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& (57) Abstract: A system (200) for distribuling electrical power, includes: a first high voltage AC power distributing unit (210a4)
B including a first high voltage AC bus (214a-1, 214a-2), which is selectively connected to a first high voltage AC generator (224a),

&= and a first start bus (212a); a second high voltage AC power distributing unit (210b) including a second high voltage AC bus (214b-1,

& 214b-2), which is selectively connected to a second high voltage AC generator (224b), and a second start bus (212b); a first high

Lo\ voltage DC power distributing unit (240a) including, a first high voltage DC bus (246a), and a second high voltage DC power
distributing unit (240b) including a second high voltage DC bus (246b). The first high voltage AC bus (214a-1, 214a-2) is selectively
connectable to the second high voltage AC bus (214b-1, 214b-2), such that the system (200) provides redundancy for high voltage
power distribution.
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ELECTRICAL STARTING, GENERATION, CONVERSION AND
DISTRIBUTION SYSTEM ARCHITECTURE FOR
A MORE ELECTRIC VEHICLE

RELATED APPLICATIONS

[0001] The present application claims priority under 35 U.S.C.
§119(e) of provisional patent application No. 60/603,631 filed August
24, 2004, which is hereby incorporated by reference in its entirety. The
present application is related to: a co-pending U.S. application Serial No.
11/199,151, filed on August 4, 2005, entitled "Electrical Energy
Management System On A More Electric Vehicle," a co-pending U.S.
application Serial No. 11/196,323, filed on August 9, 2005, entitled
"Electrical Power Distribution System And Method WitH Active Load
Control", and a co-pending U.S. application filed on August 18, 2005,
entitled "Method and System for Coordinating Engine Operation with

Electrical Power Extraction in a More Electric Vehicle," which are hereby

incorporated by reference in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to electrical power distribution,
and more particularly to a redundant, symmetrical system for electrical

engine starting, power generation, power conversion, and distribution.

BACKGROUND OF THE INVENTION
[0003] In a More Electric Vehicle (MEV), the electrical system

starting, generation, conversion and distribution system should serve
several new functions to properly meet the power supply requirements of
the more electric utilization systems and equipment. MEV architectures
have been proposed to shift the primary motive power sources used for
systems and services from pneumatic {engine bleed) and engine driven
hydraulic sources to engine driven electric sources. In order to supply
these systems in the most efficient manner, the electrical system should

take on a configuration that differs from conventional vehicles. In one
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configuration, electrical generators can be fixed frequency, arrived at by
using some type of hydromechanical or electronic means to convert the
varying speed of the propulsion engine into fixed (e.g., 400 Hz) frequency
AC electrical power. Alternately, the generator can be connected directly
to the engine gearbox, without the frequency converting equipment, and
allowed to vary its output frequency within predetermined limits defined
by the engine speed and gearbox ratio.

[0004] Although variable frequency (VF) has been frequently used
on turbopropeller aircraft in the past to produce narrowband VF power,
turbofan engines are only now adopting VF as technology advancements
remove the previous concerns about wideband VF. Motor controllers are
being developed to adapt the relatively wideband {2:1) VF that is
characteristic of the turbofan engine speed range into more appropriate
and efficient drive power for speed sensitive motors. As wideband VF
becomes more prevalent, industry is also responding with more wideband
frequency tolerant passive equipment (i.e., equipment that does not
require active input quality conditions). Benefits of the VF generators are
that they significantly reduced complexity as compared with their fixed
frequency counterparts, and this simplicity translates into more efficient,
lower weight and higher reliability power generation systems for new
aircraft or other vehicle designs. This works well on a MEV with the
concept of electrically starting the engines since the variable frequency
generator design is the most suitable configuration to enable the
generator to be configured by an external motor controller as a starting
motor.

[0005] Another change in electrical power system design is the
movement to “double voltage” (e.g., 230/400 VAC) generators to reduce
generator and wiring weight in the vehicle. Since the MEV makes
significant use of motor contrallers and motor controllers that switch high

voltage DC power to synthesize a driving power source for the various
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motors, the double voltage supply is preferable for creating a HVYDC
(typically, +/- 270 VDC) source through relatively simple rectification
methods. Therefore, the electrical systems of the future should be able to
supply the electrical power types required by the new MEV components
and systems while continuing to support traditional 115/200 VAC and 28
VDC services. Another challenge for the MEV electrical system results
from the higher criticality and availability of electrical power required by
the systems and services that it supports. As more systems move from
pneumatic and hydraulic power supplies, the electrical system becomes
the single source of motive force for those systems.

[0006] The inventor of this application has recognized that current
drawbacks/needs can be addressed by providing an electrical system that
ensures that sufficient redundancy and reliability are designed into the
architecture to meet the safety considerations for the utilization
equipment. Furthermore, the inventor of this application has further
recognized that current drawbacks/needs can be addressed by providing
an MEV electrical system architecture of robust design, which provides

the high criticality and high availability service desired.

SUMMARY OF THE INVENTION

[0007] In one aspect, the present invention is a system for
distributing electrical power, comprising: a first high voltage AC power
distributing unit including a first high voltage AC bus, which is selectively
connected to a first high voltage AC generator, and a first start bus; a
second high voltage AC power distributing unit including a second high
voltage AC bus, which is selectively connected to a second high voltage
AC generator, and a second bus; a first high voltage DC power
distributing unit including a first rectifier unit, a first high voltage DC bus,
and a first motor controller, the first rectifier being selectively connected
to the first high voltage AC bus of the first high voltage AC power
distributing unit to convert high voltage AC power to high voltage DC
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power, which is provided to the first high voltage DC bus; and a second
high voitage DC power distributing unit including a second rectifier unit, a
second high voltage DC bus, and a second motor controller, the second
rectifier being selectively connected to the second high voltage AC bus of
the second high voltage AC power distributing unit to convert high
voltage AC power to high voltage DC power, which is provided to the
second HVDC bus. The first high voltage bus is selectively connectable to
the second high voltage DC bus and the first high voltage AC bus is
selectively connectable to the second high voltage AC bus. The system
provides redundancy for both high voltage AC power distribution and high
voltage DC power distribution.

[0008] In another aspect, the present invention is a system for
distributing electrical power, comprising: a first high voltage AC power
distributing unit including a first high voltage AC bus, which is selectively
connected to a first high voltage AC generator; a second high voltage AC
power distributing unit including a second high voltage AC bus, which is
selectively connected to a second high voltage AC generator; a first low
voltage AC power distributing unit including a first low voltage AC bus
and a first AC essential bus, which is selectively connectable to a first
emergency generator and selectively connectable to the first low voltage
AC bus, wherein the first low voltage AC power distributing unit is
selectively connectable to the first high voltage AC bus to convert high
voltage AC power to low voltage AC power, which is output to the first
low voltage AC bus; a second low voltage AC power distributing unit
including a second low voltage AC bus and a second AC essential bus,
which is selectively connectable to a second emergency generator and
selectively connectable to the second low voltage AC bus, wherein the
second low voltage AC power distributing unit is selectively connectable
to the second high voltage AC bus to convert high voltage AC power to

low voltage AC power, which is output to the second low voltage AC
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bus; a first low voltage DC power distributing unit including a first low
voltage DC essential bus and a first low voltage DC main bus; and a
second low voltage DC power distributing unit including a second low
voltage DC essential bus and a second low voltage DC main bus. The
first high voltage AC bus is selectively connectable to the second high
voltage AC bus, the first low voltage AC bus is selectively connectable to
the second low voltage AC bus, the first AC essential bus is selectively
connectable to the second AC essential bus, the first low voltage DC
essential bus is selectively connectable to the second low voltage DC
essential bus, and the first low voltage DC main bus is selectively
connectable to the second low voltage DC main bus, thereby providing
redundancy of both low voltage AC power distribution and low voltage
DC power distribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will become more fully understood
from the detailed description given hereinbelow and the accompanying
drawings which are given by way of illustration only, and thus are not
limitative of the present invention and wherein:

[0010] FIG. 1 illustrates an architecture for high voltage electrical
starting, generation, and distribution in a more electric vehicle in
accordance with an embodiment of the present invention; and

[0011] FIG. 2 illustrates an architecture for low voltage electrical
starting, generation, and distribution in a more electric vehicle in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0012] In one aspect, a disclosed embodiment is a redundant,
symmetrical system for electrical engine starting, power generation,
conversion and distribution, maximizing reconfiguration at primary and
secondary bus levels without single string paths who's failure to function

can affect function, operation and dispatch. Although aspects of the
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detailed description provided herein are specific to implementation in a
more electric aircraft (MEA), it should be recognized that principles of the
present invention are not limited to such an application, and can be
applied to other vehicles types.

[0013] FIG. 1 illustrates an architecture for high voltage electrical
starting, generation, and distribution in an MEV in accordance to an
embodiment of the present invention. In the embodiment of FIG. 1, a
high voltage electrical power system 200 includes: first and second
engines 220a, 220b; first and second high voltage AC {HVAC)
distribution units 210a, 210b; first and second high voltage DC (HVDC)
distribution units 240a, 240b; and an auxiliary power unit (APU) 250. As
illustrated, the system 200 further includes various contactors for
selective connecting of components therein. In one implementation of
this embodiment, the HVAC power is 230VAC (e.g., at 400Hz) and the
HVDC power is +/- 270 VDC.

[0014] The first and second HVAC distribution units 210a, 210b
respectively handle HVAC power generated by a first AC generator 224a,
which generates HVAC electrical power via connection to a first engine
220a (e.qg., a first aircraft turbine engine) and a second AC generator
224b, which generates HVAC electrical power via connection to a second
engine 220b (e.g., a second aircraft turbine engine), First and second
HVAC distribution units 210a, 210b each include: a start bus 212a,
212b; and a pair of HVAC buses 214a-1, 214a-2, 214b-1, 214b-2.
[0015] In some vehicle applications, more than one AC generator
may be installed on the engine (e.g., muitiple first AC generators 224a
and multiple second AC generators 224b in FIG. 1, shown as dashed
circles). In one implementation, such multiple AC generators are
connected to the same HVAC bus, for example by applying
synchronization techniques described in provisional application no.

60/629,423 filed November 22, 2004, and entitled “Method and
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Apparatus for Mechanical Phase Synchronization of Multiple AC
Generators,” which is hereby incorporated herein by reference.
Alternatively, such multiple AC generators may be connected to different
HVAC buses.

[0016] The first HYAC bus 214a-1 of the first HVAC distribution
unit 210a is selectively connectable to the first AC generator 224a
(associated with the first engine 220a), and the second HVAC bus 214b-
2 of the second HVAC distribution unit 210b is selectively connectable to
the second AC generator 224b (associated with thé second engine 220b).
The second HVAC bus 214a-2 of the first HVAC distribution unit 210a is
selectively connectable to a first AC generator 252a of the APU 250. The
first HVAC bus 214b-1 of the second HVAC distribution unit 210b is
selectively connectable to a second AC generator 252b of the APU 250.
The first and second HVAC buses 214a-1, 214a-2, 214b-1, and 214b-2
of the first and second HVAC distribution units 210a, 210b are selectively
connectable to each other,

[0017] The start bus 212a of the first HVAC distribution unit 210a
is selectively connectable to the first AC generator 224a, the first AC
generator 252a of the APU 250, and the start bus 212b of the second

| HVAC distribution unit 210b. Since the start bus and HVAC bus modes of

operation in connection with the AC generator (i.e., starting and
generating) are mutually exclusive, the first and second HVAC buses
214a-1, 214a-2 of the first HVAC distribution unit 210a are prevented
from connecting to the start bus by selective closure of the
interconnecting contactors under control of the electrical system logic.
As described in greater detail below, the start bus 212a is also selectively
connectable to the output end of one or more of motor controllers 248 of
the first and second HVDC distribution units 240a, 240b. The start bus
212b of the second HVAC distribution unit 210b is selectively

connectable to the second AC generator 224b, the second AC generator
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252b of the APU 250, the first and second HVAC buses 214b-1, 214b-2
of the second HVAC distribution unit 210b, and the start bus 212a of the
first HVAC distribution unit 210a. As described in greater detail below,
the start bus 212b is also selectively connectable to the output end of
one or more of motor controllers 248 of the first and second HVDC
distribution units 240a, 240b.

[0018] The first and second HVDC distribution units 240a, 240b are
arranged to receive, via contactor connections, HVAC power from the
first and second HVAC distribution units 210a, 210b, respectively, and
perform HVDC distribution. The first and second HVDC distribution units
240a, 240b each include: a pair of rectifier units 242a-1, 242a-2, 242b-
1, 242b-2, selectively connectable to first and second HVAC buses 214a-
1, 214a-2 and 214b-1, 214b-2, respectively; an HVDC bus 246a, 246b;
and a plurality of motor controllers 248a-1, ... , 28a-n, 248b-1, ... , 248b-
n (also referred to individually as motor controller 248). One or more
motor controller 248 of each of the first and second HVDC distribution
units 240a, 240b is selectively connectable to the start bus 212a, 212b
of the first and second HVAC distribution units 210a, 210b, for the
process of main propulsion or APU engine start, which is described in
greater detail below. Each motor controller 248 is also each selectively
connectable to utilization equipment, which is illustrated in FIG. 1 as
various motors 260a-1, ..., 260a-n, 260b-1, ... , 260b-2. The particular
motor types illustrated in FIG. 1 are given by way of example only. The
first HVDC distribution unit 240a further includes an HVDC battery 244,
selectively connectable to the HVDC bus 246a of the first HVYDC
distribution unit 240a.

[0019] The first and second rectifier units 242a-1, 242a-2 of the
first HVDC distribution unit 240a are selectively connectable to, and
convert HVAC power from, first and second HVAC buses 214a-1, 214a-2
of the first HVAC distribution unit 210a, respectively, and supply HVDC
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power to the HVDC bus 246a of the first HVDC distribution unit 240a.
The HVDC bus 246a of the first HVDC distribution unit 240a is also
selectively connectable to a high voltage DC generator 222a associated
with the first engine 220a. The first and second rectifier units 242b-1,
242b-2 of the second HVDC distribution unit 240b are selectively
connectable to, and convert HVAC power from, first and second HVAC
buses 214b-1, 214b-2 of the second HVAC distribution unit 210b,
respectively, and supply HVDC power to the HVDC bus 246b of the
second HVDC distribution unit 240b. The HVDC bus 246b of the second
HVDC distribution unit 240b is also selectively connectable to a DC
generator 222b associated with the second engine 220b. The HVDC bus
246a of the first HVYDC distribution unit 240a is selectively connected to
the HVDC bus 246b of the second HVDC distribution unit 240b.

[0020] The system 200 illustrated in FIG. 1 has a symmetrical start
bus arrangement, 212a, 212b, allowing motor controllers 248 to be
connected to either engine 220a, 220b for redundancy. For efficient use
of motor controllers the system 200 allows a motor controller{s)} 248 to
be shared with other utilization equipment 260 under control of the
electrical system logic in a manner similar to the method shown for
sharing the ECS compressor 260a-2 or 260a-3 with the start bus or
alternately have a motor controller 248a-n dedicated to a single utility
motor 260a-n such as required for a 100% duty cycle. This is shown in
FIG. 1 by way of example as a selectable connection between motor
controller 248a-3 and utility motor 260a-n. This arrangement may be
used to eliminate the need for the separate motor controller 248-n. The
design has a HVDC battery 244 for selectively starting APU 250 without
requiring a voltage step up DC to DC converter. The battery 244 is float
charged on the HVDC bus 246a, and also may be used to bridge voltage

interruptions to equipment connected to the HVDC bus.
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[0021] The system 200 provides a robust, symmetrical redundant
electrical architecture, which considers the power flow starting with the
bulk power production from high voltage AC generators 224a, 224b and
DC generators 222a, 222b and subsequently provides multiple tiers of
power distribution to meet the needs of the MEV. The multiple tiers refer
to the multiple levels of distribution buses that handle the different
voltage levels and power quality that are generated in this system. In the
system 200 illustrated in FIG. 1, the HVAC distribution tier, represented
by first and second HVAC distribution units 210a, 210b, handles the
power produced by the AC generation system generators 224a, 224b.
This power is either used in its variable frequency, high voltage format by
equipment systems that are compatible with this format or is further
transformed into one of the other two voltage tiers for use in the overall
system as required. A second tier is considered to be the HVDC
distribution level, represented by the first and second HVDC distribution
units 240a, 240b. This HVDC distribution level includes input side power
conversion equipment (rectifiers) 242a-1, 242a-2, 242b-1, 242b-2 for
producing HVDC from HVAC. This input side conversion equipment
242a-1, 242a-2, 242b-1, 242b-2 can be implemented using transformer
rectifier or active rectifier units. Output side power conversion equipment
can be implemented by motor controllers 248 that feed individual
equipment motors 260 or be shared for main engine start functions via
the first and second start buses 212a, 212b.

[0022] A third tier is considered to be the low voltage buses that
support conventional, non-MEV types of equipment on an vehicle. This
third tier actually includes two separate sub tiers that include low voltage
AC buses (typically 115 VAC) and low voltage DC buses (typically 28
VDC). This third tier of electrical power distribution with be discussed in
detail below with reference to FIG. 2. FIG. 1 and FIG. 2 can be

considered separately or in combination creating a complete electrical
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starting, generation and distribution system whereby the 1% and 2" high
voltage AC distribution units and AC generators are common elements of
the two figures.

[0023] FIG. 2 also shows how through appropriate switching
connections, high voltage AC can be interfaced with the aircraft buses to
provide power for engine starting and support of high voltage systems
when on ground without APU or engine generators on line. The
architecture in FIG. 1 also incorporates a high voltage battery 244 that
can be used not only to perform APU starts, but also can provide
temporary power to bridge switching interruptions or provide short
duration operation of other HVDC systems. The configuration shown
allows battery 244 to be float charged in order to eliminate the battery
chargers used in existing vehicle battery systems. The battery 244 is a
HVDC battery that is connected to the HVDC bus 246a through a line
contactor. During engine starting, the battery line contactor closes and
energizes the HVDC bus 246a. Although HVDC bus 246a is the primary
bus for APU start power supply, it can clearly be seen from the figure that
through cross connections under EEMS control, power from the HVDC
battery 244 can be routed through a cross tie contactor(s) to HVDC bus
246b and further to motor controllers 248b and then to the start buses
212b and 212a as may be required. Power is then available to the
applicable motor controller(s) 248. When the start control, either as part
of or in combination with an electrical energy management system
(EEMS), receives command to start the APU 250, the motor controller(s)
248 is activated in the start mode, the start buses 212a or 212b are
energized and connected to the APU generator 252a or 252b through the
appropriate closure of cross tie contactors. When power is applied to the
AC gen;rator 252a or 252b, the AC generator is driven as a motor to
provide rotational torque to start the APU 250. Although typical APU

starting torque requirements are low relative to the main engine start
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torque requirements and for reasons of generation capacity needed by the
electrical system and interchangeability of generators between the main
engine and the APU, the same generators are typically used on the engine
and APU and therefore a single generator may be sufficient to start the
smaller APU. However the architecture presented does not preclude by
way of the interconnectivity provided in the system, the ability to energize
both start buses and both AC generators in order to deliver sufficient
torque as may be required to start an APU of greater starting torque that
can be supplied by a single installed generator. This could be the case if a
larger than typical APU is installed or the generator sizes selected for the
APU were significantly smaller in size than the main engine generators
such that single generator was not capable of starting a typical sized
APU.

[0024] When the HVDC battery 244 is connected to the HVDC bus
246a for starting the APU 250, it will deplete its energy into the bus
246a during that process. If the battery remains connected to the HVDC
bus 246a after the start is complete and the APU generators 252a, 252b
are brought on line, the battery 244 will float on the energized HVDC bus
246a and receive a charging input from the HVDC bus 246a to replenish
its capacity. By choosing the terminal voltage of the battery 244 suitably
lower than the regulated generator output voltage on the HVDC bus
2464, the resulting float charge capability eliminates the need for
dedicated battery-charging equipment. The implementation of a HVDC
battery 244 as opposed to conventionally used LVDC batteries also
eliminates the need for complex step-up transformers to produce HVDC.
[0025] When connected to achieve the capabilities described, the
HVDC battery 244 in this system 200 can also provide bridging power to
other systems in the event of power interruption or bus switching
operations. During brief power interruptions, the HVDC battery 244
floating of the HVDC bus 246a can immediately begin outputting its
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stored power reserve onto the HYDC bus 246a. This ability allows time
for the system cross tie contactors to reconnect the HVDC bus 246a to
an active generating source without momentary loss of the individual
systems attached to the HVDC bus 246a during the transfer. In the
event of a critical power requirement for motor controls, depending upon
the amount of installed HVDC battery capacity, the EEMS can connect
only those services required at a particular time to the HVDC battery 244
via the HVDC bus 246a to provide limited service. The bridging function
can apply to all HVDC services connected to the HVDC bus 246a, such
as cabin air compressors, hydraulic pumps, fans, and actuators. Limited
equipment operation based upon installed battery capacity in the event of
unrecoverable generated power loss may include hydraulic pumps or
electric motors to deploy emergency systems or landing gear and provide
energy to critical flight control surface actuators (for implementation in an
aircraft).
[0026] FIG. 2 illustrates a system for low voltage power conversion
and distribution in accordance with an embodiment of the present
invention. In the embodiment of FIG. 2, a low voltage electrical power
system 300 includes: first and second engines 320a, 320b (same engines
as in FIG. 1 in one implementation); first and second high voltage
distribution units 310a, 310b (same as corresponding elements in FIG, 1
in one implementation, but illustrated without start buses); first and
second low voltage AC (LVAC) distribution units 370a, 370b; and second
low voltage DC (LVDC) distribution units 380a, 380b; and an auxiliary
power unit (APU) 350. As illustrated, the system 300 further includes
various contactors for selective connecting of components therei|:1.
[0027] The first and second HVAC distribution units 310a, 310b
respectively handle HVAC power generated by a first AC generator 3244,
which generates AC electrical power via connection to a first engine 320a

{e.g., a first aircraft turbine engine) and a second AC generator 324b, |
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which generates AC electrical power via connection to a second engine
320b (e.g., a second aircraft turbine engine). First and second HVAC
distribution units 310a, 310b each include a pair of selectively
connectable HVAC buses 314a-1, 314a-2, 314b-1, 314b-2. The first
HVAC bus 314a-1 of the first HVAC distribution unit 310a is selectively
connectable to the first AC generator 324a, and the second HVAC bus
314b-2 of the second HVAC distribution unit 310b is selectively
connectable to the second AC generator 324b.

[0028] The second HVAC bus 314a-2 of the first HVAC distribution
unit 310a is selectively connectable to the first HVAC bus 314b-1 of the
second HVAC distribution unit 310b. The second HVAC bus 314a-2 of
the first HVAC distribution unit 310a is selectively connectable to a first
AC generator 352a of the APU 350, and the first HVAC bus 314b-1 of
the second HVAC distribution unit 310b is selectively connectable to a
second AC generator 352b of the APU 350.

[0029] The first LVAC distribution unit 370a includes: a LVAC bus
376a; a pair of transformers 372a-1, 372a-2, selectively connectable to
the first and second HVAC buses 314a-1, 314a-2 of the first HVAC
distribution unit 310a, respectively, for converting HVAC to LVAC power
and providing such LVAC power to the LVAC bus 376a; a ground service
bus 374a, selectively connectable to LVAC external power and selectively
connectable to the LVAC bus 376a; and an AC essential bus 378a, which
is selectively connectable to the LVAC bus 376a and also selectively
connectable to a first emergency generator (associated with the first
engine 320a).

[0030] The second LVAC distribution unit 370b includes: a LVAC
bus 376b; a pair of transformers 372b-1, 372b-2, selectively connectable
to the first and second HVAC buses 314b-1, 314b-2 of the second HVAC
distribution unit 310b, respectively, for converting HVAC to LVAC power
and providing such LVAC power to the LVAC bus 376b; a ground
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handling bus 374b, selectively connectable to LVAC external power and
selectively connectable to the LVAC bus 376b of the second LVAC
distribution unit 370b and the ground service bus 374b; and an AC
essential bus 378b, which is selectively connectable to the LVAC bus
376b of the second LVAC distribution unit 370b and also selectively
connectable to a second emergency generator (associated with the
second engine 320b).

[0031] The LVAC bus 376a of the first LVAC distribution unit 370a
is selectively connectable to the LVAC bus 376b of the second LVAC
distribution unit 370b. The AC essential bus 378a of the first LVAC
distribution unit 370a is selectively connectable to the AC essential bus
378b of the second LVAC distribution unit 370b.

[0032] The first LVDC distribution unit 380a and the second LVDC
distribution unit 380b each include: an LVDC essential bus 386a, 386b;
and an LVDC main bus 384a, 384b. The LVDC essential bus 386a of the
first LVDC distribution unit 380a is selectively connectable to a first
rectifier unit 392a, which is selectively connectable to the AC essential
bus 378a of the first LVAC distribution unit 370a to convert LVAC power
to LVDC power for the LVDC essential bus 386a of the first LVDC
distribution unit 380a. The LVDC essential bus 386b of the second LVDC
distribution unit 380b is selectively connectable to a second rectifier unit
392b, which is selectively connectable to the AC essential bus 378b of
the second LVAC distribution unit 370b to convert LVAC power to LVDC
power for supply to the LVDC essential bus 386b of the second LVDC
distribution unit 380b.

[0033] The LVDC essential buses 386a, 386b of the first and
second LVAC distribution units 380a, 380b are selectively connectable.
The LVDC main buses 3842, 384b of the first and second LVAC
distribution units 380a, 380b are selectively connectable. The LVDC main
bus 384a of the first LVAC distribution unit 380a is selectively
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connectable to the LVDC essential bus 386a of the first LVAC distribution
unit 380a. The LVDC main bus 384b of the second LVDC distribution
unit 380b is selectively connectable to the LVDC essential bus 386b of
the second LVAC distribution unit 380b. A first regulated rectifying unit
394a is selectively connectable to the first HVAC bus 314a-1 of the first
HVAC distribution unit 310a to convert HVAC power to generate
regulated LVDC power, which is output to the LVDC main bus 384a of
the first LVDC distribution panel 380a. A second regulated rectifying unit
394b is selectable connectable to the second HVAC bus 314b-2 of the
second HVAC distribution unit 310b to convert HVAC power to regulated
LVDC power, which is output to the LVDC main bus 384b of the second
LVDC distribution unit 380b. Although the regulated rectifying units
394a and 394b are the preferred implementation due to their superior
battery charging characteristics, passive rectifier units as used in positions
392a and 392b could be used provided that their output characteristics
are suitably chosen and matched for the purpose of battery charging.
[0034] The system 300 illustrated in FIG. 2 generates, converts and
distributes low voltage AC and DC power and generates and distributes
emergency AC power from an engine compressor fan driven AC generator
322a, 322b and then channels such power through an AC to DC
conversion network to produce essential DC power. As illustrated in FiG.
2, the system 300 includes within the low voltage network, an
arrangement to connect equipment used both in flight and on ground
during ground service or ground handling operations through appropriate
interconnecting switches. When on ground, the limited services necessary
for ground operations can be connected directly to the LVAC external
power, eliminating the need to fully power the aircraft to enable those
systems. Alternately, the entire LVAC and LVDC bus networks can be
enabled from ground power by further switching connections to power

electrical loads common to both ground and in-flight operation or



WO 2006/024005 PCT/US2005/030221

10

15

20

25

30

17

alternately these same electrical loads can be powered from the vehicle’s
main generation sources. LVDC batteries in the DC main and essentiall
networks are also float charged from regulated rectifier units (R RU) 394a,
394b to once again eliminate the charger and provide protection against
power interruptions due to switch or momentary power loss. As
previously discussed, RRU’s could be replaced by passive RUs through
careful selection of output voltage characteristics.

[0035] Also included is an emergency generator 322a, 322b on the
engine compressor fan low-speed spool. Should an engine 320a, 320b
flame out, the fan acts as a ram air turbine (RAT) to spin the emergency
generator 322a, 322b. The fan generator 322a, 322b eliminates the
complexity of a conventional RAT and increases the reliability of the
system while lowering costs. Alternately, the architecture does not
preclude the use of a conventional federated RAT unit to feed power into
the AC essential buses without the advantages of the low-speed spool
integrated approach discussed previously.

[0036] During ground suppart operations when power is available on
the LVAC buses 376a, 376b, the bus architecture contactors allow
aircraft service personnel to select services required by them to maintain,
clean, load, and move the aircraft while on the ground. By interfacing
with the appropriate command interface panel (not shown), the applicable
personnel can energize ground service or ground handling equipment that
they may require and have those services available without the need to
fully power all aircraft systems which is often the case on existing
aircraft.

[0037] This system 300 uses the ground service bus 374a and the
ground handling bus 374b as a series connection between the LVAC
buses 376a, 376b and the external power supply. Where other existing
aircraft make the ground buses a branch from the LVAC buses, the

system 300 illustrated in FIG. 2 puts them in series to avoid having to
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completely power the LVAC bus system and subsequently energize a
branch circuit to provide ground services. Therefore, when ground
operations are being performed, the EEMS upon command request for
services by the ground crew, can power the ground handling and ground
service bus segment only, leaving the LVAC buses off unless specifically
required. This reduces the operation duration of operation or systems
directly connected to the LVAC bus as well as minimizes the hazard to
ground and maintenance crew by minimizing the number of live electrical
circuits. To configure in this manner only the contactor between the
LVAC external power input and the ground handling and ground service
buses need to be closed by the EEMS.

[0038] In one exemplary implementation, the ground service bus
374a includes those services that are required by ground crew to service
and maintain the aircraft. Such functions supported could be lighting,
electrical power outlets for cleaning equipment, communication/intercom
equipment, loading of galley supplies, waste water removal, etc. Ground
handling functions are related to movement of the aircraft such as towing
or lifting, opening and closing of access doors, moving of cargo
(motorized cargo rollers, winches, hoists) and the like. Both ground
service and ground handling functions are typically activities that would
occur while the aircraft is on ground and under the supervision of non-
flight crew. For systems that may overlap between ground and flight
operations, the ground handling and service buses can be connected to
the LVAC buses in flight via the two contactors that exist between the
buses.

[0039] The symmetric and redundant connections that are provided
in above-described designs are afforded by the series of cross tie
contactors in a ladder type configuration. As with the other buses in this
architecture, the arrangement allows for maximum flexibility and

reconfiguration resulting in a high availability of power to the equipment
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systems connected to the buses. Due to the reconfiguration capability,
this type of arrangement along with the redundant power supply input
results in a highly reliable power supply for critical and essential systems.
[0040] Significant to above-described arrangements is the concept
of reusing power paths and switching equipment to provide more that one
function within the system. This reduces switching hardware and buses
common to traditional approaches but through the symmetrical, redundant
configuration does not limit availability and functionality required for the
MEV. This further translates into lower weight, lower cost, and higher
reliability. The approach taken in the above-described arrangements
provides mutually beneficial approaches for both existing and MEV. The
architecture presented maintains complete symmetry and incorporates
cross tie connections to provide redundancy across all power supply
functions; This approach simplifies the end component design criticality
requirements by providing redundancy at the power distribution level,
hence increasing the availability of power and hence the individual
service. This benefit, although desirable in a conventional aircraft/vehicle
design, is particularly important to the implementation of an MEV since as
more equipment systems migrate to a reliance upon electrical power, the
electrical power availability must be assured to maintain high safety and
operability levels.

[0041] Specific to the MEV is the use of motor controllers to
perform multiple functions in order to justify their relatively high weight
and cost. The distribution systems described herein provide the symmetry
and redundancy that results in power availability consistent with the
criticality of MEV systems. On the output side of the motor controllers,
the ring start bus 212a, 212b with its multiple cross tie contactors,
allows all main engine start capable, motor controllers to connect to all
main engine and APU AC starter generators to provide the greatest engine

start capability from available motor controllers. Through the EEMS,



WO 2006/024005 PCT/US2005/030221

10

15

20

25

30

20

power management logic within that system is capable of co-coordinating
subsystem services that utilize the motor controllers with any call for
engine starting to ensure that all required functions can be performed with
the available equipment.

[0042] The EEMS as described in co-pending application filed
August 4, 2005, titled “Electrical Energy Management on a More Electric
Vehicle,” may be implemented to provide coordinated supervisory control
of the electrical power system power supplies and distribution. However
as an architecture, this approach could be controlled via individual
controllers in a more federated approach or by control commands received
from the vehicle systems controller or central computing systems (CCS).
[0043] Although the architectures presented show the generation,
conversion and distribution equipment and bus interconnections, an
additional element not shown but implied is the control logic that
coordinates the actions, protections and status reporting of the system. A
preferred method to attain the required level of control is through the use
of an EEMS. This system may incorporate dual redundant, high criticality
and availability control units that co-ordinate and sequence the actions of
the electrical system architecture shown with that of other flight deck
interfaces, aircraft utility systems, avionics and the engine electronic
control. Such a system is described in detail in co-pending application
Serial No. 11/199,151 filed August 4, 2005, titled “Electrical Energy
Management on a More Electric Vehicle.”

[0044] It should be recognized that many permutations and
combinations of control sequences and timing are possible through the
use of the EEMS and that the symmetry of the electrical system
architectures provides the flexibility to realize many different
configurations. Also, the ability to automate functions that may have
previously been performed manually by the flight crew reduces pilot

workload as well as provides immediate response to conditions that the
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pilot could not manually control with sufficient rapidity to avert damage or

hazard.
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| CLAIM:

1. A system (200) for distributing electrical power, comprising:
a first high voltage AC power distributing unit (210a) including a first high
voltage AC bus (214a-1, 214a-2), which is selectively connected to a
first high voltage AC generator (224a), and a first start bus (212a);

a second high voltage AC power distributing unit (210b) including a
second high voltage AC bus (214b-2, 214b-2), which is selectively
connected to a second high voltage AC generator (224b), and a second
start bus (212b);

a first high voltage DC power distributing unit {240a) including a
first rectifier unit (242a-1, 242a-2), a first high voltage DC bus (246a),
and a first motor controller (248), said first rectifier unit (242a-1, 242a-2)
being selectively connected to said first high voltage AC bus (214a-1,
214a-2) of said first high voltage AC power distributing unit (210a) to
convert high voltage AC power to high voltage DC power, which is
provided to said first high voltage DC bus (246a); and

a second high voltage DC power distributing unit (240b) including a
second rectifier unit (242b-1, 242b-2), a second high voltage DC bus
(246b), and a second motor controller (248), said second rectifier unit
(242b-1, 242b-2) being selectively connected to said second high voltage
AC bus (214b-1, 214b-2) of said second high voltage AC power
distributing unit (210b) to convert high voltage AC power to high voltage
DC power, which is provided to said second HVDC bus (246b), wherein
said first high voltage DC bus (2463a) is selectively connectable to said
second high voltage DC bus (246b) and said first high voltage AC bus
(214a-1, 214a-2) is selectively connectable to said second high voltage
AC bus (214b-1, 214b-2), and

said system {200) provides redundancy for both high voltage AC

power distribution and high voltage DC power distribution.
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2. The system (200) according to claim 1, wherein
said first and second high voltage AC buses (214a-1, 214a-2, 214b-1,
214b-2) are each divided into high voltage AC bus segments that are
selectively connectable, and

a segment of said first high voltage AC bus (214a-1) is selectively
connected to said first AC generator (224a) and a segment of said second
high voltage AC bus {214h-2) is selectively connected to said second AC
generator (224b).

3. The system (200) according to claim 2, wherein
another segment of said first high voltage AC bus (214a-2) is selectively
connected to a first auxiliary power unit generator (252a), and
another segment of said second high voltage AC bus (214b-1) is
selectively connected to a second auxiliary power unit generator (252b).

4, The system {200) according to claim 1, wherein said first
high voltage DC distributing unit (240a) further includes a high voltage
battery (244), which is selectively connected to and float charged by said
high voltage DC bus (246a), said battery (244} being used to power start
of an auxiliary power unit (APU).

5. The system (200) according to claim 4, wherein
output power from said first motor controller (248) of said first high
voltage DC distributing unit (240a) is selectively connected to said first
start bus (212a) during APU start, and

output power from said second motor controller (248) of said
second high voltage DC distributing unit (240b) is selectively connected
to said second start bus (212b) during APU start.

6. The system (200) according to claim 4, wherein said battery
(244) of said first high voltage distributing unit (240a) is selectively
connected to said high voltage DC bus (246a) to bridge power
interruptions on said first high voltage DC bus (246a).
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7. The system (200) according to claim 1, wherein said system
(200) distributes high voltage AC and DC power in a more electric
vehicle.

8. A system (300) for distributing electrical power, comprising:
a first high voltage AC power distributing unit (310a) including a first high
voltage AC bus (314a-1, 314a-2), which is selectively connected to a
first high voltage AC generator (324a);

a second high voltage AC power distributing unit (310b) including a
second high voltage AC bus (314b-1, 314b-2), which is selectively |
connected to a second high voltage AC generator {324b);

a first low voltage AC power distributing unit (370a) including a
first low voltage AC bus (376a) and a first AC essential bus (378a),
which is selectively connectable to a first emergency generator (322a)
and selectively connectable to said first low voltage AC bus (376a),
wherein said first low voltage AC power distributing unit (370a) is
selectively connectable to said first high voltage AC bus (314a-1, 314a-
2) to convert high voltage AC power to low voltage AC power, which is
output to said first low voltage AC bus (376a);

a second low voltage AC power distributing unit (370b) including a
second low voltage AC bus (376b) and a second AC essential bus {378b),
which is selectively connectable to a second emergency generator {322b)
and selectively connectable to said second low voltage AC bus (376b),
wherein said second low voltage AC power distributing unit (370b) is
selectively connectable to said second high voltage AC bus (314b-1,
314b-2) to convert high voltage AC power to low voltage AC power,
which is output to said second low voltage AC bus (376b);

a first low voltage DC power distributing unit {380a) including a
first low voltage DC essential bus (386a) and a first low voltage DC main

bus (384a); and
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a second low voltage DC power distributing unit (380b) including a
second low voltage DC essential bus {(386b) and a second low voltage DC
main bus (386b), wherein

said first high voltage AC bus (314a-1, 314a-2) is selectively
connectable to said second high voltage AC bus (314b-1, 314b-2) , said
first low voltage AC bus (376a) is selectively connectable to said second
low voltage AC bus (376b), said first AC essential bus {378a) is
selectively connectable to said second AC essential bus (378b), said first
low voltage DC essential bus (386a) is selectively connectable to said
second low voltage DC essential bus (386b), and said first low voltage
DC main bus (384a) is selectively connectable to said second low voltage
DC main bus (384b), thereby providing redundancy of both low voltage
AC power distribution and low voltage DC power distribution.

9. The system (300) according to claim 8, wherein
said first low voltage AC distributing unit {370a) includes a ground service
bus {374a), selectively connectable to low voltage AC external power,
and

said second low voltage AC distributing unit (370b) includes a
ground handling bus (374b), selectively connectable to said low voltage
AC external power, wherein

said ground service bus (374a) is selectively connectable to said
first low voltage AC bus (376a) and said ground handling bus (374b), and

said ground handling bus (374b) is selectively connectable to said
second low voltage AC bus (376b) and said ground service bus (374a).

10. The system (300} according to 8, wherein
said first high voltage AC bus (314a-1, 314a-2) includes multiple
connectable bus segments, one segment (314a-1) being selectively
connectable to said first AC generator (324a) and another segment (314a-
2) being selectively connectable to a first AC generator (352a) of an

auxiliary power unit (350), and
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said second high voltage AC bus (314b-1, 314b-2) includes
multiple connectable bus segments, one segment (314b-2) being
selectively connectable to said second AC generator (324b) and another
segment (314b-1) being selectively connectable to a second AC generator
{352b) of said auxiliary power unit (350).

11. The system (300) according to claim 8, wherein
said first low voltage DC main bus (384a) receives regulated low voltage
DC power from a conversion element (394a) that is selectively
connectable to said first high voltage DC bus (314a-1), and

said second low voltage DC main bus (384b) receives regulated
low voltage DC power from a conversion element (394b) that is

selectively connectable to said second high voltage DC bus (314b-2).
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