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FLOW LOCKING SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to United States

Provisional Patent Application No. 61/554,439 filed on November 1, 201 1, the entire

contents of which is incorporated herein by reference.

BACKGROUND

[0002] Conventional pool pumps are operable at a finite number of predetermined

speed settings. These speed settings correspond to the range of pumping demands of

the pool at the time of installation. Factors such as the volumetric flow rate of water to

be pumped, the total head pressure required to adequately pump the volume of water,

and other operational parameters determine the size of the pump and the proper speed

settings for pump operation. Once the pump is installed, the speed settings may not be

readily changed to accommodate changes in the pool conditions and/or pumping

demands. For example, flow rates through these pumps change over time because the

system's total dynamic head changes as dirt and debris accumulate in the pool filter and

strainers. This increase in flow resistance causes the conventional pumps to lose flow

as the system gets dirty. Due to this loss of flow and the inability to adjust settings,

such systems may not maintain desired turnover rates in the pool. As a result, such

systems fail to meet health department requirements for commercial swimming pool

applications, which require a minimum number of turnovers per day.

[0003] Newer pool pump systems include variable speed drives, allowing them to

operate at any number of speeds to maintain the above-described factors independent of

changes in the pool conditions and/or pumping demands. These pumps are controlled

to run at different speeds and flows to maintain one or more control factors and to

accommodate changing water supply needs of a pool, such as periodic operation of a

water feature. Current control of such systems only focuses on a number of manual

and/or scheduled operations, programmable by a pool user, and generally may not

consider overall flow or turnover parameters.



SUMMARY

[0004] Some embodiments of the invention provide a pumping system for at least

one aquatic application including a pump, a motor coupled to the pump, and a pump

controller in communication with the motor. The pump controller includes a user

interface configured to initially receive and set a maximum locked flow rate, a

minimum locked flow rate, and a plurality of programmed flow rate settings including

a first programmed flow rate setting. The pump controller is also configured to disable

resetting of the maximum flow rate and the minimum flow rate once they are initially

received and set through the user interface and to allow resetting of the plurality of

programmed flow rate settings throughout operation of the pumping system. The pump

controller is further configured to operate the motor in order to maintain a first flow

rate through the pumping system set by the first programmed flow rate setting as long

as the first flow rate is between the minimum locked flow rate and the maximum

locked flow rate.

[0005] Some embodiments of the invention provide a method of operating a

controller of a pump including motor for use with a pumping system. The method

includes receiving a maximum flow rate and a minimum flow rate and locking the

maximum flow rate and the minimum flow rate as permanent parameters of the

pumping system. The method also includes receiving a first programmed flow rate

setting including at least a first flow rate and receiving a second programmed flow rate

setting including at least a second flow rate. The method further includes selecting one

of the first flow rate and the second flow rate as a selected flow rate for current pump

operation and operating the motor to maintain the selected flow rate as long as the

selected flow rate is between the maximum flow rate and the minimum flow rate.

DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram of a variable speed pumping system in a pool

environment in accordance with one embodiment of the invention.



[0007] FIG. 2 is a schematic illustration of example auxiliary devices that can be

operably connected to a control/automation system of the variable speed pumping

system of FIG. 1.

[0008] FIG. 3 is a perspective view of a pool pump for use in one embodiment of

the invention.

[0009] FIG. 4 is an exploded perspective view of the pool pump of FIG. 3.

[0010] FIG. 5A is a front view of a user interface of a pump controller for use with

the pool pump of FIG. 1.

[001 1] FIG. 5B is a perspective view of a control/automation system for use with

the variable speed pumping system of FIG. 1.

[0012] FIGS. 6A-6B illustrate a flow chart of menu settings of the pump controller

of FIG. 5A according to one embodiment of the invention.

[0013] FIG. 7 is another front view of a user interface of a pump controller for use

with the pool pump of FIG. 3.

DETAILED DESCRIPTION

[0014] 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 both direct and

indirect mountings, connections, supports, and couplings. Further, "connected" and

"coupled" are not restricted to physical or mechanical connections or couplings.



[0015] The following discussion is presented to enable a person skilled in the art to

make and use embodiments of the invention. Various modifications to the illustrated

embodiments will be readily apparent to those skilled in the art, and the generic

principles herein can be applied to other embodiments and applications without

departing from embodiments of the invention. Thus, embodiments of the invention are

not intended to be limited to embodiments shown, but are to be accorded the widest

scope consistent with the principles and features disclosed herein. The following

detailed description is to be read with reference to the figures, in which like elements in

different figures have like reference numerals. The figures, which are not necessarily

to scale, depict selected embodiments and are not intended to limit the scope of

embodiments of the invention. Skilled artisans will recognize the examples provided

herein have many useful alternatives and fall within the scope of embodiments of the

invention.

[0016] FIG. 1 illustrates a schematic of a variable-speed pumping system 10,

according to one embodiment of the invention, in connection with a pool 12. The

pumping system 10 can include a filter 14, a heat pump 16, a chlorinator 18, a

control/automation system 20, and a pump unit 22 with a user interface 24, a pump

controller 26 including a variable speed drive (VSD) 28, a motor 30, and a pump 32.

The pool 12 can be any aquatic application including, but not limited to, a commercial

or residential swimming pool, spa, and/or whirlpool bath, and can include a water

feature 34 including one or more waterfalls, spillways, etc., a main return 36 including

one or more pool inlets, a main drain 38 including one or more drains, a skimmer drain

40, and/or a suction cleaner 42. The skimmer drain 40 can collect coarse debris from

water being withdrawn from the pool 12 and the suction cleaner 42 can be a manual or

automatic pool cleaner and can vacuum debris from various submerged surfaces of the

pool 12.

[0017] Water can be circulated through the pool 12 by the pumping system 10

through an outlet line 44 connected to the water feature 34 and/or the main return 36

(e.g., supplying water to the pool 12) and an inlet line 46 connected to the skimmer

drain 40, the suction cleaner 42, and/or the main drain 38 (e.g., receiving or

withdrawing water from the pool 12). More specifically, as shown in FIG. 1, the pump



32 can move water from the inlet line 46 to the outlet line 44, and the filter 14, the heat

pump 16, and the chlorinator 18 can be connected between the pump 32 and the outlet

line 44 to treat the water before it is supplied back to the pool 12. As a result, the pool

components receiving water (i.e., the skimmer drain 40, the suction cleaner 42, and/or

the main drain 38), the pump 32, the filter 14, the heat pump 16, the chlorinator 18, and

the pool components supplying water (i.e., the water feature 34 and/or the main return

38) form a fluid circuit or pathway, as designated by solid line connections in FIG. 1,

for circulating water through the pool 12. In some embodiments, some pool

components, such as the water feature 34 and/or the suction cleaner 42, are capable of

being shut off manually or automatically so that they do not supply water to or receive

water from the pool 12 (e.g., so that they are no longer part of the fluid circuit). In

addition, in some embodiments, components such as the heat pump 16 and/or the

chlorinator 18 may not be included within the pumping system 10 and the fluid circuit.

[0018] Components of the pumping system 10 can be connected through fluid

connections (i.e., designated by solid lines in FIG. 1), and/or mechanical or electrical

connections (i.e., designated by dashed lines in FIG. 1). With respect to the pump unit

22, the pump 32 can be a centrifugal pump and can be driven by the pump motor 30,

such as a permanent magnet motor, an induction motor, a synchronous motor, or an

asynchronous motor. The pump motor operation can be infinitely variable within a

range of operations (i.e., zero to maximum operation). In the case of a synchronous

motor 30, the steady state speed of the motor 30 (in rotations per minute, or RPM) can

be referred to as the synchronous speed. Further, in the case of a synchronous motor

30, the steady state speed of the motor 30 can also be determined based upon the

operating frequency in hertz (Hz). The pump controller 26 can control the pump motor

30 and thus control the pump 32. The pump controller 26 can include the variable

speed drive 28, which can provide infinitely variable control of the pump motor 30 (i.e.,

can vary the speed of the pump motor 30). Regarding operation of the variable speed

drive 28, a single phase AC current from a source power supply can be converted into a

three-phase AC current. The variable speed drive 28 can supply the three-phase AC

electric power at a changeable frequency to the pump motor 30 in order to drive the

pump motor 30. For example, the pump controller 26 and the variable speed drive 28

can operate the motor 30 as described in United States Patent No. 7,857,600, entitled



"Pump Controller System and Method," the entire contents of which are incorporated

herein by reference.

[0019] The pump controller 26 can receive input from a user interface 24 in

communication with the pump controller 26 (e.g., through physical or wireless

connections). In addition, the pump controller 26 can be coupled to, such as physically

attached or connected to, the pump 32 and/or the motor 30. In some embodiments, the

pump controller 26 can control the pump 32 based on input from the user interface 24

as well as input or feedback from the motor 30. More specifically, the pump controller

can monitor one or more performance values or characteristics of the pumping system

10 based on input from the motor 30 and can control the motor 30, and thus the pump

32, based on the monitored values or characteristics, thereby providing a feedback loop

for controlling the motor 30. Various parameters (e.g., that are calculated, provided via

a look-up table, graph or curve, such as a constant flow curve, etc.) can be used to

determine the performance characteristics, such as input power consumed by the motor

30, motor speed, flow rate and/or flow pressure.

[0020] For example, in some embodiments, physical sensors are not used to sense

the pressure and/or flow rate in the pumping system 10. Rather, motor power

consumption (e.g., current draw) is used to monitor the performance of the motor 30

and the pump 32. Since the power consumption of the motor 30 has a relationship to

the flow rate and pressure through the pump 32, pressure and/or flow rate can be

calculated or determined allowing sensor-less control of the motor 30 and the pump 32.

In other words, motor power consumption can be used to determine flow rate or

pressure instead of using flow rate sensors or pressure sensors in locations throughout

the pumping system 10. In addition, in some embodiments, the pump controller 26 can

repeatedly monitor the motor 30 (such as the input power consumed by or the speed of

the motor 30) to sense or determine an obstruction within the fluid circuit (e.g., along

the inlet line upstream from the pump or along the outlet line downstream from the

pump). For example, with respect to monitoring the motor 30 to sense or determine an

obstruction, the pump controller 26 can operate in accordance with that described in

United States Patent No. 8,313,306 (entitled "Method of Operating a Safety Vacuum

Release System") and United States Patent Publication No. 2007/0183902 (entitled



"Anti-Entrapment and Anti-Dead Head Function"), the entire contents of which are

incorporated herein by reference.

[0021] The pump controller 26 can also be connected to the control/automation

system 20, for example in a manner to enable two-way communication between the

pump controller 26 and the control/automation system 20. The control/automation

system 20 can be an analog or digital control system that can include programmable

logic controllers (PLC), computer programs, or the like that are pre-configured for

controlling the pump 32. In some embodiments, the pump controller 26 and the

control/automation system 20 can operate according to a master/slave relationship. For

example, when the pump controller 26 is not connected to the control/automation

system 20, the pump controller 26 can automatically control all functions of the pump

unit 22. However when the control/automation system 20 is connected to the pump

controller 26, the control/automation system 20 can automatically operate as a master

controller and the pump controller 26 can automatically operate as a slave controller.

In this manner, the master controller (i.e., the control/automation system 20) can have

control over certain functions of the slave controller (i.e., the pump controller 26), such

as functions related to optimization of energy consumption of the motor 30. As a

result, the master controller can control the slave controller to operate the pump motor

30 and the pump 32 in a way to optimize energy consumption of the motor 30 or

perform other operations specified by the user.

[0022] In some embodiments, the control/automation system 20 can be operably

connected to or in communication with one or more auxiliary devices in order to

operate the auxiliary devices and/or receive input or feedback from the auxiliary

devices. As shown in FIGS. 1 and 2, the auxiliary devices can include various

mechanical, electrical, and/or chemical devices including, but not limited to, the pump

unit 22 (e.g., via the pump controller 26, as described above), the filter 14, the heat

pump 16, the chlorinator 18 and/or another chemical dispersion device (not shown), the

water feature 34, the suction cleaner 42, a water heater 48, one or more lighting devices

50, a remote keypad 52 (e.g., including a user interface, such as a keypad 54, buttons,

touch screen, etc., for receiving user input and/or a display 56), a second pump 58

and/or a second pump motor 60, one or more sensors 62 associated with the pool 12 or



the pumping system 10, one or more electrical or mechanical relays 64 or switches 66

associated with the pool 12 or the pumping system 10, one or more electrically or

mechanically operated water valves 68 associated with the pool 12 or the pumping

system 10, an electrical or mechanical timing device 70, and/or a personal computer 72.

Connections between the control/automation system 20 and the auxiliary devices can

be wired or wireless and can enable two-way communication between the

control/automation system 20 and the auxiliary devices. For example, the remote

keypad 54 can be a wireless keypad positioned away from the control/automation

system 20 and/or the pump controller 26. In another example, the personal computer

72 can be connected to the control/automation system 20 through a wired or wireless

computer network, such as a local area network. In addition, in some embodiments,

one or more of the auxiliary devices can be connected to the pump controller 26 rather

than the control/automation system 20, for example through a communications panel or

junction box (not shown).

[0023] Two-way communication between the control/automation system 20 and the

auxiliary devices (or the pump controller 26 and the auxiliary devices) can allow for

control of the motor 30, and thus the pump 32, based on input or feedback from the

auxiliary devices. More specifically, inputs from the auxiliary devices, such as a

desired flow rate necessary for operation of the water heater 48, a user input from the

remote keypad 52, etc., can be used to control operation of the motor 30 and the pump

32. Other parameters used by the control/automation system 20 (and/or the pump

controller 26) for controlling operation of the pump motor 30 and the pump 32 can

include, but are not limited to, water flow rate, water pressure, motor speed, and power

consumption, as discussed above, as well as filter loading, chemical levels, water

temperature, alarms, operational states, time, energy cost, turnovers per day, relay or

switch positions, and/or other parameters (e.g., sensed, determined, calculated,

obtained, etc.) that indicate performance of the pumping system 10.

[0024] In a general example, information entered into the remote keypad 52 by a

user can be received by the control/automation system 20, and the control/automation

system 20 (i.e., acting as the master controller) can control the pump controller 26 (i.e.,

acting as the slave controller) to operate the motor 30 and the pump 32 based on the



input information. The control/automation system 20 can also provide information

back to the remote keypad 52 to display to the user, for example via the display 56. In

a more specific example with respect to turnovers per day, the pumping system 10 (i.e.,

the control/automation system 20 and/or the pump controller 26) can be preconfigured

to permit a user to input, via the user interface 24 or the remote keypad 52, a desired

number of turnovers (i.e., number of times water is re-circulated through the fluid

circuit). The control/automation system 20 and/or the pump controller 26 can then

operate the motor 30 and the pump 32 to perform the desired number of turnovers

within a predetermined amount of time, such as a 24-hour period. In another example,

the control/automation system 20 can receive information from one or more auxiliary

devices that the water heater 48 is operating or needs to operate, and can alter the

performance of the pumping system 10 (e.g., alter a speed of the pump motor 30) to

provide an increased flow rate necessary for proper operation of the water heater 48.

[0025] FIGS. 3 and 4 illustrate the pump unit 22, according to one embodiment of

the invention, including the pump 32, the pump controller 26, the user interface 24, and

the motor 32 for use with the pumping system 10 described above. The pump 32 can

be configured for use in any suitable aquatic application, including pools, spas, and/or

water features. The pump 32 can include a housing 74 and can be connected to the

motor 30. In some embodiments, the motor 30 can be a variable speed motor, as

described above, and the pump controller 26 can include a variable speed drive to drive

the motor 30. In one embodiment, the motor 30 can be driven at four or more different

pre-set speeds. The housing 74 can include an inlet 76, an outlet 78, a basket 80, a lid

82, and a stand 84. The stand 84 can support the motor 30 and can be used to mount

the pump 32 on a suitable surface (not shown).

[0026] In some embodiments, the pump controller 26 can be coupled to (e.g.,

physically attached or fastened to) the pump 32 and/or the motor 30. For example, as

shown in FIGS. 3 and 4, the pump controller 26 and the user interface 24 can be

enclosed in a case 86 that can be mounted on the motor 30. The case 86 can include a

field wiring compartment 88 and a cover 90. The cover 90 can be opened and closed to

allow access to the pump controller 26 (and specifically, the user interface 24) and

protect it from moisture, dust, and other environmental influences. In some



embodiments, the field wiring compartment 88 can include a power supply to provide

power to the motor 30 and the pump controller 26. In addition, the motor 30 can

include a coupling 92, as shown in FIG. 4, to connect to the pump controller 26. In

other embodiments, the pump controller 26 and/or the user interface 24 can be

removable from the motor 30 and/or the pump 32. For example, in such embodiments,

the pump controller 26 and/or the user interface 24 can be configured for mounting to

the motor 30, the pump 32, and/or a wall and can be removable so that the pump

controller 26 and/or the user interface 24 can be removed and remounted the motor 30,

the pump 32, and/or a wall if desired by a user.

[0027] As shown in FIG. 4, the pump 32 can include a seal plate 94, an impeller 96,

a gasket 98, a diffuser 100, and a strainer 102. The strainer 102 can be inserted into the

basket 80 and can be secured by the lid 82. In some embodiments, the lid 82 can

include a cap 104, an O-ring 106, and a nut 108. The cap 104 and the O-ring 106 can

be coupled to the basket 80 by screwing the nut 108 onto the basket 80. The O-ring

06 can seal the connection between the basket 80 and the lid 82. An inlet 110 of the

diffuser 100 can be fluidly sealed to the basket 80 with a seal 112. In some

embodiments, the diffuser 100 can enclose the impeller 96. An outlet 114 of the

diffuser 100 can be fluidly sealed to the seal plate 94. The seal plate 94 can be sealed

to the housing 74 with the gasket 98. The motor 30 can include a shaft 116, which can

be coupled to the impeller 96. The motor 30 can rotate the impeller 96, drawing fluid

from the inlet 46 through the strainer 72 and the diffuser 70 to the outlet 48 (i.e., to

drive the pump 32). With respect to the pumping system 10 of FIG. 1, the inlet 76 and

the outlet 78 of the pump 32 can be connected to the inlet line 46 and the outlet line 44,

respectively, of the pumping system 10.

[0028] FIG. 5A illustrates the user interface 24 for the pump controller 26 in

accordance with one embodiment of the invention. The user interface 24 can include a

display 118, at least one speed button 120, navigation buttons 122, a start-stop button

124, a reset button 126, a manual override button 128, and a "quick clean" button 130.

The manual override button 128 can also be considered a "time out" button. In some

embodiments, the navigation buttons 122 can include a menu button 132, a select

button 134, an escape button 136, an up-arrow button 138, a down-arrow button 140, a



left-arrow button 142, a right-arrow button 144, and an enter button 146. The

navigation buttons 122 and the speed buttons 120 can be used to program a schedule

into the pump controller 26. In some embodiments, for example, the display 108 can

include a lower section 148 to display information about a parameter and an upper

section 150 to display a value associated with that parameter. In some embodiments,

the user interface 24 can include light emitting diodes (LEDs) 152 to indicate normal

operation and/or a detected error of the pump 32.

[0029] FIG. 5B illustrates the control/automation system 20 according to one

embodiment of the invention. As discussed above, the control/automation system 20

can communicate with the pump controller 26. Furthermore, as discussed above, the

control/automation system 20 can control the pump 32 through a master/slave

relationship with the pump controller 26. The control/automation system 20 can also be

used to program the pump controller 26, for example, if the pump 32 is installed in a

location where the user interface 24 is not conveniently accessible.

[0030] In some embodiments, generally, the pump controller 26 can automatically

operate the pump 32 according to at least one programmed schedule (for example,

designating a speed or flow rate of the pump 32 and/or the motor 30 as well as a

scheduled start time, a scheduled stop time, and/or a duration). If two or more

schedules are programmed into the pump controller 26, the schedule running the pump

32 at the highest speed can have priority over the remaining schedules. In some

embodiments, the pump controller 26 can allow manual operation of the pump 32. If

the pump 32 is manually operated and is overlapping a scheduled run, the scheduled

run can have priority over the manual operation independent of the speed of the pump

32. In some embodiments, the pump controller 26 can include a manual override (e.g.,

through the manual override or "time out" button 128). The manual override can

interrupt the scheduled and/or manual operation of the pump 32 to allow for cleaning

and maintenance procedures of the pool 12 for example. Furthermore, in some

embodiments, the pump controller 26 can monitor the operation of the pump 32 and

can indicate abnormal conditions of the pump 32 and/or the pumping system 10, as

discussed above.



[0031] More specifically, FIGS. 6A-6B illustrate a menu 154 for the pump

controller 26 according to one embodiment of the invention. In some embodiments, the

menu 154 can be used to program various features of the pump controller 26. For

example, the menu 154 can include a hierarchy of categories 156, parameters 158, and

values 160, any one of which can be displayed by the display 118 of the user interface

24 so that a user or installer can program the various features on the pump controller

26. For example, from a main screen 162 on the display 118, an operator can enter the

menu 154 by pressing the menu button 132. The operator can scroll through the

categories 6 (i.e., so that the display visually scrolls through the menu 154) using the

up-arrow button 138 and the down-arrow button 140. In some embodiments, the

categories 156 can include settings 164, speed 166, external control 168, features 170,

priming 172, anti freeze 174, and flow lock 76 (in any order). In some embodiments,

the operator can enter a category 156 by pressing the select button 134. The operator

can scroll through the parameters 158 within a specific category 156 using the up-arrow

button 138 and the down-arrow button 140. The operator can select a parameter 158 by

pressing the select button 134 and can adjust the value 160 of the parameter 158 with

the up-arrow button 138 and/or the down-arrow button 140. In some embodiments, the

value 160 can be adjusted by a specific increment or the user can select from a list of

options. The user can save the value 160 by pressing the enter button 146. By pressing

the escape button 136, the user can exit the menu 154 without saving any changes.

[0032] In some embodiments, the settings category 164 can include a time setting

178, a minimum speed setting 180, a maximum speed setting 182, and a SVRS

automatic restart setting 184, as well as other settings parameters 186. The time setting

178 can be used to run the pump 32 on a particular schedule. The minimum speed

setting 180 and the maximum speed setting 182 can be adjusted according to the

volume of the aquatic applications. An installer of the pump 32 can provide the

minimum speed setting 180 and the maximum speed setting 182, for example, upon

installation of the pump 32. The pump controller 26 can automatically prevent the

minimum speed setting 180 from being higher than the maximum speed setting 182.

The minimum and maximum speed settings 180, 182 can be set so that the pump 32

will not operate outside of these speeds in order to protect flow-dependent devices with

minimum speeds and pressure-sensitive devices (e.g., filters) with maximum speeds.



The SVRS automatic restart setting 184 can provide a time period before the pump

controller 26 will resume normal operation of the pump 32 after an obstruction along

the inlet line 46 (for example, at the main drain 38) has been detected and the pump 32

has been stopped, in accordance with a safety vacuum release system feature of the

pumping system 10. In some embodiments, there can be two minimum speed settings,

such as one for dead head detection (e.g., a higher speed) and one for dynamic

detection (e.g., a lower speed), as described in United States Patent No. 8,313,306

(entitled "Method of Operating a Safety Vacuum Release System").

[0033] In some embodiments, the speed category 166 can be used to input data for

running/operating the pump 32 manually and/or automatically (i.e., via programmed

speed settings). In some embodiments, the pump controller 26 can store a number of

pre-set speeds/speed settings (such as eight). In this example, each of the first four

speeds/speed settings in a first set of speeds 188 ("Speed 1-4") can be set as manual

speeds, scheduled speeds (e.g., speeds with set start and stop times), and/or

countdown/timer speeds (e.g., speeds with a time duration). Each of the second four

speeds/speed settings in a second set of speeds 190 ("Speed 5-8") can be set scheduled

speeds (e.g., speeds with set start and stop times). As a result, speeds 5-8 can be

programmed to operate in a scheduled mode only, while speeds 1-4 can be programmed

to operate in a manual, scheduled, or countdown mode. In some embodiments, for the

manual mode, only a speed can be programmed. For the scheduled modes, a speed, a

start time, and a stop time can be programmed. For the countdown t jner mode, a speed

and a duration can be programmed. Thus, each speed setting can include a speed, a

start time, a stop time, and/or a duration depending on the respective mode.

[0034] In some embodiments, the speeds/speed settings from both sets 188, 190 can

be programmed into the pump controller 26 using the up-arrow button 138, the down-

arrow button 140, and the enter button 146 to select the above-described values. Once

programmed, the first set of speeds 188 (speeds 1-4) can be accessed by pressing one of

the speed buttons 120 on the user interface 24. As discussed above, if two or more

schedules are programmed into the pump controller 26 for the same time, the schedule

running the pump 32 at the highest speed can have priority over the remaining



schedules. Not all of speeds 5-8 in the second set of speeds 162 must be programmed

to run on a schedule. For example, one or more of speeds 5-8 can be disabled.

[0035] The external control category 168 can include various programs 192 with

speed settings that can run when commanded by the control/automation system 20. In

the example shown, four programmed speeds can be included (i.e., programs 1-4). In

one embodiment, these four programmed speeds can default at 1100 RPM, 1500 RPM,

2350 RPM, and 3 110 RPM, respectively. Each program 192 can be accessible to

individually set a new speed using the up-arrow button 138, the down-arrow button

140, and the enter button 146. In other embodiments, the number of programs 192 can

be equal to the number of scheduled runs programmed in the second set of speeds 190

(speeds 5-8).

[0036] In addition, in some embodiments, the speed category 166 and the external

control category 168 can alternatively be programmed with flow rates/flow rate settings

instead of speeds/speed settings. For example, the speed category 166 can have an

additional mode parameter that allows a user to select a "flow control mode" (i.e.,

where flow rates are set) or a "speed control mode" (i.e., where speeds are set, as

described above). In the flow control mode, flow rates can be set in accordance with

the speed settings described above (e.g., where speeds 1-4, speeds 5-8, and/or

externally controlled programmed speeds of the programs 192 are instead flows 1-4,

flows 5-8, and/or externally controlled programmed flows of the programs 192). Flows

1-4 can be programmed to operate in a manual, scheduled, or countdown mode, flows

5-8 can be programmed to operate in a scheduled mode, and the externally controlled

programmed flows can be programmed to operate in a scheduled mode. Thus, each

flow rate setting can include a flow rate, a start time, a stop time, and/or a duration

depending on the respective mode. Flows 1-4 can also be accessed or selected through

the navigation buttons 92 on the user interface 88. Accordingly, the pumping system

10, and in particular the pump controller 26, can operate to maintain a constant pump

speed (i.e., in the speed control mode) and/or can operate to maintain a constant flow

rate of water within the fluid circuit, or across the filter 14 (i.e., in the flow control

mode).



[0037] Furthermore, in the flow control mode, the pump controller 26 continuously

or periodically adjusts the speed of the motor 30 in order to maintain the set flow

rates/flow rate settings. More specifically, the amount of water that can be moved

and/or the ease by which the water can be moved is dependent in part upon the current

state (e.g., quality, cleanliness) of the filter 14. In general, a clean (e.g., new, fresh, or

backwashed) filter 14 provides a lesser impediment to water flow than a filter that has

accumulated filter matter (e.g., a dirty filter 14). Therefore, for a constant flow rate

through a filter 14, a lesser pressure is required to move the water through a clean filter

14 than a pressure that is required to move the water through a dirty filter 14. Another

way of considering the effect of dirt accumulation is that if pressure is kept constant,

the flow rate will decrease as the dirt accumulates and hinders (e.g., progressively

blocks) the flow. Maintenance of a constant flow volume despite an increasing

impediment caused by filter dirt accumulation can require an increasing pressure and is

the result of increasing force from the pump motor 30. Some embodiments of the

invention control the pump 32, and more specifically control the speed of the pump

motor 30, to provide the increased force that provides the increased pressure to

maintain the constant flow.

[0038] For example, as discussed above, the pump controller 26 can determine flow

rates based on power consumption of the motor and/or the speed of the motor. Thus, in

order to operate the pump 32 at a programmed flow rate, the pump controller 26 can

execute one of the following flow control procedures. First, the pump controller 26 can

determine (e.g., receive, obtain, or calculate) a current speed of the motor 30, determine

a reference power consumption based on the current speed of the motor 30 and the

programmed flow rate, and determine (e.g., receive, obtain, or calculate) the current

power consumption of the motor 30. The pump controller 26 can then calculate a

difference value between the reference power consumption and the current power

consumption and use proportional (P), integral (I), and/or derivative (D) control (e.g.,

P, I, PI, PD, PID) based on the difference value to generate a new speed of the motor 30

that will achieve the programmed flow rate. The pump controller 26 can then adjust the

current speed of the motor 30 to the new speed to maintain the programmed flow rate.

Alternatively, the pump controller 26 can determine (e.g., receive, obtain, or calculate)

a current speed of the motor 30, the current power consumption of the motor 30, and



the current flow rate through the pumping system 10 (i.e., based on the current power

consumption and/or the current speed). The pump controller 26 can then calculate a

difference value between the reference power consumption and the current power

consumption and use proportional, integral, and/or derivative control based on the

difference value to generate a new speed of the motor 30 that will achieve the

programmed flow rate. The pump controller 26 can then adjust the current speed of the

motor 30 to the new speed to maintain the programmed flow rate. In some

embodiments, the pump controller 26 can execute the flow control procedures as

described in United States Patent No. 7,845,913, entitled "Flow Control," the entire

contents of which are incorporated herein by reference.

[0039] The ability to maintain a constant flow is useful to achieve a specific flow

volume during a period of time. For example, as discussed above, it may be desirable

to perform a specific number of turnovers within a predetermined time period, such as

one day. The desired number of turnovers may be related to the necessity to maintain a

desired water clarity, despite the fact that the filter of the pumping system will

progressively increase dirt accumulation. Conversely, in existing single speed pumps,

flow rates change over time because the resistance, or total dynamic head (TDH), of the

pumping system changes as dirt and debris accumulate in the filter and system

strainers. This increase in flow resistance causes the conventional single speed pump to

lose flow as the system gets dirty, enough so that desired turnovers are not achieved as

a result of the loss of flow.

[0040] Referring back to FIG. 6A, the features category 170 can be used to

program a manual override. In some embodiments, the parameters can include a "time

out" program 194 and a "quick clean" program 196. The "time out" program 194 can

interrupt the operation of the pump 32 and/or motor 30 for a certain amount of time,

which can be programmed into the pump controller 26. The "time out" program 4

can be selected by pressing the "time out" button 128 on the user interface 24. The

"time out" program 194 can be used to stop operation of the pump 32 so that a user can

clean the pool or spa and/or to perform maintenance procedures. The "quick clean"

program 196 can include a speed setting and a duration setting. The "quick clean"

program 196 can be selected by pressing the "quick clean" button 130 located on the



user interface 24. When pressed, the "quick clean" program 196 can have priority over

the scheduled and/or manual operation of the pump 32. After the pump 32 has been

operated for the time period of the duration setting, the pump 32 can resume to the

scheduled and/or manual operation. If the SVRS has been previously triggered and the

time period for the SVRS automatic restart 184 has not yet elapsed, the "quick clean"

program 1 6 may not be initiated by the pump controller 26.

[0041] In the priming category 172, the priming of the pump 32 can be enabled or

disabled at setting 200. The priming sequence of the pump 32 can remove substantially

all air in the pump 32 in order to allow water to flow through the pump 32 and/or the

fluid circuit. If priming is enabled, a maximum duration for the priming sequence

("max priming time") can be programmed into the pump controller 26 at setting 202.

This is the maximum duration that the pump 32 will try to prime before giving an error.

In some embodiments, the priming sequence can be run/driven at the maximum speed

182. In another example, the pump 32 can be run at a first speed (e.g., 1800 RPM) for

a first duration (e.g., about three seconds). If there is sufficient flow through the pump

32, priming is completed. If not, the pump 32 can be run at the maximum speed 182

for a priming delay time (such as about 20 seconds, set at setting 204). If there is

sufficient flow through the pump 32 at this point, priming is completed. If not, the

pump 32 can continue to be run at the maximum speed 182 for an amount of time set

by the maximum priming time setting 202. If there is still not sufficient flow when the

maximum priming time setting 202 has expired, a dry priming alarm can be reported

(e.g., via the LEDs 152 and/or the display 118). In addition, a priming sensitivity value

from 1% to 100% can be selected at setting 206. This priming sensitivity value affects

the determination of whether flow is sufficient to consider priming completed. Lower

sensitivity values increase the amount of flow needed for the pump 32 to sense that it is

primed, while higher sensitivity values decrease the amount of flow needed for the

pump 32 to sense that it is primed.

[0042] In some embodiments, an internal temperature sensor of the pump 32 can be

connected to the pump controller 26 in order to provide an anti-freeze operation for the

pumping system 10 and the pump 32. In the anti-freeze category 174, an enable/disable

setting 208 can be set to enable or disable the anti-freeze operation. Furthermore, a



speed setting 210 and a temperature setting 212 at which the pump 32 can be activated

to prevent water from freezing in the pumping system can be programmed into the

pump controller 26. If the temperature sensor detects a temperature lower than the

temperature setting 212, the pump 32 can be operated according to the speed setting

210. In some embodiments, the internal temperature sensor can sense a temperature of

the motor 30 and/or the variable speed drive of the pump controller 26. For example,

the internal temperature sensor can be embedded within a heat sink positioned between

the pump controller/variable speed drive and the motor 30.

[0043] As shown in FIG. 6B, the menu 154 can include the flow lock category 176

for the pump 32 to operate with a flow locking feature. Generally, this flow locking

feature can allow a user to program a minimum and maximum flow rate into the

pumping system 10 that cannot be changed, thereby "locking the flow." In some

embodiments, this feature can be active when the pump 32 and the motor 30 are being

controlled in the speed control mode in accordance with the speed settings described

above (e.g., the first set of speeds 160, the second set of speeds 162, or the externally

programmed speeds 164). This can allow the pump controller 26 to take flow rate

and/or turnover rates into consideration even when operating to maintain pump speeds,

as further described below. In addition, the flow locking feature can be active when the

pump 32 and the motor 30 are being controlled in the flow control mode in accordance

with one of the flow rate settings described above.

[0044] In one embodiment, when the flow locking feature is activated, an installer

can follow a series of questions to set the minimum and maximum flow rates. In other

words, the pump controller 26 and the menu 154 can provide additional checkpoints or

methods to ensure that the minimum and maximum flow rates are not accidentally

locked. Also, in some embodiments, once the minimum and maximum flow rates are

locked, they cannot be changed by another installer or pool user. For example, as

shown in the menu 154 of FIG. 6B, the flow locking category 176 can include a "set

min flow" setting 212, a "set max flow" setting 214, an "activation" setting 216, a

"permanently lock flow" setting 218, a "min/max flow acceptable" setting 220, and an

"enable/disable" setting 222. As a result, an installer must first set the flow rates,

activate the flow rates, permanently lock the flow rates, accept the flow rates, and



enable the flow rates in order for the minimum and maximum flow rates to be locked.

This can prevent accidentally locking of flow rates, since the pump controller 26 does

not allow resetting of the minimum and maximum flow rates once they are initially

locked. Once the series of settings are completed, the set minimum and maximum flow

rates can become permanent parameters of the pumping system 10. In some

embodiments, the minimum and maximum flow rates can be in a range from about 20

gallons per minute (GPM) to about 130 GPM or from about 20 GPM to about 1 0

GPM.

[0045] Once the pump controller 26 receives and sets the minimum and maximum

flow rates, the pump controller 26 can disable further resetting of these flow rates, as

described above. However, a user can continue to input and reprogram speed settings

or flow rate settings (e.g., of the first set of speeds or flow rates 188, the second set of

speeds or flow rates 190, or the externally programmed speeds or flow rates 192). The

pump controller 26 can continue to operate as described above (for example, selecting a

programmed flow rate based on a manual or scheduled run, or selecting a programmed

flow rate requiring a highest motor speed if multiple scheduled runs are to take place at

the same time), but may only operate the pump 32 and/or the motor 30 as long as the

selected flow rate is between the minimum and maximum flow rates. In other words,

when incorporating the flow locking feature, users can still have the ability to change

scheduled or manual speeds and/or flow rates for different needs (e.g., water features,

spa jets, cleaners, etc.), but the flow locking feature can prevent the user from

programming a flow that could exceed a "safe" flow rate of the pumping system 10. As

a result, the flow locking feature can allow the pump controller 26 to control speed

and/or flow of a pump 32, but still prevent the pump 32 from exceeding the set

maximum or minimum flow rates.

[0046] More specifically, when in the flow control mode, the flow locking feature

can prevent programming or setting of flow rates of the first set of flow rates 188 and

the second set of flow rates (e.g., by a user via the user interface 24 of the pump

controller 24) that are outside of minimum/maximum flow rates. A user may be

allowed to program flow rates of the externally programmed flow rates 192 (e.g., via

the control/automation system 20) that are outside of the minimum/maximum flow



rates. However, the flow locking feature causes the pump controller 26 to override

these flow rates in order to operate the pump 32 to achieve the maximum flow rate (i.e.,

if the externally programmed flow rate 192 is above the maximum flow rate) or the

minimum flow rate (i.e., if the externally programmed flow rate 192 is below the

minimum flow rate). Thus, in some embodiments, within the master/slave relationship

between the control/automation system 20 and the pump controller 26, the pump

controller 26 (specifically, the flow locking feature) always maintains control over the

minimum and maximum flow rates of the pumping system 10 despite being the slave

controller.

[0047] In addition, when in the speed control mode, the flow locking feature can

allow programming or setting of speeds of the first set of speeds 188 and the second set

of speeds 190 (e.g., by a user via the user interface 24 of the pump controller 24), and

of speeds of the externally programmed speeds 192 (e.g., via the control/automation

system 20) that can achieve flow rates outside the minimum and maximum flow rates

(i.e., below and above the minimum and maximum flow rates, respectively). However,

the flow locking feature causes the pump controller 26 to alter these speeds in order to

operate the pump 32 between the maximum flow rate and the minimum flow rate. In

other words, a user can program speeds that would cause the pump 32 to operate

outside of the minimum or maximum flow rate, but the pump controller 26 does not

allow the pump to operate at the programmed speeds if this is the case. Rather, if the

programmed speed were to result in a flow rate below the minimum flow rate or above

the maximum flow rate, the pump controller 26 adjusts the speed until the resulting

flow rate is at the minimum flow rate or at the maximum flow rate, respectively.

[0048] For example, an installer enables the flow locking feature and sets the

maximum flow rate at 80 GPM. The pump controller 26 can then continuously monitor

a current state of the pump system 10 (in particular, of the filter 14), in order to

determine a pump motor speed necessary to achieve the maximum flow rate of 80 GPM

and then set this pump motor speed as an upper speed limit. For example, the pump

controller 26 can first determine that, based on the current state of the pump system 10,

a pump motor speed of 3000 RPM is necessary to achieve the maximum flow rate of 80

GPM (e.g., using the flow control procedures described above), thereby setting 3000



RPM as the upper speed set point. The pump controller 26 is then programmed by a

user in a speed control mode to operate the pump motor 30 at a speed of 3400 RPM.

Due to the flow locking feature, the pump controller 26 will not operate the pump

motor 30 at the 3400 RPM speed, but rather will only go up to the upper speed set point

(i.e., 3000 RPM). Thus, the pump controller 26 will alter the programmed speed to

maintain the flow rate at or under the maximum flow rate. Later, if the TDH in the

pumping system 10 increases and the pump controller 26 determines that the pump

motor 30 now requires a speed of 3150 RPM to generate a flow rate 80 GPM, the pump

controller 26 sets the upper speed set point to 3150 RPM and increases the motor speed

to 3150 RPM. Thus, the pump controller 26 continuously or periodically monitors the

pumping system 10 and, if a programmed speed were to exceed the maximum flow

rate, the pump controller 26 operates the motor 30 at the highest allowable speed below

the programmed speed that achieves the maximum flow rate (i.e., at the upper speed set

point) so that the pumping system 10 does not exceed the maximum flow rate.

[0049] In another example, an installer enables the flow locking feature and sets the

minimum flow rate at 80 GPM. The pump controller 26 can then continuously monitor

a current state of the pump system 10 in order to determine a pump motor speed

necessary to achieve the minimum flow rate of 80 GPM, and then set this pump motor

speed as a lower speed limit. For example, the pump controller 26 can first determine

that, based on the current state of the pump system 10, a pump motor speed of 3000

RPM is necessary to achieve the minimum flow rate of 80 GPM, thereby setting 3000

RPM as the lower speed set point. The pump controller 26 is then programmed by a

user in a speed control mode to operate the pump motor 30 at a speed of 2900 RPM.

Due to the flow locking feature, the pump controller 26 will not operate the pump

motor 30 at the 2900 RPM speed, but rather will only drop down to the lower speed set

point (i.e., 3000 RPM). Thus, the pump controller 26 will alter the programmed speed

to maintain the flow rate at or above the minimum flow rate. Later, if the TDH in the

pumping system 10 increases and the pump controller 26 determines that the pump

motor 30 now requires a speed of 3150 RPM to generate a flow rate 80 GPM, the pump

controller 26 sets the lower speed set point to 3150 RPM and increases the motor speed

to 3150 RPM. Thus, the pump controller 26 continuously or periodically monitors the

pumping system 10 and, if a programmed speed were to exceed (i.e., go below) the



minimum flow rate, the pump controller 26 operates the motor 30 at the lowest

allowable speed above the programmed speed that achieves the minimum flow rate

(i.e., at the lower speed set point) so that the pumping system 10 does not drop below

the minimum flow rate.

[0050] In yet another example, an installer enables the flow locking feature and sets

the maximum flow rate at 80 GPM and the minimum flow rate at 40 GPM. In this

example, in the flow control mode, a user would not be allowed to program a flow rate

in the pump controller menu 154 above 80 GPM or below 40 GPM. If the pump

controller 26 is connected to the control/automation system 20, the user can program,

via the control/automation system 20, a flow rate above 80 GPM or below 40 GPM.

However, the pump controller 26 would override the programmed flow rate to operate

the at 80 GPM (i.e., if the programmed flow rate was above 80 GPM) or at 40 GPM

(i.e., if the programmed flow rate was below 40 GPM). In the speed control mode, a

user would be allowed to program speeds exceeding those that would create flow rates

above 80 GPM or below 40 GPM either through the pump controller menu 154 or

through the control/automation system 20, but the pump controller 26 would alter the

programmed speed to maintain a flow rate of 80 GPM (i.e., if the programmed speed

would cause a flow rate above 80 GPM) or a flow rate of 40 GPM (i.e., if the

programmed speed would cause a flow rate below 40 GPM).

[0051] FIG. 7 illustrates an example of the user interface 24 during a flow control

mode when the flow locking feature is activated. As illustrated in FIG. 7, the display

128 shows the upper section 150 including a "password locked" key (indicating that

access to programming the pump controller 26 is password protected), indications that

the pumping system 10 is enabled with SVRS and flow locking ("FloLock") features, a

current time, and a current flow rate. The lower section 148 indicates current power

consumption as well as the minimum and maximum flow rates set through the flow

locking feature.

[0052] Accordingly, with the flow locking feature enabled/activated, the pump

controller 26 can still ensure that the flow rate for a desired turnover is met as

conditions in the pumping system 10 change. More specifically, the pump controller



26 can detect, monitor, and maintain the flow rate by automatically adjusting the speed

of the pump 32 as these conditions change (i.e., as the current state of the pumping

system 10 changes), while also taking into consideration the set maximum and

minimum flow rates. In other words, locking a maximum speed or flow rate may

basically control how much water a pump 32 can move, but the flow rate can still be

adjusted as the total dynamic head (TDH) of a pumping system 10 changes. An

advantage of the flow locking feature is that an installer locks in an actual flow rate and

the pump controller 26 can monitor the pumping system 10 for changes in TDH that

affect flow rate, self adjust to maintain a specified flow rate, and still maintain the

pumping system 10 within the set maximum and minimum flow rates.

[0053] Many health departments require that a minimum flow rate be maintained

by a circulation system (i.e., fluid circuit) in commercial pools to maintain a turnover

rate for water clarity and sanitation. This flow locking feature of embodiments of the

invention can ensure such requirements are met. More specifically, in some

embodiments, the minimum flow rate set by the flow locking feature can ensure a

health department that a municipality will not slow the flow of the pump 32 down

below commercial turnover standards (either for 24-hour time periods or shorter time

periods). As a result, the flow locking feature can make variable speed technology

more dependable and acceptable for use in commercial swimming pool applications. In

addition, the maximum flow rate set by the flow locking feature can prevent the pump

32 from running at a flow rate that could exceed the flow rate specification of pool

system components, such as a drain cover. For example, the flow locking feature can

decrease the chance of an entrapment issue occurring by setting the maximum flow rate

as the flow rate defined by local codes and the drain cover. Further, the maximum set

flow rate can prevent a pipe between two drains from exceeding a velocity which

would allow a "hold down" vacuum to be created on a covered drain. The maximum

flow rate setting can also ensure that the flow rate of the pump 32 does not exceed what

is recommended by energy efficiency codes.

[0054] It will be appreciated by those skilled in the art that while the invention has

been described above in connection with particular embodiments and examples, the

invention is not necessarily so limited, and that numerous other embodiments,



examples, uses, modifications and departures from the embodiments, examples and

uses are intended to be encompassed by the claims attached hereto. The entire

disclosure of each patent and publication cited herein is incorporated by reference, as if

each such patent or publication were individually incorporated by reference herein.

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



CLAIMS

1. A pumping system for at least one aquatic application, the pumping system

comprising:

a pump;

a motor coupled to the pump; and

a pump controller in communication with the motor,

the pump controller including a user interface configured to initially

receive and set a maximum locked flow rate, a minimum locked flow rate, and a

plurality of programmed flow rate settings including a first programmed flow rate

setting,

the pump controller configured to disable resetting of the maximum

flow rate and the minimum flow rate once they are initially received and set through the

user interface,

the pump controller configured to allow resetting of the plurality of

programmed flow rate settings throughout operation of the pumping system,

the pump controller configured to operate the motor in order to maintain

a first flow rate through the pumping system set by the first programmed flow rate

setting as long as the first flow rate is between the minimum locked flow rate and the

maximum locked flow rate.

2. The pumping system of claim 1 wherein at least one of the plurality of

programmed flow rate settings is programmed in a scheduled mode and includes a set

flow rate, a scheduled start time, and a scheduled stop time.

3. The pumping system of claim 1 wherein at least one of the plurality of

programmed flow rate settings is programmed in a manual mode and includes a set

flow rate.

4. The pumping system of claim 1 wherein at least one of the plurality of



programmed flow rate settings is programmed in a countdown mode and includes a set

flow rate and a time duration.

5. The pumping system of claim 1 wherein the plurality of programmed flow rate

settings includes a second programmed flow rate setting, and the user interface is

configured to receive a selection of the second programmed flow rate setting and the

controller is configured to operate the motor in order to maintain a second flow rate

through the pumping system set by the second flow rate setting as long as the second

flow rate is between the minimum locked flow rate and the maximum locked flow rate.

6. The pumping system of claim 1 wherein the minimum locked flow rate is set to

maintain a desired number of turnovers through the pumping system within a time

period.

7. The pumping system of claim 1 wherein the maximum locked flow rate is set

based on one of flow rate specifications of at least one pumping system component and

energy efficiency codes.

8. The pumping system of claim 1 wherein the motor is a variable speed motor.

9. The pumping system of claim 1 wherein the user interface includes a display

that displays the first flow rate, the maximum locked flow rate, and the minimum

locked flow rate.

10. The pumping system of claim 1 wherein the user interface is configured to

initially receive and set the plurality of programmed flow rate settings, the maximum

locked flow rate, and the minimum locked flow rate through inputs received by at least

one navigation button on the user interface.

11. The pumping system of claim 10 wherein the pump controller is configured to

inhibit resetting of the plurality of programmed flow rate settings including one of flow

rates above the maximum flow rate setting and flow rates below the minimum flow rate

setting.



12. The pumping system of claim 10 wherein the user interface includes a display

that displays a menu of configurable parameters including the plurality of programmed

flow rate settings, the maximum locked flow rate, and the minimum locked flow rate to

a user, wherein the controller is configured to visually scroll through the menu based on

the inputs received by the at least one navigation button.

13. The pumping system of claim 1 and further comprising an automation system in

communication with the pump controller, the automation system configured to receive

and set the plurality of programmed flow rate settings including a third programmed

flow rate setting.

14. The pumping system of claim 13 wherein if a third flow rate set by the third

programmed flow rate setting is above the maximum flow rate, the pump controller is

configured to operate the motor in order to maintain the maximum flow rate through

the pumping system and the third flow rate is below the minimum flow rate, the pump

controller is configured to operate the motor in order to maintain the minimum flow

rate through the pumping system.

15. The pumping system of claim 1 wherein each of the plurality of programmed

flow rate settings includes a flow rate schedule that sets a flow rate at a scheduled start

time and a scheduled stop time, wherein if more than one flow rate schedule overlaps,

the pump controller selects the flow rate schedule including a highest flow rate and is

configured to operate the motor according to the selected flow rate schedule as long as

the highest flow rate is between the minimum locked flow rate and the maximum

locked flow rate.



16. A method of operating a controller of a pump including a motor for use in a

pumping system, the method comprising:

receiving a maximum flow rate and a minimum flow rate;

locking the maximum flow rate and the minimum flow rate as permanent

parameters of the pumping system;

receiving a first programmed flow rate setting including at least a first flow rate;

receiving a second programmed flow rate setting including at least a second

flow rate;

selecting one of the first flow rate and the second flow rate as a selected flow

rate for current pump operation; and

operating the motor to maintain the selected flow rate as long as the selected

flow rate is between the maximum flow rate and the minimum flow rate.

7. The method of claim 16 wherein the step of selecting one of the first flow rate

and the second flow rate is based on one of a user selection, a scheduled start and stop

time, and a comparison of the first flow rate and the second flow rate.

18. The method of claim 16 and further comprising selecting another one of the first

flow rate and the second flow rate as the selected flow rate for current pump operation

and operating the motor to maintain the selected flow rate as long as the selected flow

rate is between the maximum flow rate and the minimum flow rate.

19. The method of claim 16 and further comprising receiving a change to the first

programmed flow rate setting including at least a reprogrammed flow rate, selecting

one of the reprogrammed flow rate and the second flow rate as the selected flow rate

for current pump operation, and operating the motor to maintain the selected flow rate

as long as the selected flow rate is between the maximum flow rate and the minimum

flow rate

20. The method of claim 16 wherein the first programmed flow rate setting further



includes at least one of a scheduled start time, a scheduled stop time, and a duration.

2 1. The method of claim 16 and further comprising receiving one of an enable

selection and a disable selection of a flow lock feature, locking the maximum flow rate

and the minimum flow rate as permanent parameters of the pumping system if the

enable selection is received, and ignoring the maximum flow rate and the minimum

flow rate if the disable selection is received.

22. The method of claim 16 and further comprising displaying the minimum flow

rate, the maximum flow rate, and the selected flow rate to a user.

23 . The method of claim 16 wherein the step of receiving a maximum flow rate and

a minimum flow rate includes prompting a user to set the maximum flow rate and the

minimum flow rate and at least prompting the user to activate the maximum flow rate

and the minimum flow rate, to permanently lock the maximum flow rate and the

minimum flow rate, to accept the maximum flow rate and the minimum flow rate, and

to enable the maximum flow rate and the minimum flow rate.



24. A pumping system for at least one aquatic application, the pumping system

comprising:

a pump;

a motor coupled to the pump; and

a pump controller in communication with the motor,

the pump controller including a user interface configured to initially

receive and set a maximum locked flow rate, a minimum locked flow rate, and a

plurality of programmed speed settings including a first programmed speed setting,

the pump controller configured to disable resetting of the maximum

flow rate and the minimum flow rate once they are initially received and set through the

user interface,

the pump controller configured to allow resetting of the plurality of

programmed speed settings throughout operation of the pumping system,

the pump controller configured to operate the motor at a first speed set

by the first programmed speed setting as long as operating the motor at the first speed

maintains a flow rate through the pumping system that is between the minimum locked

flow rate and the maximum locked flow rate.

25. The pumping system of claim 24 wherein the pump controller is configured to

operate the motor at an adjusted speed if operating the motor at the first speed

maintains the flow rate outside the minimum locked flow rate and the maximum locked

flow rate.

26. The pumping system of claim 25 wherein if operating the motor at the first

speed maintains the flow rate below the minimum locked flow rate, the pump controller

is configured to set the adjusted speed so that operating the motor at the adjusted speed

maintains the flow rate at the minimum locked flow rate.



27. The pumping system of claim 25 wherein if operating the motor at the first

speed maintains the flow rate above the maximum locked flow rate, the pump

controller is configured to set the adjusted speed so that operating the motor at the

adjusted speed maintains the flow rate at the maximum locked flow rate.

28. The pumping system of claim 24 wherein the pump controller is configured to

determine the flow rate based on power consumption of the motor.
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