a 1/6 scale
model is the “anemometer effect.” At high Mu-ratios, because of the reverse flow over the



retreating blade, the drag is higher on the retreating blade than the advancing blade. This
drag imbalance is what drives a spinning cup anemometer and is what helps keep the rotor
from slowing below a certain RPM.

3/10" scale CHT-Demonstrator

The next step is now to design and construct two 3/10 scale versions of the proposed CHT
SR/C heavy lift aircraft. These Carter Heliplane Transport Demonstrators (CHT-Ds) shall
incorporate a number of automatic controls, imposing a low workload on the pilot. The
CHT-Ds shall be capable of:

e Hovering/carrying a sling load.
Carrying a 6000 pound load at speeds of over 300 mph for 1000 miles.
Safe zero-roll landings at gross weight with a dead engine.
Achieving a best L/D ratio greater than 9.
Empty wt to gross wt fraction greater than 0.5.
Remaining level in hover while the CG shifts over a wide range.

Intended Results

The CHT-D will be able to do everything a tiltrotor or helicopter can do — and do it better,
safer, and at a lower cost. For any comparable size VTOL aircraft, including the Bell V-44
QTR, the CHT-D will fly faster and farther while carrying a larger and heavier useful load.
It takes off, hovers, handles sling loads and lands like a helicopter. Above a certain speed,
it converts to a SR/C gyroplane by unloading its rotor onto very efficient high-aspect ratio
wings and (in the process) slowing its rotor to minimize profile drag and maximize flight
efficiency. Unlike tiltrotors and helicopters, the CHT-D’s standard operating procedure
(SOP) uses autorotation when making high-speed descents, totally avoiding the possibility
of "settling under power" in a vortex ring state. The ultra-high-inertia rotor also provides
the CHT-D up to 3 times more emergency reaction time than helicopters when flying in the
"dead-man zone."

The CHT-D prototype will have an estimated weight of 7,000 1bs empty, 20,000 lbs gross
with a rolling takeoff, and a vertical takeoff and landing (VTOL) useful load of 6,000+ lbs
and range of 1,500 miles. It will have a 102-inch wide cabin and the capacity to carry a
Humvee or 20 people. Plus, it will have a convenient rear door/ramp for loading litters or
cargo. Power will be provided by 2 engine producing 1,800+ SHP and driving two 4-
bladed 8-ft diameter Carter pusher props. Below is the side and top CAD view of the
planned CHT heavy lift. The proposed 3/10™ scale demonstrator will have a very similar
appearance.
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Technical Issues
The primary technical issues being addressed in this R&D effort are:

Development of a 4-bladed rotor control system using 2 stacked teetering rotors.
Development of the rotor/propeller gearboxes & drive system.

Development of a control system with a very low pilot workload that transfers.

from hover to autogyro to fixed wing mode and back.

Counteracting torque with the propellers while in hover mode and slow speed flight.
Automation of many of the controls to provide a low pilot workload.

Technical Approach

The design of the CHT-D will be very similar to the existing CCTD, which has proven that
we can stably transfer lift from the rotor to the wings, slow the rotor, and achieve high
speeds and high-Mu ratios. One primary difference will be the use of two propellers, one of
which will operate in reverse thrust mode while the CHT-D is in hover mode to counteract



rotor torque, and then gradually revert to forward thrust as the CHT-D gains speed,
transfers lift to the wings, and shifts to autogyro mode.

A second primary difference will be the use of 2 stacked teetering rotors similar to the rotor
used on the CCTD. Instead of using a tilting spindle to control cyclic, each rotor will have,
in addition to a teetering axis, a bearing support to allow the hub to tilt parallel to the span.
This design will allow the use of the lightweight rotor and tilting rotor hub cyclic
developed for the CCTD, while eliminating the need for a tilting spindle and a high torque
universal joint. It will, however, require a swash plate with a connecting link to each blade.
Since the cyclic control configuration has never been used by Carter, it will be one of the
first items designed, built, and ground tested.

A third difference will be the use of rotor/propeller gearboxes and drive system with a gas
turbine engine for power. Carter does not have sufficient in-house experience with these
items and will require outside help. At this time, the costs and weights are unknowns.
These items will also be among the first items designed, built, and ground tested.

Benefits

The primary benefits of Carter technology are:
High speed

High altitude

Greater lift capability

Greater range

High fuel efficiency

Safety

Maintainability

VTOL/STOVL options

Innovative Claims

Our innovative claims cover the following main areas:

Slowing the rotor and transferring lift to the wings.

Automated control of engine throttle and prop thrust to counter rotor torque.

Ultra high inertia rotor.

Controls to switch from helicopter to autogyro to fixed wing mode.

Landing gear with extreme energy absorbing capability.

Extensive use of composites.

Computer-controlled propeller is lightweight and very efficient over a wide range

of speeds.

High Mu (>1) capability.

e Automatic control of rotor rpm and flapping from takeoff to landing to reduce pilot
workload.

Flight Modes

The CHT-D, like all SR/C aircraft incorporates both a rotor and a fixed wing. During
takeoff and at low speeds, the rotor provides most of the lift — similar to a helicopter.
Performance is also very similar. At higher speeds, the fixed wing provides an ever-



increasing proportion of the lift, unloading the rotor. When the wing provides most of the
lift, performance more closely resembles that of a conventional fixed wing aircraft.

As the lift contribution shifts from the rotor to the wing, the aircraft must (1) make a
smooth transition between the two that prevents rotor divergence, blade pitch divergence,
or excessive flapping, and (2) reduce the rotor speed. Since the rotor rotational drag
component is a cubic function of rotor speed, relatively small reductions in rotor speed will
dramatically reduce drag. This in turn dramatically increases performance when the wing
provides most of the lift. Rotorcraft designers have struggled with the lift transitioning,
rotor stability and rotor speed reduction problems for decades without success. Carter’s
patented technology solves these problems, thereby enabling the creation of efficient,
economical hybrid aircraft combining the best characteristics of rotorcraft and fixed wing
aircraft.

CHT-D Design Features

Overview

The CHT-D has a very high inertia rotor, which enhances safety by eliminating the
helicopter's "dead man" zone. The wing allows the rotor to be unloaded and its speed
reduced in cruise flight, dramatically reducing drag. Because the wing is not needed for
low speed flight, it is significantly smaller than wings on standard aircraft, which reduces
the required cruise power. The resulting speed, range, altitude capability and fuel economy
should greatly exceed that possible with conventional rotorcraft, including the tiltrotor.
With a high power, lightweight, gas turbine engine, performance should equal or exceed
that currently available in many propeller-driven airplanes.

The aircraft's design is straightforward and employs unique devices and features that result
in far less complexity than in present VTOL aircraft. The advanced, but very simple
bearingless 2-bladed rotor is a continuous tip-to-tip composite structure comprising the
blade and hub in a single unit. The rotor drive is sized for short durations and thus can be
lighter since it is only used for relatively short takeoff, hover, and landing maneuvers. The
highly streamlined and pressurized composite fuselage seats up to 20. The thick wet wing
and landing gear support will hold sufficient fuel for exceptional range.

Tilting Mast

This system allows aircraft pitch to be independent of rotor angle of attack. It improves
climb performance, cruise efficiency, CG range, and pilot visibility during takeoff and
landing.

For takeoff, a tilting mast allows the rotor to be tilted forward, while maintaining the
fuselage at the desired attitude. This is especially important in a compound rotorcraft,
since it allows the wings to operate at the most efficient angle of attack for both climb-out
and cruise.



Powered Rotor Takeoff & Cruise

In high-speed cruise, it increases the efficiency of a rotorcraft by reducing the drag
associated with trim forces. On a rotorcraft with a fixed-mast, a large down force needs to
be generated by the horizontal stabilizer to maintain a desirable flight attitude in high speed
cruise — which in turn causes high trim drag. A tilting mast allows the rotor lift vector to
pass close to the center of gravity, greatly reducing the required down force on the tail and
the associated trim drag.

Autorotation Cruise

During autorotation landing, the tilting mast eliminates the need for a large flare. The mast
is tilted back so that the rotor can also be tilted back with the rotor force still passing
through or near the center of gravity — at the same time keeping the fuselage level. Since
the rotor is already in a position to slow the aircraft, the pilot does not need to flare, only
pull collective as desired, greatly reducing the risk of a tail strike during the landing. This
also increases pilot visibility and, in combination with the Carter high energy absorbing
landing gear and autorotation, permits a quieter, faster approach and landing.



Autorotation Landing

The tilting mast also allows the pitch of the rotorcraft to vary significantly during hover or
slow speed/sideways flight to aim dumb rockets and/or fixed-axis machine guns.

Propeller

The CHT-D prototype will incorporate a lightweight, high-efficiency, computerized twin
propeller system, in which one pusher propeller is located on the wing on either side of the
fuselage. The Carter two bladed prop can be easily converted from 2 to 4 blades and can be
scaled to fit any aircraft, pusher or tractor. Flight efficiencies of 90-94% at cruise speed and
altitude will be normal. The two-bladed propeller flown on the CCTD since Sept "98 is 8
feet in diameter, weighs less than 30 lbs — including a bearingless pitch change mechanism,
and produces over 1,300 Ibs of static thrust on 300 HP. This technology is fully developed.




Left to Right: Carter’s lightweight & simple pitch mechanism located
between blade roots is shown at flat pitch, mid pitch and full pitch

Hover

In hover, the thrust from one propeller will be able to counter essentially all of the torque
from the rotor. The rotor axis of rotation is tilted aft approximately 12° from the aircraft CG
to allow the aircraft to remain basically level during an autorotation landing to reduce the
likelihood of a ground/tail/rotor strike. This aft tilt provides a rearward thrust component in
hover that also basically equals the thrust from the one propeller countering the rotor torque.
An onboard computer controls prop thrust/rotor torque. The rotor's low disk loading will
make it ideal for carrying sling loads and operating over a ship or near other aircraft.

Aircraft Pitch Control

In hover and slow speed flight, the aircraft pitch can also be held level without a tilting
mast by increasing or decreasing the thrust from the two propellers. With an increase in
thrust, the rotor must be tilted back to keep the aircraft from accelerating forward, and this
in turn causes the nose to rise. With a reduction in the net prop thrust, the rotor must be
tilted forward, resulting in the nose dropping. An onboard computer controls pitch, and up
until the wing is providing most of the lift, will keep the wing angle of attack relative to the
airflow at its best L/D.

Landing Gear

The CHT-D shall incorporate an ultra-high-energy-absorbing landing gear system similar
to the patented system on the CCTD. The gear was designed to greatly improve safety
margins during landings and should be scaleable to fit any aircraft. The prototype system
being flown on the CCTD uses an 18-inch stroke. It has been proof tested to absorb a 1200
feet-per-minute (fpm) landing impact with no damage to the aircraft or occupants. It will
absorb a 25 fps impact with only minimum damage. The prototype weighs 125 Ibs total (50
Ibs for each main and 25 1bs for nose) but can be engineered to weigh a total of 100 lbs
when in production. This technology is fully developed.

An improved version has been designed for the CHT-D using a hydraulic fluid that changes
viscosity based on an applied electrical charge. Using a 3-ft stroke, the CHT-D gear should
absorb up to 2000 fpm landing impacts with no damage to the aircraft or occupants. The
FAA standard for certified aircraft is 7-10 fps (600 fpm).



Control Stick

The control stick simultaneously operates the cyclic (rotor control), ailerons and horizontal
stabilator. At low speeds the ailerons and horizontal stabilator are not very effective at
controlling the aircraft movements, but the rotor is very effective. As the speed increases
and the wing carries more of the load, the rotor becomes less effective while the ailerons
and stabilator become more effective. The wing incidence and initial trim relationship
between the rotor spindle angle and the horizontal stabilator are set so that as the aircraft
speed increases, the lift on the wing also increases. To keep from climbing, the pilot
naturally pushes forward on the stick, which moves the stabilator in the direction to pitch
the aircraft over and reduce both the wing angle of attack and its lift. The stick also tilts the
rotor spindle forward to reduce the rotor plane of rotation relative to the airstream. In
autorotation, the rotor is driven by the air flowing through it much like the wind drives a
windmill; so tilting the rotor forward reduces the air flow through the rotor, the rotor rpm,
and the rotor lift.

Collective/Flapping

The collective controls rotor flapping as aircraft speed increases. As the speed increases,
the pilot pushes the stick forward to control climb. The collective pitch is reduced to hold
rotor flapping between 5° at low forward speeds to 3° at speeds over 150 mph. (We intend
to have this task performed automatically at the option of the pilot.)

Rotor RPM

The trim relationship between the rotor cyclic and the horizontal stabilator is initially set so
that at the airspeed where the wing can provide all the lift, the horizontal stabilator is
holding the wing at the angle for the best lift/drag (L/D) ratio and the rotor cyclic at an
angle relative to the airstream to maintain approximately 150 rpm (present CCTD). At this
point, the rotor is in full autorotation, and the rotor plane of rotation relative to the
airstream controls rotor rpm. An electric trim switch on the stick engages a servo to
change the angle relationship between the cyclic and the control stick/stabilator. This
changes the rotor angle relative to the airstream and its rpm. Tilting the rotor back increases
the rotor rpm; tilting it forward reduces the rpm. (We intend to have this task performed
automatically at the option of the pilot.)

Accelerate Past Mu of 1

If the pilot wishes to accelerate rather than climb, then as the aircraft speed increases, the
stick is pushed forward, which causes the aircraft to pitch over, reducing the wing angle of
attack and keeping the wing lift constant. This stick movement and the pitching over of the
aircraft reduces the rotor plane of rotation relative to the airstream and would eventually
slow the rotor down too much if the pilot did not use the rotor trim to tilt the rotor back to
keep its angle relative to the airstream nearly constant. The mechanism is also designed
such that the more the trim tilts the rotor back, the less the stick movement changes the
cyclic tilt. At nearly maximum trim the control stick can move its entire fore and aft travel
and change the cyclic angle only about 1 degree. This keeps the rotor pitch angle relative to
the aircraft nearly constant at low rotor rpms, so that if the pilot should rapidly pull back on
the stick, the rotor pitch does not become the sum of both the aircraft pitch change and the
cyclic angle change.



Once the rotor has been sufficiently unloaded by providing lift with the wings and thrust
with a propeller or jet engine, the rotor blades can maintain lift moment equilibrium about
the hub at Mu's ratios greater than 1 without excessive rotor flapping.

Rotor Lift Equilibrium

Rotor flapping is the mechanism by which the advancing blade and retreating blades can
produce the same lift moments. In order to work, the blades must be free to move up and
down. This free flapping allows the advancing blade, which has more lift due to a higher
velocity across it than the retreating blade, to rise or flap up. As the advancing blade rises,
the resultant (vector sum of horizontal and vertical air velocities) flow angle across the
blade (angle of attack) drops and reduces its lift. The faster the advancing blade rises, the
more the resultant angle of attack is reduced and the more its lift drops. The opposite
occurs on the retreating blade. As the advancing blade goes up, the retreating blade drops
since the blades are tied together and because the retreating blade is not producing as much
lift as the advancing blade. As the retreating blade drops (flaps), the resulting angle of
attack on the blade goes up and increases its lift. The faster the retreating blade drops, the
more its angle of attack is increased and the more its lift increases. This characteristic
whereby the lift on the retreating blade increases as the blade drops works whether the air
flows from leading edge to trailing edge or from the trailing edge to the leading edge and
allows the rotor to operate at a Mu greater than 1. The flapping automatically increases
until the vertical velocity component changes the angle of attack on both the advancing and
retreating blades until they both have the same lift.

Rotor Centrifugal Force

As the rotor rpm slows down, the centrifugal force decreases until at some point there
would not be enough centrifugal force to keep the relatively soft and flexible rotor blades
stable. To allow the rotor to be slowed down as much as practical, weight is added to the
blade tips. The 44 ft. diameter rotor being flown on the CCTD has 80 pounds (55# lead +
25# additional structure) of weight added to each blade tip.

Slowing the Aircraft Down

As the throttle is reduced and the aircraft slows down, the pilot pulls back on the stick in
order to maintain lift, which causes the aircraft and rotor to tilt aft and allows more air to
flow through the rotor and the rpm to increase. As the speed continues to decrease, the
rotor rpm will increase. With the spindle trim aft, the rotor rpm would eventually increase
to a higher than desired rpm. So to slow the rotor down, the pilot now trims the rotor cyclic
forward. When the rpm of the rotor reaches the turbine drive rpm, the drive clutch is
engaged. If the trim should fail at this point, the aircraft can still land safely. The rpm and
drag will go up faster than normal, but the aircraft will continue to hang from the rotor.
With the horizontal stabilator, spindle side to side movement, collective, throttle and rudder
still working, the pilot can still control the aircraft.



Full Size CHT SR/C heavy lift aircraft

Maximum Possible Size for SR/C Aircraft

All aircraft, fixed wing and rotorcraft alike, follow the same trend as size increases. For a
given design, as the dimensions increase linearly, aerodynamic forces, including lifting
capability, increase roughly as a squared function, while structural weight increases
roughly as a cubed function. Since the weight of the structure is increasing faster than the
lifting capability, the useful load decreases. An estimate of how a larger size aircraft would
perform can be found by using this square/cube relationship.

Carter technology includes new lightweight construction methods and innovative designs
that give several aircraft components 1/3 to 1/2 the weight of other designs. This includes
rotors, rotor heads, propellers, landing gear, locking pressurized doors that carry load from
the fuselage, and airframes. The lightweight components permit SR/C VTOL aircraft to be
scaled up larger and with higher safety margins than a C-130 and still retain a very
respectable useful load and fixed-wing flight efficiency. The weight factor is the reason no
one previously has built a rotorcraft as large as Carter’s proposed CHT.

A possible way to increase useful load would be to go to a higher disk loading, because it
permits the weight of the rotor, drive and gearbox to be reduced. This is why the larger
helicopters and the tiltrotor have higher disk loadings. There is nothing in Carter rotor
technology limiting us to a lower disk loading than in some helicopters. We chose a 10
Ib/sq. ft. number based on the fact that it is approximately the highest disk loading you can
go to before the rotor downwash starts blowing people around on the ground off the deck
of a ship. Our inherently lighter design permits us to scale up to a larger size and still have
a good useful load to empty weight ratio without increasing the disk loading above 10
Ib/sq. ft.

The 150 ft diameter rotor on the CHT will obviously be a problem on Navy ships.
However, we have not found a significant benefit by going to a twin rotor aircraft. Rotor
area is a function of the square of the rotor diameter, so to get the same area from two
rotors as from a single rotor using comparable disk loading, the diameter only reduces by a
factor of 1.4. For example, a single 150" diameter rotor is equal in area to two 106’
diameter rotors. The rotors can be intermeshed, but that increases the disk loading, because
of the overlapping area, requiring the rotors to be slightly larger for the same disk loading.
So for a twin rotor aircraft to have the same disk loading as an aircraft with a single 150
rotor, the length would end up being considerably longer. Having one rotor behind the
other is also not the best situation for air flow.



CHT Specifications

EMPTY WEIGHT: 90,000 Ibs. (possibly as low as 75,000 lbs. goal utilizing CC design
prop, rotor, and rotor head. Carbon composite structure)

MAX. GROSS WEIGHT
e VTOL - 160,000 Ibs. @ 7000 ft. density altitude or 1500 ft. with 1 engine out.
e STOL up to 240,000 Ibs. @ 7000 ft. density altitude with a 300 ft. roll.

EFFICIENT CRUISE SPEED - 208 MPH @ sea level, 420 MPH @ 40,000 ft (ceiling @
160,000 Ibs.)

RANGE
VTO or STO @ 7,200 ft. density altitude w/ 45 minute reserve.
e 45,000 Ibs. cargo VTO or 108,000 lbs cargo STO - 1500 miles.
e 30,000 Ibs. cargo VTO or 88,000 Ibs cargo STO - 2600 miles.
e 15,000 Ibs. cargo VTO or 62,000 Ibs cargo STO - 4000 miles.
e ( Ibs. cargo VTO - 5400 miles or STO — 9,000 miles (total useful load is fuel).

FUSELAGE
e Lightweight carbon composite sandwich structure (basically one piece).
e Length: 106 ft. (nose to back of fuselage).
e Height: 43 ft. (ground to top of rotor cap).
e Cargo Area: Maximum dimension 12' W @ floor x 10.5' H x 65' L plus 27' L over
ramp.
e Volume: 11,033 + 2120 cu. ft. over ramp.

WING
e Carbon composite stressed skins, simple no high lift devices.
e Span: 150 ft.
e Total area: 1353 sq. ft.
e Aspect ratio: 17.65:1 (very efficient)

ROTOR

e 4 blades, 8.5 Ibs./sq. ft. disk loading - allows people to work under hovering aircraft.
CC design with twistable spar - eliminate pitch change spindle, bearings and housing.
Carbon composite, teetering rotor (2). Simple tilting spindle cyclic control.

e Diameter: 150 ft.

e Weight: 7500 lbs. (includes hub, pitch linkage and tip weights @ 4 x 900 lbs = 3600
Ibs.) Tip weights used to maintain CF at low RPM's and provide stored kinetic
energy for high density altitude zero roll take-offs.

e Blade chord: 3 ft. @ root, 3 ft @ tip.

e Blade area total: 900 sq. ft.

e Maximum Overspeed RPM: 128 RPM.

e Hover RPM: 85-100 RPM.

e Minimum high speed cruise RPM: 25 RPM (advance ratio "mu" of 3.37 @ 450 MPH)



LANDING GEAR
e Can be raised or lowered while on the ground at full gross weight to facilitate cargo
handling.
e Stroke: 72 inches; Tires sized for unprepared landing sites.
Mains 72" dia. x 30" wide, 60 PSL
Front 30" dia. x 12" wide, 60 PSL
Distance between Main gears: 36 ft. to improve stability.
Velocity impact: Absorbs 50 ft/sec at yield with max. 7-1/2 G deceleration over full
stroke. 39 ft/sec @ 5 G's. 24 ft/sec @ 2-1/2 G's.

ENGINES/TRANSMISSION

e Two engines driving a single gearbox all located in the fuselage with a 2 speed
planetary drive to the props to improve their efficiency over a wide speed range and
a 2 speed planetary drive to the rotor with an overrunning clutch. The low speed
rotor planetary drive prevents the RPM from being too low to maintain needed CF
and in combination with the overrunning clutch allows the rotor to autorotate and
slow down as desired. The high torque rotor gearbox is rated at 500 hrs @ 35,000 HP
(hover OGE @ 8000 ft). At 3 minutes use per flight-hr provides 10,000 flight-hrs
before overhaul.

e Engine Type: Gas turbine -30,000 continuous SHP each, 11220 SHP @ 30,000 ft.

PROPELLERS

e Counters rotor torque (1 forward/1 reverse) during hover and as required during slow
speed flight.

e Twistable spar eliminates pitch change spindle, bearings and housing.

e Carbon composite construction.

e Diameter: 24 ft.

e Weight: 800 lbs. each (includes hub pitch linkage).

e Max. combined static thrust: 85,000 Ibs from 30,000 SHP (less than maximum
available) during inertia assisted takeoffs and STOL.

e 4 blades

ADDITIONAL FEATURES

e Wrap around windshield improves landing visibility and enables pilot to see sling
loads.

e Reversing props can work as air brakes

e Stabilator and ailerons rotate downward as collective is increased to reduce
downwash in hover.

e By using a combination of thrust and moment due to rotor tilt, the aircraft can remain
level in hover over a wide CG range.

e Telescoping refueling boom.

e A large door forward of the wing on the bottom of the fuselage would allow a basket
to load or unload 20 people at a time directly into the fuselage. The basket could also
handle 4°x 8’x 8’ shipping containers.



e Hydraulic cylinders on either side of the ramp keep the aircraft from tilting back
during loading and also lower the ramp slightly during the landing to act as a shock
absorbing tall skid to protect the rudders.

e Outer wing sections, prop, and rotor shells are easily removed for ship storage - 76 ft.

width.

Comparative Analysis of Alternative Approaches
Below are several matrices that compare a full size CHT heavy lift aircraft to the C-130, V-
22 Osprey Tiltrotor, CH-47F Chinook, and the Mi-26 Halo. The CHT offers the lift
capability, range, speed, fuel efficiency, and reliability of a C-130J-30 transport with the
addition of full VTOL/STOVL, hover, and sling load capabilities. The scaled down CHT-
D shall have similar performance characteristics, albeit on a smaller scale.

Cost
Carter C-130J-30 Quad CH-47F Mi-26
Heliplane Hercules Tilt- Chinook | ‘Halo’
Transport rotor ICH
Cost $100M (est.) $85.6M $100M | $10.3 M ?
(C-130J) (est.)
Performance
Carter C-130J-30 Quad CH-47F Mi-26
Heliplane Hercules | Tilt-rotor | Chinook ‘Halo’
Transport ICH
Economic 420 MPH @ 303 MPH 322 MPH | 159 MPH | 158 MPH
cruising speed | 40K @ 24.5K
Range & 1500 miles / 3,260 ?/ 115 500 miles /
Payload 45,000 Ibs miles / 42,000 miles / 44,090 Ibs
VTOL 38,061 Ibs | Ibs 22,798
Ibs
Ferry Range VTOL: 5,400 5,200 2,300 1,259 1,193 miles
(fuel only) miles miles miles miles
Fuel Efficiency | High High Medium | Poor Poor
Safety High Medium Poor Medium | Medium
Maintainability || Medium High Poor Medium | Medium
VTOL/STOVL | Yes No Yes Yes Yes




Dimensions

Carter C-130J-30 Quad CH-47F Mi-26
Heliplane Hercules Tilt- Chinook ‘Halo’
Transport rotor ICH

Wingspan 150 ft 132 ft 7 ? N/A N/A

inches
Wing area 1275 sq? 1,745 sq? ? N/A N/A
Wing aspect | 17.65:1 (very 10.1:1 ? N/A N/A
ratio efficient)
Rotor 150 ft N/A 38ftx4 |60ftx2 105 ft
diameter
Rotor blade 900 ft2 (4 x 225 || N/A (Bx7?ft2 | 480ft2(3 | (8 x7?ft?)
area ft2) x 4) x 80 ft2 x

2)

AC overall 106 ft 112t 9 ? 52 ft 1 111 ft
length inches inch
AC height 43 ft 38t 10 ? 18ft11.5 | 26ft5

inches inches inches
Propeller 24 ft 131t 6 38 ft N/A N/A
diameter inches
Cargo 11,033 ft3 6,022 ft3 (similar 1,474 ft3 | 4,273 ftd
volume 12'x 10.5' x 10.25'x 9" | to C- 8.25' x 10.5' x
WxHxL 65.5' x 58' 130J-30) || 6.5' x 10.5'x?

30.5'

Paratroops/ | 102/ 140 92 /128 ?/90 ?/33 ? /80
Combat
troops
Medical 100 97 70 24 60

litters




Propulsion

Carter C-130J-30 | Quad CH-47F Mi-26
Heliplane Hercules Tilt- Chinook ‘Halo’
Transport rotor ICH
Propulsion GE Marine Rolls- Rolls- Lycoming || Lotarev
Royce Royce
Allison Allison
Engines 2 4 x AE 4 x AE 2 x T55- 2 x D-
2100D3 1107C L712 SSB | 136
Engine rating | 30,000 shaft 4,591 6,150 3,137 SHP | 11,240
HP shaft HP shaft HP | continuous || shaft HP
4,378 SHP
takeoff
Propellers CarterCopter 4- | Dowty Rotors N/A N/A
blade w/ Aerospace || convert
Computerized || 6-blade, to props
Controller all
composite
Weight
Carter C-1304J-30 Quad CH-47F Mi-26
Heliplane Hercules Tilt- Chinook ‘Halo’
Transport rotor ICH
Operating 90,000 Ibs 79,291 Ibs ? 23,402 62,170
weight empty Ibs Ibs
Design VTOL: 160,000 | 155,000 VTOL: 46,000 109,350
takeoff lbs @ 7,200 ft Ibs 100,000 | lbs lbs
weight den. alt. (175,000 lbs (50,000 (123,450
(max GW) STOL: 200,000 | Ibs) STOL: Ibs) Ibs)
lbs @ 7,200 ft 140,000
den. alt. Ibs




Performance Charts for CHT SR/C Heavy L.ift

The following charts are calculated for a CHT with an empty weight of 90,000 Ibs:
Maximum Weight Versus Altitude for Various Take-Off Modes
60,000HF Rated at SeaLevel
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Brief History of SR/C Aircraft

Aviation experts knew by the late 1930s that slowing the rotor on rotary wing aircraft
provided significant performance gains. However, they were unable to keep the rotor stable
as rotor RPM decreased and the Mu-ratio increased. In the late 1950s, slowed
rotor/compound (SR/C) aircraft technology was reintroduced in the US by the McDonnell
XV-1 and in England by the Fairey Rotodyne. Both governments later canceled these
R&D efforts even though the prototypes showed promise. If the programs had continued,
there is little doubt the problems would have been solved and SR/C aircraft would be
common today. The cancellations left the higher-speed VTOL aircraft entirely with the
tiltrotor. Except for ongoing tiltrotor development, little progress has been made in
rotorcraft technology over the last 45 years. The first flights of a Carter SR/C aircraft in
1998 changed this. Subsequent Carter flight-testing has shown that SR/C VTOL aircraft
should be able to fly at high-Mu ratios as fast as 500 mph with the efficiency of a turbo
prop fixed wing aircraft.

About the author

Mr. Jay Carter, Jr: Founder, President and Principal Designer of Carter Aviation
Technologies. He attended Texas Tech University and graduated with a BS in Mechanical
Engineering. His graduate work was in the field of Aeronautical Engineering. Mr. Carter
worked at Bell Helicopters as a Research and Development Design Engineer for more than
two years, where he contributed to the design of the XV-15 tiltrotor.

In 1970, Mr. Carter founded Jay Carter Enterprises with his father and developed a steam-
powered automobile, which was the first car in the world to meet the original 1976 EPA
emission level standards. The car could make a cold start in 30 seconds, travel at more than
80 mph, and was featured on the front cover of Popular Science and other magazines.

In 1976, Mr. Carter founded Carter Wind Systems and spent the next seventeen years as
President and Principal Designer. By 1983, the company had grown to over $7 million in
annual sales with more than 100 employees. The company installed wind turbines
throughout the U.S.; from Great Britain to Hawaii — and to 300 miles north of the Arctic
Circle. His ability to develop and market a very lightweight and cost effective wind turbine
enabled the company to survive the industry decline in the mid-1980s and to emerge as
one of the only two U.S. wind turbine manufacturers still in existence by 1988. A majority
of the company was sold in 1992.

In 1994, Mr. Carter founded Carter Aviation Technologies and began the formal
development of the CCTD, the company's innovative fourth generation SR/C rotorcraft that
combines the best characteristics of helicopters and fixed-wing aircraft.
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