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Abstract:

In one enbodi nent, a power processor which operates in three nodes: an
i nverter nmode wherein power is delivered froma battery to an AC power
grid or load; a battery charger node wherein the battery is charged by a
generator; and a parallel node wherein the generator supplies power to
the AC power grid or load in parallel with the battery. In the parallel
node, the system adapts to arbitrary non-linear |oads. The power
processor nmay operate on a per-phase basis wherein the | oad may be
synthetically transferred fromone phase to another by way of a bunpless
transfer which causes no interruption of power to the | oad when
transferring energy sources. Voltage transients and frequency transients
delivered to the | oad when switching between the generator and battery
sources are ninimzed, thereby providing an uninterruptible power supply.
The power processor nmay be used as part of a hybrid electrical power
source systemwhich nmay contain, in one enbodi nent, a photovoltaic array,
di esel engine, and battery power sources.

We claim

1. An AC power processor for delivering power to a |load in coordination
with an energy storage device and an AC power source conpri sing:
an el ectronic power control neans, connecting said energy storage
device and said alternating current power source, for selectively
directing power fromthe AC power source to the energy storage device
and fromthe energy storage device to the |load, on a subcyclic basis
with respect to the AC power source
a single bridge including a plurality of switching el enents capabl e
of AC-DC and DC- AC conversions, wherein each switching elenent is
capabl e of being positioned in an on state or off state;
wherein said processor is capable of operating in at |east three
nodes i ncl udi ng:
a first node wherein power is supplied to the load only by said power
processor;
a second node wherein the AC power source supplies power to both the
| oad and said power processor; and
a third node wherein both the AC power source and said power
processor supply power to the load in parallel
wher eby said processor is capable of adjusting the energy stored in



the energy storage device. (Main dain

The processor according claim1l wherein said processor is adapted to
control the power on a per-phase basis.

An AC power processor, for use with a DC vol tage source, for
delivering power to a load, in parallel and in coordination with an
AC vol tage source, the processor conprising neans for controlling the
flow of electrical energy into and out of said DC voltage source,

i ncl udi ng:

a plurality of switching el enents connected to the DC vol tage source
wherein the switching el enents are capable of converting an AC
current fromthe AC voltage source to DC current and directing the DC
current to the DC voltage source, and wherein the switching el ements
are capabl e of converting a DC current fromthe DC voltage source
into an AC current and directing the AC current to the | oad;

at least one inductive elenent interposed between said swi tching

el ements and sai d AC vol tage source

means for determining a plurality of switch configurations on a
subcyclic basis with respect to the AC power source and based on a
desired optimn zation strategy; and

means for switching the switching el enents;

wherein the processor is capable of operating in at |east three nodes
i ncl udi ng:

an inverter node wherein AC current is supplied to the load only by
sai d power processor;

a charge-supply node wherein the AC power source supplies current to
the | oad and sai d power processor; and

a parallel supply node wherein both the AC power source and the power
processor supply current to the load in parallel

A mul ti-nodal power supply systemfor delivering power to a load in
coordi nation with an AC power source and a DC vol tage source, the
system conpri si ng:

at least one bridge including a plurality of swtching el ements
capabl e of AC-DC and DC- AC conversions, wherein each sw tching

el ement is capable of being positioned in an on state or an off
st at e;

at | east one neans for connecting said bridge to the DC voltage

sour ce;

at | east one neans for interconnecting said bridge, the AC power
source and the | oad, including:

a bridge- AC connection nmeans for connecting said bridge to the AC
vol t age source

a parallel connection neans for connecting the load to said bridge-AC
connection means at parallel points; and

an inductive neans di sposed between said bridge and the parall el
poi nt s;

at | east one neans for sensing the voltage and current of the DC
vol t age source

at |l east one neans for sensing the voltage and current of the AC
power source

at |l east one neans for sensing the voltage and current between said
bridge and said i nductive neans; and

at |l east one control neans for changing the positions of said
plurality of switching elenments on a subcyclic basis based on the
sensed voltages and currents;

wherein said plurality of switching elenents is capable of converting
the AC current fromthe AC voltage source to DC current, and
directing the DC current to the DC vol tage source



10.

11.

12.

13.

14.

wherein said plurality of switching elenents is capable of converting
the DC current fromthe DC voltage source into AC current and
directing the AC current to the |oad,

wherein said plurality of switching el enents are capabl e of being
positioned into at |least four configurations for each phase,

i ncl udi ng:

a first configuration wherein the DC voltage source supplies a
positive polarity voltage to the | oad across said inductive means,

a second configuration wherein the DC voltage source supplies a
negative polarity voltage to the | oad across said i nductive neans,

a third configuration wherein said inductive neans supplies a
positive polarity voltage to the |oad, and

a fourth configuration wherein said inductive neans supplies a
negative polarity voltage to the |oad; and

wherein said systemis capable of operating in at |east three nodes

i ncl udi ng:

an inverter node wherein AC current is supplied to the |oad by either
the DC vol tage source or said inductive neans, or both;

a charge-supply node wherein the AC power source supplies power to
the | oad, said inductive neans, or said DC voltage source, or a

conbi nation thereof; and

a parallel supply node wherein the AC power source and at |east one
of said inductive means or the DC vol tage source, or both, supply
power to the load in parallel

The system according claim4 wherein said systemis adapted for

mul ti phase operation and includes, for each phase, a respective said
bridge, said bridge-to-DC voltage source connecting neans, said

bri dge- AC power source-load interconnecting neans, said DC voltage
source sensing neans, said AC power source sensing neans, and said
means for sensing voltage and current between said bridge and said

i nducti ve neans.

The system according to claim4 further conprising a switching neans
di sposed between the AC voltage source and the bridge for selectively
di sconnecting the AC vol tage source.

The system according to claim4 wherein said control neans changes
the positions of said plurality of switching el enments on a subcyclic
basi s based on the sensed voltages and currents according to an
optinization strategy.

The system according to claim 7 wherein said optinization strategy
further conprises maintaining in phase the current and voltage of the
AC power source during the charge-supply node or the parallel supply
node.

The system according to claim 7 wherein said systemfurther conprises
a nmeans for generating a reference waveformin phase with the voltage
of the AC voltage source

The system according to claim9 wherein said optinization strategy
further conprises means for mininizing the error between the AC

vol tage source current and the in-phase reference waveform

The system according to claim 10 wherein said reference waveformis
si nusoi dal

The system according to claim 10 wherein said reference waveformis
triangul ar.

The system according to claim 10 wherein said reference waveformis
trapezoi dal

The system according to claim 10 wherein the anplitude of said

ref erence waveform corresponds to the nmaxi num del i verabl e power of
the AC vol tage source
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The system according to claim 7 wherein said systemis capabl e of
optim zing the current waveform of the AC voltage source during the
paral |l el supply node by supplying power or withdraw ng power from
said parallel connection neans on a subcyclic basis.

The system according to claim 15 wherein said systemis capabl e of
optimzing the current waveform of the AC power source during the
charge-supply node or the parallel supply node by supplying power or
wi t hdrawi ng power from said parallel connection neans on a subcyclic
basi s.

The system according to claim 16 wherein said system further
conprises a neans for generating a reference waveformin phase with
the voltage of the AC power source

The system according to claim 17 wherein said optim zation strategy
further conprises mnimzing the nean integrated square-error between
the AC power source current and the in-phase reference waveform

The system according to claim 18 wherein said reference waveformis
si nusoi dal

The system according to claim 18 wherein said reference waveformis
triangul ar.

The system according to claim 18 wherein said reference waveformis
trapezoi dal

The system according to claim 18 wherein the anplitude of said

ref erence wavef orm corresponds to the nmaxi mum del i verabl e power of
the AC power source

The system according to claim4 wherein said systemfurther conprises
means for determining the period of the AC power source; and

wherein said control neans further conprises:

means for dividing the period into equal tine intervals; and

means for determining the durations of the on and off states of each
switching el enent for each equal tine interval

An uninterruptible power supply systemfor delivering power to a | oad
conpri si ng:

i nput lines for receiving an AC power input having a waveformwi th
positive and negative half cycles;

output lines for providing an AC power output to the |oad;

a battery capabl e of providing a DC output voltage;

a power transformer having a primary coupled to a secondary, the
secondary bei ng connected across the output |ines;

an inverter connected to the primary of the power transfornmer and to
the battery, including switching devices connected in a bridge
configuration which are controllable to convert DC voltage power from
the battery to AC voltage power at the prinmary of the power
transfornmer and to supply the battery with power fromthe prinmary,
the switching devices being responsive to control signals to switch
bet ween on and off states; and

control neans, connected to the switching devices in the inverter
for controlling the power into and out of the inverter on a subcyclic
basis relative to the AC power input, including:

means for sensing the battery voltage;

means for determining the polarity of the AC input;

means for determ ning a desired AC power output current;

means for generating a sinusoidal reference signal having an
anpl i tude substantially equal to the desired output current;

means for conparing the sinusoidal reference signal with the output
current to yield a current error signal; and

means for generating a pulse width proportional to the anplitude of
the current error signal for nodulating the inverter swtching
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devi ces;

wherein the switching devices are capabl e of assuming at |east four
pairs of configurations based upon the polarity of the error signa
and the polarity of the AC input voltage, wherein the switches are
pul sed on into a first configuration of each pair for the duration of
each pulse width and pul sed off into a second configuration of each
pair;

wherein said systemis capable of operating in one of a plurality of
states, including:

a first power supply state in which the battery is capabl e of

suppl ying power to the | oad through the inverter, said state
corresponding to the first configuration when the polarities of the
error signal and the AC input voltage coincide;

a second power supply state in which an effective inductance, which

i ncludes the effective | eakage inductances of the primary and
secondary of the transforner, is capable of supplying power to the

| oad, said state corresponding to the second configuration when the
polarities of the error signal and the AC input voltage coincide;

a first power consunption state in which the AC power input is
capabl e of charging the battery through the inverter, said state
corresponding to the first configuration when the polarities of the
error signal and the AC input voltage differ; and

a second power consunption state in which the AC power input is
capabl e of supplying power to the effective inductance, said state
corresponding to the second configuration when the polarities of the
error signal and the AC input voltage differ;

wherein the systemis capable of supplying power to the load fromthe
battery and the AC power input sinultaneously.

The system according to claim24 wherein said system further

conpri ses nmeans for maintaining the AC input current in phase with
the AC i nput voltage.

The system according to claim25 wherein said system further
conprises at |least one switch neans for detaching the AC power input
fromsaid system

The system according to claim26 wherein said control neans further
conprises a neans for opening and closing said at | east one switch
nmeans at least as fast as a half cycle of the AC input waveform

The system according to claim24 wherein said control neans further
conprises a neans for selecting between a nanual node of operation
and an automatic node of operation

The system according to claim24 wherein said pulse width generation
means further conprises:

means for determ ning the period of the AC power input;

means for dividing the period into equal tinme intervals;

means for generating a sanpling reference signal; and

means for conparing the sanpling reference signal and the current
error signal to determine pul se endpoints fromintersection points of
sai d signals.

The system according to claim29 wherein said sanpling reference
signal has a triangle waveform

The system according to claim24 wherein said system further

conpri ses nmeans for phase-locking the inverter to the AC power input.
The system according to claim24 wherein said nmeans for deternining a
desired AC power output current further conprises a neans for sensing
the |l oad current.

The system according to claim24 wherein said neans for deternmning a
desired AC power output current further conprises a nmeans for
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inputting a | oad current schedul e.

An uninterruptible power supply systemfor delivering power to a | oad
conpri si ng:

input lines for receiving an AC power input having a waveformwi th
positive and negative half cycles;

output lines for providing an AC power output to the |oad;

a battery capabl e of providing a DC output voltage;

a power transformer having a primary coupled to a secondary, the
secondary bei ng connected across the output |ines;

an inverter connected to the primary of the power transfornmer and to
the battery, including switching devices connected in a bridge
configuration which are controllable to convert DC voltage power from
the battery to AC voltage power at the prinmary of the power
transforner and to supply the battery with power fromthe prinary,
the switching devices being responsive to control signals to switch
bet ween on and off states on a subcyclic basis; and

control means, connected to the switching devices in the inverter,

for controlling the power into and out of the inverter on a subcyclic
basis relative to the AC power input, including:

means for sensing the battery voltage;

means for determining the polarity of the AC input;

means for determ ning a desired AC power output current;

means for generating a sinusoidal reference signal having an

anpl itude substantially equal to the desired output current;

means for conparing the sinusoidal reference signal with the output
current to yield a current error signal; and

means for generating a pul se having a width proportional to the
anplitude of the current error signal for nodul ating the inverter
swi t chi ng devi ces

wherein the switching devices are capable of assuning at |east three
configurations, including:

a first battery-connect configuration which enables current to fl ow
between the battery and the primary when the AC i nput voltage is
positive;

a second battery-connect configuration which enables current to flow
bet ween the battery and the prinmary when the AC i nput voltage is
negative; and

a battery-isolation configuration which enables current to flow

bet ween the switching devices and an effective inductance which

i ncludes the effective | eakage inductance of the prinmary and the
secondary of the transforner, while substantially preventing current
fl ow between the battery and the switching devices;

wherein said control neans is capable of configuring said swtching
devi ces between said first battery-connect configuration, said second
battery-connect configuration and said battery-isolation
configuration based upon the polarity of the AC input voltage and the
error signal

wherein said switches are nodul ated into one of said battery-connect
configurations for a duration based on the pul se width, and otherw se
configured into the battery-isolation configuration

wherein the battery is capable of supplying power to the |oad through
said inverter when the polarities of the AC i nput voltage and the
error signal coincide

wherein the effective inductance is capable of supplying power to the
| oad through said inverter when the polarities of the AC input

vol tage and the error signal coincide

wherein the AC power input is capable of charging the battery through
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the inverter neans when the polarities of the AC input voltage and
the error signal differ;

wherein the AC power input is capable of supplying power to the

ef fective inductance by building up a current therein when the
polarities of the AC input voltage and the error signal differ
wherein said systemis capable of supplying power to the load from
the battery and the AC power input sinultaneously; and

wherein said systemis capable of supplying power to the load in the
absence of AC i nput power;

whereby the inverter is capable of operating in at |east three nobdes,
i ncl udi ng:

a battery charging node in which the AC input power is rectified and
supplied to the battery;

an inverter node in which the battery supplies AC power to the |oad;
and

a parallel nmode in which the AC input power and the battery

si mul t aneously supply AC power to the | oad.

The uninterruptible power supply system according to claim34 wherein
said control neans is capable of configuring said sw tching devices
according to an optinization strategy.



