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AIRCRAFT POWER PLANT
CROSS-REFERENCE TO RELATED APPLICATIONS

38811 This application claims priority to ULS. Provisional Application Serial No. 61/775,554
PP ! 3 8!

entitled “Aircrafi Power Plant,” filed March 9, 2013, which is incorporated hercin by reference
in its entirety.
TECHNICAL FIELD
{8002} The prosent invention generally relates to aircraft power plants, and more particularly, but
not cxclusively, to aireraft power plants having separately operated bladed rotors.
BACKGROUND

{8003} Providing aircraft power plants capable of operating in a varicety of conditions remains an
arca of intercst.  Some cxisting systoms have various shortcomings relative fo certain
applications.  Accordingly, there remains a need for further contributions in this arca of

technology.

SUMMARY

{8004] Onc ecmbodiment of the present invention IS a unique aircraft power plant.  Other
embodiments include apparatuses, systems, devices, hardware, methods, and combinations for
providing motive power for an aircraft, Further embodiments, forms, features, aspects, benefits,
and advantages of the present application shall become apparent from the description and figures

provided herewith,

BRIEF DESCRIPTION OF THE FIGURES
{0005} FIG. 1 depicts onc embodiment of an aircraft and power plant.
{8006} FI1G. 2 depicts one embodiment of a work producing device.

[0897] FIG.

e
N

depicts one embodiment of a power plant,

{B008] FIG. 4 depicts one embodiment of a power plant.
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DBETAILED DESCRIPTION

{0609 For the purposes of promoting an understanding of the principles of the invention,
referonce will now be made to the embodiments illustrated in the drawings and specific language
will be used to describe the same. |t will nevertheless be understood that no limitation of the
scope of the invention is thereby intended. Any alterations and further modifications in the
described embodiments, and any further applications of the principles of the invention as
described herein are contemplated as would normally occur to one skilled in the art to which the

mvention relates,

{8018} With reference to FIG. |, an aireraft 30 is depicted having a power plant 52 capable of
providing motive power to the aireraft 30, Though only one power plant 52 is depicted in the
figure, other embodiments can include any number of power plants 52 arranged in any variety of
configurations to provide power to the areraft 50, As used herein, the torm “atreraft” includes,
but is not himited to, hehicopiers, airplancs, unmanned space vehicles, fixed wing vehicles,
vartable wing vehicles, rotary wing vehicles, uninanned corobat acrial vehicles, tailless aireraft,

hover crafts, and other airbome and/or extraterrestrial {spacecrafi) vehicles.

{0011] The aircraft 50 can be flown at a variety of speeds and altitudes and in some
crobodiments can include a sensor 54 and controlier 56 usciul to enable flight. To one form the
sensor 54 can be configured to measure aircraft thight condition such as speed and altitude, to set
forth just two non-limiting examples, and can ouiput any variety of data whether sensed or
calculated.  For example, the sensor 54 can sense and ouiput conditions such as static
temperature, static pressuore, total feraperature, and/or total pressure, among possible others, In
addition, the sensor 54 can output calculated values such as, but not Hmited to, equivalent
airspeed, altitude, and Mach namber.  Any mumber of other sensed conditions or calculated
values can also be output. The sensor 54 provides data to the controller 36 and can output valoes

in either analog or digital form,

{0812 The controlier 56 is provided to monitor and operations of the power plant 52, The
controller S6 can be comprised of digital circnitry, analog circuitry, or a hybrid combination of
both of these types. Also, the controller 56 can be programmable, an mtegrated state machine, or

a hybrid combination thereof. The controlier 56 can inclade one or more Arithmetic Logic Units
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(ALUR), Central Processing Units {(CPUs), memories, limiters, conditioners, filters, format
converters, or the like which are not shown to preserve clarity. In one form, the controlier 56 is
of a programumable variety that exccutes algorithms and processes data in accordance with
operating logic that is defined by programuming instructions {such as softwarc or firmware).
Alternatively or additionally, operating logic for the controlier 56 can be at least partially defined
by hardwired logic or other hardware. In onc particular form, the controller 56 is configured to
operate as a Full Authority Digital Engine Control (FADECH; however, in other embodiments it
may be organized/configored in a difforent manner as would ocour to those skilled in the art, It
shounld be appreciated that controller 56 can be exclusively dedicated to control of the power

plant 52, or in other additional and/or alicrnative forms may further be used i the

regulation/control/activation of one or more other subsystems or aspects of aircraft 58,

{0013} Turning now to FIG. 2, one crwbodiment 1s depicied of the power plant 52 1o which it
takes the form of a gas turbine engine having a compressor 38, combustor 60, and turbine 62.
The gas turbine engine can have multiple spools such as conld be used with a turbine 62 that
includes a high pressure turbine and a power turbine, The turbine 62 can be used to extract work
from a passing flow stream and provide the work to a bladed rotor 64. The gas turbine engine
can fake a varicty of forros as will be appreciated by those of skill in the art. In some forms the

bladed rotor 64 1s an open rotor or propfan,

{8014] Turning now to FIG. 3, one embodiment is depicted of the power plant 52 having a pvlon
66 and multiple bladed rotors 64 which in some embodiments are used to produce a motive force
for the atreraft SO (depicted i FIG. 1), The bladed rotors 64 can be configured to be contra-
rotating in some non-limiting embodiments. The bladed rotors 64 can take a variety of forms,
dimensions, shapes, ete. and can have any number of alr moving members 68 distributed
circumfierentiaily about the bladed rotor 64, The atr moving members 68 can have any variety of
sweep, camber, twist, and stagger, suitable for use with the power plant 2, to set forth just a few
non-exclusive examples. In some forms the air moving members 68 can be configured to have
variable pitch provided by a suitable mechanism such as, but not limited to, a motor driven
gearing. The air moving members 68 associated with any given bladed rotor 64, such as the
upstream bladed rotor 64, can have the samge characteristics/configuration as corresponding air

moving members 68 associated with another bladed rotor 64, such as the downstream bladed
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rotor 64, but in some embodiments the characteristics and/or configuration can be different.
Furthermore, although the ilustrated embodiment depicts two bladed rotors 64 associated with
the pylon 66, in some forms the aircraft 50 and/or power plant 52 can include any number of
bladed rotors 64 with the pylon 66 having any varicty of configurations and placoments as

described herein.

{0015} Although the non-Hmiting embodiment disclosed in FIG. 3 depicts the bladed rotors 64
on cither side of the pyion 66, in some embodiments the rotors 64 can be spaced closer to one
another. For cxample, both rotors 64 could be disposed at a downstream side of the pylon 66,
whilc other embodiments could locate the rotors 64 at an upstream side. Other placements are

also contemplated herein for any of the rotors 64.

{8016] With reference to FIG. 3, and continuing reference to carlier embodiments, the bladed
rotors 64 arc capable of being separately powered by work devices 70 and 72, In one form the
work devices 70 and 72 can be configured to independently drive the bladed rotors 64 at
operating conditions that can be different in some modes of operation, or the same/similar in
other modes of operation.  For exarnple, the work devices 70 and 72 can be operated cither
directly or indirectly to drive the bladed rotors 64 at different speeds. The work devices 70 and
72 can also provide varyving levels of work to the bladed rotors 64. Tn one non-limiting form the
air moving members 68 in an upstreamn bladed rotor 64 can be commanded to a different pitch

than air moving members 68 associated with a downstream bladed rotor.

{0017} Tn some embodiments the atreraft 50 can be operated to prodoce varving speeds and/or
configurations based upon a forward speed of the aircraft 30, Ina low speed mode of operation
the speed and/or configuration of the bladed rotor 64 can be adjusted to provide for an fraproved
and/or optimized noise signature, such as might be useful in a take-off operation around a noise
sensitive envirommnent, In a high speed mode of operation the speed and/or configuration of the

bladed rotor could also be adjusted to improve and/or optimize a performance of the atreraft 50

{8018] In those embodiments which include the coniroller 56 and/or sensor 54, the controller 56
can determine appropriate speed and/or configuration of the bladed rotor 64 and command cach
work producing device 70 and 72 accordingly. In one form the sensor 34 can be used o

determainge a speed of the atreraft 50, the mformation of which is provided to the controller 56 1o
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determine an appropriate speed of the cach of the bladed rotors 64, The controller 56 can
command an absolute speed and/or configuration of cach bladed rotor 64, while in another form
the controller 36 can command a relative speed and/or configuration. For cxample, the controlicr
56 is capable of generating a delta conumnand to one or both of the bladed rotors based on a
bascline command. In one further non-limiting example, the delta command can take the form
of a command expressed as an increment to be summed with a bascline command. Such an
increment can be expressed in the same units as the bascline command or as a percentage of it
In one form the bascline command can represent a command to be issucd corresponding to one
of the bladed rotors 64, In short, the controller 536 can operate cach of the work devices 70 and

72 to provide for appropriate speed and/or configuration of the bladed rotors 64.

{0019} Also depicted in FIG. 4 arc power transter devices that can be used to convey power from
cach of the work devices 70 and 72 to their respective bladed rotors 64, In one non-limiting
embodiment the power transfer devices can include a shatt driven by the work devices 70 and
72, such as by shafts 74 and 76. Tn the illustrated erobodiment the shafis 74 and 76 are drivingly
coupled to the bladed rotors 64 via gearboxes 78 and 80, but other ernbodiments need not include
such a device. The gearboxes 78 and 80 can mclude any nurober of componenis useful in
changing a dircction and/or ratio of rotation of the shafts 74 and 76, In sowme forms the
gearboxes 78 and 8O can be a transmission which in some formas can include a varicty of
mechanisms to change the ratio of rotation from cither of the shafts 74 and 76 to the bladed
rotors 64, Such a transmission can provide for a variety of ratios as will be appreciated. In still
further alternative and/or additional forms the gearboxes 78 and 80 can include power

modulators such as one or more chitches.

{B828] Though the hustrated embodiment depicts various shafts and gearboxes 78 and 84, some
forms of the power plant 52 may not inclode such devices. To set forth just one non-limiting
7

embodiment, 1o some forms the work devices 70 and 72 can be coupled directly to the bladed

rotor 64, either through a shaft or similar deviee, and/or can be integrated thereto.

{80211 The work devices 70 and 72 can take a variety of forms in various embodiments. To set
forth just a fow non-limiting examples, one or more of the work devices 70 and 72 can be an

internal combustion engine {such as but not limied fo gas turbinge engines and positive
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displacement engines} or an clectric motor. The work devices 70 and 72 can be configured to
operate on the basis of a fuel or energy storage and in somge forms both work devices 70 and 72
can pull from the same fucl or cnergy storage. For cxample, if the work devices 70 and 72 were
configurcd as intcrnal combustion cngines the devices can receive fuel from the same storage
container, such as a vchicle fuel tank. In similar fashion, if the work devices 70 and 72 were
electric motors, such motors can reccive clectrical power from a common source, such as a
gencrator or baticry.  In other embodiments the work devices 70 and 72 can receive fuel or
energy from separate sources, such as but not bimtted to scparate fuel containers or separate
sources of clectricity,  Other forms of work devices and fucl/energy storage can also be used

suttable to any given application,

{B023] The work devices 70 and 72 can be the same type in any given embodiment of the power
plant 52, For example, the devices 70 and 72 can both be gas turbine engines, or positive
displacement engines, or electric motors. In other embodiments, however, the work devices 70
and 72 can take different forms, such as work device 70 in the form of an internal combustion

engine and work device 72 1o the form of an electric motor.

{0023} Tn some applications one or more of the work devices 70 and 72 can be an off-the-shelf
device integrated into the power plant 52 with minimal fo no changes. In other applications one
or more of the work devices 70 and 72 can be modified cither moderately or substantially before
integration with the power plant 52, In still further forms one or more of the work devices 70
and 72 can be substantially reconstructed and/or be devices specifically designed for the

application to be used in the power plant 52.

{0024} One aspect of the present application provides an apparatus comprising an awreraft power
plant having a first work producing device and a second work producing device, and a first
unducted atr moving device in serial flow communication with a second unducted air moving
device, the first unducted air moving device powered by the {irst work producing device and the

second unducted air moving device powered by the second work producing device.

{0025] A feature of the present application provides wherein the first work producing device
onc of an internal combustion engine and an clectric motor, and the second work producing

device 13 one of an internal combustion engine and an clectric motor.
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{0026] Another feature of the present application provides wherein the first work producing

device is the same type of device as the second work producing device.

{86271 Still another feature of the present application provides wherein the first work producing

device includes a turbine structured to extract energy from a passing flow stream.

{0028} Yet another feature of the present application provides wherein the turbine is downstream
of a combustor, and wherein the first unducted air moving device is capable of rotating at a first
rotational velocity and the second unducted air moving deviee is capable of rotating at a second

rotational velocity.

{8629 Stll yet another feature of the present application includes a controller structured to

develop a command signal to the first work producing device.

{0030] A further feature of the present application provides wherein the controller includes a

module configured to provide the command based upon a function of airspeed.

{8031] Another aspect of the present application provides an apparatos comprising an atreraft
thrust producing device having a first power source nchiding a first bladed device and a second
power source inchuding a second bladed device structured o convey a stream of working fluid,
the first power source capable of generating power independent of the second power source, and
wherein the first power source delivers power to the first bladed device to convey the stream of
working fluid to the second bladed device, wherein the second bladed device 1s powered by the

second POWEE SOCUrce.

{B032] A feature of the present application provides wherein the two bladed devices are open

rotors.

{8331 Another feature of the present application provides wherein the first power source is one

of an internal combustion engine and an clectric motor.

{8834} Sull another feature of the present application provides wherein the first power source is

radially offset from an axis of rotation of the first bladed device.
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{0035 Yet another feature of the present application provides wherein the first power source is

coupled via a shaft to the first bladed device.

{0036 Still yet another feature of the present application provides wherein the first  bladed

device can be driven to a different velocity than the second bladed device.

{80371 A further feature of the present application inchludes a control system configured to

generate a signal representative of velocity used to drive the first bladed device to a first velocity,

{0038} Yet another aspeet of the present application provides an apparatus comprising an atrcraft
thrust producing system having a first unducted fan in flow communication with a sccond
unducted fan, and means for independently driving the first unducted fan to a different speed

than the sccond unducted fan.

{8039] A feature of the present application provides whercin the means further includes means

for controliing the means for independently driving.

{0040] Sull vet another aspect of the present application provides a method comprising operating
an aireraft power plant to develop thrust, the operating including: rotating a fivst bladed air
moving deviee to produce a first flow stream by action of a first power source, delivering the
first flow stream to a s¢cond bladed air moving device powered by a second power source,
independently driving cach of the first bladed air moving device and second biaded air moving

device from the first power source and second power source respectively.

{0041 A feature of the present application provides wherein the rotating includes spinning the

first bladed air moving device as an open rotor.

{0042] Another feature of the present application includes providing power from the first power
source to the first bladed air moving device, the first power sonrce located radially offset from a

rotation of the first bladed air moving device.

{B843] Yet another feature of the present application provides wherein the providing power

includes rotating a shaft in mechanical comrounication with the first bladed air moving device.
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{0044 Yot still another feature of the present application provides which further includes

rotating a gearing coupled to the shaft and the first bladed air moving device.

{0045] A further feature of the present application provides wherein the first power source is one

of an internal combustion engine and an clectrical device.

{0046] A still further feature of the present application provides wherein the first bladed air
moving device is capable of spinning at a difforent speed than the second bladed air moving

device.

{8047} While the invention has been ilustrated and described in detail in the drawings and
foregoing description, the same 18 to be considered as iliustrative and not restrictive in character,
it being understood that only the preferred embodiments have been shown and deseribed and that
ali changes and modifications that come within the spirit of the inventions are desired to be
protected. It should be understood that while the use of words such as preferable, preferably,
preferred or more preferred utilized in the description above indicate that the feature so described
may be more desirable, it nonetheless may not be necessary and cmbodiments lacking the same
may be contemplated as within the scope of the invention, the scope being defined by the claims
that follow. In recading the claims, it is intended that when words such as “a,” “an,” “at least
ong,” or “at lcast one portion” arc uscd there 18 no intention to limit the claim to only one item
unless specifically stated to the contrary in the claim. When the language “at least a portion”
and/or “a portion” 1s used the item can nclude a portion and/or the entire itern unless specifically

stated to the contrary,
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WHAT IS CLAIMED 1S
i. An apparatus comprising:

an aircraft power plant having a first work producing device and a sccond work
producing device; and

a first unducted air moving device in serial flow communication with a second unducted
atr moving device, the first unducted atr moving device powered by the first work producing
device and the second unducted air moving device powered by the second work producing
device.
2. The apparatus of claim {, wherein the first work producing device is one of an internal
combastion engine and an electric motor, and the second work producing device is one of an

internal combustion engine and an electric motor.

3. The apparatus of claim 2, wherein the first work producing device is the same type of

device as the second work producing device.

4, The apparatus of claim 1, wherein the first work producing device includes a turbine

structured to extract energy from a passing flow stream,

S, The apparatus of claim 4, wherein the turbine is downstream of a combustor, and wherein

the first unducted air moving device 18 capable of rotating at a first rotational velocity and the

seeond unducted air moving device 18 capable of rotating at a second rotational velocity,

10
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8. The apparatus of claim 1, which further inchudes a controller structured to develop a

command signal to the first work producing device.

7. The apparatus of claim 6, whercin the controlier includes a module configured to provide

the command based upon a function of airspeed.

a. An apparatus comprising:

an aireraft thrust producing device having a first power source including a first bladed
device and a second power source inclading a second bladed device structured to convey a
stream of working fluid, the first power source capable of generating power independent of the
second power source; and

wherein the first power source delivers power to the fivst bladed device to convey the
stream of working fluid to the second bladed device, wherein the second bladed device is

powered by the second power source.

9. The apparatus of claim &, wherein the bladed devices are open rotors.

8. The apparatus of claim &, wherein the first power source is one of an internal combustion

engine and an clectric motor,

i1, The apparatus of claim 18, wherein the first power source is radially offset from an axis

of rotation of the first bladed device.

11



WO 2014/163688 PCT/US2013/076521

12, The apparatus of claim 11, wherein the first power souree is coupled via a shaft to the

first bladed device.

13.  The apparatus of claim 8, whercin the first bladed devices can be driven to a different

velocity than the second bladed deviee.

4. The apparatus of claim 8, which further includes a control sysiem configured to generaie
» &

a signal representative of velocity used to drive the first bladed device to a first veloctty.

8. Axn apparatus comprising:

an aireraft throst producing system having a first undocted fan in flow communication
with a second unducted fan; and

means for independently driving the first undocted fan to a different speed than the

second anducted fan.

6. The apparatus of claim 15, wherein the means firther inclhudes means for controlling the

means for independently driving.

12



WO 2014/163688 PCT/US2013/076521

17. A method comprising:

operating an aircraft power plant to develop thrust, the operating including:

rotating a first bladed air moving device to produce a first flow stream by action

of a first power source;

delivering the first flow stream to a second bladed air moving device powered by
a second power source;

independently driving cach of the first bladed air moving device and second
bladed air moving device from the first power source and second power source

respectively,

18. The method of clam 17, wherein the rotating includes spinning the first bladed air

moving device as an open rotor,

19. The method of clatm 17, which further includes providing power from the first power

source to the first bladed air moving device, the {irst power source located radially offset froma

rotation of the first bladed air moving device.

28. The method of claim 19, wherein the providing power inchades rotating a shaft in

mechantcal communication with the first bladed air moving device.

21. The method of claim 20, which further includes rotating a gearing coupled to the shaft

and the first bladed air moving device,

13
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22. The method of claim 20, wherein the first power source is one of an internal combustion

enging and an clectrical device.

23, The method of claim 17, wherein the first bladed air moving device is capable of

spinning at a different speed than the second bladed air moving device.

14
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