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HYBRID ELECTRIC POWER DRIVE SYSTEM FOR A ROTORCRAFT

FIELD OF THE INVENTION

[0001] The subject matter disclosed herein relates generally to the field of propulsion

systems, and to a rotorcraft with a parallel hybrid electric drive system that receives energy

from one of two classes of electric power sources.

BACKGROUND OF THE INVENTION

[0002] Rotary wing aircraft utilize propulsion systems to power aircraft flight. These

propulsion systems convert stored energy into mechanical work to drive one or more rotor

systems for flight. Energy (typically stored in chemical form as fuel) is supplied to an energy

conversion device (typically a plurality of internal combustion engines such as a turbine

engine, spark ignition engine, or compression ignition engine), which converts the energy

into mechanical work. A drive system transmits mechanical work through a plurality of

transmission mechanisms (e.g., main rotor gearbox(es), a tail rotor gearbox, intermediate

gearbox(es), drive shafts, drive couplings, etc.) to drive the rotary wing aircraft's thrust

generating rotors.

[0003] In an emergency, e.g., in the event of an engine failure of a multi-engine

aircraft, the aircraft must rely on contingency power from the remaining operating engine(s)

for a predetermined duration so as to place the aircraft in a safe flight regime and react to the

engine failure. Emergency power for an example turbine engine is typically defined as a One

Engine Inoperative ("OEI") rating with varying limits and durations. When operating to OEI

limits, the turbine engine is run at increased speeds and/or temperatures during an emergency

for typical durations of 30 seconds to 2.5 minutes in order to provide a limited duration

increased power to achieve a safe flight condition. Further, providing supplemental power to

the rotorcraft turbine engines during a non-emergency, e.g., during hover, during take-off, or

during cruise, can provide for improved weight capability, operating characteristics,

maximum speed, or a longer duration flight for mission operations. However, increases to

OEI power ratings or providing additional supplemental power is difficult, expensive, and

may not be possible over the entire envelope without significant engine redesign.

BRIEF SUMMARY OF THE INVENTION

[0004] In accordance with an aspect of the invention, a hybrid power drive system for

an aircraft that comprises a rotor, a first power drive sub-system including at least one engine



in connection with the rotor and configured to provide a first power source to the rotor, a

second power drive sub-system connected in parallel to the first power drive sub-system and

configured to supplement, with a second power source, the first power delivered to the rotor

during operation of the aircraft, and an electric power source configured to provide a third

power to the second power drive sub-system.

[0005] In accordance with another aspect of the invention, a method for controlling a

hybrid power drive system of an aircraft that comprises receiving a signal indicative of a

power demand on a rotor; connecting in parallel a first power drive sub-system and a second

power drive sub-system; connecting an electric power source to the second power drive sub

system; and supplying a second power from the second power drive sub-system to the first

power drive sub-system to provide power to the rotor.

[0006] Technical function of the one or more claims described above provides

supplemental power to a helicopter's drivetrain through a hybrid electric drive system that

receives power from at least one of a rechargeable energy source or a non-rechargeable

energy source while improving one or more desired performance parameters, such as

payload, fuel economy, system cost, etc.

[0007] Other aspects, features, and techniques of the invention will become more

apparent from the following description taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0008] The subject matter, which is regarded as the invention, is particularly pointed

out and distinctly claimed in the claims at the conclusion of the specification. The foregoing

and other features, and advantages of the invention are apparent from the following detailed

description taken in conjunction with the accompanying drawings in which like elements are

numbered alike in the several FIGURES:

[0009] FIG. 1 depicts an exemplary rotorcraft in accordance with an embodiment of

the invention;

[0010] FIG. 2 depicts a hybrid electric power drive system for a rotorcraft in

accordance with an embodiment of the invention;

[0011] FIG. 3 depicts a hybrid electric power drive system for a rotorcraft in

accordance with an alternate embodiment of the invention; and

[0012] FIG. 4 depicts a hybrid electric power drive system for a rotorcraft in

accordance with an alternate embodiment of the invention.



DETAILED DESCRIPTION OF THE INVENTION

[0013] A hybrid electric drive system that can provide power to a rotary wing

aircraft's rotor system which improves one or more performance parameters, such as

payload, fuel economy, system cost, etc.

[0014] FIG. 1 schematically illustrates an aircraft 100 (e.g., helicopter or rotorcraft),

which includes a hybrid electric power drive system (shown in FIGS. 2-4) that provides

supplemental aircraft power in accordance with embodiments of the invention. The hybrid

electric power drive system includes a main drive system in serial or in parallel with an

auxiliary drive system. The auxiliary drive system provides, in embodiments, a limited

duration boost of power to the rotors of rotorcraft 100 in order to achieve a safe-flight

condition as well as longer duration normal operation power to the rotors of the aircraft 100

during increased demand of a single-engine and multi-engine rotorcraft, e.g., the aircraft 100.

The hybrid electric power drive system is described below in relation to FIGS. 2-4.

[0015] As shown in FIG. 1, the aircraft 100 includes an airframe 104 having a main

rotor assembly 102 and an extending tail 106 which mounts a tail rotor system 108, such as

an anti-torque system, a translational thrust system, a pusher propeller, a rotor propulsion

system, or the like. The main rotor assembly 102 includes a plurality of rotor blades 110

mounted to a rotor hub 112. The main rotor assembly 102 is driven about an axis of rotation

A through a main rotor gearbox (not shown) by a multi-engine power plant system, here

shown as two engines 114a and 114b. In an alternative embodiment, the hybrid electric

power drive system (shown in FIGS. 2-4) may also be used on a single engine power plant

system. The engines 114a and 114b generate the power available to the aircraft 100 for

driving a transmission system that is connected to the main rotor assembly 102 and the tail

rotor system 108 as well as for driving various other rotating components to thereby supply

electrical power for flight operations. Examples of the engines 114a and 114b may include

any internal combustion engine, turbine engine, spark ignition engine, compression ignition

engine, etc. Further, the engines 114a and 114b (along with other engines described below)

may also include a diesel to electric engine system, a fuel cell system, etc., and thus the

engines 114a and 114b should not be construed to any particular engine type.

[0016] In embodiments, the aircraft 100 may utilize a plurality of approaches for

providing supplemental electric power to a rotor of the aircraft 100. One approach is for

providing supplemental power for a limited duration to achieve a safe flight condition during

an emergency condition, e.g., during an engine failure, drooped rotor state, and/or for

increased power during unsafe flight conditions. Another approach is to provide



supplemental power for increased payload capability during normal operation (e.g., during

hover or takeoff) when there is an increased power demand of the engines 114a and 114b.

Additionally, for example, improved overall power delivery operating characteristics may be

optimized by using the supplemental power source to provide transient power to the rotor to

overcome slow power response inherent in turbine engines under certain operating

conditions. The approaches may be utilized through an electric motor (shown in FIGS. 2-4)

that receives electricity from one or more electric power sources onboard the aircraft 100.

The electric motor (shown in FIGS. 2-4) utilizes the one or more electric power sources to

provide supplemental power to the main rotor assembly 102 and the tail rotor system 108 in

order to achieve a safe flight condition or provide continuous power to the rotors during

demand on the engines. Although a particular helicopter configuration is illustrated and

described in the disclosed embodiments, other configurations and/or machines with single

engine or multi-engine power plants, such as high speed compound rotary wing aircraft with

supplemental translational thrust systems, dual contra-rotating, coaxial rotor system aircraft,

tilt-rotors and tilt-wing aircraft, and fixed wing aircraft, will also benefit from embodiments

of the invention.

[0017] FIG. 2 depicts a schematic view of a hybrid electric power drive system 200

(hereinafter "hybrid electric system 200") for a rotorcraft (e.g., the aircraft 100 of FIG. 1) in

accordance with an embodiment of the invention. The hybrid electric system 200 includes an

engine 202 of a single-engine power plant (although the hybrid electric system 200 could be

implemented with the multi-engine 114a-114b power plant as shown in FIG. 1), a main

gearbox 206, an electric motor 208, and an electric power source 210. It is to be understood

that many of the ancillary systems may be coupled to the engine such as an engine controller,

e.g., an engine control system ("ECS") 220. Other examples of ancillary systems include fuel

systems, pumps, etc., which are not shown in FIG. 2 for ease of description of the

embodiments of the invention.

[0018] As illustrated in FIG. 2, the hybrid electric system 200 is depicted with a main

drive system 201 in parallel with an auxiliary drive system 203 (e.g., a first power drive

system in parallel with a second power drive system). Main drive system 201 includes the

engine 202, the main gearbox 206, an engine power shaft 214, and a main rotor shaft 216.

The engine 202 is mechanically connected to the engine power shaft 214 to extract energy

from fuel and rotate the engine power shaft 214. The engine power shaft 214 provides the

motive force to drive the main rotor assembly 102, via a main rotor shaft 216, in addition to

driving the tail rotor system 108 (FIG. 1). The main rotor assembly 102 is driven about an



axis of rotation through the main gearbox 206 by the engine 202. The auxiliary drive system

203 includes the electric power source 210, the electric motor 208, and a motor output shaft

218. The electric power source 210 provides energy to the electric motor 208. The motor

output shaft 218 mechanically connects the electric motor 208 to the main rotor shaft 216.

Note that the electric motor 208 and the motor output shaft 218 may be installed coaxially,

e.g., about axis A (FIG. 1) with the main rotor shaft 216. Also, note that the controller 220 is

likely "in communication" with (e.g., connected to) one or more of the engine 202, a

FADEC, the electric motor 208, the electric power source 210, the rotor speed, and other

power demand sensors (e.g., collective rate sensors and any miscellaneous sensor that could

singly or in conjunction with other sensors signal a power demand on the rotor).

[0019] Further, in this embodiment, the motor output shaft 218 could be characterized

as a ring instead of a shaft and may be substantially integrated with the main rotor shaft.

Alternatives to installing the electric motor 208 coaxially with the main rotor shaft 216

include, e.g., belt drive, gears, an array of small electric motors, etc. The electric power

source 210 includes at least one of a rechargeable energy source 224 (Class A power source)

and a non-rechargeable energy source 226 (Class B power source) that supplies energy to the

electric motor 208 for rotationally driving the motor output shaft 218. The electric power

source 210 provides energy or power to the electric motor 208, which supplements rotational

power to the main rotor 102 through a plurality of approaches described below. The electric

power source 210 may include a rechargeable energy source 224 that may either be charged

with energy on the ground with an external power source or in-flight with aircraft power. The

rechargeable energy source 224 includes a battery bank, ultra-capacitors, flywheel energy

storage systems, or the like. The non-rechargeable energy source 226 includes an auxiliary

power unit ("APU"), supplemental power unit ("SPU"), hybrid electric engine (e.g. an engine

capable of providing both shaft and electrical power), or the like which may convert stored

energy from a stored medium to electrical energy, but not from electrical energy to a stored

medium.

[0020] As mentioned above, the hybrid electric system 200 supplements rotational

power to the main rotor assembly 102 of the aircraft 100 through a plurality of approaches. In

one approach, during an emergency condition, auxiliary drive system 203 is used to provide a

short boost of power to achieve a safe-flight condition, such as when the engine 202 fails or

the aircraft 100 is in an unsafe condition and the power plant cannot supply sufficient power

to navigate away from the unsafe condition, whereby the electric motor 208 may be used to

provide contingency power to achieve the safe flight condition during an emergency



condition. In the emergency condition, the electric motor 208 receives electric power from

the rechargeable energy source 224 and rotationally drives the main rotor shaft 216 via the

motor output shaft 218 and thereby, provides contingency power in a similar manner as an

OEI 30 second power rating provides. In another approach, for a non-emergency condition

when there is an increased power demand of the engine 202, the non-rechargeable energy

source 226 may provide electric power to drive the electric motor 208 for a longer duration,

such as during hover, during take-off, during maneuvering the aircraft 100 in high winds, or

in order to supplement primary power delivered from the engine 202 and improve overall

engine operating characteristics or efficiency of the engine 202. The electric motor 208

subsequently rotationally drives the main rotor shaft 216 and thereby, provides supplemental

power to the main rotor assembly 102. Note that the distinction of using the rechargeable

energy source 224 for emergencies and the non-rechargeable energy source 226 for non

emergency conditions is for illustrative purposes only. In practice, either rechargeable power

source 224 or non-rechargeable power source 226 can be used in either emergency or non

emergency operations improve appropriate performance parameters.

[0021] Also, the hybrid electric system 200 includes the controller 220 that is in

communication with the engine 202 and the electric motor 208, such as a Full Authority

Digital Engine Controllers ("FADEC"). In an embodiment, the controller 220 receives

commands representing a power demand on an engine and selectively connects the electric

motor 208 to main drive system 201 during an emergency condition of the engine 202 (Note

that, in general, while the electric motor is always 'connected,' a free-wheel clutch system or

idling mode would draw minimal power so that the selective control of electricity flowing

into the motor is possible by the speed controller). In an embodiment, the controller 320

receives commands to selectively connect the electric motor 308 to main drive system 301

during other power-related emergencies (i.e. an all engines operating drooped rotor state), or

in a normal operation that requires a short duration increase in power. In an embodiment, the

controller 320 receives commands to selectively connect the electric motor 308 to the main

drive system 301 during normal operations that require a sustained increase in power. The

manner in which the controller 220 operates to control the engine 202 and the electric motor

208 during normal operation and/or during contingency power may vary according to system

design approaches and at a design speed. The controller 220 provides command signals to the

engine 202 and the electric motor 208 according to control logic. These commands may come

from a pilot or from the flight control computer ("FCC") 222 automation. The controller 220

may include memory to store instructions that are executed by a processor. The executable



instructions may be stored or organized in any manner and at any level of abstraction, such as

in connection with controlling the hybrid electric system 200. The processor may be any type

of central processing unit ("CPU"), including a general purpose processor, a digital signal

processor ("DSP"), a microcontroller, an application specific integrated circuit ("ASIC"), a

field programmable gate array ("FPGA"), or the like. Also, in embodiments, the memory

may include random access memory ("RAM"), read only memory ("ROM"), or other

electronic, optical, magnetic, or any other computer readable medium onto which is stored

the data and control algorithms for controlling the engines 202, the electric motor 208, and

other operational data for the aircraft 100 (FIG. 1).

[0022] FIG. 3 illustrates a schematic view of a hybrid electric power drive system 300

(hereinafter "hybrid electric system 300") for the aircraft 100 (FIG. 1) in accordance with an

alternate embodiment of the invention. The hybrid electric system 300 is substantially similar

to the hybrid electric system 200 of FIG. 2, however, includes an accessory module 304

coupled to a main gearbox 306. The hybrid electric system 300 is depicted with an engine

302 of a single-engine power plant (although the hybrid electric system 300 could be

implemented with the multi-engine 114a-114b power plant as shown in FIG. 1), the

accessory module 304, the main gearbox 306, an electric motor 308, and an electric power

source 310. It is to be understood that many of the ancillary systems may be coupled to the

engine such as an engine controller, e.g., an engine control system ("ECS") 320. Other

examples of ancillary systems include fuel system, pumps, etc., which are not shown in FIG.

3 for ease of description of the embodiments of the invention.

[0023] As illustrated in FIG. 3, the hybrid electric system 300 is depicted with a main

drive system 301 in parallel with an auxiliary drive system 303. Main drive system 301

includes the engine 302 that is mechanically connected to an engine power shaft 312 in order

to extract energy from fuel and rotate the engine power shaft 312. The engine power shaft

312 provides the motive force to drive the main rotor assembly 102, via a main rotor shaft

314, in addition to driving the tail rotor system 108 (FIG. 1) which is not pictured in FIG. 3.

The main rotor assembly 102 is driven about an axis of rotation through the main gearbox

306.

[0024] The accessory module 304, e.g., an auxiliary gearbox is mechanically coupled

to the main gearbox 306 and receives the mechanical energy from the engine power shaft 312

through the main gearbox 306 to drive accessories like hydraulic pumps, fuel systems,

combustors, electrical generators, and other accessories. In an embodiment, the accessory



module 304 includes an electric generator that also operates as the electric motor 308 to back-

drive the main gearbox 306.

[0025] The auxiliary drive system 303 includes the electric power source 310 and the

electric motor 308 that are connected to the main drive system 301 through a motor output

shaft 316. In an embodiment, the motor output shaft 316 mechanically connects the electric

motor 308 to the main gearbox 306 through an electric transmission. The electric power

source 310 includes at least one of a rechargeable energy source 324 (Class A power source)

and a non-rechargeable energy source 326 (Class B power source) that supplies energy to the

electric motor 308 for rotationally driving the motor output shaft 316. The electric power

source 310 provides energy or power to the electric motor 308, which supplements rotational

power to the main rotor assembly 102 through a plurality of approaches. The rechargeable

energy source 324 may include a battery bank, ultra-capacitors, flywheel energy storage

systems, or the like that retrieves and stores electrical energy through a plurality of media

(e.g., chemical, kinetic, electrical, or the like), while the non-rechargeable energy source 326

includes an APU, SPU, hybrid electric engine, or the like which are capable of converting

energy from the stored medium to electrical energy, but not from electrical energy to a stored

medium. The one or more rechargeable energy sources (324) may either be charged with

energy on the ground with an external power source or in-flight with aircraft power. The

electric power source 310 supplies energy to the electric motor 308 to rotate the motor output

shaft 316, which in turn drives the main gearbox 306, potentially via the accessory module

304 or other transmission mechanisms, and transmits power from the motor output shaft 316

to the main rotor shaft 314. Note that motor output shaft 316 may be substantially integrated

with the accessory module 304, main gearbox 306, or other power transmission components

that connect the auxiliary drive system 303 to the main drive system 301.

[0026] As mentioned above, the hybrid electric system 300 supplements rotational

power to the main rotor assembly 102 of the aircraft 100 through a plurality of approaches. In

one approach, during an emergency condition (e.g., the engine 302 fails or the aircraft 100 is

in an unsafe condition and the power plant (302) cannot supply sufficient power to navigate

away from the unsafe condition), the electric motor 308 may be used to provide contingency

power to achieve a safe flight condition during the emergency condition. In the emergency

condition, the electric motor 308 receives electric power from the rechargeable energy source

324 and rotationally drives the main rotor shaft 314 via the main gearbox 306 and thereby,

provides contingency power in a similar manner as an OEI 30 second power rating provides.

In another approach, for a non-emergency condition when there is an increased power



demand of the engine 302, the non-rechargeable energy source 326 may be used to provide

electric power to drive the electric motor 308 for increased weight or other performance

parameter capability for operations, such as during hover, during take-off, during

maneuvering the aircraft 100 in high winds, or during other highly dynamic maneuvers in

order to supplement primary power delivered from the engine 302 and improve overall

aircraft capability. Subsequently, the electric motor 308 rotationally drives the main gearbox

306, potentially via the accessory module 304, and thereby, provides supplemental rotational

power to the main rotor assembly 102 via the main rotor shaft 314. Note that the distinction

of using the rechargeable energy source 324 for emergencies and the non-rechargeable

energy source 326 for non-emergency conditions is for illustrative purposes only. In practice,

either rechargeable power source 324 or non-rechargeable power source 326 can be used in

either emergency or non-emergency operations improve appropriate performance parameters.

[0027] Also, the hybrid electric system 300 includes the controller 320 that is in

communication with the engine 302 and the electric motor 308, such as a Full Authority

Digital Engine Controller (FADEC). In an embodiment, the controller 320 receives

commands representing a power demand on an engine and selectively connects the electric

motor 308 to main drive system 301 during an emergency condition of the engine 302. In an

embodiment, the controller 320 receives commands to selectively connect the electric motor

308 to main drive system 301 during other power-related emergencies (e.g., an 'all engines

operating drooped rotor state') or in a normal operation that requires a short duration increase

in power. In an embodiment, the controller 320 receives commands to selectively connect the

electric motor 308 to the main drive system 301 during normal operations that require a

sustained increase in power. The manner in which the controller 320 operates to control the

engine 302 and the electric motor 308 during normal operation and/or during contingency

power may vary according to system design approaches and at a design speed. The controller

320 provides command signals to the engine 302 and the electric motor 308 according to

control logic. These commands may come from a pilot or from FCC 322 automation. The

controller 320 may include memory to store instructions that are executed by a processor.

The executable instructions may be stored or organized in any manner and at any level of

abstraction, such as in connection with controlling the hybrid electric system 300. The

processor may be any type of central processing unit ("CPU"), including a general purpose

processor, a digital signal processor ("DSP"), a microcontroller, an application specific

integrated circuit ("ASIC"), a field programmable gate array ("FPGA"), or the like. Also, in

embodiments, the memory may include random access memory ("RAM"), read only memory



("ROM"), or other electronic, optical, magnetic, or any other computer readable medium

onto which is stored the data and control algorithms for controlling the engines 302, the

electric motor 308, and other operational data for the aircraft 100 (FIG. 1).

[0028] FIG. 4 depicts a schematic view of a hybrid electric power drive system 400

(hereinafter "hybrid electric system 400") for a rotorcraft (e.g., the aircraft 100 of FIG. 1) in

accordance with an embodiment of the invention. The hybrid system 400 is substantially

similar to the hybrid system 200 of FIG. 2, however, an auxiliary drive system 403 inserts

power into the drivetrain at an engine power shaft 412 of a main drive system 401. While the

mechanical connection depicted in FIG. 4 shows this connection between the engine and the

gearbox, in an embodiment, this mechanical connection to the engine power shaft is on the

opposite end of the engine than that depicted in FIG. 4 . The hybrid electric system 400 is

depicted with an engine 402 of a single-engine power plant (although the hybrid electric

system 400 could be implemented with the multi-engine 114a- 114b power plant as shown in

FIG. 1), a main gearbox 406, an electric motor 408, and an electric power source 410. It is to

be understood that many of the ancillary systems may be coupled to the engine such as an

engine controller, e.g., an engine control system ("ECS") 420. Other examples of ancillary

systems include fuel system, pumps, etc., which are not shown in FIG. 4 for ease of

description of the embodiments of the invention.

[0029] As illustrated in FIG. 4, the hybrid electric system 400 is depicted with the

main drive system 401 in parallel with the auxiliary drive system 403. The main drive system

401 includes the engine 402 that is mechanically connected to the engine power shaft 412 in

order to extract energy from fuel and rotate the engine power shaft 412. The engine power

shaft 412 provides the motive force to drive the main rotor assembly 102, via a main rotor

shaft 414, in addition to driving the tail rotor system 108 (FIG. 1) which is not pictured in

FIG. 4 . The main rotor assembly 102 is driven about an axis of rotation through the main

gearbox 406 by the engine 402. The auxiliary drive system 403 includes the electric power

source 410 and the electric motor 408 that are connected to the main drive system 401

through a motor output shaft 416. The motor output shaft 416 mechanically connects the

electric motor 408 to the engine power shaft 412. One or more electric power sources (410)

(e.g., battery bank, ultra-capacitors, flywheel energy storage systems, or the like) supply

energy to the electric motor 408 for rotationally driving the motor output shaft 416, which in

turn rotationally drives the main gearbox 406 via the engine power shaft 412. The electric

power source 410 includes at least one of a rechargeable energy source 424 (Class A power

source) and a non-rechargeable energy source 426 (Class B power source) that supplies



energy to the electric motor 408 for rotationally driving the motor output shaft 416. The

electric power source 410 provides energy or power to the electric motor 408, which

supplements rotational power to the main rotor assembly 102 through a plurality of

approaches. The rechargeable energy source 424 includes a battery bank, ultra-capacitors,

flywheel energy storage systems, or the like that retrieves and stores electrical energy through

a plurality of media, e.g., chemical, kinetic, electrical, etc. The non-rechargeable energy

source 426 includes an APU, SPU, hybrid electric engine, or the like, which are capable of

converting energy from the stored medium to electrical energy. The one or more rechargeable

energy sources (424) may either be charged with energy on the ground with an external

power source or in-flight with aircraft power. The electric power source 410 supplies energy

to the electric motor 408 to rotate the motor output shaft 416, which in turn drives the engine

power shaft 412 and transmits power to the main rotor shaft 414 via the main gearbox 406.

Note that motor output shaft 416 may be substantially integrated with and may be difficult to

distinguish from the engine power shaft 412 or other power transmission components that

connect the auxiliary drive system 403 to the main drive system 401.

[0030] As mentioned above, the hybrid electric system 400 supplements rotational

power to the main rotor assembly 102 of the aircraft 100 through a plurality of approaches. In

one approach, during an emergency condition (e.g., the engine 402 fails or the aircraft 100 is

in an unsafe condition and power plant cannot supply sufficient power to navigate away from

the unsafe condition), the electric motor 408 may be used to provide contingency power to

achieve a safe flight condition during the emergency condition. In the emergency condition,

the electric motor 408 receives electric power from the rechargeable energy source 424 and

rotationally drives the engine power shaft 412 via the motor output shaft 416 and thereby,

provides contingency power in a similar manner as a OEI 30 second power rating would

provide. In another approach, for a non-emergency condition when there is an increased

power demand of the engine 402, the non-rechargeable energy source 426 may be run to

provide electric power to drive the electric motor 408 for increased weight or other

performance parameter capability for operations, such as during hover, during take-off,

during maneuvering the aircraft 100 in high winds, or during other highly dynamic

maneuvers, in order to supplement primary power delivered from the engine 402 and

improve overall aircraft capability or efficiency. Subsequently, the electric motor 408

rotationally drives the main gearbox 406 via the engine power shaft 412 and thereby,

provides supplemental power to the main rotor assembly 102 via the main rotor shaft 414.

Note that the distinction of using the rechargeable energy source 424 for emergencies and the



non-rechargeable energy source 426 for non-emergency conditions is for illustrative purposes

only. In operation, either rechargeable power source 424 or non-rechargeable power source

426 can be used in either emergency or non-emergency operations improve appropriate

performance parameters.

[0031] Also, the hybrid system 400 includes the controller 420 that is in

communication with the engine 402 and the electric motor 408, such as a Full Authority

Digital Engine Controller (FADEC). In an embodiment, the controller 420 receives

commands representing a power demand on an engine and selectively connects the electric

motor 408 to the main drive system 401 during an emergency condition of the engine 402. In

an embodiment, the controller 420 receives commands to selectively connect the electric

motor 408 to the main drive system 401 during other power-related emergencies (e.g., an 'all

engines operating drooped rotor state'), or in a normal operation that requires a short duration

increase in power. In an embodiment, the controller 420 receives commands to selectively

connect the electric motor 408 to the main drive system 401 during normal operations that

require a sustained increase in power. The manner in which the controller 420 operates to

control the engine 402 and the electric motor 408 during normal operation and/or during

contingency power may vary according to system design approaches and at a design speed.

The controller 420 provides command signals to the engine 402 and the electric motor 408

according to control logic. These commands may come from a pilot or from FCC 422

automation. The controller 420 may include memory to store instructions that are executed

by a processor. The executable instructions may be stored or organized in any manner and at

any level of abstraction, such as in connection with controlling the hybrid system 400. The

processor may be any type central processing unit ("CPU"), including a general purpose

processor, a digital signal processor ("DSP"), a microcontroller, an application specific

integrated circuit ("ASIC"), a field programmable gate array ("FPGA"), or the like. Also, in

embodiments, the memory may include random access memory ("RAM"), read only memory

("ROM"), or other electronic, optical, magnetic, or any other computer readable medium

onto which is stored the data and control algorithms for controlling the engines 402, the

electric motor 408, and other operational data for rotorcraft ( e.g., the aircraft 100 of FIG. 1).

[0032] Benefits of embodiments described include providing a short duration boost of

power to rotors of a rotorcraft during an emergency condition (e.g., during failure of an

engine during an energy state of one or more engines in a single-engine or a multi-engine

aircraft, or in any other unsafe flight condition where the power-plant is not capable of

providing sufficient power to achieve a safe-flight condition). For example, during an



emergency condition, the hybrid electric power drive system, via a rechargeable energy

source, provides an immediate application of contingency power to an aircraft which may not

be available during multiple engine operation or single-engine operation, or alternatively, to

supplement OEI 30 second power from the turbine engines to get past an emergency

condition. Other benefits include providing an increased power to the rotors of the rotorcraft

during normal operation by various implementations. An example of a normal operation

benefit would be for the hybrid electric power drive system, via a rechargeable energy

source, to provide an immediate application of power during normal operations in which the

engine may be slow to respond to the demand for power until such time as the engine may

provide the demanded power. During another normal operation, the rechargeable energy

source may provide a short duration power boost to allow the aircraft to quickly transition

through a critical transient phase of aircraft operation such as confined area takeoffs or rotor

startup in high winds. During another normal operation, a non-rechargeable energy source

may be used to provide electric power to drive the rotors for an increased weight or other

performance parameter capability for operations, such as during hover, during other takeoffs,

during maneuvering the rotorcraft in high winds, or during other highly dynamic maneuvers,

or in order to supplement primary power delivered from the engine 402 and improve overall

aircraft capability or efficiency. Another benefit of the invention is that the existence of the

hybrid electric power drive system on the aircraft presents the designer with additional design

parameters that may be optimized which may allow the aircraft manufacturer to request less

power from the engine manufacture's time-limited engine ratings and as such allow for

longer engine overhaul times and reduced overall system cost. Additionally, note that the

distinction of using the rechargeable energy source for emergencies and the non-rechargeable

energy source for non-emergency conditions is for illustrative purposes only. In practice,

either a rechargeable power source or a non-rechargeable power source can be used in many

emergency or non-emergency operations to improve appropriate performance parameters.

[0033] The terminology used herein is for the purpose of describing particular

embodiments only and is not intended to be limiting of the invention. While the description

of the present invention has been presented for purposes of illustration and description, it is

not intended to be exhaustive or limited to the invention in the form disclosed. Many

modifications, variations, alterations, substitutions, or equivalent arrangement not hereto

described will be apparent to those of ordinary skill in the art without departing from the

scope and spirit of the invention. Additionally, while the various embodiments of the

invention have been described, it is to be understood that aspects of the invention may



include only some of the described embodiments. Accordingly, the invention is not to be seen

as limited by the foregoing description, but is only limited by the scope of the appended

claims.



CLAIMS

What is claimed is:

1. A hybrid power drive system for an aircraft, comprising:

a rotor;

a first power drive sub-system including at least one engine in connection with the

rotor and configured to provide a first power to the rotor;

a second power drive sub-system connected in parallel to the first power drive sub

system and configured to supplement, with a second power, the first power delivered to the

rotor during operation of the aircraft; and

an electric power source configured to provide a third power to the second power

drive sub-system.

2 . The hybrid power drive system of claim 1, wherein the second power drive sub

system includes an electric motor in electric communication with at least one of a

rechargeable energy source and a non-rechargeable energy source.

3. The hybrid power drive system of claim 2, wherein the rechargeable energy source is

selected from a list, wherein the list includes at least one of a battery, a capacitor, and a

flywheel energy storage sub-system.

4 . The hybrid power drive system of claim 1, 2 or 3, wherein the rechargeable energy

source is configured to provide power to the rotor during a transient high power demand

condition.

5. The hybrid power drive system of claim 2, wherein the non-rechargeable energy

source is selected from a list, wherein the list includes an auxiliary power unit, supplemental

power unit, and a hybrid electric engine.

6. The hybrid power drive system of claim 2 or 5, wherein the non-rechargeable energy

source is configured to provide longer duration supplemental rotational power to the rotor

during an increased power demand on the engine.

7 . The hybrid power drive system of any preceding claim, wherein the second power

drive sub-system is in mechanical communication with the first power drive sub-system at a

main rotor shaft.

8. The hybrid power drive system of any preceding claims 1 to 6, wherein the electric

motor is in mechanical communication with the first power drive sub-system at a gearbox.



9. The hybrid power drive system of any preceding claims 1 to 6, wherein the electric

motor is in mechanical communication with the first power drive sub-system at an engine

power shaft.

10. The hybrid power drive system of any preceding claim, wherein the first power is a

main power, the first power drive sub-system is a main power drive sub-system, the second

power is a supplemental rotational power, and the second power drive sub-system is an

auxiliary power drive sub- system.

11. A method for controlling a hybrid power drive system of an aircraft, comprising:

receiving a signal indicative of a power demand on a rotor;

connecting in parallel a first power drive sub-system and a second power drive sub

system;

connecting an electric power source to the second power drive sub-system; and

supplying a second power from the second power drive sub-system to the first power

drive sub-system to provide power to the rotor.

12. The method of claim 11, wherein the connecting of the first power drive sub-system

to the second power drive sub-system further comprises connecting an electric motor to the

first power drive sub-system.

13. The method of claim 12, further comprising:

supplying energy to the electric motor from at least one of a rechargeable energy

source and a non-rechargeable energy source.

14. The method of claim 11, 12, or 13, further comprising:

connecting the electric motor to the first power drive sub-system via at least one of a

main rotor shaft, a gearbox, and an engine power shaft.

15. The hybrid power drive system of any preceding claim, wherein the first power is a

main power, the first power drive sub-system is a main power drive sub-system, the second

power is a contingency power, and the second power drive sub- system is an auxiliary power

drive sub-system.











INTERNATIONAL SEARCH REPORT International application No.

PCT/US2015/051449

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - B64C 27/12 (2015.01)
CPC - B64C 27/12 (2015.10)
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8) - B64C 27/00, 27/02, 27/04, 27/12; B64D 27/00, 33/00 (2015.01)
USPC - 60/698; 903/905, 906, 907

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

CPC - B64C 27/00, 27/02, 27/04, 27/12; B64D 27/00, 33/00 (2015.10) (keyword delimited)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

Orbit, Google Patents, Google, ProQuest
Search terms used: aircraft, rotary, rotor, engine, motor, battery, rechargeable, non-rechargeable, auxiliary power, back-up power

C . DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2012/0025032 A 1 (HOPDJANIAN et al) 02 February 2012 (02.02.2012) entire document 1-6,1 1-14

US 4,754,940 A (DETER) 05 July 1988 (05.07.1988) entire document 1-6,1 1-14

US 8,403,258 B2 (ARENDT e t al) 26 March 2013 (26.03.2013) entire document 1-6,1 1-14

US 201 1/0073717 A 1 (FOUCAULT et al) 3 1 March 201 1 (31 .03.201 1) entire document 1-6,1 1-14

I Further documents are listed in the continuation of Box C. | | See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion o f the international search Date of mailing o f the international search report

09 November 2015 DEC 2015
Name and mailing address of the ISA/ Authorized officer

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450

PCT Helpdesk: 571-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/lSA/2 10 (second sheet) (January 201 5)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2015/051449

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 7(2)(a) for the following reasons:

1. □ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

Claims Nos.: 7-10,15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

□ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable, the

□ payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest

□ fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/lSA/2 10 (continuation of first sheet (2)) (January 201 5)


	abstract
	description
	claims
	drawings
	wo-search-report

