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SWASHPLATE-MOUNTED PERMANENT MAGNET ALTERNATOR

Technical Field

The present application relates generally to swashplates, and more specifically,

to a swashplate having an alternator.

Description of the Prior Art

Both swashplates and alternators are well known in the art. A swashplate Is a
device that translates flight control input to the rotary system. Alternators are adapted
to convert mechanical energy into electrical energy, which in turn is channeled to one or

more electrical subsystems.

Electrical energy is required to power one or more electrical subsystems located
on the rotor and/or rotary system of a conventional rotary aircraft. The alternator is an
effective means for converting mechanical energy from the aircraft engine to electrical

energy for powering the aircraft electrical subsystems.

The aircraft alternator is typically positioned near the engine, which creates
problems when channeling the electrical energy to one or more electrical subsystems
located on rotary system due to the continuous swashplate rotation. Slip ring and/or
other suitable devices are typically used when transferring the electrical energy through

the rotary system.

Although the foregoing developments represent strides in the area of swashplate

system, many shortcomings remain.

Summary

In one aspect, there is provided a swashplate system, comprising. an outer
rotating ring; an inner non-rotating ring having a top surface; and an alternator
subsystem, having: a first non-rotating magnet member having a first magnet, the first
non-rotating magnet member being operably associated with the inner non-rotating ring;

a second non-rotating magnet member having a second magnet, the second non-
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rotating magnet member being operably associated with the inner non-rotating ring; and
a winding member having a coil of wire, the winding member being operably associated
with the outer rotating ring, the winding member being configured to pass between the
first non-rotating member and the second non-rotating member; wherein the first
magnet and the second magnet are selectively positioned to create a magnetic field
therebetween; and wherein, as the rotating ring rotates, the coil of wire passes through

the magnetic field, which in turn creates an electrical current within the coll of wire.

In another aspect, there is provided a swashplate system, comprising: an outer
rotating ring adapted to carry a coil of wire; an inner non-rotating ring adapted to carry a
first magnet, a structure operably associated with the inner non-rotating ring and
adapted to carry a second magnet; wherein the coil of wire Is configured to pass
between the inner non-rotating ring and the structure; wherein the first magnet and the
second magnet are selectively positioned to create a magnetic field therebetween; and
wherein the coil of wire passes through the magnetic field, which in turn creates an

electrical current within the coil of wire.

In a further aspect, there is provided a method to create an electrical current with
a swashplate system, the swashplate system having an outer rotating ring and an inner
non-rotating ring, the method comprising: creating a magnetic field with a first magnet
and a second magnet operably associated with the non-rotating ring; providing a coil of
wire operably associated with the outer rotating ring; rotating the rotating ring; and
creating the electrical current within a coil of wire by passing the coil of wire through the

magnetic field created by the first magnet and the second magnet as the rotating ring

rotates.

Brief Description of the Drawings

The novel features believed characteristic of the application are set forth in the
appended claims. However, the application itself, as well as a preferred mode of use,

and further objectives and advantages thereof, will best be understood with reference to
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the following detailed description when read in conjunction with the accompanying

drawings, wherelin:

Figure 1 is a side view of a rotary aircraft adapted with a swashplate system

according to the preferred embodiment of the present application;
Figure 2 is an oblique view of the swashplate system of Figure 1;

Figure 3 is a cross-sectional side view of the swashplate system of Figure 2
taken at -1

Figure 4 is a top view of a non-rotating magnet member of an alternator

subsystem of the swashplate system of Figure 2;

Figure 5 is a table of data compiled from testing of the swashplate system of

Figure 2;
Figure 6 is an alternative embodiment of the swashplate system of Figure 3; and

Figure 7 is a flow chart illustrating the preferred method to create electrical

energy with the swashplate system of Figure 2.

While the system and method of the present application is susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by
way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments iIs not
intended to limit the invention to the particular embodiment disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling

within the scope of the process of the present application.



10

15

20

25

CA 02792877 2012-09-11
WO 2011/119458 PCT/US2011/029134

| DesCrigtion of the Preferred ‘Em,bodiment

The swashplate system of the present application overcomes common

-disadvantages associated with conventional methods and devices for transferring

electrical energy from the alternator to one or more electrical subsystems positioned on

a rotary system. lllustrative embodiments are described below. It will of course be
appreciated ‘that in the development of any actual embodiment, numerous

implementation-specific decisions will be made to achieve the developer's specific

goals, such as compliance with system-related and business-related constraints, which

will vary from one implementation to another. Moreover, it will be appreciated that such
a development effort might be complex and time-consuming, but would nevertheless be

a routine undertaking for those of ordinary skill in the art having the benefit of this

disclosure.

Referring now to Figure 1 in the drawings, a side view of a rotary aircraft 101 is

shown according to the preferred embodiment of the present application. Rotary aircraft

101 comprises one or more of a rotor system 103 having rotors 105 operably

associated with a swatchplate system 107. Swatchplate system 107 is adapted to

selectively pitch and pivot rotors 105, which Iin turn changes the aerodynamic

performance of aircraft 101.

It should be understood that swatchplate system 107 is adapted to provide the
same maneuverability, i.e., rotation, pivoting, tilting, and/or other movements about the
rotor shaft as conventional swatchplate systems commonly known in the art. In
addition, it should be understood that the simplified depiction of swashplate system 107
should not be narrowly construed as having the exact geometric contouring as shown in
the drawings, unless specified, but should be construed as having the necessary
contouring, size, and other geometric profiling to perform the necessary operation as a
conventional swatchplate. Furthermore, it should be understood that the necessary

components, such as bearings, bolts, liners, and other necessary components of a

‘swashp!ate system are not shown in order to quickly and easily describe the swashplate
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system of the present application; however, it should be understood that the swashplate

system of the present invention includes all necessary components to operate as a

swashplate, as conventionally known in the art, although not shown in the drawings.

In the exemplary embodiment, swashplate system 107 is used with 3 rOtary
aircraft, 1.e., a helicopter; however, it should be appreciated that the swashplate system
could easily be adapted for use with other types of aircraft, including fixed and tilt-wing
aircraft, in lieu of the preferred embodiment. Also, swashplate system 107 is utilized

with the main rotor system of the rotary aircraft; however, it should be appreciated that

the swashplate system could easlly be adapted for use with other rotor systems,

iIncluding the tail rotor system, as well as aircraft having multiple main rotors such as a
tandem rotary aircraft. It will be appreciated that swashplate system 107 eliminates
dedicated wires passing through the mast; and also eliminates the need for a slip-ring,

which greatly reduces added weight to aircraft 101.

Aircraft 101 is further provided with an alternator subsystem 109 adapted to

convert mechanical energy from rotor system 103 to electrical energy and transfer the

electric energy to one or more electrical subsystems 111 and/or other power consuming

devices operably associated with rotary aircraft 101. In the preferred embodiment,

alternator subsystem 109 creates and provides electrical energy to one or more
electrical subsystems associated with rotor system 103; however, it should be

appreciated that alternator subsystem 109 could easily be adapted to provide electrical

energy to one or more electrical subsystems carried by aircraft 101. For example,

alternator system 109 could be adapted to provide electrical energy to an electrical

subsystem located within the aircraft fuselage.

'Electrical subsystem 111 is preferably a sensor selectively positioned on one or

more components of rotor system 103 for providing real time monitoring of the rotary

- system. The sensors enable easy and rapid diagnosis of rotor system 103, which in

turn reduces aircraft downtime and associated costs due to routine maintenance

inspections. However, it will be appreciated that alternative embodiments of electrical
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~ subsystem 111 could include different electrical devices in lieu of the preferred
embodiment. For example, alternative embodiments could include lights, warning

~ devices, and/or other suitable devices operably associated with rotary system 103.

Referring to Figure 2 In the drawings, an oblique view of swashplate system 107
s shown according to the preferred embodiment of the present application. Swashplate
system 107 comprises one or more of an inner ring 201 and an outer ring 203. If should
be understood that outer ring 203 is adapted to' rotate about rotary shaft 205, while inner
ring 201 remains stationary about shaft 205. In the preferred embodiment, alternator
subsystem 109 comprises rotating and non-rotating components carried by and coupled
to outer ring 203 and inner ring 201, respectively. Further illustration and description of

alternator subsystem 109 i1s provided below.

Figure 3 shows a cross-sectional side view of the swashplate system 107 of

Figure 2 taken at IlI-Ill. Alternator subsystem 109 preferably comprises one or more of

first non-rotating magnet member 301, an opposing non-rotating magnet member 303,

and a rotating winding member 305 disposed therebetween. Non-rotating members
301 and 303 securely attach to a portion 307 of inner ring 201 via an attachment means
309, 1.e., a bolt, while rotating member 305 securely attaches to outer ring 203 via an
attachment means 311, i.e., a bolt. In the preferred embodiment, portion 307 is an
upper bearing guide, which is supported by inner ring 201. It will be appreciated that

alternative embodiments could include other devices or structures, either supported by

or attached to inner ring 201, which are adapted to couple to non-rotating members 301

and 303.

Non-rotating member 301 Is provided with one or more magnhets 313; and

likewise, non-rotating member 303 Is provided with one or more opposing magnets 315

s'electively positioned In polar opposite to magnets 313. The space between

non-rotating members 301 and 303 preferably remains at a small distance to increase

the efficiency of alternator subsystem 109. In the preferred embodiment, the space Is

about 0.050 inch; however, alternative embodiments could include different lengths
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- depending on the desired application. In the preferred embodiment, magnets 313 and
magnets 315 are arranged such that the magnet poles are in an alternating orientation,

.e. north and then south, In relation to each other. This arrangement creates a

magnetic field (not shown) between the opposing magnets that extends orthogonally
with respect a plane normal to longitudinal lengths of members 301 and 303. In the
preferred embodiment, magnets 313 and magnet 315 are manufactured with about an

inch square in length and with a thickness of about 0.5 inch; however, these lengths and

thicknesses can vary depending on the desired application.

Winding member 305 is provided with one or more coils of wire 317 selectively
positioned between magnets 313 and magnets 315 such that a side of coils 317 faces
magnets 313 and the opposing side of colls 317 faces magnets 315. Colls 317
comprise a base 319 for holding a length of a metallic wire 321. In the preferred
embodiment, winding member 305 comprises eighteen coils 317 of conductive wire
321; however, the number of coils could vary in alternative embodiments depénding on

the desired performance. It should be understood that an electrical current is created

within coils 317 upon passing through the magnetic field. Thereafter, the electrical

current is channeled to one or more electrical subsystems 111.

Winding member 305 is further provided with an optional rectifier 323 attached to

a side surface 325 and conductively coupled to wire 321 and a wire 327. It should be

understood that in some embodiments rectifier 323 is not required. Wire 327 is

conductively coupled to electrical subsystem 111, thereby providing channeling means

for transferring electrical energy alternator system 109 to electrical subsystem 111.
Winding member 305 preferably rotates at approximately 400 RPM; however, it will be
appreciated that rotor systems generally have unique RPM speeds, thus creating

different electrical voltage output to electrical subsystem 111.

Depending on the method of construction of alternator subsystem 109, a single
phase or n-phase winding arrangement with n+1 magnets can be employed. Use of an

n-phase magnet and colil arrangements, typically n is in multiples of three, produces an
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';alteméting current that can then be rectified to provide the 'necessary' power for the

electrical subsystems mounted on the rotary system. Swashplate system 107 is

preferably configured as a 3-phase system, but may also be configured In a variety of

~ phases depending on the arrangement of magnets, colls, and related circuitry.

Alternator subsystem 109 allows for electrical energy to be produced using an

existing rotating and non-rotating interface. Alternator subsystem 109 creates sufficient

electrical power for powering one or more electrical subsystems 111. It will be

appreciated that electrical subsystems 111 could be adapted with associated electrical

devices that enables wireless communication with other electrical subsystems either
carried by or detached from rotary aircraft 101. For example, an electrical subsystem

could include a transmitter for relaying real time data to receiver carried by the aircraft

fuselage, which transmits real time data of the aircraft performance to the pilot. |t

should also be appreciated that if alternator subsystem 109 is properly constructed and

assembled, the lack of direct contact between the non-rotating members and rotating

member enables alternator system 109 to have an unlimited service life.

In the preferred embodiment, alternator subsystem 109 iIncludes colls
sandwiched between a first and second set of magnets; however, it should be
appreciated that alternator subsystem 109 could include additional coils and magnets to

modify the electrical output of alternator subsystem 109. For example, an alternative

embodiment could include a magnet, coill, magnet, magnet, coil, and magnet

sandwiched configuration or a magnet, coil, magnet, coil, and magnet sandwiched

configuration.

During operation, the aircraft engine (not shown) rotates a rotor shaft 205, which

in turn rotates rotors 105. One or more driver links operably associated with rotors 105

rotate outer ring 203, which in turn rotates winding member 305. An electrical voltage is
created as coils 317 of winding member 305 pass through the magnetic field created by
magnets 313 and 315 of non-rotating members 301 and 303, respectively. Thereafter,

the electrical voltage is channeled through wire 321 to rectifier 323. Rectifier 323
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conditions and rectifies the electriCal voltage, which in turn 1s channeled to electrical

- subsystem 111 via wire 327.

Referring now to Figure 4 in the drawings, a top view of non-rotating magnet

member 301 is shown. Member 301 comprises one or more of base 401, outer ring 403

protruding from base 401, and an inner structure 405 protruding from base 401; all

components being associated for supporting and securing magnets 313 in a fixed

position. In the preferred embodiment, the planar surface 402 of base 401 is positioned

relatively parallel to a top surface 329 of non-rotating inner ring 201.

To Iincrease the effectiveness of the magnets, member 301 is further provided
with a metallic plate 407 attached to base 401 and situated between a surface of base
401 and a surface of magnets 313. In the preferred embodiment, plate 407 is
composed of an iron alloy material; however, alternative embodiments could include

different suitable materials in lieu of the preferred embodiment. The preferred

embodiment also includes 16 magnets 313; however, alternative embodiments couid

Include more or less magnets depending on the preferred electrical outcome of

alternator subsystem 109 and preferred phase. It should be appreciated that non-

rotating magnet member 303 is substantially similar in form and function to member 301

and preferably include the same features as member 301.

Swashplate system 107 has been successfully tested and Figure 5 shows a table
501 comprising data taken during the testing. In the preferred embodiment, alternator
system 109 creates approximately 26.68 volts at 68.8 watts (10 ohm load) at 100% rotor
RPM. It should be appreciated that swashplate system 107 could easily be modified to
produce a different electrical outcome by changing alternator subsystem 109, for

example, providing more or less magnets, colls, and/or adding additional circuitry such

as transformers.

Referring to Figure 6 in the drawings, an alternative embodiment of swashplate

system 107 is shown. Swashplate system 601 is substantially similar in function to
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swashplate system 107. It Should be understood that the features of swashplate'
system 107 could easily be incorporated in swashplate system 601; and likewise, the

features of swashplate system 601 could interchangeable be incorporated in

swashplate system 107.

Swashplate system 601 comprises one or more of an inner ring 603 and an outer
ring 605. It should be understood that outer ring 605 is adapted to rotate about rotary
shaft 607, while inner ring 603 remains stationary about shaft 607. In the exemplary
embodiment, the coils and magnets are carried by the rings in lieu of positioning an

alternator subsystem thereabove, as shown in the foregoing figures and described

above in detail with reference to the preferred embodiment.

Inner ring 603 includes a portion 609 substantially similar to form and function to
portion 307 of swashplate system 107. Portion 609 rigidly attaches to a support
structure 611, thus holding support structure 611 in a relatively fixed position. Inner ring
603 is further provided with one or more magnets 613, either partially or fully disposed
therein; and likewise, structure 611 is provided with one or more magnets 615 also
either partially or fully disposed therein. Like swashplate system 107, the magnets of
swashplate 601 are oriented and positioned to create a magnetic field for a coil to pass
therethrough. Outer ring 605 comprises one or more coils 617 preferably extending

through the thickness of outer ring 605. It should be understood that coils 617 are

substantially similar in function to coils 317.

During operation, the aircraft engine (not shown) rotates a rotor shaft 607, which

1n turn rotates the rotors. One or more driver links operably associated with the rotors

rotate outer ring 605, which In turn rotates coils 617. An electrical voltage Is created as
coils 617 rotate within the magnetic field. Thereafter, the electrical voltage is channeled
through wire 619 to an optional rectifier 621. Rectifier 621 conditions and rectifies the

electrical voltage created by the magnets and coil, which Iin turn is channeled to

electrical subsystem 111 via wire 623.
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Referring to Figure 7 in the drawings, a flow chart 701 illustrating the preferred

" method of the present application is shown. Box 703 depicts the first step, which

includes providing a swashplate having a rotating outer ring and a non-rotating inner
ring. Next, creating a magnetic field by providing a first magnet and an opposing
second magnet, wherein the magnets are supported by the non-rotating inner ring, as
depicted in box 705. Thereafter, an electrical current is created by passing a coil of wire
through the magnetic field, wherein the coil of wire is supported by the outer ring, as
depicted in box 707. The next step includes rectifying the electric current with a
rectifier, as depicted in box 709. Finally, the last step includes channeling the electric

current to an electrical subsystem via a conductor, i.e., a wire, as depicted in box 711.

It is apparent that a swashplate system with significant advantages has been
described and illustrated. The particular embodiments disclosed above are illustrative
only, as the embodiments may be modified and practiced in different but equivalent
manners apparent to those skilled in the art having the benefit of the teachings herein. It
Is therefore evident that the particular embodiments disclosed above may be altered or
modified, and all such variations are considered within the scope of the invention.
Accordingly, the protection sought herein is as set forth in the description. Although the
present embodiments are shown above, they are not limited to just these embodiments,

but are amenable to various changes and modifications.
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Claims

1. A swashplate system, comprising:
an outer rotating ring;
an inner non-rotating ring having a top surface; and
an alternator subsystem, having:

a first non-rotating magnet member having a first magnet, the first non-
rotating magnet member being operably associated with the inner non-rotating
ring;

a second non-rotating magnet member having a second magnet, the
second non-rotating magnet member being operably associated with the inner
non-rotating ring; and

a winding member having a coil of wire, the winding member being
operably associated with the outer rotating ring, the winding member being
configured to pass between the first non-rotating member and the second non-
rotating member;
wherein the first magnet and the second magnet are selectively positioned to

create a magnetic field therebetween; and
wherein, as the rotating ring rotates, the coil of wire passes through the magnetic

field, which in turn creates an electrical current within the coil of wire.

2. The swashplate system of claim 1, further comprising:
a rectifier carried by the winding member,;

wherein the rectifier is adapted to rectify the electrical current.

3. The swashplate system of claim 1 or 2, further comprising:
a bearing guide operably associated with the inner non-rotating ring;
wherein the first non-rotating magnet member and the second magnet member

securely fasten to the bearing guide via an attachment means.
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4. The swashplate system of any one of claims 1 to 3, further comprising:
a metallic plate attached to a surface of the first non-rotating magnet member
and disposed between the surface of the first non-rotating magnet member and a

surface of the first magnet.

S. The swashplate system of any one of claims 1 to 4, wherein the first non-rotating
magnet member comprises:

a base having a surface;

wherein the surface of the base is oriented relatively parallel to the top surface of

the surface of the inner non-rotating ring.

0. The swashplate system of claim 5, the first non-rotating magnet member further
comprising:

an outer ring protruding from the surface of the base; and

an inner structure protruding from the surface of the base;

wherein the outer ring and the inner structure securely support the magnet in a

relatively fixed position.

/. The swashplate system of any one of claims 1 to 6, further comprising:
an electrical subsystem conductively coupled to the coil of wire;

wherein, as the outer ring rotates, the alternator subsystem provides electrical

current to the electrical subsystem.

8. The swashplate system of claim 7, wherein the electrical subsystem Is a sensor

operably associated with a rotor system.

9. The swashplate system of claim 7, wherein the electrical subsystem is a light

operably associated with a rotor system.
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10. A swashplate system, comprising:

an outer rotating ring adapted to carry a coil of wire;

an inner non-rotating ring adapted to carry a first magnet;

a structure operably associated with the inner non-rotating ring and adapted to
carry a second magnet;

wherein the coil of wire Is configured to pass between the inner non-rotating ring
and the structure;

wherein the first magnet and the second magnet are selectively positioned to
create a magnetic field therebetween; and

wherein the coil of wire passes through the magnetic field, which in turn creates

an electrical current within the coil of wire.

11.  The swashplate system of claim 10, further comprising:
a rectifier carried by the outer rotating ring;

wherein the rectifier is adapted to rectify the electrical current.

12.  The swashplate system of claim 10 or 11, further comprising:
a bearing guide operably associated with the inner non-rotating ring;

wherein the structure rigidly attaches to the bearing guide.

13.  The swashplate system of any one of claims 10 to 12, further comprising:

an electrical subsystem conductively coupled to the coil of wire.

14.  The swashplate system of claim 13, wherein the electrical subsystem is a sensor

operably associated with a rotor system.

15.  The swashplate system of claim 13, wherein the electrical subsystem is a light

operably associated with a rotor system.
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16. A method to create an electrical current with a swashplate system, the
swashplate system having an outer rotating ring and an inner non-rotating ring, the
method comprising:

creating a magnetic field with a first magnet and a second magnet operably
associated with the non-rotating ring;

providing a coil of wire operably associated with the outer rotating ring;

rotating the rotating ring; and

creating the electrical current within a coil of wire by passing the coil of wire
through the magnetic field created by the first magnet and the second magnet as the

rotating ring rotates.

17.  The method of claim 16, further comprising:

rectifying the electrical current with a rectifier.

18.  The method of claim 16 or 17, further comprising:
channeling the electrical current to an electrical system conductively coupled to

the coil of wire.
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