A system that takes a portion of the two-per-revolution control moments generated by; a pair of underslung teetering blades that are equipped with hub springs, or a pair of offset teetering blades, and transferring these portions to the mast of a rotorcraft through a control moment gyroscope that causes these moments to be up to 90-degrees in advance of the other portion of the above moments that are directly applied to the mast by the above; underslung teetering blades with hub springs, or pair of offset teetering blades.
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Consistent control power moment from two-bladed rotor 

Abstract: (Overview:)

A method and system which applies a consistent control power when the rotor is teetered and during zero-g flight in a rotorcraft with two-bladed teetering rotor(s). Hub spring structure is connected between the rotor and the mast to resist rotor flapping about the teeter axis, thereby providing a two-per-rev control moment. Alternatively, offset teetering hinges are incorporated in the rotor-hub to resist rotor flapping about the teeter axes, thereby provide a two-per-rev control moment. Gyroscope is mounted near the rotor-hub and connected to the teetering member of the rotor, to provide a second two-per-rev moment approximately 90-degrees in advance of the teetered rotor, to minimize the two-per-rev vibration. Gyroscope may incorporate electric motor or consist of electric motor.
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Claims:



In present tense
What is claimed is:
1. A rotorcraft with one or more two-bladed teetering rotors having a hub-spring located between the rotor-head and its mast and having a gyroscope, whereby approximately half of the two-per-rev moment generated by the hub-spring is transmitted directly to the mast as a control moment and the balance of the hub-spring generated two-per-rev moment is transmitted to the gyroscope, which by the means of gyroscopic precession, transmits a two-per-rev moment to the mast in advance of the preceeding direct moment to the mast, by up to 90-degrees.

2. A rotorcraft with one or more two-bladed rotors with two offset teetering hinges whereby a two-per-rev moment is generated when the tip path plane is not normal to the axis of rotation of the rotor-head and having a gyroscope, whereby approximately half of the two-per-rev moment generated by the teetered blades is transmitted directly to the mast as a control moment and the balance of the offset generated two-per-rev moment is transmitted to the gyroscope, which by the means of gyroscopic precession, transmits a two-per-rev moment to the mast in advance of the preceeding direct moment to the mast, by up to 90-degrees.

3. The combination set forth in claim 1 wherein the gyroscope is an electric motor where the rotational portion of the motor is a portion or is all of the wheel of the gyroscope and this electric motor provides all or a portion of the power that is used to rotate the rotor of the craft.

4. The combination set forth in claim 1 wherein the wheel of the gyroscope associated with a rotor is driven by one or more separate electric motors where one or more of these electric motor provides all or a portion of the power that is used to rotate the associated rotor of the craft.

5. The combination set forth in claim 2 wherein the gyroscope is an electric motor where the rotational portion of the motor is a portion or is all of the wheel of the gyroscope and this electric motor provides all or a portion of the power that is used to rotate the rotor of the craft.

6. The combination set forth in claim 2 wherein the wheel of the gyroscope associated with a rotor is driven by one or more separate electric motors where one or more of these electric motor provides all or a portion of the power that is used to rotate the associated rotor of the craft.

7. The combination set forth in claim 3 wherein the electric motor can act as an electric generator to provide a braking force to the rotor, or to generate electrical energy that can be stored for use  later in the flight.

8. The combination set forth in claim 4 wherein the electric motor can act as an electric generator to provide a braking force to the rotor, or to generate electrical energy that can be stored for use  later in the flight.

Claim for helicopter.

Claim for gyrocopter

Claim that the gyroscope may be driven by an electric motor.

Claim that the gyroscope is an electric motor.

Claim that the electric motor may power the rotor with full power or partial power for; helicopter flight, helicopter with propulsor flight..

Claim that the electric motor may power the rotor with partial power requirement for gyrocopter partial rotor powered flight.

Claim that the electric motor may provide the prerotation for the rotor on a gyrocopter.

Claim that the electric motor may serve as a generator when the rotor is in autorotation for producing electricity; for later use.





BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a two-bladed teetering rotor for helicopters and for gyrocopters and specifically to a means of providing better response to cyclic control inputs while reducing rotor induced vibration.


2. Background Art 

Helicopters traveling in level flight are considered to be operating in a one "g" condition; that is, the rotor is producing lift equal to the vehicle weight. In a helicopter equipped with a teetering rotor, which cannot transmit a rotor moment into the mast head, a control moment about the aircraft center of gravity, a requirement to command a change in aircraft attitude, is obtained by tilting the rotor and hence its thrust vector. Thus, the control moment is a function of rotor thrust and tilt angle. When such an aircraft is subjected to a sudden descending maneuver, the rotor thrust will be reduced toward a zero or negative "g" condition. Consequently, the control moment capability will be reduced to zero and the aircraft becomes uncontrollable. 

An attempt to overcome this problem was to incorporate a hub-spring into the rotor-hub, between the teetering yoke and the mast. This hub-spring applies a moment between the yoke and the mast when the two-bladed yoke is not normal to the mast. This moment helps to restrain any excessive teetering, which may damage the craft. 

In addition, a moment generated by a hub-spring increases the controllability of the craft, since this moment is summed with the teetering generated thrust vector.  However, this creates a problem since the hub-spring generated moment only occurs when the yoke is teetered and this teeter occurs twice per rotation of the rotor. This introduces a two-per-rev fuselage vibration.
In addition, a moment generated by an offset teetering rotor-hub increases the controllability of the craft, since this moment is summed with the teetering generated thrust vector.  However, this creates a problem also since the offset teetering generated moment only occurs when the blades are teetered and this teeter occurs twice per rotation of the rotor. However, this introduces a two-per-rev fuselage vibration.
SUMMARY OF THE INVENTION 

Two-bladed teetering rotors tend to have zero control power in zero-g flight. Control power can be provided with a hub spring or an offset teetering rotor, which provide a moment acting between the rotor and the mast. However, spring rates and offset teetering rates should be kept moderate to prevent them from causing a rotor/mast instability. It has been stated that about 25% of the one-g control power is adequate for zero-g flight. Such hub spring rates and offset hinge teetering rates are acceptable as far as rotor/mast stability is concerned, but the hub spring and the offset teetering rate introduce a two-per-rev hub moment and therefore a two-per-rev fuselage vibration. 

The present invention utilizes the function of gyroscopic precession to insert an additional control moment between the control moments generated by the teetering of the blades. These additional control moments change the twice per revolution oscillatory moments at the rotor to a near constant control moment. This significantly reduces the rotor-induced vibration while providing control in normal and in zero-g flight. 

The gyroscope is located in the vicinity of the rotor, with its axis parallel to the axis of the rotor and both the gyroscope and the rotor rotate in the same direction.  The teetering of the rotor-blades transmits a torque to the gyroscope at the same azimuth as the azimuth of the rotor. This torque to gyroscope is advanced by up to 90-degrees ahead of the teetering rotor due to the gyroscopic precession. This resultant torque output by the gyroscope is exerted on the mast and thereby applies a moment on the mast.

The moment generated by the teetering rotor is distributed at a ratio of approximately 50/50 to the mast and to the gyroscope. Therefore the teetering rotor will apply two moments to the mast at a 180-degree separation and the gyroscope will apply two moments to the mast at a 180-degree seperate. However. the direct moment from the teetering rotor and the indirect moment from the gyroscope will be separated from each other by approximately 90-degrees.

The moments that are applied to the mast, directly and indirectly, can be sinusoidal or can be closer to being linear to further reduce the vibration.


BRIEF DESCRIPTION OF THE FIGURES

FIG. 1a, 1b, and 1c illustrate the constant force generated by a two-bladed teetering rotor;

FIG. 2 illustrates the force and moments generated by a two-bladed teetering rotor, with hub-springs; 

FIG. 3 illustrates the force and moments generated by a two-bladed teetering rotor, with offset hinges; 

FIG. 4 illustrates a gyroscope where its rotating wheel is driven by one or more electric motors;

FIG. 5 illustrates a gyroscope where its rotating wheel is the rotor of an electric motor;

FIG. 6 illustrates the input and output forces applied to a rotating gyroscope wheel;

FIG. 7 illustrates the transfer of the force from rotor-hub to gyroscope;

FIG. 8 illustrates the transfer of the force from gyroscope to the mast;

FIG. 9 illustrates the sinusoidal forces of the rotor-hub and the gyroscope;

FIG. 10 illustrates the linear forces of the rotor-hub and the gyroscope;


DETAILED DESCRIPTION 

FIGS. 1a, 1b, and 1c illustrate the force generated by tipping a teetering rotor forward and downward at 180-degrees azimuth. The force passes through the rotor's axis of rotation and is normal to the rotor's tip path plane. It applies a constant moment about the center of the rotorcraft's fuselage, irrespective of the azimuth of the two blades. However the moment only exists when the rotor is generating thrust.

FIGS. 2a, 2b, and 2c illustrate the moment generated by tipping teetering rotor, complete with hub-springs, forward and downward at 180-degrees azimuth. The force generated by the basic teetering rotor is the same as in figures 1a, 1b, and 1c. However, the hub spring generates a two-per-rev sinusoidal or linear moment that is at its maximum, for the current degree of teeter, when a blade and its yoke is at 180-degree azimuth and the spring between the yoke and the mast is at its maximum compression. Or, when the blade is at 0-degree azimuth and the spring is at its maximum tension. The moment does not exist when the blades are at 90-degree and 270-degrees azimuth.  Clean up the preceding wording.

FIGS. 3a, 3b, and 3c illustrate the moment generated by tipping teetering rotor, complete with offset hinges, forward and downward at 180-degrees azimuth. The force generated by the basic teetering rotor is the same as in figures 1a, 1b, and 1c. However the hub spring generates a two-per-rev sinusoidal or linear moment that is maximum when a blade is at 180-degree azimuth and does not exist when the blades are at 90-degree and 270-degrees azimuth. Correct and clean up the preceding wording.
********

Having described the invention in connection with certain specific embodiments thereof, it is to be understood that further modifications may now suggest themselves to those skilled in the art, and it is intended to cover such modifications as fall within the scope of the appended claims. 



Drawings:



The following was Posted on PPRuNe. Thread VTOL Research, Development and Product ~ by Wikinomics. 

Post #15. Date: 19th February 2007, 14:01. 

Quick and dirty presentation of an idea for a project for a single device for Improving the Teetering Rotor by;

 Improved Flight-Control;
~ By providing a constant control moment from a 2-bladed teetering rotor when the control-plane is moved out-of-plane from the mast-plane.

 Greater Rotor Inertia;
~ For entry into autorotation and for landing flare, without increasing the centrifugal force on the blades.

 Stability Augmentation System;
~ Somewhat similar to the Bell, Hiller and Lockheed units. 

 Gyrocopter Jump-Takeoff;
~ Improved gyrocopter jump-takeoffs; due to the additional rotational inertia that can be developed before takeoff. 


Proposed Means:

 Improved Flight-Control: 
~ A simple teetering rotor will generate a constant lateral force at the top of the mast when the disk is tipped. However, it cannot create a moment at the top of the mast, which is added to this force.

~ The rotor is modified to include a http://www.unicopter.com/B329.html#Hub_Spring hub spring or http://www.unicopter.com/B329.html#T...or_with_Offset 2-blade teetering rotor w/ offset.

~ The inclusion of one of the above two devices will generate 2/rev moments at the top of the mast when the disk is tipped. 

~ A 'gyro-assemblage' is located inline with the rotorhead and it also applies 2/rev moments, which are offset 90º to the rotor's moments. 

~ Half of this rotor-generated 2/rev moment will be applied to the mast, for greater control every 180º of rotation.

~ The other half of this 2/rev moment is applied to the gyro-assemblage, to reorient its position. 

~ The gyro-assemblage re-orientates at twice the rate that the rotor turns.

~ The end result is that the gyro-assemblage also generates a 2/rev moment at the top of the mast, however, its moments are 90º out of phase with the rotor-disk generated moment. 

~ The objective being a constant moment at the top of the mast that is combined with the constant teetering force.

 Stability Augmentation System: 
~ Utilizes the gyro-assemblage. 

 Greater Rotor Inertia: 
~ The gyro-assemblage has;
~ Low mass, high rotational speed.
~ Is rotated by speed-up from the mast or by electric motor(s) 

 Gyrocopter Jump-Takeoff: 
~ Conventional gyrocopter control system must be changed to swashplate or spider type.
~ Rotating gyro-assemblage will generate very little rotational drag. This eliminates the tendency to rotate the craft on the ground, as does the application of the energy to the rotor.

The following was Posted on PPRuNe. Thread VTOL Research, Development and Product ~ by Wikinomics. 

Post #36. Date: 22th February 2007, 14:01. 

The gyro-assemblage consists of two counter-rotating gyros. Their rotational inertia is obtained from high rotational speeds and not from large masses. The two gyros are independently gimbaled on the mast, just below the rotor-hub. The two gyros are linked together so that they tip in unison. Their rotation is provided by electric motors. Perhaps the mass of the gyro is the rotor of its axial flux motor.

