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Description

TECHNICAL FIELD

[0001] The present disclosure is directed to an aircraft
emergency power unit and, more specifically, an aircraft
emergency power unit with a battery powered subsys-
tem. Emergency power units of the prior art are known
from KR101362910B1, KR20060004806A,
US6244036B1, US4934136A and US4033115A.

BACKGROUND

[0002] The F-16 aircraft is a single-engine supersonic
multirole fighter aircraft which was developed and is cur-
rently used by the United States Air Force. The current
emergency power system for the F-16 includes a turbine
connected to a reduction gearbox that further drives both
a hydraulic pump and a generator directing essential
power back into the aircraft. The pneumatic power for
the turbine is either provided by engine bleed air or va-
porized water (steam) and ammonia. The steam and am-
monia are byproducts of the chemical compound hydra-
zine. Upon initiation of the emergency power system,
bleed air gasses are the main source of power, however,
in the event that the bleed air pressure is insufficient due
to, for example, a low throttle setting, a high altitude,
engine problem, etc., hydrazine fuel is introduced to the
catalyst as a means to augment the bleed air for required
operating pressure or to become the primary means of
turbine pneumatic power, e.g., itis the Primary Recovery
System (PRS). Activation of the power system is de-
signed to provide pilots with the time needed to land the
aircraft safely.

[0003] The use of hydrazine fuel as an onboard source
of emergency power on the F-16 was a reasonable
choice during the initial design of the aircraft in the 1970s,
however, its use presents challenges to both the pilot
and any ground recovery crews. More specifically, hy-
drazine is a highly toxic chemical whose vapors can
cause irritation to the eyes and respiratory tract. Further,
short term exposure to hydrazine vapors may cause
tremors and prolonged exposure may cause damage to
the liver and kidneys, possibly convulsions or death.

SUMMARY

[0004] This Summary is provided to introduce a selec-
tion of concepts in simplified form that are further de-
scribed in the Detailed Description. This Summary is not
intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used
to limit the scope of the claimed subject matter. Additional
aspects, features and/or advantages of the concepts can
be appreciated from the Detailed Description provided
below.

[0005] The present disclosure is directed to an aircraft
emergency power unit (EPU) includes a battery powered
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subsystem that replaces toxic hydrazine fuel use. The
battery of the battery powered subsystem is utilized to
supply power to an aircraft electrical system in the event
of a failure of the EPU turbine-powered generator. The
battery of the battery powered subsystem is also utilized
to supply power to an electric hydraulic motor pump in
the event of a failure of the EPU turbine-powered hydrau-
lic pump (or to augment the output of the EPU-turbine-
powered hydraulic pump). The battery of the battery pow-
ered subsystem is capable of simultaneously powering
the electrical system and the electric hydraulic motor
pump or of powering either one of the electrical system
and electric hydraulic motor pump independently based
upon aircraft fault conditions. Intermittent operation of
the electrical system and/or the electric hydraulic motor
pump in an intermittent fashion on an as-needed basis
is also possible.

[0006] A firstaspect of the present disclosure is direct-
ed to an emergency aircraft powerunit (EPU). The aircraft
EPU includes a bleed-air powered turbine, a hydraulic
pump powered by the turbine and a generator powered
by the turbine. The aircraft EPU additionally includes a
battery, a hydraulic motor pump powered by the battery
and an inverter. The hydraulic pump has an operational
mode during which hydraulic power is supplied to a hy-
draulic system of an aircraft at a level sufficient to support
hydraulic operation of the aircraft and a fault mode during
which the hydraulic pump is supplying insufficient to the
hydraulic system. Similarly, the generator has an oper-
ational mode during which electrical power is supplied to
the electrical system of the aircraft at a level to support
electrical operation of the aircraft and a fault mode during
which the generator is supplying insufficient electrical
power to the electrical system. The hydraulic motor pump
is activated to supply hydraulic power to the aircraft hy-
draulic system responsive to the occurrence of the fault
of the hydraulic pump. The inverter is activated to receive
DC power from the battery and supply electrical power
to the electrical system of the aircraft responsive to the
occurrence of the fault mode of the generator.

[0007] Incertain embodiments, the bleed air valve that
supplies bleed air to the turbine of the aircraft is opened
to supply air responsive to a user-input or responsive to
both a primary and a secondary generator of the aircraft
failing. In certain embodiments, activation of the hydraulic
motor pump is independent of activation of the inverter.
In certain embodiments the fault mode of the hydraulic
pump is intermittent, and the activation/deactivation of
the hydraulic motor pump is correspondingly intermittent.
In certain embodiments, the fault mode of the generator
is intermittent and the activation/deactivation of the in-
verter to deliver electrical power is correspondingly inter-
mittent. In certain embodiments, both the hydraulic motor
pump and the inverter are active simultaneously. In cer-
tain embodiments, the activated hydraulic motor pump
augments the hydraulic power supplied by the hydraulic
pump. In certain embodiments, the activated hydraulic
motor pump supplies all hydraulic power to the hydraulic
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system of the aircraft.

[0008] Still another aspect of the present disclosure is
directed to a method of operating an aircraft emergency
power unit (EPU) according to the first aspect. The meth-
od includes opening a bleed air valve to supply bleed air
to a turbine of an aircraft with the turbine powering a
hydraulic pump to supply hydraulic power to an aircraft
hydraulic system. The method further includes determin-
ing thata speed of the turbine is not at a desired operating
level and, based on the speed of the turbine not being at
the desired operating level, activating a hydraulic motor
pump with a battery to supply hydraulic power not being
supplied by the hydraulic pump. Further, based on the
speed of the turbine being at the desired operating level,
the method includes deactivating the battery powered
hydraulic motor pump.

[0009] In certain embodiments, the turbine additionally
powers a generator to supply electrical power to an air-
craft electrical system and the method further comprises
determining that the generator is not providing sufficient
electrical power to an electrical system, activating an in-
verter to receive DC power from the battery, and supply-
ing electrical power to the aircraft electrical system via
the inverter. In certain embodiments, opening the bleed
air valve occurs responsive to a user-input or to an op-
erational fault of the aircraft. In certain embodiments, the
operational fault comprises a failure of a primary and sec-
ondary generator of the aircraft electrical system or the
operation fault comprises a failure of at least one of a
primary or secondary hydraulic motor pump of the aircraft

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Non-limiting and non-exhaustive examples are
described with reference to the following figures.

FIG. 1 is a prior art block diagram of an emergency
power unit for an aircraft.

FIG. 2 is a block diagram of an aircraft emergency
power unit with a battery powered subsystem ac-
cording to the present disclosure

FIG. 3 is a flowchart illustrating a NORMAL mode of
operation of the aircraft emergency power unit with
a battery powered subsystem.

FIG. 4 is a flowchart illustrating an ON mode of op-
eration of the aircraft emergency power unit with a
battery powered subsystem.

DETAILED DESCRIPTION

[0011] Various embodiments will be described in detail
with reference to the drawings, wherein like reference
numerals representlike parts and assemblies throughout
the several views. Reference to various embodiments
does not limit the scope of the claims attached hereto.
Additionally, any examples set forth in this specification
are not intended to be limiting and merely set forth some
of the many possible embodiments for the appended
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claims.

[0012] Whenever appropriate, terms used in the sin-
gular also will include the plural and vice versa. The use
of "a" herein means "one or more" unless stated other-
wise or where the use of "one or more" is clearly inap-
propriate. The use of "or" means "and/or" unless stated
otherwise. The use of "comprise," "comprises," "compris-
ing," "include," "includes," and "including" are inter-
changeable and not intended to be limiting. The term
"such as" also is not intended to be limiting. For example,
the term "including” shall mean "including, but not limited
to."

[0013] An aircraft emergency power unit (EPU), ac-
cording to the present disclosure, includes a battery pow-
ered subsystem that replaces toxic hydrazine fuel use.
The battery of the battery powered subsystem is utilized
to supply power to an aircraft electrical system in the
event of a failure of the EPU turbine-powered generator.
The battery of the battery powered subsystem is also
utilized to supply power to an electric hydraulic motor
pump in the event of a failure of the EPU turbine-powered
hydraulic pump (or to augment the output of the EPU-
turbine-powered hydraulic pump). The battery of the bat-
tery powered subsystem is capable of simultaneously
powering the electrical system and the electric hydraulic
motor pump or of powering either one of the electrical
system and electric hydraulic motor pump independently
based upon aircraft fault conditions. Intermittent opera-
tion of the electrical system and/or the electric hydraulic
motor pump in an intermittent fashion on an as-needed
basis is also possible.

[0014] In view of the description herein, it can be ap-
preciated that the EPU of the present disclosure is ca-
pable of providing stored clean energy emergency power
to an aircraft through use of a battery sub-system in con-
trast to a prior art design EPU that relies on hydrazine
fuel and a catalyst for emergency power. The battery
sub-system of the EPU of the present disclosure elimi-
nates the toxic vapors that result from the hydrazine fuel
and eliminates the hazards, time and costs associated
with replacing or repairing components associated with
the hydrazine fuel. Further, the EPU of the present dis-
closure enables the ability to selectively activate one or
both of a hydraulic pump and a generator with bleed air
in emergency operating conditions.

[0015] FIG. 1 is a prior art schematic of the hydrazine-
based emergency power unit (EPU) 100 currently being
used in certain aircraft, including the F-16 Fighting Falcon
aircraft. As shown, the emergency power unit generally
includes six main components including a hydrazine fuel
supply 110, adecomposition chamber 112, a turbine 114,
a gearbox, 116, a generator 118 and a hydraulic pump
120 (e.g., a variable speed, fixed displacement pump).
The other components illustrated include fuel supply con-
trol valves 122(a), 122(b), a bleed air control valve 124,
fuel storage and pressurization valves 126(a), 126(b), a
nitrogen storage container 128, a controller 130, and a
console 132. A lube oil cooler 134, providing lubrication
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to the gearbox 116 from the aircraft fuel supply, as well
as a generator control unit (GCU) 136 for sensing and
regulating the powered generated by the generator 118
are also illustrated.

[0016] In operation, the EPU 100 is activated respon-
sive to pilotinput via a switch on the console orresponsive
to sensed emergency operating conditions occurring in
the aircraft. Upon receipt of a start command from the
controller 128, valve 126(a) releases nitrogen from the
storage container 128 and valve 126(b) regulates the ni-
trogen to pressure and forces the hydrazine fuel supply
110 to the decomposition chamber 112. In the decom-
position chamber, the hydrazine fuel breaks down on
contact with an iridium catalyst to form a high energy, hot
gas, that is a mixture of hydrogen, nitrogen, ammonia
and steam. The hot gas mixture expands through fixed
nozzles into the axial impulse turbine 114 that provides
the torque to drive the pump and generator 118. Speed
reduction from the turbine speed to the desired generator
118 and pump speeds is accomplished in the gearbox
116.

[0017] When a designated or desired turbine speed is
reached, the fuel supply control valves 122(a), 122(b)
close under controller 130 command, which stops the
flow of the hydrazine fuel to the decomposition chamber
112. Asthe EPU 100 slows, the controller 130 commands
the fuel supply control valves 122(a), 122(b) to open,
thereby, reaccelerating the turbine 114. By this method,
fuel flow is adjusted to maintain essentially constant air-
craft turbine speed, irrespective of any accessory load
demand. Redundant speed sensors (not shown) provide
the controller 130 with the data necessary to control the
EPU 100.

[0018] The EPU 100 can also be powered from the
aircraft engine air obtained from a bleed valve of the air-
craft engine. The controller 130 is programmed for the
preferential use of bleed air, when available, and to aug-
ment the bleed air with hydrazine fuel decomposition on
an as-needed basis if the bleed air supply is inadequate
to maintain EPU 100 speed under the applied loads. In
this mode of operation the EPU 100 is started with the
hydrazine fuel supply 110, as described herein, to
achieve a desired start-up time, but during subsequent
operation, the fuel supply control valves 122(a), 122(b),
are closed and power is provided through a torque-motor
driven bleed-air control valve 125. Aircraft speed infor-
mation from speed sensors and valve position feedback
to the controller 130, ensure operation at the design
speed. Operation of the aircraft on bleed air is unlimited
while operation on the hydrazine fuel supply 110 limited
to approximately 10 minutes due to the limited quantity
of hydrazine fuel that can be carried. Notably, activation
of the turbine 114 by the decomposition of the hydrazine
fuel or by bleed air results in the turbine 114 activating
both the generator 118 and the hydraulic pump 120, e.g.,
there is no option to activate only one of either the gen-
erator 118 or the hydraulic pump 120.

[0019] Referring now to FIG. 2, an emergency power
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unit (EPU) 200 according to the present disclosure is
illustrated. The EPU 200 generally includes a subsystem
200(a) of existing components and a battery powered
subsystem 200(b) of new components. As with the EPU
100 of FIG. 1, the subsystem 200(a) of the EPU 200
includes a turbine 114, a gearbox 116, a gearbox-mount-
ed generator 118, a gearbox-mounted hydraulic pump
120 and a bleed air control valve 124. Missing from the
EPU 100 are the hydrazine fuel supply 110 and decom-
position chamber 112 along with their associated control
valves 122(a), 122(b), 126(a), 126(b). New to the EPU
200 within battery powered subsystem 200(b) is an on-
board battery 250, a hydraulic motor pump 252 (e.g., a
constant speed, variable flow pump or a variable speed
pump) that draws its power from the onboard battery 250,
a rectifier 254 and a solid state three-phase power in-
verter 256 that also draws its power from the onboard
battery 250 and can be isolated from or connected to the
aircraft mains power). Further, a new controller 258, such
as an Eaton EPU System Controller, replaces the original
controller 130 and provides primary control for EPU 200
operations.

[0020] Inputs to the controller 258 include a mode se-
lect switch 260 that enables a pilot to turn ON the EPU
200, turn OFF the EPU 200 or allow the EPU 200 to
operate in NORMAL mode such that the EPU activates
upon sensing faulty operating conditions within the air-
craft. Further inputs include:

(a) a standby generator fault EPU signal 262, which
indicates that both a primary generator of the aircraft
has failed and a redundant secondary standby gen-
erator of the aircraft has also failed with the signal
262 produced by the secondary standby generator
based on a sensed current and/or voltage at the sec-
ondary standby generator;

(b) a hydraulic system low pressure signal 264 from
one or more pressure sensors indicating atleastone
of the primary hydraulic system, e.g., system A, or
the redundant secondary hydraulic system, e.g.,
system B has failed;

(c) a 28 VDC battery power through ground safe
switch input 265, which is generally used for a safe
(lockout) signal so there is no inadvertent activation
of the EPU 200 and can be used for small signal
operating power within the controller 258 rather than
using power fromthe battery 250 (the 28 VDC battery
is connected the aircraft battery);; and

(d) a generator fault signal 266 produced by the gen-
erator 118 based on a sensed current and/or voltage
that is reflective of the operating status of the gen-
erator 118 based on sensing a currentand/or voltage
at the generator 118.

[0021] Furtherinputs to the controller 258 include one
or more speed signals 268 from the turbine 114, a posi-
tion signal 270 representative of the position of the bleed
air control valve 124, a pressure signal 272 representa-
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tive of the hydraulic pressure out of the hydraulic pump
120 and a pressure signal 274 representative of the hy-
draulic pressure out of the hydraulic motor pump 252 as
well as a signal 276 representative of the DC power level
at the rectifier 254 and a signal 278 representative of the
AC power level at the inverter 256.

[0022] Outputs from the controller 258 include various
signals to a dashboard console 280 to provide visual sta-
tus indicators. These signals include a battery level/aug-
mentation signal 282 indicating a power level remaining
in the battery 250 and whether hydraulic augmentation
via hydraulic motor pump 252 and/or electrical augmen-
tation via inverter 256 is being provided, a signal 284 to
a panel light indicating an operation status of the EPU
200 as ON/OFF/NORMAL (with a flashing panel light in-
dicating an EPU fault), a signal 286 to a panel light indi-
cating whether bleed air is being used by the EPU 200,
and a signal 288 to a panel light indicating whether the
battery 250 is being used by the EPU 200 to supply power
via the electrically powered hydraulic motor pump 252.
Additional outputs from the controller 258 include a
torque motor control signal 290 to control operation of
the bleed air control valve 124, a control signal 292 to
control operation of the hydraulic motor pump 252, a con-
trol signal 294 to enable operation of the inverter 256. An
additional output from the controller 258 includes a com-
munications link 296 to enable download of controller
258 data for maintenance and diagnostic analysis.
[0023] When the generator 118 is in use by the EPU
200, the generator 118 produces 3-phase AC power that
is delivered to the rectifier 254. The rectifier 254 converts
the AC power to DC power, e.g., 115V AC to 270V DC,
which is supplied to the inverter 256 and can also be
optionally used to recharge the battery 250. The inverter
256 converts the DC power to 3-phase AC power, e.g.,
270V DC to 115V AC, and supplies the AC power to the
aircraft power system wiring 298. The generator 118 ad-
ditionally supplies power to a volt-amp converter 299,
e.g.a 500 VA converter that is specific to an F-16 aircraft,
that supplies power to an RH strake DC power panel.
[0024] FIG. 3is a flowchart illustrating a method of op-
eration 300 of the EPU 200 when a fault in normal oper-
ation of an aircraft occurs. As shown, when operating in
normal mode and a standby generator fault is detected
by the controller 258, S310:YES, or both a system A pres-
sure fault, S312:YES, and a system B pressure fault,
S314:YES, is detected by the controller 258, the bleed
air valve 124 is opened, S316, causing activation of the
turbine 114 and resultant activation of the hydraulic pump
120 and generator 118..

[0025] If the turbine speed is at a desired operating
level (e.g., in an operational mode), S318: YES, a panel
light is activated by the controller 258 to indicate that the
EPU 200 is operational, S320, and a panel light is acti-
vated by the controller 258 to indicate that bleed air is
being used to power the aircraft, S322. Further, if the
turbine speed is at a desired operating level, S318: YES,
itis then determined if the EPU hydraulic pressure switch
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is open, S324 (e.g., itis determined if the hydraulic pump
120 is operating at sufficient operational pressure).
[0026] If the pressure switch is not open (e.g., the hy-
draulic pump 120 is operating at sufficient pressure, e.g.,
in an operational mode), S320:NO, no action is taken. If
the pressure switch is open (e.g., the hydraulic pump 120
is not providing sufficient power to power the aircraft,
e.g., in a fault mode), S324:YES, then operation of the
battery 250 is initiated, S326, the electric hydraulic motor
pump 252 is activated, S328, the panel light indicating
the EPU 200 is active is lit, S330, and the panel light
indicating the hydraulic motor pump 252 is active is lit,
S332. Additionally, if the turbine speed is at a desired
operating level, S318: YES, it is determined whether
there is an EPU generator fault, S334 (e.g., it is deter-
mined if the generator 118 is operational to power the
aircraft electrical system).

[0027] Ifthereis no EPU generator fault (e.g., the gen-
erator 118 is operational, e.g., in an operational mode),
S334:NO, no action is taken. If there is an EPU generator
fault (e.g., the generator 118 has failed, e.g., in a fault
mode), S334:YES, then: (a) operation of the battery 250
is initiated to deliver sufficient DC power to the inverter
256 to power the aircraft electrical system, S336; (b) op-
eration of the AC inverter 256 is activated to receive DC
power from the battery 250, S338; (c) the panel light in-
dicating the EPU 200 is active is lit, S330; and (d) the
panel light indicating the inverter 256 is active is lit, S340
(e.g., the Elec. Augmentation light on the dashboard con-
sole 280 is lit).

[0028] If the turbine speed is not at a desired operating
level (e.g., in an fault mode), S318: NO, the operation of
the battery 250 is initiated, S342, and the panel light in-
dicating the EPU 200 is active is lit, S330. Further, in the
instance that operation of the battery has been initiated
under step S342 and both hydraulic system A and hy-
draulic system B have indicated a pressure fault,
S312:YES and S314:YES, the electric hydraulic motor
pump 252 is activated, S344, and the panel light indicat-
ing the electric hydraulic motor pump 252 is active is lit,
S346. Note that the electrical hydraulic motor pump 252
will come online and be operational in as little as 0.25
seconds to fill the gap in time that it takes the turbine 114
to come up to speed using bleed air, which is around 3
seconds. Once the turbine 114 is up to speed with bleed
air, the controller 258 turns off the electrical hydraulic
motor pump 252 saving battery power. The electric hy-
draulic motor pump 252 can be turned on at any time, as
necessary, to augment air bleed turbine speed.

[0029] Further,intheinstance that operation ofthe bat-
tery 250 has been initiated under step S342 and a stand-
by generator faultis detected (e.g., indicating the primary
and secondary generators of the aircraft have failed) by
the controller 258, S310:YES, operation of the AC invert-
er 256 is activated to receive power DC power from the
battery 250, S348, and DC power from the battery 250
is supplied to the inverter 256 to power the aircraft elec-
trical system; the panel light indicating the inverter 256
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is active is also lit, S350. As such, it can be seen that
when the EPU 200 is operating in a battery mode, the
battery 250 can be used to power only the aircraft elec-
trical system via the inverter 256, power only the aircraft
hydraulic system via the electrical hydraulic motor pump
252 or power both the aircraft electrical and hydraulic
systems as needed. The prior art EPU 100 does not allow
for powering one or the other of the electrical and hy-
draulic systems but rather both systems are always pow-
ered with the generator 118 and hydraulic pump 120.
[0030] FIG. 4 is a flowchartillustrating a method of op-
eration 400 of the EPU 200 when the EPU 200 has been
turned ON by the aircraft pilot. As shown, the first step
in boththe NORMAL mode of operation and the ON mode
of operation, is the opening of the bleed air valve 124,
S416, causing activation of the turbine 114 and resultant
activation of the hydraulic pump 120 and generator 118.
[0031] If the turbine speed is at a desired operating
level (e.g., in an operational mode), S418: YES, a panel
light is activated by the controller 258 to indicate that the
EPU 200 is operational, S420, and a panel light is acti-
vated by the controller 258 to indicate that bleed air is
being used to power the aircraft, S422. Further, if the
turbine speed is at a desired operating level, S418: YES,
itis then determined if the EPU hydraulic pressure switch
is open, S424 (e.g., itis determined if the hydraulic pump
120 is operating at sufficient operational pressure).
[0032] If the pressure switch is not open (e.g., the hy-
draulic pump 120 is operating at sufficient pressure, e.g.,
in an operational mode), S420:NO, no action is taken. If
the pressure switch is open (e.g., the hydraulic pump 120
is not providing sufficient power to power the aircraft,
e.g., in a fault mode), S424:YES, then operation of the
battery 250 is initiated, S326, the electric hydraulic motor
pump 252 is activated, S428, the panel light indicating
the EPU 200 is active is lit, S430, and the panel light
indicating the hydraulic motor pump 252 is active is lit,
S432. Additionally, if the turbine speed is at a desired
operating level, S418: YES, it is determined whether
there is an EPU generator fault, S434 (e.g., it is deter-
mined if the generator 118 is operational to power the
aircraft electrical system).

[0033] Ifthereis no EPU generator fault (e.g., the gen-
erator 118 is operational, e.g., in an operational mode),
S434:NO, no actionis taken. If there is an EPU generator
fault (e.g., the generator 118 has failed, e.g., in a fault
mode), S434:YES, then: (a) operation of the battery 250
is initiated to deliver sufficient DC power to the inverter
256 to power the aircraft electrical system, S436; (b) op-
eration of the AC inverter 256 is activated to receive DC
power from the battery 250, S338; (c) the panel light in-
dicating the EPU 200 is active is lit, S430; and (d) the
panel lightindicating the inverter 256 is active is lit, S440.
[0034] Ifthe turbine speed is not at a desired operating
level (e.g., in fault mode), S418: NO, the battery 250 is
initiated, S442, and the hydraulic motor pump 252 is ac-
tivated S444 as is the AC inverter, S446. Further, the
panel light indicating the hydraulic motor pump 252 is
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active is lit, S448, the panel light indicating the inverter
256 is active is lit, S440, and the panel light indicating
the EPU 200 is active is lit, S430.

[0035] Whilethe NORMAL and ON modes of operation
are described herein with reference to FIGS. 3 and 4, it
should also be noted that the aircraft pilot also has the
option placing the EPU 200 in an OFF mode, a mode
that is suitable for ground maintenance of the aircraft.
[0036] As can be appreciated by the description of the
EPU 200 herein, the battery powered subsystem 200(b)
of the EPU 200 eliminates the components and controls
associated with the use of the hydrazine fuel in the prior
art EPU 100. Further, the control of the bleed air control
valve 124 is integrated into the new EPU controller 258
eliminating the EPU controller 130 as a line replaceable
unit (LRU). Further still, the EPU 200 allows for hydraulic
or electric power selection during operation which ex-
tends the overall run time of the EPU 200; the prior art
EPU 100 has a run time of approximately 10 minutes
while the EPU 200 provides a run time of approximately
11 minutes if both the hydraulic pump 252 and inverter
256 are operational, and greater than 20 minutes if only
one of the hydraulic pump 252 or inverter 25 is opera-
tional. It should be appreciated that the noted run times
are by way of example only and that other run times may
be higher or lower than those provided herein.

[0037] The EPU 200 also provides an inverter, e.g.,
inverter 256, that is in-line with the generator 118 mean-
ing additional contactors or power bus modifications are
not required and integration of the electrical subsystem
200(b) is streamlined. The in-line inverter 256 provides
conditioned generator power into the aircraft providing
essentially seamless electrical power transition and a re-
duction of power induced faults that occur with the prior
art EPU 100. The design of the battery powered subsys-
tem 200(b) of the EPU is also scalable in design to ac-
commodate the electric system and hydraulic system re-
quirements of different types of aircraft.

[0038] It should be noted that, while flowcharts illus-
trated and described herein denote specific steps in a
specific order, a greater or fewer number of steps and/or
adifferentsequence of steps or simultaneous occurrence
of steps is possible as can be appreciated by one skilled
in the art.

[0039] The various embodiments described above are
provided by way of illustration only and should not be
construed to limit the claims attached hereto. Those
skilled in the art will readily recognize various modifica-
tions and changes that may be made without following
the example embodiments and applications illustrated
and described herein, and without departing from the
scope of the following claims.

Claims

1. Anaircraftemergency power unit- EPU - (200), com-
prising:
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a bleed-air powered turbine (114);

a hydraulic pump (120) powered by the turbine,
the hydraulic pump having an operational mode
during which hydraulic power is supplied to a
hydraulic system of an aircraft at a level suffi-
cient to support hydraulic operation of the air-
craft and afaultmode during which the hydraulic
pump is supplying insufficient power to the hy-
draulic system of the aircraft;

a generator (118) powered by the turbine, the
generator having an operational mode during
which electrical power is supplied to an electrical
system of an aircraft at a level sufficient to sup-
port electrical operation of the aircraft and a fault
mode during which the generator is supplying
insufficient electrical power to power the electri-
cal system of the aircraft;

a battery (250);

a hydraulic motor pump (252) powered by the
battery, the hydraulic motor pump activated to
supply hydraulic power to the aircraft hydraulic
system responsive to one, or both, of : (a) an
occurrence of the fault mode of the hydraulic
pump; and (b) an occurrence of a speed of the
turbine at a level other than a desired operating
speed; and

an inverter (256), the inverter activated to re-
ceive DC power from the battery and supply
electrical power to the electrical system of the
aircraft responsive to the occurrence of the fault
mode of the generator.

The aircraft EPU of claim 1, wherein activation of the
hydraulic motor pump is independent of the activa-
tion of the inverter.

The aircraft EPU of claim 2, wherein the fault mode
of the hydraulic pump is intermittent, and the activa-
tion of the hydraulic motor pump is correspondingly
intermittent.

The aircraft EPU of claim 2, wherein the fault mode
of the generator is intermittent, and the activation of
the inverter is correspondingly intermittent.

The aircraft EP of claim 2, wherein the hydraulic mo-
tor pump and the inverter are active simultaneously.

The aircraft EPU of claim 1, wherein the activated
hydraulic motor pump augments the hydraulic power
supplied by the hydraulic pump.

The aircraft EPU of claim 1, wherein the activated
hydraulic motor pump supplies all hydraulic power
to the hydraulic system of the aircraft.

The aircraft EPU of any of claims 1-7, further com-
prising a bleed air valve (124) that supplies the
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1.

12.

13.

14.

15.

bleed air to power the turbine.

The aircraft EPU of claim 8, wherein the bleed air
valve is opened to supply bleed air responsive to
both the failure of a primary generator and a redun-
dant second generator of the aircraft.

The aircraft EPU of claim 8, wherein the bleed air
valve is opened to supply bleed air responsive to a
user-input.

A method of operating the aircraft emergency power
unit (EPU) of claim 1, the method comprising:

opening a bleed air valve (124) to supply bleed
air to the turbine causing the hydraulic pump to
be powered by the turbine;

determining that a speed of the turbine is not at
a desired operating level causing the hydraulic
pump to be operating in the fault mode;

based on the speed of the turbine not being at
the desired operating level, activating the hy-
draulic motor pump with the battery to supply
hydraulic power not being supplied by the hy-
draulic pump; and

based on the speed of the turbine being at the
desired operating level, deactivating the battery
powered hydraulic motor pump.

The method of claim 11, wherein the bleed air to the
turbine additionally causes the generator to be pow-
ered by the turbine, and wherein the method further
comprises:

determining that the generator is supplying in-
sufficient electrical power to power the electrical
system of the aircraft causing the generator to
be operating in the fault mode;

based on determining that the generator is sup-
plying insufficient electrical power, activating the
inverter to receive DC power from the battery;
and

supplying additional electrical power to the air-
craft electrical system via the inverter.

The method of any of claims 11-12, wherein opening
the bleed air valve occurs responsive to a user-input
or to an operational fault of the aircraft.

The method of claim 13, wherein the operational fault
comprises a failure of a primary and a secondary
generator of the aircraft electrical system.

The method of claim 13, wherein the operational fault
comprises a failure of at least one of a primary or
secondary hydraulic motor pump of the aircraft.
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Patentanspriiche

Flugzeug-Notstromaggregat - EPU - (200), umfas-
send:

eine zapfluftbetriebene Turbine (114);

eine Hydraulikpumpe (120),

die durch die Turbine mit Leistung versorgt wird,
wobei die Hydraulikpumpe einen Betriebsmo-
dus aufweist, wahrend dem Hydraulikleistung
einem Hydrauliksystem eines Flugzeugs mit ei-
nem Pegel zugefihrt wird, der ausreicht,um den
hydraulischen Betrieb des Flugzeugs zu unter-
stlitzen und einen Fehlermodus, wahrend dem
die Hydraulikpumpe unzureichende Leistung fiir
das Hydrauliksystem des Flugzeugs zufiihrt;
einen Generator (118), der durch die Turbine
mit Leistung versorgt wird, wobei der Generator
einen Betriebsmodus aufweist, wahrend dem
elektrische Leistung einem elektrischen System
eines Flugzeugs mit einem Pegel zugefihrt
wird, der ausreicht, um den elektrischen Betrieb
des Flugzeugs zu unterstiitzen, und einen Feh-
lermodus, wahrend dem der Generator eine un-
zureichende elektrische Leistung zufiihrt, um
das elektrische System des Flugzeugs mit Leis-
tung zu versorgen;

eine Batterie (250);

eine Hydraulikmotorpumpe (252), die durch die
Batterie mit Leistung versorgt wird, wobei die
Hydraulikmotorpumpe aktiviert ist, um Hydrau-
likleistung an das Flugzeughydrauliksystem als
Reaktion auf eines oder beides von Folgendem
zuzufiihren: (a) ein Auftreten des Fehlermodus
der Hydraulikpumpe; und (b) ein Auftreten einer
Geschwindigkeit der Turbine mit einem anderen
Pegel als einer gewtlinschten Betriebsge-
schwindigkeit; und

einen Wechselrichter (256), wobei der Wechsel-
richter aktiviert ist, um Gleichstrom von der Bat-
terie zu empfangen und als Reaktion auf das
Auftreten des Fehlermodus des Generators
elektrische Leistung an das elektrische System
des Flugzeugs zuzuflihren.

Flugzeug-EPU nach Anspruch 1, wobei die Aktivie-
rung der hydraulischen Motorpumpe unabhangig
von der Aktivierung des Wechselrichters ist.

Flugzeug-EPU nach Anspruch 2, wobei der Fehler-
modus der Hydraulikpumpe intermittierend ist und
die Aktivierung der hydraulischen Motorpumpe ent-
sprechend intermittierend ist.

Flugzeug-EPU nach Anspruch 2, wobei der Fehler-
modus des Generators intermittierend istund die Ak-
tivierung des Wechselrichters entsprechend inter-
mittierend ist.
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12.

Flugzeug-EP nach Anspruch 2, wobei die Hydrau-
likmotorpumpe und der Wechselrichter gleichzeitig
aktiv sind.

Flugzeug-EPU nach Anspruch 1, wobei die aktivierte
Hydraulikmotorpumpe die von der Hydraulikpumpe
zugeflhrte hydraulische Leistung erweitert.

Flugzeug-EPU nach Anspruch 1, wobei die aktivierte
Hydraulikmotorpumpe die gesamte hydraulische
Leistung an das Hydrauliksystems des Flugzeugs
zufthrt.

Flugzeug-EPU nach einem der Anspriiche 1 bis 7,
ferner umfassend ein Zapfluftventil (124), das die
Zapfluft zufiihrt, um die Turbine mit Leistung zu ver-
sorgen.

Flugzeug-EPU nach Anspruch 8, wobei das Zapfluft-
ventil gedffnet wird, um Zapfluft als Reaktion aufden
Ausfall eines primaren Generators und eines redun-
danten zweiten Generators des Flugzeugs zuzufiih-
ren.

Flugzeug-EPU nach Anspruch 8, wobei das Zapfluft-
ventil gedffnet wird, um Zapfluft als Reaktion aufeine
Benutzereingabe zuzufiihren.

Verfahren zum Betreiben des Flugzeug-Notstrom-
aggregats (EPU) nach Anspruch 1, wobei das Ver-
fahren umfasst:

Offnen eines Zapfluftventils (124) zum Zufithren
von Zapfluft an die Turbine, was bewirkt, dass
die Hydraulikpumpe durch die Turbine mit Leis-
tung versorgt wird;

Bestimmen, dass eine Geschwindigkeit der Tur-
bine nicht auf einem gewlinschten Betriebspe-
gel liegt, was bewirkt, dass die Hydraulikpumpe
in dem Fehlermodus arbeitet;

basierend auf der Geschwindigkeit der Turbine,
die nicht auf dem gewiinschten Betriebspegel
liegt, Aktivieren der Hydraulikmotorpumpe mit
der Batterie, um Hydraulikleistung zuzufiihren,
die nicht von der Hydraulikpumpe zugefiihrt
wird; und

basierend auf der Geschwindigkeit der Turbine,
die auf dem gewiinschten Betriebspegel liegt,
Deaktivieren der batteriebetriebenen Hydraulik-
motorpumpe.

Verfahren nach Anspruch 11, wobei die Zapfluft an
die Turbine zusatzlich bewirkt, dass der Generator
durch die Turbine mit Leistung versorgt wird, und
wobei das Verfahren ferner umfasst:

Bestimmen, dass der Generator unzureichende
elektrische Leistung zuflihrt, um das elektrische



13.

14.

15.

15 EP 4 011 780 B1 16

System des Flugzeugs mit Leistung zu versor-
gen, wodurch der Generator in dem Fehlermo-
dus betrieben wird;

basierend auf dem Bestimmen, dass der Gene-
rator unzureichende elektrische Leistung zu-
fuhrt, Aktivieren des Wechselrichters, um
Gleichstrom von der Batterie zu empfangen;
und

Zufuhren zusatzlicher elektrischer Leistung an
das elektrische Flugzeugsystem Uber den
Wechselrichter.

Verfahren nach einem der Anspriiche 11 bis 12, wo-
bei das Offnen des Zapfluftventils als Reaktion auf
eine Benutzereingabe oder einen Betriebsfehler des
Flugzeugs erfolgt.

Verfahren nach Anspruch 13, wobei der Betriebs-
fehler einen Ausfall eines primaren und eines sekun-
daren Generators des elektrischen Flugzeugsys-
tems umfasst.

Verfahren nach Anspruch 13, wobei der Betriebs-
fehler einen Ausfall von mindestens einer von einer
primaren oder sekundaren Hydraulikmotorpumpe
des Flugzeugs umfasst.

Revendications

1.

Unité d’alimentation de secours- EPU - d’aéronef
(200), comprenant :

une turbine alimentée par de l'air de préleve-
ment (114) ;

une pompe hydraulique (120)

alimentée par la turbine, la pompe hydraulique
ayant un mode de fonctionnement pendant le-
quel une puissance hydraulique est fournie a un
systéme hydraulique d’'un aéronef a un niveau
suffisant pour prendre en charge le fonctionne-
ment hydraulique de I'aéronef et un mode de
panne pendant lequel la pompe hydraulique
fournit une puissance insuffisante pour le sys-
téeme hydraulique de I'aéronef ;

un générateur (118) alimenté par la turbine, le
générateur ayant un mode de fonctionnement
pendant lequel une puissance électrique est
fournie a un systéme électrique d’'un aéronef a
un niveau suffisant pour prendre en charge le
fonctionnement électrique de 'aéronef et un mo-
de de panne pendantlequel le générateurfournit
une puissance électrique insuffisante pour ali-
menter le systéme électrique de I'aéronef ;
une batterie (250) ;

une motopompe hydraulique (252) alimentée
par la batterie, la motopompe hydraulique étant
activée pour fournir de I'énergie hydraulique au
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1.

systeme hydraulique de I'aéronef en réponse a
I'un, ou aux deux, de : (a) une occurrence du
mode de panne de la pompe hydraulique ; et (b)
une occurrence d’une vitesse de la turbine a un
niveau autre qu’une vitesse de fonctionnement
souhaitée ; et

un onduleur (256), 'onduleur étant activé pour
recevoir une puissance en courant continu a
partir de la batterie et fournir de I'énergie élec-
trique au systéme électrique de I'aéronef en ré-
ponse a la survenance du mode de panne du
générateur.

EPU d’aéronefselon la revendication 1, dans laquel-
le I'activation de la motopompe hydraulique est in-
dépendante de l'activation de I'onduleur.

EPU d’aéronefselon la revendication 2, dans laquel-
le le mode de panne de la pompe hydraulique est
intermittent, et I'activation de la motopompe hydrau-
lique est intermittente de maniére correspondante.

EPU d’aéronefselon la revendication 2, dans laquel-
le le mode de panne du générateur est intermittent,
et I'activation de I'onduleur est intermittente de ma-
niére correspondante.

EP d’aéronef selon la revendication 2, dans laquelle
la motopompe hydraulique et I'onduleur sont actifs
simultanément.

EPU d’aéronefselon la revendication 1, dans laquel-
le la motopompe hydraulique activée augmente la
puissance hydraulique fournie par la pompe hydrau-
lique.

EPU d’aéronefselon la revendication 1, dans laquel-
le la motopompe hydraulique activée fournit toute la
puissance hydraulique au systeme hydraulique de
I'aéronef.

EPU d’aéronef selon I'une quelconque des revendi-
cations 1 a 7, comprenant en outre une vanne de
prélévement d’air (124) qui fournit I'air de préléve-
ment pour alimenter la turbine.

EPU d’aéronefselon la revendication 8, dans laquel-
le la vanne de prélévement d’air est ouverte pour
fournir de l'air de prélévement en réponse a la fois
a la panne d’'un générateur principal et d’'un second
générateur redondant de I'aéronef.

EPU d’aéronefselon la revendication 8, dans laquel-
le la vanne de prélévement d’air est ouverte pour
fournir de 'air de préléevement en réponse a une en-
trée d'utilisateur.

Procédé de fonctionnement de I'unité d’alimentation
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de secours (EPU) d’aéronef selon la revendication
1, le procédé comprenant :

I'ouverture d’'une vanne de prélévement d’air
(124) pour fournir de l'air de prélevement a la
turbine, amenant la pompe hydraulique a étre
alimentée par la turbine ;

la détermination du fait qu’une vitesse de la tur-
bine n’est pas a un niveau de fonctionnement
souhaité amenant la pompe hydraulique a fonc-
tionner en mode de panne ;

sur la base du fait que la vitesse de la turbine
n’est pas au niveau de fonctionnementsouhaité,
I'activation de la motopompe hydraulique avec
la batterie pour fournir une puissance hydrauli-
que non fournie par la pompe hydraulique ; et
sur la base du fait que la vitesse de la turbine
est au niveau de fonctionnement souhaité, la
désactivation de la motopompe hydraulique ali-
mentée par batterie.

Procédé selon la revendication 11, dans lequel I'air
prélevé fourni a la turbine améne en outre le géné-
rateur a étre alimenté par la turbine, et dans lequel
le procédé comprend en outre :

la détermination du fait que le générateur fournit
une puissance électrique insuffisante pour ali-
menter le systeme électrique de I'aéronef, ame-
nant le générateur a fonctionner dans le mode
de panne ;

sur la base de la détermination du fait que le
générateur fournit une puissance électrique in-
suffisante, I'activation de I'onduleur pour rece-
Voir une puissance en courant continu a partir
de la batterie ; et

la fourniture d’'une puissance électrique supplé-
mentaire au systeme électrique de I'aéronef par
l'intermédiaire de I'onduleur.

Procédé selon I'une quelconque des revendications
11 a 12, dans lequel I'ouverture de la vanne de pré-
levement d’air se produit en réponse a une entrée
d'utilisateur ou a un défaut de fonctionnement de
I'aéronef.

Procédé selon la revendication 13, dans lequel le
défautde fonctionnement comprend une panne d’'un
générateur primaire et d’'un générateur secondaire
du systéme électrique de I'aéronef.

Procédé selon la revendication 13, dans lequel le
défautde fonctionnement comprend une panne d’au
moins l'une d’'une motopompe hydraulique primaire
ou secondaire de I'aéronef.
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