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A device for controlling an AC output with an AC load from an AC supply comprises a power amplifier module connected to the AC
supply and a control module in communication with the AC supply and the power amphfier module. The power amplifier module converts
an AC supply to DC and then converts the DC to an AC output. The control module extracts predetermined characteristics, such as current,
voltage and frequency from the AC supply and compares the predetermined charactenstics with stored load characteristics of the AC load.
The control module responsively triggers the power amplifier module to generate an output waveformm of the AC output substantially in

phase with respect to the AC supply.
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ENERGY CONTROL DEVICE
Field of Invention

This invention relates to a device for controlling energy transfers, including correcting

power factors, and a method of effecting energy transfers.
Background of Invention

Electric power is commercially available in a variety of alternating current formats,
either in single phase or multiple-phase, SOHz or 60Hz, and up to 550V.

Power consumption is directly proportional to the vector product of voltage and
current. If voltage and current are in phase, real power consumption is readily calculable.
However if the current shifts relative to the voltage, the apparent or reactive power
consumption is more difficult to measure using conventional methods. Accordingly, hydro
utilities install a special meter for measuring the angle between the voltage and current. If the
reactive power shifts beyond an acceptable amount, normally 5-10%, the customer is
penalized.

The amount of phase shift is dependent upon the type of load being driven by the
electric power. A predominantly reactive load will shift the current relative to the voltage 1n
a positive sense whereas a predominantly capacitive load will shift the current in the negative
Sense.

In a typical example, when three phase 550V AC is supplied to a 550V 150 hp loaded
motor, the total amperage that the motor is receiving is in excess of 140 amps. This current
must not lag more than 5-10% behind the voltage, otherwise penalty charges are imposed by
the utility. The inductive loads inherent in the windings of the motor will shift the current,

up to 90°, depending on the actual inductive, capacitive and resistive components in the
system.

Traditional techniques that have been used in the past have tried to make use of
transformers and capacitors to try to phase correct this current shift. However, the current
shift and the size of the transfonnérs and capacitors necessitates a very large and cumbersome
and hence expensive solution. For example, a Westinghouse system which can only handle
about a 20 hp motor, has a size in excess of 4 feet high and 2 feet by 2 feet in base area.

Still other devices exist such as those found in the following United States patents:
4,894,763, 4,961,130, 4,977,492, 5,043,857, 5,055,939, 5,045,991, 5,111,374. What these
devices attempt to do is through either other inductors, capacitors or combinations of both,
some being computer controlled, cause the current to be further delayed so that it appears
during the next sinusoidal voltage waveform in the correct position. Hence these devices are
generally large and complex.

Heretofore, no single type of device has been suitable for all types of loads, whether
reactive, capacitive or variable between the two.
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Summary of the Invention

The disadvantages of the prior art may be overcome by providing a device which has
an output AC which is dynamically phase shifted from the AC supply dependent upon the
impedance nature of the load to maintain the current of the output AC in phase with respect
to the AC supply.

It is desirable to provide a device which receives an AC supply, measures
characteristics of the AC supply, converts the AC supply to DC, selects characteristics of a
preselected load type, applies the characteristics of a preselected load type to the DC
generating an AC output, measures the predetermined characteristics of the AC output and
modifies or adapts the selected characteristics and reapplies the selected characteristics to the
DC and repeats the modification step and reapplication step until the AC output 1s substantially
in phase with the AC supply.

According to one aspect of the invention, there is provided a device for controlling an
AC output with an AC load from an AC supply. The device comprises a power amplifier
module connected to the AC supply and a control module 1in communication with the AC
supply and the power amplifier module. The power amplifier module converts an AC supply
to DC and then converts the DC to an AC output. The power amplifier module extracts
predetermined characteristics, such as current, voltage and frequency from the AC supply and
the control module compares these predetermined characteristics with the corresponding
predetermined characteristics of the AC load. The control module then triggers the power
amplifier module to convert the DC to the AC output substantially in phase with respect to the
AC supply, with sufficient current to meet the demand of the AC load.

According to another aspect of the invention, there is provided at least one look up
table for storing pulse modulation sequences of various AC load types. The control module
initially uses the stored pulse modulation sequences for triggering the power amplifier module
to initially convert the DC to the AC output.

According to another aspéct of the invention, there is provided a device which has a
DC power supply and a microswitch connected to said power amplifier module. The
microswitch is switchable to supply DC to the power amplifier module 1n the event that the
AC supply is terminated, allowing the device to continue to supply the AC output.

According to another aspect of the invention, there is provided a method of transferring
an AC supply to an AC output. The method comprises the steps of measuring predetermined
characteristics of an AC supply, converting the AC supply to DC, selecting a load and output
type and retrieving a corresponding pulse modulation sequence of the selected load, applying
the intial pulse modulation sequence to the DC generating an AC output, measuring the
predetermined characteristics of the AC output and responsively modifying the pulse
modulation sequence and applying the modified pulse modulation sequence to the DC, and
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repeating the steps of modifying and applying until the AC output is substantially in phase with
the AC supply.

Description of the Drawings
In drawings which illustrate embodiments of the ivention,

Figures 1A and 1B are a schematic diagram of power amplifier module of the present

invention,

’Figure 2 is a schematic diagram of the trigger circuit for triggering each of the
high side IGBTs of the present invention;

Figure 3 is a schematic diagram of the trigger circuit for triggering all of all of -
the low side IGBTSs of the present invention;

Figure 4 is a schematic diagram of the control module of the present invention;

Figures 5A and 5B are a flow diagram of the logic control of the present invention;

Figure 6 is an illustration of the input and output waveforms of a demonstration

unit embodying the present invention; and

Figures 7A and 7B  are a schematic diagram of a second embodiment of a power amplifier
module of the present invention.

. -
muswwade e M

tailed Description of the Invention

The energy control unit of the present invention generally comprises a power amplifier
module 10, which is schematically illustrated in Figures 1A and 1B and a control module 11,
which is schematically illustrated in Figure 4.

The power amplifier module 10 comprises inputs 12,14,16 which are connectable to
an AC power main, a bridge rectifier 18, an IGBT module 20 and outputs 22,24,26.

Connected between the inputs 12,14,16 and the bridge rectifier 18 are current sensors
28.,30,32, input voltage sensors 34,36,38 and frequency sensors 40,42 .44.

Connected between the DC output of the bridge rectifier 18 and the mput side of IGBT
module 20 are a number of capacitors 46. The output side of the IGBT module 20 has a
plurality of ganged capacitors 48, output voltage sensors 50,52,54, output current S€nsors
56,58,60 and output frequency sensors 41,43,45.

Each of the current sensors 28.30,32 and 56,58,60 has conductors wound around
ferrite torroidal air cores that have a gap into which is fitted a hall effect sensor supplied by
12 volts DC. Changes in source current are measured by the hall sensor and a corresponding
voltage signal I1,12,13 is supplied to the source current input terminals of the control module
11. Changes in output or load current are measured by the hall sensor and a corresponding
voltage signal I4,15,I6 is supplied to the load current input terminals of the control module 11.

Each of the input voltage sensors 34,36,38 and the output voltage sensors 50,52,54 has
a 100:1 ratio resistive voltage divider network. Each voltage signal C1,C2,C3 is supplied to
source voltage input terminals of the control module 11. Similarly, each output voltage signal
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C4,C5,C6 is supplied to output voltage input terminals of the control module 11.

Fach of the frequency sensors 40,42.44 and 41,43.45 has a diode for half-wave
rectification and a dropping resistor in series connected to the cathode of the LED. This is a
portion of a photo darlington transistor. The emitter goes to circuit ground, the base to the
phase input terminals of the control module 11 for transmitting signals X1,X2.X3 and

X4,X5,X6, respectively.

Bridge rectifier 18 is standard full wave three phase bridge rectifier module. Suitable
modules are commercially available under the designation ME601215. The bridge rectifier
18 1s selected according to the energy transfer requirements of the desired load.

The capacitors 46 are a bank of capacitors, comprising a large capacitor for filtering
AC ripple and a small capacitor for filtering transients. Each output terminal of the IGBT
module 20 has a bank of ganged filter capacitors 48 connected between output terminal and
negative for suppression of load induced transients. A resistor capacitor diode (RCD) type
snubber circuit could also be connected across the input and output terminals of each IGBT
module 20 for additional protection from transients.

Optionally, a bus bar circuit could also be used to minimize transients. The bus bar
circuit generally has similar characteristics as a RCD type snubber circuit.

The IGBT module 20 has two sets of inputs, the positive wave inputs and the negative
wave 1nputs. The positive wave inputs cause the IGBT module 20 to switch producing a pulse
modulation sequence for producing a positive half of a sinusoidal waveform. For the high
side, the IGBT module 20 has input pairs EWP,GWP, EVP,GVP and EUP,GUP.

The negative inputs cause the IGBT module 20 to switch producing a pulse modulation
sequence for producing a negative half of a sinusoidal waveform. For the low side, the IGBT
module 20 has input pairs EWN,GWN, EVN,GVN and EUN,GUN.

Referring now to Figure 2, the high side IGBT trigger circuit 61 is schematically
lllustrated. For the high side, the IGBT trigger circuits are separate circuits for each phase.
In other words three separate circuits are required to generate the positive portions of the three

phase AC output.
The high side IGBT trigger circuit comprises a DC power source 62, in this case, a

transformer 64 connected to a pair of full wave bridge rectifiers 66 for generating DC power.

Connected in parallel across the DC source 62 are two capacitors 68 and integrated
circuit (IC) 70 (pins 5 and 8). IC 70 is a commercially available chip from Toshiba and
designated as TLP-250. The TLP-250 is a IGBT gate drive and consists of a GaAlAs light
emitting diode and an integrated photodetector and is well suited as a gate driving circuit of

an IGBT. The TLP-250 has an 8-lead DIP package.
Capacitor 72 is connected in parallel across one of the rectifiers 66. DIAC 74 is

connected to the positive side of the rectifier 66 and connected to pins 6 and 7 of the IC 70.
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On the negative side of DIAC 74, each of EWP, EVP and EUP i1s connected to IGBT module
20. On the positive side of DIAC 74, at pins 6 and 7 of IC 70, each of GWP, GVP and GUP

is connected to IGBT module 20.
Referring to Figure 3, a low side IGBT trigger circuit 63 1s illustrated. The low IGBT

trigger circuit 63 is similar to the high side trigger circuit 61, except that the low IGBT circuit
may be ganged as a single circuit. The low side IGBT trigger circuit 63 comprises a DC
power source 162, including a transformer 164 connected to a pair of full wave bridge
rectifiers 165, 166 for generating DC power.

Connected in parallel across DC source 162 are capacitors 166, 167, 168, 169 and 170
and integrated circuits 171, 172 and 173, which 1s also a TLP-250 chip. Capacitors 174 and
175 are connected in parallel across rectifier 166. DIACS 176, 177 and 178 are connected to
the positive side of rectifier 166 and connected to pins 6 and 7 of each of ICs 171, 172, 173,

respectively. The low side IGBT trigger circuit 63 can include taps for each of the three
phases. On the negative side of DIAC 735, each of EWN, EVN and EUN is connected to

IGBT module 20. On the positive side of DIACS 174, 175, 176, at pins 6 and 7 of IC 169,
170, 171, each of GWN, GVN and GUN 1is connected to IGBT module 20. -

Pin 3 of each of the ICs 169, 170, 171 on both the high and low side, is connected to:

the control module 11. The IC 169, 170, 171 is connected to the control module 11 via an
optocoupler 91 device for electrical isolation. Optocouplers are well known 1n the art. The
optocoupler used in the preferred embodiment is a standard resistor-diode LED-optocoupler

LED circuit.
In the preferred embodiment, the DIACs 74, 176, 177, 178 are as physically close to

the gates of the IGBT module 20 as is feasible. The physical closeness mitigates damage to

the firing circuits from transients.
It is readily understood that the source of DC power for the trigger circuits could

include other convention DC power sources, such as a voltage regulator.

Referring to Figure 4, the control module 11 is schematically illustrated. The control
module has a controller 80 which preferably is an Application Specific Integrated Circuit
(ASIC). The controller 80 includes a digitizer 82, a plurality of electronic memory banks 84,
a sequencer 86, three oscillators 88 and a digital signal processor (DSP) 90, a look-up table
92 and a phase lock loop circuit 94.

The signals for the source current 11,12,13, voltage C1,C2,C3 and frequency X1 X2.X3
and output current 14,I5,16, voltage C4,C5,C6 and frequency X4,X5,X6 are directed to and

digitized by digitizer 82 and stored in the electronic memory 84.
Memory 84 is a plurality of memory banks which are relatively small and are

commercially available components. For three phase, memory 84 comprises at least six banks
of memory. The banks are grouped into two major sections for each phase: the active section
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and the standby section.
The sequencer 36 i1s connected to the memory to monitor each of the incoming phases.

Based on a flag set by the DSP at the appropriate phase intervals, the sequencer 86 will switch
from the currently being used memory to the other of the active or standby memory at the zero
crossing points. This can occur about 120 times per second, thereby permitting correction for
phase non-linearities in either the high or the low portion of the AC waveform, assuming the
zero crossing point as being the defining zero point. It is readily understood that higher
frequencies could also be used, for instance nominal 440Hz avionics frequency.

The high precision oscillators 88 measure very accurately the incoming phase and pulse
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widths of each of the incoming AC power main. There are a minimum of three oscillators for

a three phase unit. This measurement is used to set a phase lock loop circuit 94 that is unique

for each phase output circuit.
Different techniques such as Kalmun filtering etc. will be performed by the DSP 90 in

non-real time to set the standby and active memories. Based on the phase variances and load
transitions, the DSP 90 sets certain flags which will cause certain memory banks to change.

Each electronic memory bank is controlled independently and in many situations not
necessarily a whole group will transfer from active to standby. It may only be one or two out
of the six that will actually swap positions, because that one particular bank started sensing a
heavier load or heavier current and needed to make certain corrections therein.

The energy control unit of the present invention comprises two major assemblies. The
control module 11 (Figure 4) which basically does not vary with the load and the power
amplifier module 10 (Figures 1A and 1B) which will be scaled according to the type of load
the system 1s controlling. Using this two stage approach, the microprocessor and all of its
related displays can be maintained to the required UL/CSA ISO 9000 type electrical safety
conditions required, independent of the power voltage, current or source in the system.. This
1s due to the fact that there is a 7% thousand volt isolation bridge in the typical power
éfnpliﬁér module. o - -

The controller 80 basically controls the pulse modulation sequence that goes to the
power amplifier module 10. The DSP 90 calculates the pulse modulation sequence based on
data recetved by the various sensors. The pulse modulation sequences are transferred to IC
70 via optocouplers 91 which then drive the IGBT module 20 which have the appropriate
snubber circuits connected thereto and are sized according to the type of load.

Referring to Figures 4 and 5, the operation of the energy correction unit of the present

invention will be described in greater detail.

On powering up of the DSP 90, the internal BITE, built in test equipment, will test and
verify the energy correction unit of the present invention.

The energy correction unit of the present invention receives an AC supply at its inputs
12,14,16. Each of the current séh_sb_fs'_Z_S_,ﬁ30_,32, Input voltage sensors 34,36,38 and frequency
sensors 40,42,44 transmits 1ts respective signal to the controller 80. The signals are digitized
by digitizer 82 and then stored in memory 84.

The sequencer 86 monitors the various incoming phases determines what'type of
voltage, number of phases, and what frequency that the incoming power supply is providing
to the unit. The sequencer 86 determines the number of phases of the AC supply and then
selects the output mode, i.e. single phase, two phase, three phase, etc.

Once the output has been selected, the DSP 90 then looks into a look-up table 92 and
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determines how it is to operate, whether 1t is to supply three phase out for the three phase in
or three phase out for a single phase in, and what voltage it is to generate. The DSP 90 will
retrieve a pulse width modulation sequence of a sine table for the corresponding phase output.
The pulse width modulation sequence is a sequence of pulses which are transmitted to the
trigger circuits 61 and 63 which trigger the IGBT module 20 to produce the desired AC output
waveforms. Pulse width modulation techniques are well known in the art.

The DSP 90 transmits the selection of output to the oscillators 88 which in turn selects
the frequency of the output and transmits the output frequency signals X4,X5 ,X6 to the
digitizer 82 and to the phase lock loop circuit 94. The output frequency signals X4,X5,X6 are
each single signals which are generated when a change in voltage polarity of the sine wave is
detected.

The control module 11 measures a given frequency of a given sine wave and multiplies
the frequency by an integer value of how many divisions or slices that will be used to generate
the output sine wave. Each time slice or pulse can have from zero to 127 units, 127 units
being full on, zero being full off. This permits the energy correction unit of the present

invention to vary the output of the voltage output waveform. .
Using the sine table values or pulse modulation sequence, based on the number of time

slices, the DSP 90 will initiate the trigger circuits (Figures 2 and 3) for initiating pulse width
modulation. The IGBT module 20 will be triggered to generate the corresponding sinusoidal

output.
The energy correction unit of the present invention has supply voltage sensors 28,30,32

that permit it to sense the incoming voltage and similar output voltage sensors 56,58,60 to
sense the outgoing voltage and output current sensors 50,52,54 to sense the outgoing current
being drawn by the load. The controller 80 continuously compares the shape and amplitude
of each of the output waveforms with the shape and amplitude of each of the corresponding
input waveforms.

It 1s noted that output frequency signals are generated by both the oscillators 88 and the
frequency sensors 41,43,45. In some applications, it is not essential to produce both frequency
signals. The cost of production could be reduced by eliminating the output frequency sensors
41,43,45. N

If the sine values are correct, i.e., the output current and voltage are in phase with the
input current and voltage, the modulation signals are adjusted for the amount of current that

1s being drawn by the output load.
If the sine values are not correct, i.e., the output current and voltage are out of phase

with the input current and voltage by an amount greater than a predetermined value, the shape
and amplitude of the output waveform is compared against a table of known load

characteristics stored in look-up table 92.
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30 selects the closest "signature" of known loads with the measured output waveform. Using
the "signature”, the new pulse width modulation sequence is selected and stored in the standby
section of the memory 84 which is switched to active at the next zero crossing.

The active section of the memory 84 is being read by the DSP 90. At the appropriate
times signalled by the phase lock loop circuit 94, the DSP 90 delivers the appropriate pulse
width modulation signals that are required for the power amplifier module 10. The same
applies vis-a-vis the standby bank in that although the data of the sine table values is not being
affected, the output pulse modulation is being updated by the DSP 90 processor based on
measured parameters and calculated results of what should be done, with respect to voltage,

current, total harmonic distortion, frequency, impedance and load type performance.
In particular, the controller 80 continuously compares each half of the sine wave or the

three sine waves, assuming three phase power, of the output with the input sine wave or waves
to determine the amount of phase shift between the Input and output waveforms. If the phase
difference is greater than a pre-selected minimum, the sine table values are shifted by a
corresponding amount to maintain phase alignment. What thls means is that a space time

IGBTs, so that the current will line up back with the original AC power main.

For example, a 150 hp motor requires 150 amps to drive it. If attempts were made to
try to store the requisite amount of energy for the 270° required to maintain phase alignment,
assuming a 90° phase shift required to bring back in alignment with a 360° of the sine wave,
the amount of energy is significant. By changing the actual pulse width waveform and moving

it so that the current lines up with the incoming phase of the power, the function of the energy
correction unit is to load balance or shed the load across the multiphase power that is being

converted to DC and by steering them appropriately such that the currents are equalized.
Since there is a correlation between the current and the voltage, the power factor function is
implemented without other inductors to augment the system.

The controller 80 generates the optimum waveforms required by the load and therefore
the efficiency of the load can be increased while reducing the load's power consumption and
yet still maintain synchronization to the Incoming power as it fluctuates in frequency and in

phase alignment. These will result in direct return on investment type savings for the user of

the system.
The energy control unit of the present invention can also be equipped with a vibration

sensor 85 and an encoder to transmit a vibration signal F. The vibration signal F is digitized

by digitizer 82 and then stored in memory 84.
The electronic memory banks 84 are provided with a standard output for downloading

WEW

o
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the stored and updated waveforms. The memory 84 can supply data on demand to a network
through an appropriate adaptor to a personal computer to download information concerning
the last series of events that have occurred in the machine as well as download the log of stress
conditions and vibration conditions.

The energy control unit of the present invention is able to learn what are the nominal
waveforms and what vibration characteristics of that unit are under normal and varying
conditions. The DSP 90 1s able to interpolate the relationship of normal waveforms and
vibration and generate a series of guard bands that will basically encompass the various modes
of operation at different frequencies. The energy control unit of the present invention is able
to correlate the vibration signatures of the machine with its database and detect any
abnormalities and based on the level of the abnormalities either report an audio alarm or shut
down the system as the case may be.

An example of the use of this feature is a bearing that may be wearing and starting to
cause the system to vibrate. This feature greatly facilitates preventive maintenance and permits
preventative maintenance to be done before any significant damage has been incurred by the

machine. "
This feature also informs the system or the user if there has been certain types of power

inconsistencies from the main side that for which the energy control unit of the present
invention has adapted. For example if a phase has been lost, the energy control unit of the

present invention will have dropped in efficiency.
Referring to Figure 6, the sample waveforms of a demonstration unit are illustrated.

It can be observed that the supply voltage and current are in phase with the output voltage and
current. The demonstration unit was connected to a 1500W heater as the sample load.

‘The demonstration unit of the present invention was found to be able to generate three
phase power from a single phase source and vice versa, as well as generate any frequency and
any voltage regardless of the input voltage as long as the output voltage did not exceed the
input voltage. In particular, the demonstration unit was observed to be able to generate three
phase power from a single phase power supply with about 85% efficiency.

The advantage of the energy correction unit of the present invention is that the unit
protects any three phase motor or three phase dependent appliance from power outages or
some disruption in the power mains. In any normal application if a single phase wire is
dropped, the multi-phase motor will try to continue to operate with the reduced voltage. If the
reduced voltage is not corrected in a very short interval, the motor will start to burn out. With
the present invention, the motor will operate a reduced capacity but would not be damaged in

any way, shape or form.

An additional advantage of the energy correction unit of the present invention is that

the energy correction unit of the present invention will protect the load during shut down.

m‘i‘\\“@
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There are multiple ways of stopping motorized type loads. Obviously the simplistic and most
gentle stop 1s that power to the motor is terminated and it will just slowly wind down on its

inertia.
Another method is to take two of the three windings and connect them together across

the power rail. Any AC motor when it is running under its inertia or momentum will operate
as a generator. By shorting the two windings together to the one side of the rail, causes the
voltage that the motor generates to be fed back to itself and cause a soft breaking function.
By the same token if all three phases of the motor are connected to the same side of the switch,
a more robust braking action is experienced as more of the motor's EMF power is fed back

into itself.
The fourth method of shutting down a motor is to supply reversing power to the

multiphase motor so that the motor slows down as quickly as possible. As soon as the motor
Is starting to change direction, the power is terminated. This would result in a very abrupt
stop to give the emergency type stop function that would be required in many applications.
In each of these shut down methods, the energy control unit of the present invention
will compensate to prevent damage to the motor and also prevent phase shifting between the

supply and the load.
The demonstration unit was also observed to be able to load balance. For example, a

heating air conditioning unit in an industrial building uses a compressor motor which is 3-
phase. A fan which circulates cooling air about the coils is one phase and is connected across
one set of compressor motor windings. A pump which circulates coolant is also one phase and
is connected across on another phase. This arrangement results in a significant imbalance in
the power. The bigger the plant, the bigger the imbalance. The energy control unit of the
present invention is able to supply the required energy to each phase alleviating the load

imbalance.
Besides providing the power factor correction the energy correction unit of the present

Invention automatically balances any load connected to it. This results obviously in less high
current draws which again results in power savings, vis-a-vis hydro demand meters, as well
as the fact that the energy correction unit of the present invention is able to generate true 120°
three phase power regardless of phase distortions that will occur coming in from the power
grid.. These distortions occur depending upon the distance the hydro station is to where the
actual user is in the power grid.

The energy correction unit of the present invention also blocks any distortions that may
be coming in from the AC mains to color the data being generated by the unit generating
power to the load. Depending on the utility as well as the distance, a user may experience
distortions as the power frequency going down and up by several hertz for which normally the
utility corrects at the end of the day. For synchronous type items like clocks, these distortions
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affect a significant number of speed sensitive devices. The energy correction unit of the
present invention regulates the frequency of the output supply and therefore minimizes power
frequency distortions.

Not only does the energy correction unit of the present invention clean up the effects
of the load on the mains, 1t will also clean the effects of the mains to the load.

An additional feature of the present invention is that the energy control device may be
used as a step down transformer. For example, if the number of outputs is less than the
number of inputs the energy from the redundant supply phase may be distributed to the
output(s). Conversely, if the number of outputs is greater than inputs the RMS power is
distributed in a controlled manner to each output subject to the input supply capability.

It 1s readily apparent to those skilled in the art that the present invnetion may include
other look-up tables for different waveforms. For instance, if a square wave output is desired,
then a corresponding look-up table is used instead of or in addition to the look-up table 92.

The present invention is thus switchable between output waveforms.
A second embodiment of a power amplifier module 110 is illustrated in Figures 7A and
7B. The AC supply is replaced by or used in conjunction with a DC source. Suitable DC

source include batteries 112 or a voltage regulator.

- 'Ina'stand alone condition, the power amplifier module 110
converting DC to an AC output. Since power factor correction is not a priority, the control
module 11 will only modify the pulse modulation sequence for the current drawn by the load

______

and will not attempt to correct for power factor.
The DC source could also be used in conjunction with the power module of Figures

1A and 1B. The energy control device of the present invention will act as an uninterrupted

power supply.

A bi-directional semiconductor switch 114 is connected in series with battery 112 and
voltage sensor 116. In the event that power is lost, the bi-directional semiconductor switch
114 within milliseconds will operate so that power now flows out of the batteries into the
power bus and the unit will continue to supply power until power is maintained provided
adequate battery capacity is available.

In the event that insufficient battery capacity is available, an appropriate warning signal
from voltage sensor 116 will be issued before the batteries will degrade in voltage to the point
that the system cannot operate and will signal a warning signal to the operator so that
dependent equipment can do an orderly shutdown before the power is lost.

Although the disclosure describes and illustrates the preferred embodiments of the
Invention, it is understood that the invention is not limited to these particular embodiments.
Many variations and modifications will now occur to those skilled in the art. For definition

of the invention, reference is made to the appended claims.
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We claim:
1. A device for controlling energy being delivered to an AC output from an AC supply,
comprising: |

a plurality of input sensors connectable to the AC supply for monitoring frequency and

voltage of the AC supply and generating input signals proportional thereto;
a power amplifier module connectable to the AC supply, said power amplifier module

having means for converting an AC supply to DC and having a pulse width modulator for

converting the DC to an AC output,
a plurality of output sensors connected the AC output for monitoring frequency and

current of the AC output and generating output signals proportional thereto, said AC output
connectable to an AC load; and

a control module in communication with the plurality of input sensors and the plurality
of output sensors for receiving said input signéls and said output signals and with the power
amplifier module, said control module having a look up table having stored therein a plurality
of pulse width modulation sequences for triggering said pulse width modulator to generate an
AC waveform, said control module having an electronic memory comprising an active section
and a standby section, the control module selects from said look up table a pulse width
modulation sequence for initially triggering said pulse width modulator to convert the DC to
the AC output and stores said pulse width modulation sequence in said active section of the
memory to trigger said pulse width modulator, said control module continuously receives and
compares the input signals and the output signals to responsively select another pulse width
modulation sequence from the look-up table and store said another pulse width sequence in
said standby section, said control module switches between the standby section and the active
section at a next zero crossing of the AC supply to maintain a current being drawn by the AC

load substantially in phase relative to the voltage of the AC supply.
2. A device as claimed in claim 1 wherein said power amplifier module comprises:

a bridge rectifier for receiving the AC supply and rectifying the AC supply to DC, and

said pulse width modulator connected to the bridge rectifier for receiving the DC and

converting the DC to the AC output.
3. A device as claimed in claim 2 wherein said control module comprises a controller for

controlling and triggering the pulse width modulator, said controller communicating with said

active section for receiving a pulse width modulation sequence.
4. A device as claimed in claim 3 wherein said controller comprises a digitizer, said

electronic memory, a sequencer and a digital signal processor, said digitizer receives said

signals from said sensors and digitizes each signal, said sequencer monitors said digitized
signals and determines an output mode and frequency and said digital signal processor
retrieves from said look up table said initial pulse width sequence to initiate pulse signals for
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said pulse width modulator and said digital signal processor analyzes the input signals of the
AC supply and the output signals of the AC output to determine a shape and amplitude of the
AC supply and the AC output and responsively selects the another pulse width modulation
sequence by determining whether the AC output is substantially in phase with the AC supply,
and if substantially in phase, selects a pulse width modulation sequence responsive to an
amount of current being drawn by the AC load, and if out of phase, compares the shape and
amplitude of the AC output with stored shapes and amplitudes of known loads and selects a
closest one of said stored shapes and amplitudes and selects from the look up table a pulse
modulation sequence corresponding to said closest one and applying the corresponding pulse

modulation sequence to the DC.
5. A device as claimed in claim 1 wherein said control module is Iin communication with

said power amplifier module via optocouplers to maintain electrical isolation.

0. A device as claimed in claim 1 wherein said device further includes a DC power supply
and a switch connected to said power amplifier module, said switch being switchable to supply
DC to the power amplifier module in the event that the AC supply 1s terminated.

7. A device as claimed in claim 1 wherein said power amplifier module has three. inputs,
each for receiving a phase of a three phase AC supply and said control module has three
out_puts, each for deli\—fering_zi phase of a three pha_se; AC output - - |
8. A device as claimed in claim 7 wherein said pulse width modulator has three high side
triggers and three low side triggers, each for triggering a high and a low half waveform for

each of said phases of said three phase AC output.
9. A device as claimed in claim 1 wherein said device further includes a vibration sensor

mountable on said AC load and connected to said control module, said vibration sensor having

means for generating a vibration signal for analysis by said control module.
10. A method of transferring an AC supply to an AC output with an AC load, the method

comprising the steps of:
monitoring frequency and voltage of the AC supply and generating input signals
proportional thereto,

converting the AC supply to DC,
selecting from a look up table a pulse modulation sequence, storing the selected pulse

width modulation sequence in the active section of a memory and applying the selected pulse
modulation sequence to the DC to initially generate an AC output, '
monitoring frequency and current of the AC output and generating output signals
proportional thereto,
analyzing the 1nput signals of the AC supply and the output signals of the AC output,
to determine a shape and amplitude of the AC supply and the AC output and responsively
modifying the pulse width modulation sequence by determining whether the AC output is
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substantially in phase with the AC supply, and if substantially in phase, adjusting the voltage
output waveform responsive to an amount of current being drawn by the AC load, and if out
of phase, comparing the shape and amplitude of the AC output with stofed shapes and
amplitudes of known loads and selecting a closest one of said stored shapes and amplitudes and
selecting from the look up table a pulse width modulation sequence corresponding to said
closest one, storing the corresponding pulse width modulation sequence in a staﬁdby section
of a memory and switching between the active section and the standby section at a nest zero
crossing of the AC supply to apply the corresponding pulse width modulation sequence to the
DC, and

repeating the steps of analyzing and modifying until the current of the AC output is
substantially in phase with the voltage of the AC supply.
11. A method as claimed in claim 10 wherein said pulse modulation sequences are tables

of sine wave values.
12. A method as claimed in claim 10 wherein said method includes the step of

accumulating shapes and amplitudes and corresponding pulse modulation sequences from
observations of loads being driven by an AC supply and storing the shapes and amplitudes and

corresponding pulse modulation sequeces in the look up table.
13. A method as claimed in claim 12, wherein said method includes a step of periodically

saving the corresponding pulse modulation sequence in said look up table.
14. A method as claimed in claim 13, wherein said selected pulse modulation sequence is

a last to be saved corresponding pulse modulation sequence.
135. A method as claimed in claim 14, wherein said method further includes a step of

monitoring vibration of said AC load and generating vibration signals proportional thereto,
storing said vibration signals in an electronic memory and interpolating said saved
corresponding pulse modulation sequences with said stored vibration signals to detect

abnormalities of said AC load.
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