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(57) Abrége/Abstract:

A method and apparatus for controlling an electric motor pump. The method includes the acts of providing an AC power signal
having a positive half cycle and a negative half cycle, measuring the voltage of the AC power sighal and generating a first two-
state output signal that Is in a logic high state when the measured voltage Is on the positive half cycle and that is in a logic low
state when the measured voltage I1s on the negative half cycle, and measuring the current of the AC power signal and
generating a second two-state output signal that is in logic high state when the measured current is on the positive half cycle
and that is Iin a logic low state when the measured current is on the negative half cycle. The method also includes determining a
time difference between the first and second two-state output signals, calculating a phase difference based on the time
difference, comparing the phase difference to a predetermined threshold value, opening a switch If the determined phase
difference Is equal to or greater that the predetermined threshold value, and, after the switch Is opened, closing the switch after a
predetermined amount of time has elapsed. The invention may be implemented In an apparatus that includes a voltage filter
capable of being coupled to an AC power source and of generating a first two-state output signal, a current filter capable of
being a coupled to an AC power source and of generating a second two-state output signal, a power supply circuit capable of

producing a

DC power signal, a programmable device coupled to the voltage filter, the current filter, and the power supply circuit

and operable to produce a control signal based on the time difference between the first and second two-state output signals,
and a switch coupled to the programmable device and operable to open Iin response to the control signal.
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ABSTRACT

A method and apparatus for controlling an electric motor pump. The method
includes the acts of providing an AC power signal having a positive half cycle and a
negative half cycle, measuring the voltage of the AC power signal and generating a first
two-state output signal that is in a logic high state when the measured voltage 1s on the
positive half cycle and that is in a logic low state when the measured voltage is on the
negative half cycle, and measuring the current of the AC power signal and generating a
second two-state output signal that 1s in logic high state when the measured current is on
the positive half cycle and that 1s 1n a logic low state when the measured current is on the
negative half cycle. The method also includes determining a time difference between the
first and second two-state output signals, calculating a phase difference based on the time
difference, comparing the phase difference to a predetermined threshold value, opening a
switch i1f the determined phase differénce 1s equal to or greater that the predetermined
threshold value, and, after the switch 1s opened, closing the switch after a predetermined

amount of time has elapsed.

The invention may be implemented in an apparatus that includes a voltage filter
capable of being coupled to an AC pdwer soui'ce and of generating a first two-state output
signal, a current filter capable of being a coupled to an AC power source and of
generating a second two-state output signal, a power supply circuit capable of producing a
DC power signal, a programmable device coupled to the voltage filter, the current filter,

and the power supply circuit and operable to produce a control signal based on the time

-difference between the first and second two-state output signals, and a switch coupled to

the programmable device and operable to open in response to the control signal.
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PUMP CONTROLLER

BACKGROUND OF THE INVENTION

The present invention relates to methods and systems designed to control electric
pumps. More specifically, the invention relates to a pump controller that measures a time

difference between zero-cross inputs to control activation and deactivation of a pump.

Pumps for water and other liquids may be controlled in a variety of ways. The
simplest and oldest method of controlling a pump 1s manual control, where an operator
controls an on-off switch in response to the level of the liquid being pumped by the pump.
Of course, manual control has several limitations, including the fact that in the absence of
an operator the pump must either be left on, which often results in motor burnout or
shortened motor life, or left off, which often results in liquid levels reaching unacceptable

levels.

In response to these deficiencies, a number of automatic pumps and automatic
pump controllers have been developed. Commonly, devices that sense the level of liquid,
such as floats or sensors, are used to control a switch that when closed, Connects the
motor to a power supply, turning the motor on, and when open, disconnects the motor
from the power supply, turning the motor off. While automatic devices such as these are
an improvement over manual techniques, they are not completely satisfactory. Manual
tfloats are often bulky and so are not useful in situations where pumps must be positioned
in an area of limited space. Liquid level sensors must often be submersed or placed in
close proximity to the liquid being pumped and are often corroded, fouled, or otherwise
damaged by the environmental conditions. Accordingly, these types of pumps require a

relatively high level of maintenance.

Because of these deficiencies, still other types of automatic pump control devices
have been developed. Some pump protection devices exploit electrical phenomena that
occur during the operation of an electric motor. When an electric-motor pump is initially
turned on, the motor usually draws a relatively high-current signal. Thereafter, as the

pump moves liquid, the motor current reaches a lower, relatively static level. If the pump
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encounters a “no-load” situation, that is, a situation where the liquid level has dropped to
such an extent that no more liquid 1s being drawn into the pump, the current drawn by the
pump decreases and the voltage level stays at substantially the same level that it reached
while under load. Many presently available devices that exploit these phenomena are
deficient because they rely on switching and/or SCR-control methodologies, which

generate harmonics that can overheat and, thereby, shorten the life of an electric motor.

SUMMARY OF THE INVENTION

Accordingly, there 1s a need for an improved apparatus and method of controlling
pumps. The present invention provides a method and an apparatus for protecting an '
electric motor pump based on the phase difference of two zero-cross signals. In one
embodiment, the method includes measuring the voltage of an AC power signal that has a
positive half cycle and negative half cycle. The measured voltage is used to generate a
first two-state output signal that 1) is in a logic high state when the measured voltage is
on the positive half cycle and 2) is in a logic low state when the measured voltage is on
the negative half cycle. The method also involves measuring the current of the AC power
signal and generating a second two-state output signal that 1) is in a logic high state when
the measured current is on the positive half cycle and 2) is in a logic low state when the
measured current is on the negative half cycle. Once the two output signals are
generated, the phase difference between the first and second two-state output signals is
determined. The difference is then compared to a predetermined threshold value. If the
determined phase difference is equal to or greater than the predetermined threshold value,
a switch controlling the motor of the pump is opened. The switch is closed after a

predetermined amount of time has elapsed.

The invention may be implemented in an apparatus that includes, in one
embodiment, a voltage filter capable of being coupled to an AC power source and of
generating a first two-state output signal, a current filter capable of being coupled to an
AC power source and of generating a second two-state output signal, a power supply
circuit capable of producing a DC power signal, a pro grammable device coupled to the
voltage filter, the current filter, and the power supply circuit and operable to produce a

control signal based on the phase difference between the first and second two-state output
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signals, and a switch coupled to the programmable device and operable to open in

response to the control signal.

As is apparent from the above, it is an advantage of the present invention to
provide an apparatus and method of controlling an electric motor pump. Other features

and advantages of the present invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings:
FIG. 1 1s a schematic diagram of an apparatus embodying the i.nvent_ion.

FIG. 2 1s a schematic diagram of a voltage filter and zero-cross detection circuit of

the invention.

FIG. 3 1s a schematic diagram of a current filter and zero-cross detection circuit of

the mvention.
FIG. 4 1s a schematic diagram of a power supply circuit of the invention.
FIG. 5 1s a schematic diagram of a switching circuit of the invention.

FIG. 6 is a signal trace of voltage and current signals from a pump motor under

load.

F1G. 7 1s a signal trace of voltage and current signals from a pump motor under no
load.

FIG. 8 1s a signal trace of digital signals processed by a microprocessor of the
invention. '

FIG. 9 1s a flowchart of the software used in the invention.

F1G. 10 1s a partially cut-away view of a pump embodying the invention.
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DETAILED DESCRIPTION

Before the invention is explained in detail, 1t is to be understood that the invention
1s not limited 1n 1ts application to the details of the construction and the arrangements of
the components set forth 1n the following description or illustrated in the drawings. The
invention 1s capable of multiple embodiments and of being practiced or being carried out
In various ways. Also, it 1s to be understood that the phraseology and terminology used

herein 1s for the purpose of description and should not be regarded as limiting.

A pump protection module or device 10 of one embodiment of the invention is
shown 1n FIG. 1. The device 10 includes two input nodes 12 and 14. The input nodes 12
and 14 may be coupled to an AC power source such as a 120V, 60 Hz power outlet or
similar power source. The device 10 also includes two output nodes 16 and 18. The
output nodes 16 and 18 may be coupled to an AC motor M of a pump (not shown). As
should be understood, the invention can be readily modified to work with a variety of AC
power sources and the exact source used will, in most cases, depend on the power supply

requirements of the motor M.

The device 10 includes a voltage filter and zero-cross detection circuit 20 that is
coupled to the input node 12. The circuit 20 measures the voltage of the AC power signal
from the node 12, filters the voltage signal, and converts the signal to a digital output
signal. The circuit 20 sends its output signal via a link 22 to a controller 24 such as a
progranimable device, a microcontroller, or a hard-wired circuit. Preferably the controller
24 1s programmable. The circuit 20 generates a binary digital or two-state output signal
that 1) is in a logic high state when the AC voltage of the AC signal input to nodes 12 and
14 1s on the positive half cycle and 2) is in a lo gic' low state when the AC voltage of the

AC signal 1s on the negative half cycle. The circuit 20 is shown in greater detail in FIG.
2.

The circuit 20 includes a filtering module 25 that includes a limiting resistor and
filtering capacitor. The output of the filtering module 25 is delivered to square-wave

module 26. In the embodiment shown, the square wave module includes a number of
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clipping diodes that shape the sinusoidal input signal to a square wave. The clipping

diodes may reside in the controller 24.

Referring back to FIG. 1, the device 10 also includes a current filter and zero-
cross detection circuit 30. The circuit 30 measures the current of the AC power signal
from the node 14, filters the current signal, and converts the signal to a digital output
signal. The circuit 30 sends its output signal via a link 32 to the microcontrollér 24.
Preferably, the circuit 30 generates a binary digital or two-state output signal that 1) is in
a logic high state When the AC current of the AC signal input to nodes 12 and 14 1s on the
positive half cycle and 2) is 1n a logic low state when the AC current of the AC signal is
on the negative half cycle. The circuit 30 1s shown in greater detail in FIG. 3. The circuit
30 includes a shunt resistance 34, a signal amplifier 35, and a comparator 36. The shunt
resistance provides a low voltage signal for the comparator. The comparator coverts the

sinusoidal input signal into a square wave.

The controller 24 1s powered by a power supply circuit 37 (FIG. 1), which
converts the AC power signal to a suitable DC signal. For most controllers suitable for
use 1n the invention a DC voltage from about 5 to 14V is acceptable. As can be seen by
reference to FIG. 4, the power supply circuit 37 includes a rectifier 38, and two current
limiting and filter modules 39 and 40. The current limiting and filter module 39 is
preferably designed to generate a 5 V DC output and the current limiting and filtering
module 40 is preferably designed to generate a 48 V DC output. The 5 V DC output is
supplied to the microcontroller 24 and the 48 V DC output is supplied to a switching

circuit (discusséd below).

The controller 24 determines the phase difference between the output signal of the
circuit 20 and the output signal of the circuit 30 and generates a first control signal based
on the two signals. It should be understood that the controller 24 could generate a control
signal of zero amplitude. Thus, the controller may control a dévice by supplying a
control signal of a non-zero magnitude as well as by removing that signal, which could be
described as supplying a zero magnitude signal. Output signals generated by the

controller 24 are sent to a switching circuit or switch 42 over a link 44. The switch 42

_5.
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may include a relay 46 and/or a semi-conductor device 48, such as a triac. Preferably, the

switch 1s a nOrmally-open switch.

In the embodiment where the switch 42 includes the semiconductor device 48 and
the relay 46 in parallel, the relay 46 is used to open or close the motor circuit. In normal
use, when a relay closes, an arc 1s drawn across its contacts. This is an expected

phenomenon, and most relay contacts are made of a metal alloy that resists wear due to

arcing. However, the contacts will wear down over time, and a most relays suitable for
use 1n the invention will fail after approximately 100,000 cycles. The invention uses
parallel switches to eliminate or reduce relay contact wear caused by arcing. Reducing

wear 1n the relay enhances the overall life of the controller 24.

When the motor M 1is started, the semiconductor device 48 is turned on, before the
relay 46 is closed. The semiconductor device 48 is turned on at a current zero crossing
and no arc 1s dfawn in the circuit. After a few milliseconds, the relay is turned on. The
relay provides an alternate current path for the motor circuit, but no arcing occurs when
the contacts close because there is no change in current flowing to the pump. After a few
more milliseconds the semiconductor device is turned off and the relay maintains the

current flow to the motor circuit.

To stop the pump, the semiconductor device is turned on. After a few
milliseconds the relay is turned off. The semiconductor device provides the current path
for the motor circuit for a few milliseconds, and then it is turned off. The semiconductor

device 1s shut off at a current zero crossing, and no arcing occurs when the motor shuts
off. '

As noted above, the controller 24 can be programmable. In such an embodiment,
when the controller 24 is powered up, it generates an output signal to the switch 42,
thereby causing the switch to close. When the switch 42 closes and the device 10 is
coupled to an AC power supply, an AC power supply signal is delivered to the nodes 16

and 18. The motor M is then energized, and will continue to operate so long as the switch

42 remains closed.
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As the motor M operates, the circuits 20 and 30 continuously supply the controller
24 with information concerning the voltage supplied to é.nd current drawn by the motor
M. If the load on the motor decreases, the phase difference between the output signals of
circuits 20 and 30 will increase. The controller may be preprbgrammed with a
predetermined phase difference threshold value. When the phase differencé between the
signals from the circuits 20 and 30 reaches or exceeds the threshold value, the controller
24 turns off or removes the control signal to the switch 42, causing the switch to open and
the motor M to shut off. The threshold value may be determined empirically, by '
observing operation of the pump when a no-load condition or a break in suction occurs.
At that time, the actual phase difference between the current and voltage signals of the
circuits 20 and 30 can be measured and the threshold value can be set slightly below or
above that value depending on the pumping action desired for the pumping application at
hand. The controller 24 may be preprogrammed to tolerate a no-load condition for a
predetermined amount of time, such as about 4 seconds, before shutting the inotor M off.
That 1s, the controller 24 may be programmed to wait a certain period of time before

turning off or removing the control signal.

The calculation of phase difference may be further understood by reference to
FIGS. 6-8. FIG. 6 illustrates a signal trace of voltage and current levels nieasured n a
pump motor under full load. As can be seen, the current lags the voltage by a phase
difference o.. Under no load, or when no liquid is pumped, the phase difference between
the voltage and current increases to an amount 0 (FIG. 7). As noted above, the controller

receives digital signals and, thus, measures time differences in zero cross values as shown

in FIG. 8.

In order to maintain automatic and continuous pumping operations, as may be
required in many pumping applications, the microcontroller 24 may be programmed to
wait a certain period of time after opening the switch 42, such as about three minutes, and
then the controller 24 may close the switch 42 and repeat the monitoring of the phase
difference between the output signals of the circuits 20 and 30. In this manner, the
Invention may be used to ensure that liquid is always pumped whenever the level of

liquid 1s sufficient to create a suction condition for the pump.
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The operation of the controller 24 may be further understood by reference to FIG.
9, which is a flowchart of software suitable for use in the invention and for being
executed by the controller when 1t takes a programmable form. Once turned on, the
controller 24 performs standard mitialization functions, as shown at step 100. The
controller 24 then generates a signal to close switch 42 and start the motor, as shown at
step 104. The controller then reads or receives the voltage zero-cross signal from the
circuit 20. The controller also begins measuring the time until the zero-cross signal from
the circuit 30 is received. As shown at step 112, once the zero-cross current signal is
generated by the circuit 30, it is received by the controller 24. The controller then ends
the time measurement. The phase difference between the signals 1s calculated based on

the amount of time measured, as shown at step 116. The controller 24 then determines

‘whether the phase difference is greater than or equal to the predetermined threshold at

step 120. If thi._s criterion 1s not met, steps 108 through 120 are repeated. In other words,
the pump will operate continuously so long as a suction condition exists. If the threshold
1s met or exceeded, the controller 24 then checks to see W]hether a no-load tolerance
period has elapsed, as shown at step 124. If the no-load period has not elapsed, steps 108
through 120 are repeated, as shown by loop 125. Once the period lapses, the controller
generates a control signal to cjpen the switch 42, as shown at step 128. The controller
then waits, as shown at step 132, for a predetermined delay time, which might be set
according to the expected liquid flow rate into the area being evacuated by the pump.

The entire process is then repeated by returning to step 104.

FIG. 10 1llustrates a pump 150 having a housing 152 designed hold the device 10.
The device 10 receives power through a power cord 154 and controls a motor 158
(equivalent to the motor M) that is also positioned within the housing 152. The motor
158 drives an impeller 162 that draws liquid through a mesh 164. The impeller 162
drives the liquid through a discharge chamber 166 and out a discharge port 168.

In many prior-art pumps, control electronics or similar controllers are positioned
in a housing separate from the pump housing, in part because typical control electronics
can not tolerate the heat generated by the pump motor. Further, most controllers are
adversely affected by lubricants and other environmental agents that are commonly

present in pump housings. In the present invention, high-temperature electronics are used

_8-
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and switching circuit 42 1s designed to reduce heat within the housing and, as noted
above, to eliminate or reduce arcing damage to the relay contacts when turning the pump

on and off. As noted above, in one embodiment of the invention the switch 42 includes a

- tnac coupled 1n parallel to a relay. The advantage of using both in combination is that the

design takes advantage of the strengths of each type of switch and compensates for the
weakness of each. A semiconductor device, such as a triac, can connect and disconnect a
pump circuit without being damaged by arcing. However, the triac generates large
amounts of heat, which 1s undesirable. On the other hand, a relay is subject to damage
caused by arcing when connecting and disconnecting a circuit, but does not generate

significant amounts of heat. In the invention, the relay is used to maintain the circuit,

while the triac is used to connect and to disconnect the circuit. The result is a switch that
can maintain operation of the pump circuit without producing excessive heat, and will not
be damaged during connection and disconnection of the circuit. Further, use of the switch

42 and high-temperature electronics elsewhere, allows the module 10 to be placed in the
housing 152 with the resultant benefits of a compact pump and a reduction of the number

of parts due to the elimination of a separate controller housing.

As can be seen from the above, the invention provides an apparatus and method of

controlling a pump using the time difference of zero-cross inputs.

Various features and advantages of the invention are set forth in the following

claims.
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CLAIMS

What 1s claimed is:

1. A method of controlling an electric motor pump, the method comprising:

providing an AC power signal having a positive half cycle and a negative half

cycle;

measuring the voltage of the AC power signal and generating a first two-state
output signal that 1s 1n a logic high state when the measured voltage 1s on the positive half

cycle and 1s in a logic low state when the measured voltage is on the negative half cycle;

measuring the current of the AC power signal and generating a second two-state
output signal that 1s 1n logic high state when the measured current is on the positive half

cycle and 1s 1n a logic low state when the measured current is on the negative half cycle;

determining a phase difference based on a time difference between the first two-

state output signal and the second two-state output signal;
comparing the phase difference to a predetermined threshold value;

opening a switch 1f the determined phase difference is equal to or greater that the

predetermined threshold value; and
closing the switch after a predetermined amount of time has elapsed.

2. A method as claimed in claim 1, further comprising waiting for a predetermined

period of time prior to the act of opening a switch.

3. A method as claimed in claim 1, wherein the acts of measuring the voltage,
measuring the current, determining a time difference, comparing the determined phase

difference, and opening a switch are repeated after the act of closing the switch.

4 A method as claimed in claim 1, further comprising converting the AC power

signal to a DC power signal.

-10-
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5. A method as claimed 1n claim 4, further comprising providing the DC power

signal to a programmable device.

6. A method as claimed in claim 1, further comprising providing the first and second

two-state output signals to a programmable device.
7. An pump control apparatus comprising:

a voltage filter capable of being coupled to an AC power source and of generating

a first two-state output signal;

a current filter capable of being a coupled to an AC power source and of

generating a second two-state output signal;
a power supply circuit capable of producing a DC power signal,

a controller coupled to the voltage filter, the current filter, and the power supply
circuit and operable to produce a control signal based on the time differential between the

first and second two-state output signals; and

a switch coupled to the controller and operable to open in response to the control

signal.
8. An apparatus as claimed in claim 7, wherein the switch includes a relay.
9. An apparatus as claimed 1n claim 8, wherein the switch includes a triac.

10.  An apparatus as claimed in claim 7, wherein the voltage filter includes a zero-

cross detection circuit.

11.  An apparatus as claimed in claim 10, wherein the current filter includes a zero-

cross detection circuit.

2. Anapparatus as claimed in claim 11, wherein the controller is operable to produce
the control signal when a phase difference between the first and second two-state output

signals meets or exceeds a predetermined threshold.

-11-
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13. An apparatus as claimed in claim 12, wherein the controller 1s opei‘able to deliver

the control signal to the switch after a predetermined amount of time has elapsed.

14.  An apparatus as claimed in claim 12, wherein the controller 1s operable to produce

a second control signal.

5 15. An apparatus as claimed in claim 14, wherein said switch is operable to close in

response to said second control signal.

16. An apparatus as claimed in claim 14, wherein the controller 1s programmed to
produce the second control signal a predetermined amount of time after producing the

control signal.

10 17. An apparatus as claimed 1n claim 16, wherein the controller is a programmable

device.
18. A pump comprising:
a housing;
a motor positioned within the housing;
15 a control module positioned with the housing, the control module including

a voltage filter capable of being coupled to an AC power source and of generating

a first two-state output signal;

a current filter capable of being a coupled to an AC power source and of

generating a second two-state output signal;
20 a power supply circuit capable of producing a DC power signal;

a programmable device coupled to the voltage filter, the current filter, and the

power supply circuit and programmed to produce a control signal based on the time

differential between the first and second two-state output signals; and

_12-
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a switch coupled to the programmable device, operable to open 1n response to the

control signal, and having a semiconductor device coupled in parallel to a second

switching device.

19.  An apparatus as claimed 1n claim 18, wherein the semi-conductor device is a triac.

20.  An apparatus as claimed 1n claim 18, wherein the second switching device 1s a
relay.
21.  An apparatus as claimed in claim 20, wherein the voltage filter includes a zero-

cross detection circuit.

22.  An apparatus as claimed 1n claim 21, wherein the current filter includes a zero-

cross detection circuit.

23.  An apparatus as claimed 1n claim 22, wherein the programmable device is
programmed to produce the control signal when a phase difference between the first and

second two-state output signals meets or exceeds a predetermined threshold.

24.  An apparatus as claimed in claim 18, wherein the programmable device is
programmed to deliver the control signal to the switch after a predetermined amount of

time has elapsed.

25.  An apparatus as claimed in claim 18, wherein the programmable to device is

operable to produce a second control signal.

26.  An apparatus as claimed in claim 25, wherein said switch is operable to close in

response to said second control signal.

27.  An apparatus as claimed in claim 25, wherein the programmable device is

programmed to produce the second control signal a predetermined amount of time after

producing the control signal.

28.  An apparatus as claimed in claim 18, wherein the programmable device is a

microcontroller.

-13-
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29. A method of controlling an electric motor pump coupled to a switch, the method

comprising:

providing an AC power signal having a positive half cycle and a negative half

cycle;

measuring the voltage of the AC power signal and generating a first two-state

output signal that 1s in a logic high state when the measured voltage is on the positive half

cycle and is in a logic low state when the measured voltage is on the negative half cycle;

measuring the current of the AC power signal and generating a second two-state
output signal that 1s in logic high state when the measured current is on the positive half

cycle and 1s 1n a logic low state when the measured current is on the negative half cycle;

determining a phase difference based on a time difference between the first two-

state output signal and the second two-state output signal;
comparing the phase difference to a predetermined threshold value;

opening the switch if the determined phase difference is equal to or greater than

the predetermined threshold value;
closing the switch after a predetermined amount of time has elapsed; and

repeating the acts of measuring the voltage, measuring the current, determining a

time difference, comparing the determined phase difference, and opening a switch.
30.  An pump control apparatus comprising:

a voltage filter having a zero-cross detection circuit and capable of being coupled

to an AC power source and of generating a first two-state output signal;

a current filter having a zero-cross detection circuit and capable of being a

coupled to an AC power source and of generating a second two-state output signal;

-14-
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a power supply circuit capable of producing a DC power signal;

a controller coupled to the voltage filter, the current filter, and the power supply

circuit and operable to produce a control signal based on the time differential between the

first and second two-state output signals; and

a switch having an semiconductor device and a relay coupled in parallel circuit
branches, the switch coupled to the controller and operable to open in response to the

control signal.

31.  An apparatus as claimed in claim 30, wherein the controller is operable to produce

‘the control signal when a phase difference between the first and second two-state output

- signals meets or exceeds a predetermined threshold.

32. An apparatus as claimed in claim 31, wherein the controller is operable to deliver

the control signal to the switch after a predetermined amount of time has elapsed.

33.  An apparatus as claimed 1n claim 31, wherein the controller is operable to produce

a second control signal.

34.  An apparatus as claimed in claim 33, wherein said switch is operable to close in

response to said second control signal.

35.  Anapparatus as claimed in claim 33, wherein the controller is programmed to
produce the second control signal a predetermined amount of time after producing the

control signal.

36.  An apparatus as claimed in claim 33, wherein the controller is a programmable

device.
37. A pump comprising:
a housing;
a motor positioned within the housing;

a control module positioned with the housing, the control module including
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a voltage filter capable of being coupled to an AC power source and of generating

a first two-state output signal,;

a current filter capable of being a coupled to an AC power source and of

generating a second two-state output signal;

5 a power supply circuit capable of producing a DC power signal;

a programmable device coupled to the voltage filter, the current filter, and the
power supply circuit and programmed to produce a control signal based on the time

differential between the first and second two-state output signals; and

a switch having a low heat generating device and a high heat generating device
10 coupled 1 parallel circuit branches, the switch coupled to the programmable device, and

operable to open 1n response to the control signal.

Smart & Biggar
Ottawa, Canada
Patent Agents
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