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SOURCE -TRANSFER SWITCHING SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention generally relates to source-transfer switching systems and,
more particularly, to a method and system of reducing transfer delays in source-transfer
switching systems.

BACKGROUND

Figure 1 is a block diagram of a typical source-transfer system 100. Source-transfer
system 100 may be used to switch between a first power source and a second power source
when undesirable characteristics, including power disturbances, are sensed in either one of
the power sources. The first power source may be a utility source (which may come from a
power grid, for example) and the second source maybe back-up generator acting as an
emergency source in the event that the utility source fails or is unable to deliver power to a
load.

As shown in Figure 1, source-transfer system 100 includes a utility source 101, a
transfer switch 104, a transfer switch controller (TSC) 112, a generator 106, a load 109, DC
chargers 102 and 105, a DC energy storage 103, a DC/AC inverter 111, and a pair of static
switches 110 and 108.

In normal operation mode, utility source 101 provides power to load 109. TSC 112
continuously monitors utility source 101 by computing the root mean square (RMS)
voltage. If the RMS voltage from the utility source 101 meets certain quality requirements,
TSC 112 maintains static switch 108 in an “on” state and maintains static switch 110 in an
“oft” state so that load 109 is connected to utility source 101 and not connected to the

DC/AC mverter 111.
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In the event that TSC 112 senses that utility source 101 has failed, TSC 112 operates
to transfer the power source from utility source 101 to generator 106. Generator 106 may
act as an emergency source for load 109 while utility source 101 is unable to deliver power
to load 109. Generator 106 typically takes 10-15 seconds to stabilize. As generator 106
stabilizes, DC energy storage103 via DC/AC inverter 111 may provide power to load 109
during the transfer interim.

As noted above, TSC 112 computes the RMS voltage of utility source 101.
Computing the RMS voltage advantageously enables TSC 112 to ensure that a true utility
failure has occurred. Further, computing the RMS voltage advantageously takes into
account all harmonics, sags, or swells. Albeit these advantages, computing the RMS
voltage, unfortunately, takes about at least ¥4 to 2 of a cycle. Consequently, if a failure
occurs, the failure won’t be detected until at least ¥4 to 2 of a cycle after the failure.

Figure 2 illustrates a timing diagram depicting the operation of the source-transfer
system 100. At time t;, utility source 101 fails. And because it takes TSC 112 about at
least V4 of cycle to detect that utility source 101 has failed, this failure, unfortunately, is not
detected by TSC 112 until time t,. As indicated by the magnified inset 201, load 109
remains un-powered for at least % of a cycle.

At time t,, once TSC 112 detects that utility source 101 has failed, TSC 112 toggles
static switches 108 and 110 such that switch 108 is an “off” state and switch 110 is an “on”
state so that load 109 is disconnected from utility source 101 and begins receiving power
from DC energy store 103 via DC/AC inverter 111. At time t;, static switch controller also
sends a “Start Generator” signal 107 to power generator 106, which turns the generator 106
on. Generator 106 typically takes about 10-15 seconds to stabilize.

At time t3, when the frequency and phase from generator 106 becomes acceptable,

TSC 112 sends a solenoid control signal 116, which operates transfer switch 104 so that
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generator 106 is coupled to load 109. Typically, transfer switch 104 takes 40-100
milliseconds to switch over, which is indicated as “transfer time” in Figure 2.

At time ts, when transfer switch 104 has coupled load 109 to generator 106, TSC
112 toggles static switches 108 and 110 to its initial position so that switch 108 is an “on”
state and switch 110 is an “off” state. By toggling the static switches 108 and 110, this
disconnects load 109 from DC energy store 103 and connects load 109 to generator 106.

As illustrated in Figure 2, source-transfer does not begin until a source failure has
been detected. This method of detecting that a source has failed typically takes about at
least %4 of a cycle to determine that a power failure has occurred. During this time, loads
that may be critical for certain processes (such as data centers or hospitals with operation
rooms), remain un-powered for at least %4 of a cycle. The source-transfer system illustrated

in Figure 1 does not respond to the voltage sags faster than % of a cycle.

SUMMARY

Disclosed herein is an improved method of reducing the time that a load remains un-
powered when a source fails. In particular, an overpass controller and associated
components are disclosed. The overpass controller ensures that the load is able to quickly
receive power from a second power source when a first power source fails or is unable to
adequately provide power to the load. The proposed arrangement and method significantly
reduces the response time to at least 1/400 of a cycle, which is essential for certain critical
power applications.

In one aspect of the invention, a sinusoidal input signal from a first power source is

received. A nominal voltage from sinusoidal input signal may be calculated. Based on the
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calculated nominal voltage, a sinusoidal output signal is generated. The sinusoidal output
signal has a magnitude that defines a lower limit of a deviation range over which the input
sinusoidal signal can deviate without initiating a source-transfer from the first power source
to a second power source. The input signal’s instantaneous value is compared with the
output signal’s instantancous value. And if at any point in time, the input signal’s
instantaneous value falls below the lower limit of the deviation range, then, in response, a
digital signal is sent to a switch controller. The digital signal causes the load to be coupled
to the second power source.

In one embodiment, the sinusoidal output signal has the same phase and frequency
as the sinusoidal input signal. Further, while generating the sinusoidal output signal, the
input signal and output signal are superimposed on top each other. The sinusoidal input
signal has larger amplitude than the amplitude of the sinusoidal output signal. As an
example, the output signal may have amplitude that is approximately 15% smaller than the
nominal value of the input signal. In addition, when a comparator detects that the input
signal’s instantancous value is below the lower limit of the deviation range, then in
response to this detection, the comparator sends a digital signal to a switch controller. The
switch controller controls switches and disconnects the load from a first power source and
connects the load to a second power source. Detecting that the input signal instantaneous
value has fallen below the lower limit of the deviation range, and in response, sending a
switch control signal to a switch controller, comprises not waiting for a % of a cycle before
sending the switch control signal to the switch controller.

Further, the second power source provides power to the load instantancously and
does not need to be stabilized. In addition, the second power source is a DC/AC inverter,
which functions as a temporary power source for the load, and in which the DC/AC inverter

is connected to DC energy storage.
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Further, in the same or in another embodiment, when the comparator sends the
digital signal to the switch controller, switch controller, in response to receiving the switch
control signal: (i) sends a first control signal to a first static switch, which opens the first
static switch and disconnects the load with the first power source and (ii) sends a second
control signal to a second static switch, which closes the second switch and couples the load
with the second power source. Coupling the load to the second power source occurs after
the load is disconnected from first power source. Further, disconnecting the load from the
first power source and then coupling the load to the second source causes the load to be un-
powered for at least 1/400 of a cycle.

The method further includes detecting that the input voltage signal sags below the
output voltage signal for at least % of a cycle, and in response: (i) sending a start-signal to a
power generator, which generates a sinusoidal generator signal, (ii) waiting for the power
generator to stabilize, (iii) synchronizing the power generator with the second power source,
(iv) connecting the load to the power generator, (v) after the load has connected to the load
generator, disconnecting the load from the second power source.

In a first embodiment, before synchronizing the power generator with the second
power source, the sinusoidal output signal has a first frequency and the sinusoidal generator
signal has as second frequency. Further, in one embodiment, synchronizing the generator
with the second power source comprises setting the first frequency and the second
frequency to have a difference of 0.5 Hz, which allows the second power source to be
synchronized to the generator within at least one second. In another embodiment or in the
same embodiment, the frequency difference can be greater than or smaller than 0.5Hz. A
frequency difference that is greater than 0.5 Hz allows for a faster synchronization but can

affect the load requirement.
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In another aspect of the invention, an exemplary embodiment may take the form of a
system. In accordance with the system, an exemplary overpass controller system includes a
synchronizer coupled to a first power source receiving a sinusoidal input signal, the
synchronizer generating a sinusoidal output signal, the sinusoidal output signal having a
magnitude that is preset according to a ratio of the nominal value of the sinusoidal input
signal. Further, the overpass controller system includes a comparator receiving the
sinusoidal input signal from the first power source and the sinusoidal output signal from the
synchronizer, the comparator comparing the instantancous values of the sinusoidal input
signal from the first power source and the sinusoidal output signal. In addition, the system
also includes a static switch controller connected to the comparator, the static switch
controller operable to couple a load to a second power source in response to a condition that
the instantancous voltage of the sinusoidal input signal is less than the instantaneous voltage
of the sinusoidal output signal.

Further, the comparator functions to send a digital signal to the static switch
controller in response to detecting that the instantancous voltage of the sinusoidal input
signal is less than the instantaneous voltage of the sinusoidal output signal. The
synchronizer is coupled to a transfer switch controller (TSC) in which the TSC functions to
compute root mean square values of the sinusoidal input signal, the TSC sending a
synchronization signal that synchronizes synchronizer with a third source. In a preferred
embodiment, the third source is a back up generator that needs to be stabilized before the
TSC can send a synchronization signal. Further, in the same or a in a different
embodiment, the second power source provides power to the load instantancously and does
not need to be stabilized.

These as well as other advantages of various aspects of the presently disclosed

methods and apparatus will become apparent to those of ordinary skill in the art by reading
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the following detailed description, with appropriate reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments are described herein with reference to the drawings, in which:

Figure 1 is a block diagram of a typical source transfer system;

Figure 2 is a timing diagram depicting the operation of the source transfer system
illustrated in Figure 1;

Figure 3 is a block diagram depicting components of a source transfer system, in
accordance with an exemplary embodiment;

Figure 4 is a representative timing diagram depicting the operation of the source
transfer system illustrated in Figure 3;

Figure 5 is a block diagram depicting components of a source transfer system that
uses three-phase power supplies, in accordance with exemplary embodiments;

Figure 6 is a flowchart of a method, in accordance with exemplary embodiments;
and

Figure 7 is a state diagram, illustrating the different states of a source transfer

system, in accordance with exemplary embodiments.
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DETAILED DESCRIPTION

Figure 3 is a simplified block diagram of source-transfer system 300 that may be
used in accordance with exemplary embodiments. As illustrated in Figure 3, source-
transfer system 300 includes an overpass controller 301, a TSC 112, a utility source 101, a
load 109, a generator 106, transfer switch 104, DC chargers 102 and 105, a DC energy store
103, static switches 108 and 110, and a DC/AC inverter 111.

Further, as illustrated in Figure 3, overpass controller 301 includes a master
synchronizer (MS) 303, a comparator 306, and a static switch controller (SSC) 308. MS
303 generates a continuous sine wave signal that tracks the frequency and phase of utility
source 101. In general, overpass controller 301 operates to reduce the time that a load
remains un-powered when a power source fails.

It should be understood that the arrangements described herein are for purposes of
example only. For example, overpass controller 301 is currently shown to be operating in a
single phase system. In this regard, overpass controller 301 may operate in a three phase
system. As such, those skilled in the art will appreciate that other arrangements and other
elements (e.g., machines, interfaces, functions, orders, and groupings of functions, etc.) can
be used instead. Further, many of the elements described herein are functional entities that
may be implemented as discrete or distributed components or in conjunction with other
components, in any suitable combination or location.

In an exemplary embodiment, two controllers operate concurrently: TSC 112 and
overpass controller 301. TSC 112 samples voltage from utility source 101 and computes
RMS voltages. Overpass controller 301 operates to compare instantancous voltage signals.
As shown in Figure 3, overpass controller includes the MS 303, a comparator 306, and the

SSC 308.
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MS 303 receives a sinusoidal input signal 114 from utility source 101. MS 303 may
comprise programmable logic controllers and/or micro-controllers. In normal operation,
MS 303 generates a sinusoidal signal 304 that tracks the sinusoidal input signal 114 from
utility source 101. In one embodiment, signal 304, from MS 303, tracks the phase and
frequency of signal 114. In the same or in another embodiment, signal 304 from MS 303
has a smaller magnitude than input signal 114 (i.c., the magnitude of signal 304 is regulated
by MS 303). Preferably, the magnitude of signal 304 does not depend on the magnitude of
sinusoidal input signal 114. Rather, the magnitude of signal 304 is preset by a
predetermined ratio to the nominal load voltage. As an example, the magnitude of signal
304 may be preset by 15% of the nominal voltage of input signal 114.

Comparator 306 receives the output signal 304 from MS 303 and input signal 311
from utility source 101. The magnitude of output signal 304, generated by MS 303, defines
a lower limit of a deviation range in which the input signal 311 can deviate before a source-
transfer is initiated. Comparator 306 continuously compares the instantancous values for
cach of these signals. During normal operation, as shown in Figure 4, signal 311 is within
an acceptable deviation range of signal 304. In this condition, comparator yields a low (i.e.,
a “0”) on signal 307. When signal 311 falls below the lower limit of the deviation as set by
the magnitude of output signal 304, either because of a failure in utility source 101 or
because of a power disturbance, comparator 306 yields a high (i.e., a “1”) on signal 307.

SSC 308 receives signal 307 from comparator 306 and signal 305 from TSC 112.
SSC 308 controls static switches 108 and 110. In particular, SSC 308 sends signals to static
switches 108 and 110 and control each of these switches cooperatively such that load 109 is
either connected to utility source 101 or to DC/AC inverter 111. Preferably, load 109 is not

coupled to both, utility source 101 and DC/AC inverter 111, at the same time.
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As long as input signal 114 from utility source 101 is within the deviation range (as
set by the output signal 304), comparator 306 produces a low on signal 307, which causes
SSC 308 to generate control signals 309 and 310. Control signal 309 causes static switch
108 to be in the “on” state and control signal 310 causes static switch 110 to be in the “off”
state. In such a condition, static switch 108 couples load 109 to utility source 101.
However, if, at any point in time, the input signal 311 from utility source 101 is not within
the acceptable deviation range (e.g., below 15% of the nominal value of the input signal
311) because of a voltage sag or a source outage/failure, comparator 306 produces a high
(“1”) on signal 307, which causes SSC 308 to generate control signals 309 and 310, which
causes static switch 108 to be in the “off” state, and static switch 110 to be in the “on” state.
In such a condition, static switch 110 couples load 109 to DC/AC inverter 111. DC/AC
inverter 111 functions as a temporary power source until the input signal 311 returns to an
acceptable deviation range.

Turning now to Figure 4, a timing diagram depicting the operation of the source-
transfer system 300 is shown. As shown in Figure 4, at time t,, utility source 101 fails. At
this point in time, the instantancous voltage of signal 311 is less than the instantancous
voltage of signal 304. The comparator 306 produces a signal 307, which activates SSC 308.
SSC 308 then toggles both static switches 108 and 110 and initiates a source-transfer from
utility source 101 to inverter 111. Utility source 101 becomes disconnected from the load
109, because static switch 108 is now off or open, and inverter 111 becomes the source for
load 109, because static switch 110 is now closed. DC energy store 103 becomes the source
for load 109. In an exemplary embodiment, static switches 108 and 110 operate such that
whenever switch 108 opens, switch 110 closes. And when switch 108 closes, switch 110
opens. Alternatively, in another embodiment, switch 108 may open before switch 110

closes because of a delay in time needed to open and close switches.
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Because static switches 108 and 110 are solid-state devices, transfer from utility
source 101 to the inverter 111 occurs within approximately 20-40 microseconds. If this
load transfer from utility source 101 to inverter 111 was provoked by fast voltage sag (i.c.
less than %2 -Y4 cycles) the SSC 308 restores the static switches 108 and 110 when the
voltage sag disappears. The transfer switch 104 does not change its position during this
quick transfer/re-transfer of the load. As shown in Figure 4 by the magnified inset 401,
load remains un-powered for about 1/400 of a cycle.

At time t;, TSC 112 determines that input signal 311 has not been within the
predetermined range for at least longer than % of a cycle. TSC 112 can then send a “start
generator” signal 107 to generator 106. Generator 106 typically takes about 10-15 seconds
to stabilize. During this time, DC/AC inverter 111 continues to steadily provide power to
load 109.

At time t3, voltage and frequency from generator 106 stabilizes and the TSC 112
generates a synchronization signal 302 and then sends the synchronization signal to
overpass controller 301. In response to receiving the synchronization signal 302, MS 303
sets the frequency output signal 304 to 0.5 Hz off of the frequency of the generator 106.

It should be understood that the frequency difference of 0.5Hz is being used for
purposes of example only. The frequency difference may be greater than or less than 0.5
Hz depending on the application for which the present system and method is being used.
For instance, the typical residential and industrial electric power grid lines require power
with a frequency of 60+0.5Hz. If the overpass controller 301 (along with TSC 112) is being
used for a residential and/or industrial power application, then the frequency difference
would be set to 0.5Hz. In this regard, the frequency difference can vary based on the
implementation of overpass controller 301 and TSC 112. Typically, a bigger frequency

difference allows for a faster synchronization, but it can affect specific load requirements.
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The frequency difference (between the frequency of signal 304 and the frequency of
signal of generator 106) allows the voltage from inverter 111 to be synchronized to the
voltage from generator 106 within 1 second. Once the overpass controller 301 has been
synchronized with the generator 106, TSC 112 shuts signal 302 off and the MS 303 is
notified that the synchronization is complete. MS 303 sets its output frequency to the
Generator frequency and locks it. Now, the Generator 106 and Inverter 111 work
synchronously.

At time t3, TSC 112 produces a signal 116 that forces transfer switch 104 toggling
to generator 106. When transfer switch 104 has been configured into its correct position
(t4), SSC 308 generates signals 309 and 310 that return both Static Switches 108 and 110
into their initial position: SS 108 is on and SS 110 is off. The load 109 is uncoupled from
DC/AC inverter 111 and is now coupled to generator 106 via transfer switch 104. The
inverter 111 becomes idle again.

The method of re-transferring the load 109 from generator 106 to utility source 101
occurs in a similar fashion. When utility source 101 begins to produce an input signal 311
that is within the deviation range, TSC 112 sends the acknowledgement signal 305 to SSC
308. In response, SSC 308 sends signals 309 and 310 to turn static switch 108 “off” and
static switch 110 “on”, causing a source-transfer from generator 106 to DC/AC inverter
111. Further, TSC 112 sends a signal 302 “Start Synchronization” to MS 303. Receiving
this signal, the MS 303 sets its output frequency off by 0.5Hz to the Utility source
frequency. As explained above, the frequency difference of 0.5Hz can vary based on the
application for which overpass controller 301 and TSC 112 are being used. For example, in
residential power systems, the power lines typically have frequency of about 60 £0.5Hz. In
such a scenario (in which the contemplated system is being used in a residential and/or

industrial power system), the frequency difference will be set to about 0.5Hz.
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The frequency difference allows synchronizing between Inverter 111 to Utility
source 101 within 1 second. As soon as synchronization is achieved, the TSC 112 stops
sending signal 302, notifying MS 303 that the synchronization is complete. MS 303 sets its
output frequency to the frequency of the utility source 101 and locks it. Now, the utility
source 101 and inverter 111 work synchronously. The TSC 112 then toggles transfer switch
104 by sending a signal 116. When the transfer is complete, TSC 112 sends signal 305 to
SSC 308. In response to this signal, SSC 308 toggles static switch 108 to be “on”, and
static switch 110 to be “off,” which re-connects load 109 to utility source 101. The re-
transfer from generator 106 to utility source 101 is now complete.

Figure 5 illustrates another three-phase source-transfer system 500 that may be used
in accordance with exemplary embodiments. As shown in Figure 5, devices such as static
switches 108 and 109, inverter 111, comparator 306 and master synchronizer 303 have a
three-channel arrangement and appropriate three-wire connections. The SSC 308 makes a
decision on load transfer based on analyzing each individual channel sensing.

Figure 6 is a flowchart depicting a method of ensuring that load 109 receives an
uninterrupted supply of power in accordance with an exemplary embodiment. Although
described below as being carried out by a processor (not shown) in overpass controller 301,
it should be understood that the processor may be situated in TSC 112, and/or in a
component controlling TSC 112, and overpass controller 301. In addition, the processor
may be communicatively coupled to a memory storage (not shown) in overpass controller
301. The memory storage may store instructions that the processor can use. As one
example, the processor may use signals from MS 303, comparator 306, SSC 308, TSC 112,
inverter 111, and the instructions stored in memory storage to carry out the steps shown in

Figure 6.
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At block 601, a processor makes a determination of whether load 109 is powered
either by utility source 101 or generator 106. If the processor determines that load 109 is
powered by utility source 101, then the processor at block 602 determines whether the
magnitude of voltage 311 from utility source 101 is within an acceptable deviation range of
signal 304.

At block 602, if the determination is that the instantaneous value of signal 311 is
within an acceptable deviation range of signal 304, then at block 603, the processor ensures
that the DC/AC inverter 111 is idle. In one embodiment, the processor instructs SSC 308 to
send signals 309 and 310. Signal 309 turns static switch 108 on. And signal 310 turns static
switch 110 off. In this condition, DC/AC inverter 111 is idle. Typically, this condition is
maintained until the processor detects that magnitude or the instantaneous value of signal
311 is not within a sufficient or acceptable deviation range of signal 304.

Alternatively, if the processor determines at block 602 that magnitude or the
instantaneous value of signal 311 is not within a sufficient or acceptable deviation range of
signal 304, the processor at block 604 ensures that DC/AC inverter 111 is active. In one
embodiment, the processor at block 604, turns off static switch 108 of and turns static
switch 110 on. In this condition, inverter 111 is active.

At block 605, the processor determines whether source 101 has failed for longer
than % of a cycle (by RMS computation). If the determination is that source has not failed
for at least ¥4 of a cycle, then the processor returns to block 602. On the other hand, if the
processor, at block 605, determines that the source has failed for longer than % of a cycle,
then processor sends signal 107 to generator 106. At block 606, generator 106 is signaled
to turn on.

At block 607, the processor makes a determination of whether the voltage from

generator 106 has been stabilized. In one embodiment, generator 106 takes about 15-20

14



WO 2009/073510 PCT/US2008/084851

seconds to stabilize. Once the voltage from generator 106 has stabilized, the processor, at
block 608, begins a synchronization process between the DC/AC inverter 111 and generator
106. This synchronization process ensures that the voltage from generator 106 is in phase
with the voltage from DC/AC inverter 111.

At block 609, the processor commands TSC 112 to send a signal 116 to toggle
transfer switch 104 so that generator 106 is connected to load 109.

At block 610, once the transfer switch 104 has toggled in to an “emergency
position” so that generator 106 is coupled to load 109, the processor commands SSC 308 to
turn on static switch 108 and turn off static switch 110. In this condition, DC/AC inverter
111 isidle.

Returning to block 601, in the event that load 109 is powered by generator 106, the
processor makes a determination at block 611 of whether utility source 101 is available. If
the determination is that the utility source 101 is not available, then the processor ensures
that static switch 108 is on and static switch 110 is off, in which case, the DC/AC inverter
111 is idle. Alternatively, if the determination at block 611 is that the normal utility 101 is
available, then the processor, at block 613, instruct SSC 308 to turn off static switch 108
and turn on static switch 110. In this condition, DC/AC inverter 111 is active. Once the
DC/AC inverter 111 is active, inverter 111 and utility source 101 are synchronized at block
614. In on embodiment, the phase and frequency of the signal from DC/AC inverter 111 is
synchronized with the phase and frequency of utility source 101. Once the two signals have
been synchronized, at block 615, the processor sends a stop signal to generator 106 and
toggles transfer switch 104 to its normal position so that now load 109 is connected to
utility source 101.

Figure 7 is a state diagram, illustrating the different states of a source transfer

system. When a source is available, every zero crossing of the available source voltage
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initiates a half-wave generation (transition from State 1 to State 2 and vice versa). At every
zero crossing, MS 303 starts a timer and resets it when the next zero crossing occurs. Before
resetting the timer, MS 303 stores the new timer value Tygw (which represents the last half
wave duration). This new parameter is used for the next half cycle of sine wave generation.
Therefore, every next half cycle is created according to the stored time value. If the cycle
length of the source voltage changes, the very next half cycle is adjusted accordingly.
When the source fails, the overpass controller 301 transfers the load to inverter 111. In
such a condition, MS 303 transitions to cither State 3 or 4. In cither of these states, the
sensing of the source voltage stops. Thus, the very next half wave and all following cycles
will have the frequency of the last known frequency of the available source. The signal 302
“Start Synchronization” forces MS 303 into State 5. In this state, the MS 303 sets its
frequency off by 0.5 Hz to the frequency of available power source. The active phase
synchronization between MS 303 (Inverter) and available source begins as it was described
above. As soon as synchronization has been completed, MS 303 transitions into State 6. In
this state, the MS 303 set its output frequency to the frequency of available source. When
power transfer has been completed, the MS 303 returns to the initial State 1.

Exemplary embodiments of the present invention have been described above. Those
skilled in the art will understand, however, that changes and modifications may be made to
the embodiments described without departing from the true scope and spirit of the present

invention, which is defined by the claims.
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CLAIMS

1. A method comprising:

receiving a sinusoidal input signal from a first power source;

generating a sinusoidal output signal having a magnitude that defines a lower limit
of a deviation range over which the sinusoidal input signal can deviate before initiating a
source-transfer from the first power source to a second power source;

comparing an input signal instantaneous value with an output signal’s instantancous
value; and

detecting that the input signal instantaneous value has fallen below the lower limit
of the deviation range, and in response, sending a digital signal to a switch controller, the

digital signal causing the load to be coupled to the second power source.

2. The method of claim 1, wherein the sinusoidal output signal has the same phase and

frequency as the sinusoidal input signal.

3. The method of claim 1, wherein generating a sinusoidal output signal further
comprises:

superimposing the sinusoidal input signal on the sinusoidal output signal so that the
sinusoidal output signal has a smaller amplitude than the amplitude of the sinusoidal input

signal.

4. The method of claim 3, wherein the sinusoidal output signal has an amplitude that is

approximately 15% smaller than the nominal value of the sinusoidal input signal.
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5. The method of claim 1, wherein detecting that the input signal instantaneous value
has fallen below the lower limit of the deviation range, and in response, sending a digital
signal to a switch controller, comprises not waiting for a % of a cycle before sending the

switch control signal to the switch controller.

6. The method of claim 1, wherein the second power source provides power to the load

instantaneously and does not need to be stabilized.

7. The method of claim 6, wherein the second power source is a DC/AC inverter,
which functions as a temporary power source for the load, and in which the DC/AC inverter

is connected to DC energy storage.

8. The method of claim 1, wherein the step of sending the digital signal to a switch
controller, the digital signal causing the load to be coupled to the second power source,
further comprises: (i) sending a first control signal to a first static switch, the first static
switch in between the load and the first power source and (i1) sending a second control
signal to a second static switch, the second static switch in between the load and the second

POwCeT sourcce.

9. The method of claim 8, wherein (i) sending the first control signal to the first static
switch opens the first static switch, thereby disconnecting the load with the first power
source and (ii) sending the second control signal to the second static switch turn the second

static switch on, thereby coupling the load with the second power source.
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10. The method of claim 9, wherein the step of coupling the load to the second power

source occurs after the load is disconnected from first power source.

11. The method of claim 10, where in disconnecting the load from the first power
source and then coupling the load to the second source causes the load to be un-powered for

at least 1/400 of a cycle.

12. The method as in claim 1, further comprising:

detecting that the input voltage signal sags below the output voltage signal for at
least ¥4 of a cycle, and in response:

sending a start-signal to a power generator, which generates a sinusoidal generator
signal;

waiting for the power generator to stabilize;

synchronizing the power generator with the second power source;

connecting the load to the power generator; and

after the load has connected to the load generator, disconnecting the load from the

second powcer source.

13. The method of claim 12, wherein before synchronizing the power generator with the
second power source, the sinusoidal output signal has a first frequency and the sinusoidal

generator signal has as second frequency.

14. The method of claim 13, wherein synchronizing the generator with the second

power source comprises setting the first frequency and the second frequency to have a

19



WO 2009/073510 PCT/US2008/084851

difference of 0.5 Hz, which allows the second power source to be synchronized to the

generator within at least one second.

15.  An apparatus comprising:

a synchronizer coupled to a first power source receiving a sinusoidal input signal, the
synchronizer generating a sinusoidal output signal, the sinusoidal output signal having a
magnitude that is preset according to a ratio of the nominal value of the sinusoidal input
signal;

a comparator receiving the sinusoidal input signal from the first power source and the
sinusoidal output signal from the synchronizer, the comparator comparing the instantancous
values of the sinusoidal input signal from the first power source and the sinusoidal output
signal; and

a static switch controller connected to the comparator, the static switch controller
operable to couple a load to a second power source in response to a condition that the
instantancous voltage of the sinusoidal input signal is less than the instantancous voltage of

the sinusoidal output signal.

16. The apparatus of claim 15, wherein the comparator functions to send a digital signal
to the static switch controller in response to detecting that the instantaneous voltage of the

sinusoidal input signal is less than the instantaneous voltage of the sinusoidal output signal.

17. The apparatus of claim 15, wherein the synchronizer is coupled to a transfer switch
controller (TSC) in which the TSC functions to compute root mean square values of the
sinusoidal input signal, the TSC sending a synchronization signal that synchronizes

synchronizer with a third source.
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18. The apparatus of claim 17, wherein the third source is a back up generator that needs

to be stabilized before the TSC can send a synchronization signal.

19. The apparatus of claim 15, wherein the second power source provides power to the

load instantaneously and does not need to be stabilized.
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