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VARABLE SPEED PUMPING SYSTEMAND 
METHOD 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/926,513 filed on Aug. 26, 2004, the entire 
contents of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to pumps, 
and more particularly to variable speed pumping systems for 
pools and other aquatic applications that are operable in 
response to a sensed condition and/or a user input instruction. 

BACKGROUND OF THE INVENTION 

0003 Conventionally, a pump to be used in an aquatic 
application Such as a pool or a spa is operable at a finite 
number of predetermined speed settings (e.g., typically high 
and low settings). Typically these speed settings correspond 
to the range of pumping demands of the pool or spa 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 typically are not readily changed 
to accommodate changes in the pumping demands. 
0004 Installation of the pump for an aquatic application 
Such as a pool entails sizing the pump to meet the pumping 
demands of that particular pool and any associated features. 
Because of the large variety of shapes and dimensions of 
pools that are available, precise hydraulic calculations must 
be performed by the installer, often on-site, to ensure that the 
pumping system works properly after installation. The 
hydraulic calculations must be performed based on the spe 
cific characteristics and features of the particular pool, and 
may include assumptions to simplify the calculations for a 
pool with a unique shape or feature. These assumptions can 
introduce a degree of error to the calculations that could result 
in the installation of an unsuitably sized pump. Essentially, 
the installer is required to install a customized pump system 
for each aquatic application. 
0005. A plurality of aquatic applications at one location 
requires a pump to elevate the pressure of water used in each 
application. When one aquatic application is installed Subse 
quent to a first aquatic application, a second pump must be 
installed if the initially installed pump cannot be operated at 
a speed to accommodate both aquatic applications. Similarly, 
features added to an aquatic application that use waterata rate 
that exceeds the pumping capacity of an existing pump will 
need an additional pump to satisfy the demand for water. As 
an alternative, the initially installed pump can be replaced 
with a new pump that can accommodate the combined 
demands of the aquatic applications and features. 
0006. During use, it is possible that a conventional pump is 
manually adjusted to operate at one of the finite speed set 
tings. Resistance to the flow of water at an intake of the pump 
causes a decrease in the Volumetric pumping rate if the pump 
speed is not increased to overcome this resistance. Further, 
adjusting the pump to one of the settings may cause the pump 
to operate at a rate that exceeds a needed rate, while adjusting 
the pump to another setting may cause the pump to operate at 
a rate that provides an insufficient amount of flow and/or 
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pressure. In such a case, the pump will either operate ineffi 
ciently or operate at a level below that which is desired. 
0007 Accordingly, it would be beneficial to provide a 
pump that could be readily and easily adapted to provide a 
Suitably Supply of waterata desired pressure to aquatic appli 
cations having a variety of sizes and features. The pump 
should be customizable on-site to meet the needs of the par 
ticular aquatic application and associated features, capable of 
pumping water to a plurality of aquatic applications and fea 
tures, and should be variably adjustable over a range of oper 
ating speeds to pump the water as needed when conditions 
change. Further, the pump should be responsive to a change of 
conditions and/or user input instructions. 

SUMMARY OF THE INVENTION 

0008. In accordance with one aspect, the present invention 
provides a variable speed pumping system for moving water 
ofan aquatic application. The variable speed pumping system 
includes a water pump for moving water in connection with 
performance of an operation upon the water. A variable speed 
motoris operatively connected to drive the pump. A sensor for 
senses a parameter of the operation performed upon the water. 
A controller controls speed of the motor in response to the 
sensed parameter of operation. 
0009. In accordance with another aspect, the present 
invention provides a method of operating a variable speed 
pumping system for moving water of an aquatic application. 
A water pump is driven for moving water in connection with 
performance of an operation upon the water. A variable speed 
motor connected and operated to drive the pump. A parameter 
of the operation performed upon the water is sensed. The 
speed of the motor is controlled in response to the sensed 
parameter of operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The foregoing and other features and advantages of 
the present invention will become apparent to those skilled in 
the art to which the present invention relates upon reading the 
following description with reference to the accompanying 
drawings, in which: 
0011 FIG. 1 is a block diagram of an example of a variable 
speed pumping system in accordance with the present inven 
tion with a pool environment; 
0012 FIG. 2 is a top-level flowchart for an example 
method in accordance with the present invention; 
0013 FIG. 3 is an illustration of a user interface for one 
example of the pumping system of FIG. 1; and 
0014 FIG. 4 is an illustration of a user interface for 
another example of the pumping system of FIG. 1. 

DESCRIPTION OF AN EXAMPLE 
EMBODIMENT 

0015 Certain terminology is used herein for convenience 
only and is not to be taken as a limitation on the present 
invention. Further, in the drawings, the same reference 
numerals are employed for designating the same elements 
throughout the figures, and in order to clearly and concisely 
illustrate the present invention, certain features may be shown 
in somewhat schematic form. 
0016. An example variable-speed pumping system 10 in 
accordance with the present invention is schematically shown 
in FIG.1. The pumping system 10 includes a pump 12 that is 
shown as being used with a pool 14 environment. The pool 14 
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is one example of an aquatic application with which the 
present invention may be utilized. The phrase "aquatic appli 
cation' is used generally hereinto refer to any reservoir, tank, 
container or structure, natural or man-made, having a fluid, 
capable of holding a fluid, to which a fluid is delivered, or 
from which a fluid is withdrawn. Further, "aquatic applica 
tion' encompasses any feature associated with the operation, 
use or maintenance of the aforementioned reservoir, tank, 
container or structure. This definition of “aquatic application” 
includes, but is not limited to pools, spas, whirlpool baths, 
landscaping ponds, water jets, waterfalls, fountains, pool fil 
tration equipment, pool vacuums, spillways and the like. 
Although each of the examples provided above includes 
water, additional applications that include liquids other than 
water are also within the scope of the present invention. 
Herein, the terms pool and water are used with the under 
standing that they are not limitations on the present invention. 
0017. Within the shown example, a filter arrangement 16 

is associated with the pumping system 10 and the pool 14 for 
providing a cleaning operation (i.e., filtering) on the water 
within the pool. The filter arrangement 16 is operatively con 
nected between the pool 14 and the pump 12 at/along an inlet 
line 20 for the pump. It is to be appreciated that the function 
of filtering is but one example of an operation that can be 
performed upon the water. Other operations that can be per 
formed upon the water may be simplistic, complex or diverse. 
For example, the operation performed on the water may 
merely be just movement of the water by the pumping system 
10 (e.g., re-circulation of the water in a waterfall or spa 
environment). 
0018 Turning to the filter arrangement 16, any suitable 
construction and configuration of the filter arrangement is 
possible. For example, the filter arrangement 16 may include 
a skimmer assembly for collecting coarse debris from water 
being withdrawn from the pool 14, and one or more filter 
components for straining finer material from the water. 
0019. The pump 12 may have any suitable construction 
and/or configuration for providing the desired force to the 
water and move the water. In one example, the pump 12 is a 
common centrifugal pump of the type known to have impel 
lers extending radially from a central axis. Vanes defined by 
the impellers create interior passages through which the water 
passes as the impellers are rotated. Rotating the impellers 
about the central axis imparts a centrifugal force on water 
therein, and thus imparts the force flow to the water. A return 
line 22 directs the return flow of water to the pool. Although 
centrifugal pumps are well Suited to pump a large Volume of 
water at a continuous rate, other motor-operated pumps may 
also be used within the scope of the present invention. 
0020 Drive force is provided to the pump via a pump 
motor 26. In the one example, the drive force is in the form of 
rotational force provided to rotate the impeller of the pump 
12. In one specific embodiment, the pump motor 26 is a 
permanent magnet motor. In another specific embodiment, 
the pump motor 26 is a three-phase motor. The pump motor 
26 operation is infinitely variable within a range of operation 
(i.e., Zero to maximum operation). In one specific example, 
the operation is indicated by the RPM of the rotational force 
provided to rotate the impeller of the pump 12. 
0021. A control unit 28 provides for the control of the 
pump motor 26 and thus the control of the pump 12. Within 
the shown example, the control unit 28 includes a variable 
speed drive 30 that provides for the infinitely variable control 
of the pump motor 26 (i.e., varies the speed of the pump 
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motor). By way of example, within the operation of the vari 
able speed drive 30 a single phase AC current from a source 
power Supply is converted (e.g., broken) into a three-phase 
DC current. Any Suitable technique and associated construc 
tion/configuration may be used to provide the three-phase DC 
current may be used. For example, the construction may 
include capacitors to correct line Supply over or under Volt 
ages. The variable speed drive 30 supplies the DC electric 
power at a changeable frequency to the pump motor 26 to 
drive the pump motor. The construction and/or configuration 
of the pump 12, the pump motor 26, the control unit 28, as a 
whole, and the variable speed drive 30, as a portion of the 
control unit, are not limitations on the present invention. In 
one possibility, these components are disposed within a single 
housing to form a single unit. 
0022. A sensor 34 of the pumping system 10 senses a 
parameter indicative of the operation performed upon the 
water. In the shown example, the sensor 34 is operatively 
connected with the filter arrangement 16 and senses an opera 
tion characteristic associated with the filter arrangement. For 
example, the sensor 34 may monitor filter performance. Such 
monitoring may be as basic as monitoring flow rate, pressure, 
or some other parameter that indicates performance. Of 
course, it is to be appreciated that the sensed parameter of 
operation may be otherwise associated with the operation 
performed upon the water. As such, the sensed parameter of 
operation can be as simplistic as a flow indicative parameter 
Such as rate, pressure, etc. The sensor 34 is also operatively 
connected to the control unit 28 to provide the sensory indi 
cation thereto. 

0023. It is to be appreciated that the sensor can be other 
wise connected and otherwise operated. For example, the 
sensor 34 may sense a parameter, Such as flow rate or pres 
Sure, which is indicative of the pump moving the water but is 
also indicative of the lack of the water movement. Such an 
indication can be used within the program as an indication of 
an obstruction (e.g., by a person or large debris object). Such 
indication information can be used by the program to perform 
various functions, and examples of Such are set forth below. 
Also, it is to be appreciated that additional functions and 
features may be separate or combined, and that sensor infor 
mation may be obtained by one or more sensors. The example 
concerning obstruction can be considered to be an example 
operation upon the water. Further, the example can be con 
sidered to be an example of an abnormal operation on the 
water (i.e., no water movement). 
0024. With regard to the specific example of monitoring 
operation performance of the filter arrangement 16, the signal 
from the sensor 34 can indicate impediment or hindrance can 
be any obstruction or condition, whether physical, chemical, 
or mechanical in nature, that interferes with the flow of water 
from the aquatic application to the pump 12 Such as debris 
accumulation or the lack of accumulation, within the filter 
arrangement 16. 
0025 Turning back to the shown example, the sensor 34 is 
ofa kind to detect any one or more conditions indicative of the 
Volume, rate, mass, pressure, or any other condition of water 
being moved through the filter arrangement 16 to the pump 
via the inlet line 20. Also, the condition may be associated 
with the operation, effectiveness, etc. of the filter operation. 
By monitoring Such condition(s), operation performance can 
be determined. It is to be noted that in the shown example, the 
sensor 34 is shown in connection with the filter arrangement 
16. However, it is to be appreciated that the sensor 34 can be 
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located at other points along the flow path. Also, the shown 
example has only a single sensor. It is to be appreciated that 
multiple sensors are possible. 
0026. As indicated above, the speed of operation of the 
pump 12 is determined in response to a sensed operation 
parameter. In one example, the operation is based upon an 
approach in which the pump is controlled to operate at a 
lowest amount that will accomplish the desired task (e.g., 
maintain a desired filtering level of operation). Specifically, 
as the sensed parameter changes, the lowest level of pump 
operation (i.e., pump speed) to accomplish the desired task 
will need to change. The control unit 28 provides the control 
to operate the pump motor/pump accordingly. In other words, 
the control unit 28 repeatedly adjusts the speed of the pump 
motor 26 to a minimum level responsive to the sensed param 
eter to maintain the sensed parameter of operation at a level. 
Such an operation mode can provide for minimal energy 
uSage. 
0027. Focusing on the aspect of minimal energy usage, 
within some know pool filtering applications, it is common to 
operate a known pumpffilter arrangement for Some portion 
(e.g., eight hours) of a day at effectively a very high speed to 
accomplish a desired level of pool cleaning. With the present 
invention, the pumping system 10 with the associated filter 
arrangement 16 can be operated continuously (e.g., 24 hours 
a day) at an ever-changing minimum level to accomplish the 
desired level of pool cleaning. It is possible to achieve a very 
significant savings in energy usage with Such a use of the 
present invention as compared to the known pump operation 
at the high speed. In one example, the cost savings would be 
in the range of 90% as compared to a known pumpfilter 
arrangement. 
0028 Aquatic applications will have a variety of different 
water demands depending upon the specific attributes of each 
aquatic application. Turning back to the aspect of the pump 
that is driven by the infinitely variable motor, it should be 
appreciated that precise sizing, adjustment, etc. for each 
application of the pump system for an aquatic application can 
thus be avoided. In many respects, the pump system is self 
adjusting to each application. 
0029. It is to be appreciated that the control unit 28 may 
have various forms to accomplish the desired functions. In 
one example, the control unit 28 includes a computer proces 
Sor that operates a program. In the alternative, the program 
may be considered to be an algorithm. The program may be in 
the form of macros. Further, the program may be changeable, 
and the control unit 28 is thus programmable. 
0030. In one method of control, testing can be done to 
determine a lowest point of operation that provides the 
desired response. Such a lowest point of operation is then set 
as a minimum (e.g., a floor). As the pumping system 10 is 
operated, the sensed parameter is monitored to determine a 
needed change in pump speed. As the parameter changes the 
speed of the pump 12 is changed. In one specific example, the 
minimum (e.g., floor) speed is continuously changed in 
response to the sensed parameter. FIG. 2 is a top-level flow 
chart that shows an example method 100 of operation. The 
method 100 is initiated at step 102 and proceeds to step 104, 
wherein various initial values are set, adjusted, etc. At step 
106, the parameter is sensed. At step 108, a determination is 
made as to whether the parameter is a desired level. If the 
determination is affirmative (i.e., the parameter is at the 
desired level), the method returns to sense the parameter 
again at step 106. However, if the determination at step 108 is 
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negative (i.e., the parameter is not at the desired level), the 
motor speed is adjusted accordingly at step 110. The method 
100 then proceeds to sense the parameter again at step 106. It 
is to be appreciated that the parameter may indicate sufficient 
level of filtering, insufficient level of filtering, or excessive 
level offilter, and the motor is adjusted accordingly. Also, it is 
to be appreciated that various change amounts, change 
delays, etc. may be incorporated into the method. 
0031 Turning to the aspect that other, different, and/or 
additional functions can be performed by the system 10 in 
accordance with the present invention. As mentioned above, 
the sensory input can be used to determine an obstruction. 
Various functions can be accomplished in response to Such 
sensory information. In one example, the program can control 
the motor to cease operation until the obstruction is removed. 
This will help preventunnecessary strain on the motor and/or 
pump and can help prevent entrapment. 
0032 Some example of other functions that can be pro 
vided, either alone or in combination with one or more other 
functions, include using sensory information to determine 
heater operation and loss of pump prime. Turning to heater 
operation, it is to be appreciated that the pool, other aquatic 
application, may include a heater that provides heat to the 
water being moved such that returned water is warmer. It is 
possible that the heat requires a minimum threshold of water 
movement for proper operation. As such, a sensor, which 
could merely be a signal input from the heater, could be 
utilized to provide an indication of operation of heater apply 
ing heat to the water. During such heater operation, the pro 
gram can operate the motor/pump in a different desired man 
ner. For example, the motor/pump may be operated to 
increase (e.g., ramp-up) the flow rate to ensure that at least a 
predetermined amount of water flows by the heater to absorb 
the heat being proved by the heater. Such an operation may 
help prevent damage to the heater. With regard to the loss of 
prime at the pump, sensory information concerning an event 
can be obtained and utilized. Obtaining an indication of loss 
of prime may be by any sensory means, including but not 
limited to sensed lack of flow. The program can utilize the 
information to cease operation of the motor/pump. Such an 
operation may help prevent damage to the motor/pump. 
These examples can be considered to be examples of pump 
system components performing operations on the water. 
Also, the example concerning loss of prime can be considered 
to be an example of an abnormal operation on the water (i.e., 
no water movement). 
0033) Focusing upon the controllability of the pump 
operation, it is to be appreciated that the control unit 28 may 
include a memory (not shown) to store information that cor 
relates sensed data and/or user input data with speed data of 
the pump 12. In order to provide user input, the shown 
example pumping system includes a user interface 46 having 
means 48 (FIG. 3) for inputting a desired operation of the 
pumping system 10 is provided within the example system. 
The interface 46 also provides a means 50 to receive indica 
tion information from the control unit 28. Within the shown 
example, input is provided via selectors 48 for input of 
desired operation for the motor/pump, and a display portion 
50 provides information pertaining to the operation of the 
pumping system 10. 
0034. It is to be appreciated that the pump motor 26 (FIG. 
1) may be operated within other modes. Some of the modes 
may be based upon input from the sensor and some of the 
modes may be based upon other criteria or input. In one 
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example, the operation may be based upon input provided via 
the user interface 46. One specific example of a mode that can 
be entered via use of the user interface is operation of the 
pump 12 at an increased level when it is desired to utilize an 
accessory cleaning implement within the pool 14. Also, the 
pumping system 10 can be placed into an idle mode (e.g., 
when the pool 14 is being otherwise serviced) or a completely 
off mode to conserve electric power. 
0035. As shown in FIG. 4, a remote user interface 46' can 
be used with, or in place of the user interface 46 shown in FIG. 
3. The remote user interface 46' communicates with the con 
trol unit 28 via a radio signal, IR beam, or the like. 
0036 Turning to an aspect of control, it is to be appreci 
ated that the pumping system 10, and in particular the pro 
gram performed within the control unit 28 is operatable as a 
freestanding or autonomous system, as shown in the pre 
sented example. However, it is to be appreciated that the 
pumping system 10, and in particular the program, may be 
operated as a part of an overall arrangement. For example, an 
automation controller may be used to control the program, 
and thus the pumping system 10, along with other systems, 
devices, aspects, etc. associated the pool or aquatic applica 
tion. In one embodiment, the pumping system 10, and the 
program performed therein, is controlled as a slave to the 
master of the automation controller. It is to be appreciated that 
Suitable communication interconnections are proved within 
Such an overall arrangement. 
0037. It should be evident that this disclosure is by way of 
example and that various changes may be made by adding, 
modifying or eliminating details without departing from the 
Scope of the teaching contained in this disclosure. As Such it 
is to be appreciated that the person of ordinary skill in the art 
will perceive changes, modifications, and improvements to 
the example disclosed herein. Such changes, modifications, 
and improvements are intended to be within the scope of the 
present invention. 

1. A pumping system for at least one aquatic application 
including a pool, the pumping system controlled by a user, the 
pumping System including a pump, the pumping System com 
prising: 

a variable speed motor coupled to the pump; 
a user interface that receives an input including a desired 
mode of operation from the user, and 

a controller in electrical communication with the variable 
speed motor and the user interface, 
the controller determining a current value of at least one 

of a Volume, a flow rate, a mass, and a pressure in the 
pumping system associated with the desired mode of 
operation, 

the controller Substantially continuously modifying an 
actual speed of the variable speed motor based on the 
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current value in order to operate the variable speed 
motorata Substantially minimum speed to achieve the 
desired mode of operation with substantially minimal 
energy usage, 

the controller determining that there is an obstruction in 
the pumping system, 

the controller automatically stopping flow by ceasing 
operation of the motor to help prevent entrapment. 

2. The pumping system of claim 1, wherein the controller 
increases flow during a mode of operation for using a pool 
WaCUU. 

3. The pumping system of claim 1, wherein the controller 
enters an idle mode while the pumping system is being Ser 
viced. 

4. The pumping system of claim 1, wherein the controller 
determines that the pump has lost prime. 

5. The pumping system of claim 1, wherein a Subsequent 
aquatic application is added to the pumping system and 
wherein the controller self-adjusts the actual speed of the 
variable speed motor to operate at a new minimum speed to 
achieve the desired mode of operation with substantially 
minimal energy usage. 

6. The pumping system of claim 1, and further comprising 
at least one sensor to sense at least one of Volume, flow rate, 
mass, and pressure, the at least one sensor being in commu 
nication with the controller. 

7. The pumping system of claim 1, wherein the user inter 
face includes a plurality of selectors. 

8. The pumping system of claim 1, wherein the user inter 
face includes a display. 

9. The pumping system of claim 1, wherein the user inter 
face includes a remote user interface. 

10. The pumping system of claim 9, wherein the controller 
is coupled to the remote user interface through a wireless 
connection. 

11. The pumping system of claim 10, wherein the wireless 
connection includes at least one of a radio signal connection 
and an infrared beam connection. 

12. The pumping system of claim 1, and further comprising 
a single housing encasing the pump, the variable speed motor, 
the user interface, and the controller. 

13. The pumping system of claim 1, wherein the variable 
speed motor includes a permanent magnet motor. 

14. The pumping system of claim 1, wherein the variable 
speed motor includes a three-phase motor. 

15. The pumping system of claim 1, and further comprising 
an interface with a master controller for receiving the desired 
mode of operation. 


