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CONTROLLER FOR A MOTOR AND A METHOD OFCONTROLLING
THE MOTOR

RELATED APPLICATION

[0001] The present patent application claims the benefit of prior filed co-pending U.S.

Provisional Patent Application No. 61/101,769; filed on October 1, 2008; the entire content of

which is hereby incorporated by reference.

BACKGROUND

[0002] The invention relates to a controller for a motor, and particularly, a controller for

a motor operating a pump.

[0003] Occasionally on a swimming pool, spa, or similar jetted-fluid application, the

main drain can become obstructed with an object, such as a towel or pool toy. When this

happens, the suction force of the pump is applied to the obstruction and the object sticks to the

drain. This is called suction entrapment. If the object substantially covers the drain (such as a

towel covering the drain), water is pumped out of the drain side of the pump. Eventually the

pump runs dry, the seals burn out, and the pump can be damaged. Alternatively, the object itself

can become damaged when stuck to the drain.

[0004] Another type of entrapment is referred to as mechanical entrapment. Mechanical

entrapment occurs when an object, such as a towel or pool toy, gets tangled in the drain cover.

Mechanical entrapment may also effect the operation of the pump.

[0005] Several solutions have been proposed for suction and mechanical entrapment. For

example, new pool construction is required to have two drains, so that if one drain becomes

plugged, the other can still flow freely and no vacuum entrapment can take place. This does not

help existing pools, however, as adding a second drain to an in-ground, one-drain pool is very

difficult and expensive. Modern pool drain covers are also designed such that items cannot

become entwined with the cover.

[0006] As another example, several manufacturers offer systems known as Safety

Vacuum Release Systems (SVRS). SVRS often contain several layers of protection to help



prevent both mechanical and suction entrapment. Most SVRS use hydraulic release valves that

are plumbed into the suction side of the pump. The valve is designed to release (open to the

atmosphere) if the vacuum (or pressure) inside the drain pipe exceeds a set threshold, thus

releasing the obstruction. These valves can be very effective at releasing the suction developed

under these circumstances. Unfortunately, they have several technical problems that have

limited their use.

SUMMARY

[0007] In one embodiment, the invention provides a pump system. The pump system

includes a pump, a motor coupled to the pump, a sensor coupled to a power source, and a

controller. The motor operates the pump. The sensor detects an electrical characteristic of the

power source. The controller executes a fault check, controls the motor, detects a change in the

electrical characteristic, and suspends the execution of the fault check for a predetermined period

of time when the detected change in the electrical characteristic is outside of a valid

characteristic range.

[0008] In another embodiment, the invention provides a method of operating a pump

system including a pump, a motor, a sensor, and a controller. The method includes the acts of

operating the motor, executing a fault check, sensing an electrical characteristic related to a

power supplied by a power source coupled to the motor, determining that the electrical

characteristic is outside of a valid characteristic range, and suspending execution of the fault

check for a predetermined period of time after determining the electrical characteristic is outside

the valid characteristic range.

[0009] In another embodiment, the invention provides a controller for a motor. The

controller includes a memory, a sensor, and a processor. The sensor is configured to sense an

electrical characteristic of the motor. The processor is coupled to the memory and the sensor,

and executes a fault check, controls the motor, detects a change in the sensed electrical

characteristic, and suspends the executing of the fault check when the detected change in the

electrical characteristic is outside of a valid characteristic range.



[0010] Other features and aspects of the invention will become apparent by consideration

of the detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 1] Fig. 1 is a schematic representation of a jetted-spa incorporating the invention.

[0012] Fig. 2 is a block diagram of a first controller capable of being used in the jetted-

spa shown in Fig. 1.

[0013] Figs. 3A and 3B are electrical schematics of the first controller shown in Fig. 2.

[0014] Fig. 4 is a block diagram of a second controller capable of being used in the

jetted-spa shown in Fig. 1.

[0015] Fig. 5 is a graph showing an input power signal and a derivative power signal as a

function of time.

[0016] Fig. 6 is a flow diagram illustrating a model observer.

[0017] Fig. 7 is a graph showing an input power signal and a processed power signal as a

function of time.

[0018] Fig. 8 is a graph showing an average input power signal and a threshold value

reading as a function of time.

[0019] Fig. 9 is a graph showing a drop in input power and the resulting changes in

current, power, and power factor.

[0020] Fig. 10 is a flow chart of an embodiment of the operation of a controller for

avoiding a false detection of a possible suction entrapment event according to the invention.

[0021] Fig. 11 is a flow chart of an embodiment of the operation of a controller for

determining if a supply voltage is within an acceptable range according to the invention.



DETAILED DESCRIPTION

[0022] Before any embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited in its application to the details of construction and the

arrangement of components set forth in the following description or illustrated in the following

drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways. Also, it is to be understood that the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limiting. The use of

"including," "comprising," or "having" and variations thereof herein is meant to encompass the

items listed thereafter and equivalents thereof as well as additional items. Unless specified or

limited otherwise, the terms "mounted," "connected," "supported," and "coupled" and variations

thereof are used broadly and encompass direct and indirect mountings, connections, supports,

and couplings. Further, "connected" and "coupled" are not restricted to physical or mechanical

connections or couplings.

[0023] Co-pending United States Patent Application Nos. 11/549,499 and 11/549,537,

filed October 13, 2006, the contents of which are hereby incorporated by reference, describe

systems and methods for detecting possible suction and/or mechanical entrapment events. The

present application discloses improvements to the systems and methods described in the above

applications.

[0024] Fig. 1 schematically represents a jetted-spa 100 incorporating the invention.

However, the invention is not limited to the jetted-spa 100 and can be used in other jetted- fluid

systems (e.g., pools, whirlpools, jetted-tubs, etc.). It is also envisioned that the invention can be

used in other applications (e.g., fluid-pumping applications).

[0025] As shown in Fig. 1, the spa 100 includes a vessel 105. As used herein, the vessel

105 is a hollow container such as a tub, pool, tank, or vat that holds a load. The load includes a

fluid, such as chlorinated water, and may include one or more occupants or items. The spa

further includes a fluid-movement system 110 coupled to the vessel 105. The fluid-movement

system 110 includes a drain 115, a pumping apparatus 120 having an inlet 125 coupled to the

drain and an outlet 130, and a return 135 coupled to the outlet 130 of the pumping apparatus 120.

The pumping apparatus 120 includes a pump 140, a motor 145 coupled to the pump 140, and a



controller 150 for controlling the motor 145. For the constructions described herein, the pump

140 is a centrifugal pump and the motor 145 is an induction motor (e.g., capacitor-start,

capacitor-run induction motor; split-phase induction motor; three-phase induction motor; etc.).

However, the invention is not limited to this type of pump or motor. For example, a brushless,

direct current (DC) motor or a vector-driven motor may be used in a different pumping

application. For other constructions, a jetted-fluid system can include multiple drains, multiple

returns, or even multiple fluid movement systems.

[0026] Referring back to Fig. 1, the vessel 105 holds a fluid. When the fluid movement

system 110 is active, the pump 140 causes the fluid to move from the vessel 105, through the

drain 115 and the pump 140, and jet, into the vessel 105. This pumping operation occurs when

the controller 150 controllably provides a power to the motor 145, resulting in a mechanical

movement by the motor 145. The coupling of the motor 145 (e.g., a direct coupling or an

indirect coupling via a linkage system) to the pump 140 results in the motor 145 mechanically

operating the pump 140 to move the fluid. The operation of the controller 150 can be via an

operator interface, which may be as simple as an ON switch.

[0027] Fig. 2 is a block diagram of a second construction of the controller 150a, and Figs.

3A and 3B are an electrical schematic of the controller 150a. As shown in Fig. 2, the controller

150a is electrically connected to a power source 155 and the motor 145.

[0028] With reference to Fig. 2 and Fig. 3B, the controller 150a includes a power supply

160a. The power supply 160a includes resistors R54, R56 and R76; capacitors C16, C18, C20,

C21, C22, C23 and C25; diodes D8, DlO and Dl 1; zener diodes D6, D7 and D9; power supply

controller U l 1; regulator U9; inductors Ll and L2, surge suppressors MOVl and MOV2, and

optical switch UlO. The power supply 160a receives power from a power source 155 and

provides the proper DC voltage (e.g., +5 VDC and +12 VDC) for operating the controller 150a.

[0029] For the controller 150a shown in Fig. 2, Fig 3A, and Fig. 3B, the controller 150a

monitors motor input or supply power to determine if a drain obstruction has taken place. If the

drain 115 or plumbing is plugged on the suction side of the pump 140, the pump 140 will no

longer be pumping water, and input power to the motor 145 drops. If this condition occurs, the

controller 150a declares a fault, the motor 145 powers down, and a fault indicator lights.



[0030] A voltage sense and average circuit 165a, a current sense and average circuit

170a, and a microcontroller 185a perform the monitoring of the input power. One example

voltage sense and average circuit 165a is shown in Fig. 3A. The voltage sense and average

circuit 165a includes resistors R2, R31, R34, R35, R39, R59, R62, and R63; diodes D2 and D12;

capacitor Cl 4; and operational amplifiers U5C and U5D. The voltage sense and average circuit

165a rectifies the voltage from the power source 155 and then performs a DC average of the

rectified voltage. The DC average is then fed to the microcontroller 185a. The voltage sense

and average circuit 165a further includes resistors R22, R23, R27, R28, R30, and R36; capacitor

C27; and comparator U7A; which provide the sign of the voltage waveform (i.e., acts as a zero-

crossing detector) to the microcontroller 185a.

[0031] One example current sense and average circuit 170a is shown in Fig. 3B. The

current sense and average circuit 170a includes transformer Tl and resistor R53, which act as a

current sensor that senses the current applied to the motor 145. The current sense and average

circuit 170a also includes resistors R l 8, R20, R21, R40, R43, and R57; diodes D3 and D4;

capacitor C8; and operational amplifiers U5A and U5B, which rectify and average the value

representing the sensed current. For example, the resultant scaling of the current sense and

average circuit 170a can be a positive five to zero volt value corresponding to a zero to twenty-

five amp RMS value. The resulting DC average is then fed to the microcontroller 185a. The

current sense and average circuit 170a further includes resistors R24, R25, R26, R29, R41, and

R44; capacitor Cl 1; and comparator U7B; which provide the sign of the current waveform (i.e.,

acts as a zero-crossing detector) to microcontroller 185a.

[0032] One example microcontroller 185a that can be used with the invention is a

Motorola brand microcontroller, model no. MC68HC908QY4CP. The microcontroller 185a

includes a processor and a memory. The memory includes software instructions that are read,

interpreted, and executed by the processor to manipulate data or signals. The memory also

includes data storage memory. The microcontroller 185a can include other circuitry (e.g., an

analog-to-digital converter) necessary for operating the microcontroller 185a and/or can perform

the function of some of the other circuitry described above for the controller 150a. In general,

the microcontroller 185a receives inputs (signals or data), executes software instructions to

analyze the inputs, and generates outputs (signals or data) based on the analyses. Although the



microcontroller 185a is shown and described, the functions of the microcontroller 185a can be

implemented with other devices, including a variety of integrated circuits (e.g., an application-

specific-integrated circuit), programmable devices, and/or discrete devices, as would be apparent

to one of ordinary skill in the art. Additionally, it is envisioned that the microcontroller 185a or

similar circuitry can be distributed among multiple microcontrollers 185a or similar circuitry. It

is also envisioned that the microcontroller 185a or similar circuitry can perform the function of

some of the other circuitry described (e.g., circuitry 165a- 180a) above for the controller 150a.

For example, the microcontroller 185a, in some constructions, can receive a sensed voltage

and/or sensed current and determine an averaged voltage, an averaged current, the zero-crossings

of the sensed voltage, and/or the zero crossings of the sensed current.

[0033] The microcontroller 185a receives the signals representing the average voltage

applied to the motor 145, the average current through the motor 145, the zero crossings of the

motor voltage, and the zero crossings of the motor current. Based on the zero crossings, the

microcontroller 185a can determine a power factor and a power. The power factor can be

calculated using known mathematical equations or by using a lookup table based on the

mathematical equations. The microcontroller 185a can then calculate a power with the averaged

voltage, the averaged current, and the power factor as is known. The microcontroller 185a can

then compare the calculated power with a power calibration value to determine whether a fault

condition (e.g., due to an obstruction) is present.

[0034] The calibrating of the controller 150a occurs when the user activates a calibrate

switch 195a. One example calibrate switch 195a is shown in Fig. 3A. Of course, other calibrate

switches are possible. In one method of operation for the calibrate switch 195a, a calibration fob

needs to be held near the switch 195a when the controller 150a receives an initial power. After

removing the magnet and cycling power, the controller 150a goes through priming and enters an

automatic calibration mode (discussed below).

[0035] The controller 150a controllably provides power to the motor 145. With

references to Fig. 2 and 3A, the controller 150a includes a retriggerable pulse generator circuit

200a. The retriggerable pulse generator circuit 200a includes resistors R l 5 and R l 6, capacitors

C2 and C6, and pulse generators U3A and U3B, and outputs a value to the relay driver circuit



210a if the retriggerable pulse generator circuit 200a receives a signal having a pulse frequency

greater than a set frequency determined by resistors Rl 5 and R l 6, and capacitors C2 and C6.

The retriggerable pulse generators U3A and U3B also receive a signal from power-up delay

circuit 205a, which prevents nuisance triggering of the relays on startup. The relay driver

circuits 210a shown in Fig. 3A include resistors Rl, R3, R47, and R52; diodes D l and D5; and

switches Ql and Q2. The relay driver circuits 210a control relays Kl and K2. In order for

current to flow to the motor, both relays K l and K2 need to "close".

[0036] The controller 150a further includes two voltage detectors 212a and 214a. The

first voltage detector 212a includes resistors R71, R72, and R73; capacitor C26; diode D 14; and

switch Q4. The first voltage detector 212a detects when voltage is present across relay Kl , and

verifies that the relays are functioning properly before allowing the motor to be energized. The

second voltage detector 214a includes resistors R66, R69, and R70; capacitor C9; diode Dl 3;

and switch Q3. The second voltage detector 214a senses if a two speed motor is being operated

in high or low speed mode. The motor input power trip values are set according to what speed

the motor is being operated. It is also envisioned that the controller 150a can be used with a

single speed motor without the second voltage detector 214a (e.g., controller 150b is shown in

Fig. 4).

[0037] The controller 150a also includes an ambient thermal sensor circuit 2 16a for

monitoring the operating temperature of the controller 150a, a power supply monitor 220a for

monitoring the voltages produced by the power supply 160a, and a plurality of LEDs DSl and

DS3 for providing information to the user. In the construction shown, a green LED DS2

indicates power is applied to the controller 150a, and a red LED DS3 indicates a fault has

occurred. Of course, other interfaces can be used for providing information to the operator.

[0038] The controller 150a further includes a clean mode switch 2 18a, which includes

switch U4 and resistor RlO. The clean mode switch can be actuated by an operator (e.g., a

maintenance person) to deactivate the power monitoring function described herein for a time

period (e.g., 30 minutes so that maintenance person can clean the vessel 105). Moreover, the red

LED DS3 can be used to indicate that controller 150a is in a clean mode. After the time period,

the controller 150a returns to normal operation. In some constructions, the maintenance person



can actuate the clean mode switch 2 18a for the controller 150a to exit the clean mode before the

time period is completed.

[0039] In some cases, it may be desirable to deactivate the power monitoring function for

reasons other than performing cleaning operations on the vessel 105. Such cases may be referred

as "deactivate mode", "disabled mode", "unprotected mode", or the like. Regardless of the

name, this later mode of operation can be at least partially characterized by the instructions

defined under the clean mode operation above. Moreover, when referring to the clean mode and

its operation herein, the discussion also applies to these later modes for deactivating the power

monitoring function and vice versa.

[0040] The following describes the normal sequence of events for one method of

operation of the controller 150a. When the fluid movement system 110 is initially activated, the

system 110 may have to prime the suction side plumbing and get the fluid flowing smoothly

(referred to as "the normal running period"). It is during the normal running period that the

circuit is most effective at detecting an abnormal event.

[0041] Upon a system power-up, the system 110 can enter a priming period. The

priming period can be preset for a time duration (e.g., a time duration of 3 minutes), or for a time

duration determined by a sensed condition. After the priming period, the system 110 enters the

normal running period. The controller 150a can include instructions to perform an automatic

calibration to determine one or more calibration values after a first system power-up. One

example calibration value is a power calibration value. In some cases, the power calibration

value is an average of monitored power values over a predetermined period of time. The power

calibration value is stored in the memory of the microcontroller 185a, and will be used as the

basis for monitoring the vessel 105.

[0042] If for some reason the operating conditions of the vessel 105 change, the

controller 150a can be re-calibrated by the operator. In some constructions, the operator actuates

the calibrate switch 195a to erase the existing one or more calibration values stored in the

memory of the microcontroller 185a. The operator then powers down the system 110,

particularly the motor 145, and performs a system power-up. The system 110 starts the

automatic calibration process as discussed above to determine new one or more calibration



values. If at any time during normal operation, the monitored power varies from the power

calibration value (e.g., varies from a 12.5% window around the power calibration value), the

motor 145 will be powered down and the fault LED DS3 is lit.

[0043] In one construction, the automatic calibration instructions include not monitoring

the power of the motor 145 during a start-up period, generally preset for a time duration (e.g., 2

seconds), upon the system power-up. In the case when the system 110 is operated for the first

time, the system 110 enters the prime period, upon completion of the start-up period, and the

power of the motor 145 is monitored to determine the power calibration value. As indicated

above, the power calibration value is stored in the memory of the microcontroller 185a. After

completion of the 3 minutes of the priming period, the system 110 enters the normal running

period. In subsequent system power-ups, the monitored power is compared against the power

calibration value stored in the memory of the microcontroller 185a memory during the priming

period. More specifically, the system 110 enters the normal running period when the monitored

power rises above the power calibration value during the priming period. In some cases, the

monitored power does not rise above the power calibration value within the 3 minutes of the

priming period. As a consequence, the motor 145 is powered down and a fault indicator is lit.

[0044] In other constructions, the priming period of the automatic calibration can include

a longer preset time duration (for example, 4 minutes) or an adjustable time duration capability.

Additionally, the controller 150a can include instructions to perform signal conditioning

operations to the monitored power. For example, the controller 150a can include instructions to

perform an HR filter to condition the monitored power. In some cases, the IIR filter can be

applied to the monitored power during the priming period and the normal operation period. In

other cases, the IIR filter can be applied to the monitored power upon determining the power

calibration value after the priming period.

[0045] The controller 150a measures motor input power, and not just motor power factor

or input current. However, it is envisioned that the controller 150a can be modified to monitor

other motor parameters (e.g., only motor current, only motor power factor, or motor speed). But

motor input power is the preferred motor parameter for controller 150a for determining whether



the water is impeded. Also, it is envisioned that the controller 150a can be modified to monitor

other parameters (e.g., suction side pressure) of the system 110.

[0046] For some constructions of the controller 150a, the microcontroller 185a monitors

the motor input power for an over power condition in addition to an under power condition. The

monitoring of an over power condition helps reduce the chance that controller 150a was

incorrectly calibrated, and/or also helps detect when the pump is over loaded (e.g., the pump is

moving too much fluid).

[0047] The voltage sense and average circuit 165a generates a value representing the

averaged power line voltage and the current sense and average circuit 170a generates a value

representing the averaged motor current. Motor power factor is derived from the timing

difference between the sign of the voltage signal and the sign of the current signal. This time

difference is used to look up the motor power factor from a table stored in the microcontroller

185a. The averaged power line voltage, the averaged motor current, and the motor power factor

are then used to calculate the motor input power using equation el.

V * I *PF =Motor _ Input _ Power
[el]

[0048] It is understood that for other types of motors (e.g., a vector-driven motor), the

motor input power may be calculated differently. The calculated motor input power is then

compared to the calibrated value to determine whether a fault has occurred. If a fault has

occurred, the motor is powered down and the fault indicator is lit.

[0049] Redundancy is also used for the power switches of the controller 150a. Two

relays Kl and K2 are used in series to do this function. This way, a failure of either component

will still leave one switch to turn off the motor 145. As an additional safety feature, the proper

operation of both relays is checked by the microcontroller 185a every time the motor 145 is

powered-on via the relay voltage detector circuit 212a.

[0050] Another aspect of the controller 150a is that the microcontroller 185a provides

pulses at a frequency greater than a set frequency (determined by the retriggerable pulse



generator circuits) to close the relays Kl and K2. If the pulse generators U3A and U3B are not

triggered at the proper frequency, the relays Kl and K2 open and the motor powers down.

[0051] As previously indicated, the microcontroller 185a can calculate an input power

based on parameters such as averaged voltage, averaged current, and power factor. The

microcontroller 185a then compares the calculated input power with the power calibration value

to determine whether a fault condition (e.g., due to an obstruction) is present. Other

constructions can include variations of the microcontroller 185a and the controller 150a operable

to receive other parameters and determine whether a fault condition is present.

[0052] One aspect of the controller 150a is that the microcontroller 185a can monitor the

change of input power over a predetermined period of time. More specifically, the

microcontroller 185a determines and monitors a power derivative value equating about a change

in input power divided by a change in time (i.e., the instantaneous change of input power with

respect to time or a first-order mathematical derivative). In cases where the power derivative

traverses a threshold value, the controller 150a controls the motor 145 to shut down the pump

140. This aspect of the controller 150a may be operable in replacement of, or in conjunction

with, other similar aspects of the controller 150a, such as shutting down the motor 145 when the

power level of the motor 145 traverses a predetermined value.

[0053] For example, Fig. 5 shows a graph indicating input power and power derivative

(i.e., the instantaneous change of input power with respect to time or a first-order mathematical

derivative) as functions of time. More specifically, Fig. 5 shows a power reading (line 300) and

a power derivate value (line 305), over a 30-second time period, of a motor 145 calibrated at a

power threshold value of 5000 and a power derivative threshold of - 100. In this particular

example, a water blockage in the fluid-movement system 110 (shown in Fig. 1) occurs at the 20-

second mark. It can be observed from Fig. 5 that the power reading 300 indicates a power level

drop below the threshold value of 5000 at the 27-second mark, causing the controller 150a to

shut down the pump 140 approximately at the 28-second mark. It can also be observed that the

power derivative value 305 drops below the -100 threshold value at the 22-second mark, causing

the controller 150a to shut down the pump 140 approximately at the 23-second mark. Other



parameters of the motor 145 (e.g., torque) can be monitored by the microcontroller 185a, for

determining a potential entrapment event.

[0054] In another aspect of the controller 150a, the microcontroller 185a can include

instructions that correspond to a model observer, such as the exemplary model observer 310

shown in Fig. 6. The model observer 310 includes a first filter 315, a regulator 325 having a

variable gain 326 and a transfer function 327, a fluid system model 330 having a gain parameter

(shown in Fig. 6 with the value of 1), and a second filter 335. In particular, the fluid system

model 330 is configured to simulate the fluid-movement system 110. Additionally, the first filter

315 and the second filter 335 can include various types of analog and digital filters such as, but

not limited to, low pass, high pass, band pass, anti-aliasing, HR, and/or FIR filters.

[0055] It is to be understood that the model observer 310 is not limited to the elements

described above. In other words, the model observer 310 may not necessarily include all the

elements described above and/or may include other elements or combination of elements not

explicitly described herein. In reference particularly to the fluid system model 330, a fluid

system model may be defined utilizing various procedures. In some cases, a model may be

generated for this particular aspect of the controller 150a from another model corresponding to a

simulation of another system, which may not necessarily be a fluid system. In other cases, a

model may be generated solely based on controls knowledge of closed loop or feed back systems

and formulas for fluid flow and power. In yet other cases, a model may be generated by

experimentation with a prototype of the fluid system to be modeled.

[0056] In reference to the model observer 310 of Fig. 6, the first filter 315 receives a

signal (P) corresponding to a parameter of the motor 145 determined and monitored by the

microcontroller 185a (e.g., input power, torque, current, power factor, etc.). Generally, the first

filter 315 is configured to substantially eliminate the noise in the received signal (P), thus

generating a filtered signal (PA). However, the first filter 315 may perform other functions such

as anti-aliasing or filtering the received signal to a predetermined frequency range. The filtered

signal (PA) enters a feed-back loop 340 of the model observer 310 and is processed by the

regulator 325. The regulator 325 outputs a regulated signal (ro) related to the fluid flow and/or

pressure through the fluid-movement system 110 based on the monitored parameter. The



regulated signal can be interpreted as a modeled flow rate or modeled pressure. The fluid system

model 330 processes the regulated signal (ro) to generate a model signal (FiI), which is compared

to the filtered signal (PA) through the feed-back loop 340. The regulated signal (ro) is also fed

to the second filter 335 generating a control signal (roP), which is subsequently used by the

microcontroller 185a to at least control the operation of the motor 145.

[0057] As shown in Fig. 6, the regulated signal (ro), indicative of fluid flow and/or

pressure, is related to the monitored parameter as shown in equation [e2].

[e21 ro = ) * regulator

[0058] The relationship shown in equation [e2] allows a user to control the motor 145

based on a direct relationship between the input power or torque and a parameter of the fluid

flow, such as flow rate and pressure, without having to directly measure the fluid flow parameter.

[0059] Fig. 7 is a graph showing an input power (line 345) and a processed power or

flow unit (line 350) as functions of time. More specifically, the graph of Fig. 7 illustrates the

operation of the fluid-movement system 110 with the motor 145 having a threshold value of

5000. For this particular example, Fig. 7 shows that the pump inlet 125 blocked at the 5-second

mark. The input power drops below the threshold mark of 5000, and therefore the controller

150a shuts down the pump 140 approximately at the 12.5-second mark. Alternatively, the

processed power signal drops below the threshold mark corresponding to 5000 at the 6-second

mark, and therefore the controller 150a shuts down the pump 140 approximately at the 7-second

mark.

[0060] In this particular example, the gain parameter of the fluid system model 330 is set

to a value of 1, thereby measuring a unit of pressure with the same scale as the unit of power. In

other examples, the user can set the gain parameter at a different value to at least control aspects

of the operation of the motor 145, such as shut down time.

[0061] In another aspect of the controller 150a, the microcontroller 185a can be

configured for determining a floating threshold value or trip value indicating the parameter



reading, such as input power or torque, at which the controller 150a shuts down the pump 140. It

is to be understood that the term "floating" refers to varying or adjusting a signal or value. In

one example, the microcontroller 185a continuously adjusts the trip value based on average input

power readings, as shown in Fig. 8. More specifically, Fig. 8 shows a graph indicating an

average input power signal (line 355) determined and monitored by the microcontroller 185a, a

trip signal (line 360) indicating a variable trip value, and a threshold value of about 4500 (shown

in Fig. 8 with arrow 362) as a function of time. In this particular case, the threshold value 362 is

a parameter indicating the minimum value that the trip value can be adjusted to.

[0062] The microcontroller 185a may calculate the average input power 355 utilizing

various methods. In one construction, the microcontroller 185a may determine a running

average based at least on signals generated by the current sense and average circuit 170a and

signals generated by the voltage sense and average circuit 165a. In another construction, the

microcontroller 185a may determine an input power average over relatively short periods of

time. As shown in Fig. 8, the average power determined by the microcontroller 185a goes down

from about 6000 to about 5000 in a substantially progressive manner over a time period of 80

units of time. It can also be observed that the signal 360 indicating the trip value is adjusted

down to about 10% from the value at the 0-time unit mark to the 80-time unit mark and is

substantially parallel to the average power 355. More specifically, the microcontroller 185a

adjusts the trip value based on monitoring the average input power 355.

[0063] In some cases, the average power signal 355 may define a behavior, such as the

one shown in Fig. 8, due to sustained clogging of the fluid-movement system 110 over a period

of time, for example from the 0-time unit mark to the 80-time unit mark. In other words,

sustained clogging of the fluid-movement system 110 can be determined and monitored by the

microcontroller 185a in the form of the average power signal 355. In these cases, the

microcontroller 185a can also determine a percentage or value indicative of a minimum average

input power allowed to be supplied to the motor 145, or a minimum allowed threshold value

such as threshold value 362. When the fluid-movement system 110 is back- flushed with the

purpose of unclogging the fluid-movement system 110, the average power signal 355 returns to

normal unrestricted fluid flow (shown in Fig. 8 between about the 84-time unit mark and about

the 92-time unit mark, for example). As shown in Fig. 8, unclogging the fluid-movement system



110 can result in relative desired fluid flow through the fluid-movement system 110. As a

consequence, the microcontroller 185a senses an average power change as indicated near the 80-

time unit mark in Fig. 8 showing as the average power returns to the calibration value.

[0064] In some circumstances, a pool or spa (or other fluid pumping system) may be

constructed in such a way that other electrical equipment impacts the voltage supplied to the

controller 150a and the pump motor 145 from the AC power source 155. For example, a vacuum

system, when powered up, may result in a temporary drop in the voltage supplied by the AC

power source to the controller 150a and the pump motor 145. During this drop in supply

voltage, the pump motor 145 continues to drive the pump. As a result, the power drawn by the

pump motor 145 drops in proportion to the drop in supply voltage (i.e., P=IV). If this drop in

power is significant enough, the controller 150a can falsely determine that a possible suction

and/or mechanical entrapment (or blockage/reduced flow) event has occurred, and can turn off

the pump motor 145, in some cases requiring a manual restarting of the pump motor 145.

[0065] Fig. 9 is a chart depicting the various signals monitored by the controller 150a,

and shows the impact of a drop in supply voltage. The supply voltage is shown at 400 depicting

normal fluctuations in voltage levels except during time periods 405 and 410 (between

approximately 2.75 sec. and 3.75 sec. and between approximately 8.25 sec. and 9.25 sec).

During time periods 405 and 410, the supply moves downward, then maintains a reduced level

for a short period before returning to normal levels. The current 415 and power 420 drawn by

the pump motor 145 are shown along with a power factor 425 of the motor 145. As is shown on

the graph, the power factor 425 changes substantially during the time periods 405 and 410. The

current 415 increases slightly, and the power 420 drawn decreases slightly during the time

periods 405 and 410 when the supply voltage is below normal. It is during the voltage

transitions of these time periods 405 and 410 when the controller 150a may falsely detect a

possible suction and/or mechanical entrapment event.

[0066] Fig. 10 represents a flow chart of an embodiment of the operation of the controller

for reducing the possibility of detecting a false suction and/or mechanical entrapment event by

not checking for a possible event for a period of time following detection of a change in supply

voltage exceeding a threshold. The operation shown in Fig. 10 can be executed on a continuous



basis or can be executed at timed intervals (e.g., every 10 msec). The controller begins by

checking whether a delay event has been triggered (step 450) as will be discussed below. If a

delay event was triggered previously (i.e., Delay = True), the controller determines if the

predetermined time period for the delay (e.g., one second) has been exhausted (step 455). If the

time period for the delay has been exhausted, the controller sets the delay to false (step 460),

determines if there is a possible entrapment event as has been previously disclosed (step 465),

and exits (step 470). If, at step 455, the time period for the delay has not been exhausted, the

controller exits the routine (step 470) without checking for a possible entrapment event.

[0067] If, at step 450, a delay was not in progress, the controller continues by

determining if the voltage supplied to the pump motor was within an acceptable range (step 475)

as is discussed in more detail below. If the change in supply voltage is not within an acceptable

range, the delay is triggered (step 480) to reduce the possibility of a false entrapment event

detection. If the change in supply voltage is within the acceptable range, the controller continues

with determining if a possible entrapment event has occurred (step 465). Referring back to Fig.

9, the delay is depicted as blanking times 490 on the chart. During the blanking times 490,

detection of possible entrapment events is suspended, allowing the power 420 and power factor

425 readings to return to normal, assuming there is not an entrapment event occurring, and the

supply voltage 400 returns to normal.

[0068] Fig. 11 represents a flow chart of an embodiment of the operation of the controller

for determining if the supply voltage is within an acceptable range (i.e., step 475 of Fig. 10).

The controller begins by detecting the supply voltage (step 500), as discussed above. Next the

controller updates (recalculates) a long average for the supply voltage (step 505). The long

average is a running average of the supply voltage over a relatively long period of time (e.g., 1 to

60 seconds). The level of the supply voltage (e.g., 115 Vac or 230 Vac) and the speed of the

pump motor (e.g., high speed or low speed) are used to determine an acceptable threshold for

fluctuation of the supply voltage around the long average. A range is determined based on the

long average plus or minus the acceptable threshold (step 510).

[0069] The controller also updates a short average for the supply voltage (step 515). The

short average is a running average of the supply voltage for a relatively short period of time (e.g.,



4-20 cycles - 67 msec to 333 msec at 60 Hz.), and serves to filter out spikes in the supply voltage

such that a spike does not trigger a delay (as described above with regard to Fig. 10) and slow

down the detection of a possible entrapment event. Next the updated short average supply

voltage is compared to the range determined in step 510 (step 520). If the short average supply

voltage is within the acceptable range, the controller continues with checking for a possible

entrapment event in step 465 of Fig. 10 (step 525). If the short average supply voltage is not

within the acceptable range, the controller continues by implementing a delay in step 480 of Fig.

10 (step 530), the delay allows a temporary rise or drop in supply voltage due to, for example,

another electrical device starting up, to not cause a false detection of a possible entrapment

event.

[0070] In some embodiments, the short average supply voltage is subtracted from the

long average supply voltage, and an absolute value of the difference is compared to a threshold.

If the absolute value of the difference exceeds the threshold, the controller implements the delay

to allow a temporary rise or drop in supply voltage due to, for example, another electrical device

starting up, to not cause a false detection of a possible entrapment event. In other embodiments,

there can be two different thresholds, one for an increase in supply voltage and one for a

decrease in supply voltage.

[0071] In some embodiments, detecting a change in power factor exceeding a threshold

is used to reduce the possibility of detecting a false suction and/or mechanical entrapment event.

As discussed above with respect to supply voltage, a controller does not check for a possible

entrapment event for a period of time following detection of a change in power factor exceeding

the threshold.

[0072] While the above constructions and embodiments have been described in relation

to pump systems, the systems and methods described (including the use of running averages)

have application in other systems that detect fault conditions in motors based on changes in

electrical characteristics, for example, blowers, electric vehicles, etc. In addition to the methods

of reducing false detection of faults by suspending fault checking for predetermined time periods

(i.e., generating blanking times), other methods are also contemplated including different

methods of initiating blanking times and different methods of setting the duration of blanking



times. In some embodiments, faults can still be detected during blanking times. In such

embodiments, thresholds may be modified during the blanking times (e.g., a valid range can be

expanded, a threshold increased, a threshold decreased, etc.) and/or factors other than or in

addition to electrical characteristics can be used to determine faults.

[0073] The constructions described above and illustrated in the figures are presented by

way of example only and are not intended as a limitation upon the concepts and principles of the

invention.



CLAIMS

What is claimed is:

1. A pump system coupled to a power source, comprising:

a pump;

a motor coupled to the pump, the motor operating the pump;

a sensor coupled to the power source, the sensor detecting an electrical

characteristic of the power source; and

a controller coupled to the sensor and the motor, the controller

executing a fault check,

controlling the motor,

detecting a change in the sensed electrical characteristic, and

suspending the executing of the fault check when the detected change in

the electrical characteristic is outside of a valid characteristic range.

2 . The pump system of claim 1, wherein the controller generates a first running

average of the electrical characteristic for a first length of time and a second running average of

the electrical characteristic for a second length of time, the first length of time substantially

longer than the second length of time.

3 . The pump system of claim 2, wherein the valid characteristic range is between the

first running average minus a first constant and the first running average plus a second constant.

4 . The pump system of claim I wherein the electrical characteristic is voltage.

5. The pump system of claim 1, wherein the electrical characteristic is a power

factor.

6 . The pump system of claim 1, wherein executing the fault check includes

generating a derivative based on the sensed electrical characteristic.



7 . The pump system of claim 6, wherein the fault check includes monitoring the

derivative, and determining whether the derivative indicates an undesired flow of fluid through

the pump.

8. The pump system of claim 7, wherein the controller stops the motor when the

derivative indicates the undesired flow of fluid through the pump.

9 . The pump system of claim 1, wherein the executing of the fault check is

suspended for a predetermined period of time.

10. The pump system of claim 1, wherein the executing of the fault check is

suspended until the detected change in the electrical characteristic is within the valid

characteristic range.

11. A method of operating a pump system including a pump, a motor, a sensor, and a

controller, the method comprising:

operating the motor;

executing a fault check;

determining an electrical characteristic related to a power supplied by a power

source coupled to the motor;

determining that the electrical characteristic is outside of a valid characteristic

range; and

suspending execution of the fault check for a predetermined period of time after

determining the electrical characteristic is outside the valid characteristic range.

12. The method of claim 11, further comprising generating a first running average of

the electrical characteristic and a second running average of the electrical characteristic.

13. The method of claim 12, wherein the first running average is generated for a first

length of time, and the second running average is generated for a second length of time, the first

length of time substantially longer than the second length of time.

14. The method of claim 12, wherein the valid characteristic range is between the first

running average minus a first constant and the first running average plus a second constant.



15. The method of claim 11, wherein the electrical characteristic is voltage.

16. The method of claim 11, wherein executing the fault check includes generating a

derivative based on the sensed electrical characteristic.

17. The method of claim 16, wherein the fault check includes monitoring the

derivative, and determining whether the derivative indicates an undesired flow of fluid through

the pump.

18. The method of claim 17, wherein the controller stops the motor when the

derivative indicates the undesired flow of fluid through the pump.

19. A controller for a motor, comprising:

a memory;

a sensor configured to sense an electrical characteristic of the motor; and

a processor coupled to the memory and the sensor, the processor

executing a fault check,

controlling the motor,

detecting a change in the sensed electrical characteristic, and

suspending the executing of the fault check when the detected change in

the sensed electrical characteristic is outside of a valid characteristic range.

20. The controller of claim 19, wherein the executing of the fault check is suspended

for a predetermined period of time.

2 1. The controller of claim 19, wherein the processor generates a first running

average of the electrical characteristic for a first length of time and a second running average of

the electrical characteristic for a second length of time, the first length of time substantially

longer than the second length of time.

22. The controller of claim 19, wherein the valid characteristic range is between the

first running average minus a first constant and the first running average plus a second constant.

23. The controller of claim 19, wherein the electrical characteristic is voltage.



AMENDED CLAIMS
received by the International Bureau on 15 January 2010 (15.01.10)

1. A pump system coupled to a power source, comprising:

a pump;

a motor coupled to the pump, the motor operating the pump;

a sensor coupled to the power source, the sensor detecting an electrical characteristic

of the power source; and

a controller coupled to the sensor and the motor, the controller

executing a fault check,

controlling the motor,

detecting a change in the sensed electrical characteristic,

suspending the executing of the fault check based on the detected change in

the electrical characteristic being outside of a valid characteristic range; and

operating the motor while the execution of the fault check ia suspended.

2 . The pump system of claim 1, wherein the controller generates a first running

average of the electrical characteristic for a first length of time and a second running average

of the electrical characteristic for a second length of time, the first length of time substantially

longer than the second length of time.

3. The pump system of claim 2 wherein the valid characteristic range is between

the first running average minus a first constant and the first running average plus a second

constant.

4. The pump system of claim 1, wherein the electrical characteristic is voltage.

5. The pump system of claim 1, wherein the electrical characteristic is a power

factor.

6. The pump system of claim 1, wherein executing the fault check includes

generating a derivative based on the sensed electrical characteristic,

7. The pump system of claim 6, wherein the fault check includes monitoring the

derivative, and determining whether the derivative indicates an undestred flow of fluid

through the pump.
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8. The pump system of claim 7, wherein the controller stops the motor when the

derivative indicates the undesired flow of fluid through the pump.

9. The pump system of claim 1, wherein the executing of the fault check is

suspended for a predetermined period of time.

10. The pump system of claim I , wherein the executing of the fault check is

suspended until the detected change in the electrical characteristic is within the valid

characteristic range.

11. A method of operating a pump system including a. pump, a motor, a sensor,

and a controller, the method comprising:

operating the motor;

executing a fault check;

determining an electrical characteristic related to a power supplied by a power source

coupled to the motor;

determining that the electrical characteristic is outside of a valid characteristic range;

suspending execution of the fault check for predetermined period of lime after

determining the electrical characteristic is outside the valid characteristic range; and

operating the motor while the execution of the fault check is suspended.

12. The method of claim 11, further comprising generating a first ruiining average

of the electrical characteristic and a second running average of the electrical characteristic.

13. The method of claim 12, wherein the first running average is generated for a

first length of time, and the second running average is generated for a second length of time,

the first length of time substantially longer than the second length of time.

14. The method of claim 12 wherein the valid characteristic range is between the

first running average minus a first constant and the first running average plus a second

constant,

15. The method of claim 11, wherein the electrical characteristic is voltage.

16. The method of claim 11 wherein executing the fault check includes

generating a derivative based on the sensed electrical characterislic.
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17. The method of claim 16, wherein the fault check includes monitoring the

derivative, and determining whether the derivative indicates an undesired flow of fluid

through the pump.

18. The method of claim 17, wherein the controller stops the motor when the

derivative indicates the undesired flow of fluid through the pump.

19. A controller for a motor, comprising:

a memory;

a sensor configured to sense an electrical characteristic of the motor; and

a processor coupled to the memory and the sensor, the processor

executing a fault check,

controlling the motor,

detecting a change in the sensed electrical characteristic,

suspending the executing of the fault check based on the detected change in

the electrical characteristic being outside of a valid characteristic range; and

operating the motor while the execution of the fault check is suspended,

20. The controller of claim 19Swherein the executing of the fault check is

suspended for a predetermined period of time.

21. The controller of claim 19, wherein lhe processor generates a first running

average of the electrical characteristic for a first length of time and a second running average

of the electrical characteristic for a second length of time, the first length of time substantially

longer than the second length of time.

22. The controller of claim 19, wherein the valid characteristic range is between

the first running average minus a first constant and the first running average plus a second

constant.

23. The controller of claim 19, wherein the electrical characteristic is voltage.
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STATEMENT UNDER ARTICLE 19 (1)

The amendments made to the claims by lhe accompanying Amendment under Article

19 (filed on even date herewith) have no impact upon the drawings and do not go beyond the

disclosure of the present international application as originally filed.
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