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ABSTRACT

A pumping system {10} for at least one aqualic application, ncluding a
pump {18}, & motor (24) coupled o the pump {16} and & controller (30} in
communicaticn with the motar {24}, The controller (30} delermings 3 current
flow rate bassd on an input power o the molor {24), whather the current flow
rate is shove & priming flow valug in order 1o detarmine whether the pumping
aysiem iz primead and indicaling 2 priming alarm ¥ the pumping system {10} is

riof primed belore reaching & maximum priming time allotment,
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SIELD OF THE INVENTION

The present invention relates generally 1o control of & pumg, and more
particularly to control of a variable speed puraping system for a pool, 8 spa or

other aquatic spplicstion,

BACKGROUND OF THE INVENTION

Conventionally, 3 pump 1o be used In an aguatic application such as a
poot or & spa is operabls at g finite number of predetermined speed ssttings
{e.g., typically high and low setlings). Typivally these spesd settings
correspond 10 e rangs of pumping demands of the pool or spa at the time of
installation. Factors such as the volumelric flow rate of water 1o be pumpad,
the tolal head pressure required 1o adeguately pump the volume of water, ang
ather operational parameters determine the size of the pump and the proper
spagd sellings for pump operation. Ones the pump is instalied, the spoed
setlings typically are not resdily changed 1o accommodate changes in the
pumping demands.

instaliation of the pump for an aguatic application such as a poo entails
sizing the pump 1o mest the pumping demands of that partoutar poot and any
associied features. Because of the Jarge variety of shapes and dimensions of
pocls that are avaflable, pracise hydraulic caloulstions must be performed by
the installer, often on-site, 1o ensure that the pumping system works proparly
after instaliation. The hydraulic caloulations must ba perormed based on the
specific characteristios and features of the particular pool, and may inchude

assumptions to simplify the caloulations for a pool with & unique shape or
feature. These assumptions can introduce a degres of error to the calculations

that could result in the installstion of an unsultably sized pump. Essentially, the
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instalier is required o install 3 customized pump system for gach gouatic
apphcation.

A plursdity of aquatic applications at ane location reILires 8 pump o
elevate the pressure of water used in sach application. When one aguatic
application i3 installed subsequent to a first aguatic application, 8 second pump
must be installed if the initlally instatled pump cannot be operated at a speed to
accommodate both aguatic applications, Bimilarly, features added o an
aquatic application that use water at a rate that exceeds the pumping capacity
of an existing pump will need an additional pump 10 satishy the demand for
water. As an sligrmnative, the initlally instalied pump can be replaced with 3 now
pumg that can sccommodate the combined demands of the Aquatic
applications and festures.

Buring use, if is possible that a conventiona g is manually adiusted
o operate ot one of the finile speed seflings. Resistance 1o the flow of water at
an intake of the pump causes a decrease In the volumetrie pumping rate i the
pump speed is not increased to overcome this resistances, Further, adjusting
the pump to ona of the setings may cause the pump o 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 nsutficient arngunt of fiow and/or
pressure. In such a case, the pump will either operate nefliclently or operate at
a level below that which is desired.

Accordingly, | would be beneficial 1o provide a purmp that could be
readily and easily adapted o provide 8 suitably supply of water at a desired
pressurs 10 aguatic applications ﬁaving & variaty of sizes and features. The
pump should be custornizabie on-siie 1o meet the nesds of the particular
aguatic application and associated features, capable of pumping water io a

phurality of aguatic applications and features, and should be variably adiustabie
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over a range of opargting spesds 1o pump the water as naeded when

conditions change. Further, the pump shouid be responsive to a changs of

conditions andfor user input Instructions.

SUMMARY OF THE INVENTION

in accordance with one aspect, the present invention provides &
pumping system for moving waler of an aguatic application. The pumping
system includes a water pump for moving water In connaction with
performance of an operation upon the water and a variable speed motor
operatively connected to drive the pump. The system includes means for
determining a value indicative of flow rafe of waler moved by the pump, and
maans for controlling the motor ©© adiust the flow rate indicative valus toward 3
congtant. The system includes means for determining a valus indicative of flow
pressure of water moved by the pump, and means for cortroliing the molorto
adiust the flow pressure indicative value toward 2 constart, The system
ncludes means for selecting between flow rate control and fow pregsure
control.

i accordance with another aspect, the prasent invention provides a
pumping system for moving waler of an agquatic application. The BUImpIng
system includes a water pump Tor moving water, and g variable spead motor
operatively connecied to drive the pump. The system includes means for
controling the motor 1o adjust motor output, means for parforming a first
operation upon the moving water, and means for performing & second
aperation upon the moving water. The system includes means for using controd
parameters for the motor during the first operation based upon & fargst water
volume, and means for determining volume of water moved iy the pump dwring

a time period. The system also includes mesns for changing the control
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second operation during the time period.

i accordance with another aspect, the present invention provides a
pumping system for moving water of an aquatic spplication. The PRETIDING
system includes g water pump for moving waler In connection with
performance of an operation upon the water and a variable speed molor
operatively connected lo drive the pump. The systern includes means for
determining flow ale of water moved by the pump, and means for controfing
the motor to adjust the fow rate toward & constant flow rate valye. The syeiem
includes means for determining flow pressure of watsr moved by the puimp,
and means for controliing the motor o adjust the flow pressure toward a
corglant Bow pressure value. The system includes means for selecting
between fow rate control and flow pressure control

In accordance with yet another aspeot, the present invention provides a
pumping system for moving water of an aquatic application. The pumping
system includes a waler pump for moving water, snd means for coritroliing
oparation of the pump to perform a first water operation with at least one
predetermined paramster. The system includes means for operating the pump
to perform & second water operation, and means for altering controf of
aperation of the pump to perform the first waler operation to vary the at isgst
ane parametsr i response (o operation of the pump to perform the second
operation.

in accordance with yet another aspeal, the presant invention provides a
pumping system for moving water of an aquatic application. The pumping
system includes a waler pump for moving water, and mesns for controliing a
routing filter ovcle. The system includes means for sperating the pump to

perform an additional water operation, and maans for altering the routine filler
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Cycle in responge 1o operation of the pump to perform the additional water
operation.
QURINT H

B MY R TIMAL £ T DS 8RR
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SHIEF DESCRIPTION OF THE DRAWS

The foreguing and other Teatures and advantages of the prasent
invention will become apparant to those skillad in the art o which the prasent
invention relates upon reading the Tollowing description with reference to the
aceampanying drawings, in which:

Fig. 11s a block disgram of an example of a variable spead pumping
sysiem in accordance with the present invention with g poo! environment;

Fig. 2 is another block diagram of another example of a variable speed
pumping system in accordance with tha present invention with & oot
anvironment;

Fig. 3 is & function flow chart for an example methodology in accordance
with the present invantion;

Figs. 4A and 48 are & flow chart for an exampls of a IHOCEess in
ascordance with an aspest of the present invention;

Figs BA-5C are time lines showing operations that may be performed via
a system in accordance with the present

Fig. & is & perceptive view of an sxample pump unit thet nporporatss the
present invention:

Fig. 7 is a perspective, partially exploded view of g pumg of the unit
shown in Fig. 8; and

Fig. 8 is a perspactive view of 2 controlisr unit of the pump unit shown in
Fig. 8.
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Certain terminology is used herein for convenience only and s not io be
taken as a fimitation on the present invention. Further, in the drawings, the
same reference numerals are emploved for designating the same elements
thwoughout the figwres, and in order 1o cleady and concisely lustrate the
present invention, certain features may be shown i somewhat schematic form,

An example variable-spesd pumping system 10 in accordance with one
aspeet of the present invention is schematically shown In Fig. 1. The pumping
gystem 10 includes & pump unit 12 that is shown as being used with & poot 14.
itis to be appreciated that the pump unit 12 includes a pump 18 for moving
water through inlet and outlet nes 18 and 20,

The pool 14 s one example of an aguatic application with which the
present invention may be utiized. The phrase “aquatic application” is used
generally herein to refer 1o any resamvolr, tank, container or structure, natursl or
man-made, having a fuld, capable of holding a fuld, to which a fuid is
delivered, or from which a fuid is withdrawn, Further, “aquatic application”

encompasses any feature associated with the operation, use or mainterance of
the aforementioned reservolr, tank, container or structure. This definition of
“aguatic application” Includes, but is not lmited 1o povls, spas, whirlpoo! baths,
landscaping ponds, water jels, waterfalls, fountains, pool fltrstion squiprent,
poot vacuums, spiftways and the like. Although each of the sxamples provided
above includes water, additional applications that iIncluds figuids other than
water are also within the scope of the present invention. Hereln, the tarms pool
and water are used with the understanding that they are not limitations on the
present invention.
A weater opsyation 22 is performed upon the water movad by the pump
18. Within the shown example, water operation 22 is a flter arrangement that

is associated with the pumping system 10 and the pool 14 for providing &
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cleaning operation {Le., fitaring) on the waler within the pool. The filter
arrangement 22 i3 oporatively connecled between the pool 14 and the pump 18
at/along an inlet line 18 for the pump. Thus, the pump 18, the pool 14, the filter
arrangemsnt 22, and the interconnecting nes 18 and 20 form & Auld ciroult or
pathway for tha movement of water,

it is to be appreciated that the function of filtering Is but one example of
an oparation that can be performed upon the water, (ther operations that can
be performed upon the waler may be simplistic, complex or diverse. For
sxample, the cperstion performed on the waler may merely be just movement
of the water by the pumping system {e.g., re~circulgtion of the walerina
walerfall or 3pa snvironment).

Tuming 1o the filter arangement 22, any suitable congtruction and
configuration of the filter arrangement is passible. For sxample, the filter
arrangement 22 may include a skemmer assembily for collscting coarse delbris
from water baing withdrawn from the pool, and ong or mors filter components
for straining finer material from the water.

The pump 16 may have any suitable construction andfor configuration
for providing the desired foree to the water and move the water. In ons
example, the pump 16 {5 a commaon centrifugal pump of the type known 1o have
impeliars extending radially from a central axis. Vanes defined by the npelisrs
create interior passages through which the waler passes as the impellers ars
rotated. Rotating the impellers about the central axis mparts a centrifugal force
o water thereln, and thus imparts the fores flow 10 the water. Although
centrifugal pumps are well sulted to pump a large volume of water at g
continuous rate, other molor-operated pumps may also be used within the

seopa of the prasent invention.
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Drive force Is provided o the pump 18 via a pump motor 24, Inthe one
example, the dive force is In the form of rotational force provided o rotate the
impelier of the pump 16. In one speoific embodiment, the pump motor 24 s a
permanent magnet motor, o another specific embodiment, the U motor 24
iz a three-phase motor. The pump motor 24 operation is infinllely variable
within a range of operation .., 7810 1o maximum cperation. In one specific
example, the operation is indicated by the RPM of the rotational force provided
o roiale the impeller of the pump 18

A controlier 30 provides for the control of the pum;:s moior 24 and thus

the control of the pump 18, Within the shown axample, the controller 30
includes a varighie speed drive 32 that provides for the infinitely variable control
of the pump motor 24 (.a,, varies the speed of the pump motor), By way of
sxample, within the operation of the variable speed drive 32, a single phase AD
Currant rom & source power supply Is convertsd {&.9., broken into & thres.
phase DG current. Any sullable technique and associated
construction/configuration may be used 1o provide the trag-phase DO current,
For sxample, the construcion may inchuds capaciors 1o correct line supply
over or under vollages. The variable speed drive supphiss the DO electric
power at a changeable frequency 1o the pump motor 1o drive the pump motor.
The consbruction andior configuration of the pump 18, the pump molor 24, the
controlier 30 as & whole, and the variable spesd drive 22 as a portion of the
controfier 30, are not Bmitations on the present invention. In one passibility, the
pump 16 and the pump motor 24 are disposed within a single housing o form a
single uril, and the controlier 30 with the varable spesd drive 32 are disposed
within another single housing o form another single unit. In another possibility,

these components are disposed within a single housing to form a single urit,
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The pumping system 10 has means used for control of the opergtion of
e pump. In acoordance with one aspect of the prasent invention, the
purnping system 10 includes means for sensing, detarmining, or the ke ane or
more parameters indicative of the operation performed upon the waler, Within
ona specific example, the system includes mesns for sansing, determining or
the like ong of more parametsrs indicative of the movement of water within the
fhsid ciroult,

The abifily 1o sense, determine or the ke one or more paramelers may
take a variety of forms. For example, one or more sensors 34 may be utliized.
Buch ong or more sensors 34 can be referred (0 a5 a sensor arrangement.
The sensor arrangement 34 of the pumping system 10 would sense one or
rore parameters indicative of the operation performed upon the water. Within
one specific sxample, the sensor arrangement 34 senses parametars indicative
of the movement of water within the fuld ciroull. The movement along the fiuid
chreult includes movement of watar through the filter arrangement 22, As such,
the sensor arrangament 34 includes at least one sensor used to determing Bow
rate of the water moving within the fluld ciroult and/or includes st least ona
senser used to delermine flow pressurs of the waler moving within the Huid
circuit, In one example, the sensor arangement 94 is uperatively connected
with the weter oiroult atfadiacent to the lncation of the filter arrangement 22, i
should be appreciated that the sensors of the sensor arrangement 34 may ba
&t different locations than the locations presented for the gxampie. Also, the
sensors of the sensor arrangament 34 may be at different locations from each
other, Bl further, the sensors may be configured such that different sensor
portions are at different locations within the fuid circull, Buch a sensor

arrangemsnt 34 would be operatively connected 38 1o the controlier 30 fo

provide the sensory information thersio,
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it is to be noted that the sensor arangement 34 may accomplish the
sensing task via varfous methodologies, and/or different and/or additional
sensors may be provided within the system 10 and information provided
therefrom may be utfized within the system. For gxample, the sensor
arrangemert 34 may be provided that is associated with the filler arrangemeant
and that senses an operation characteristic associated with the fiter
arrangement. For sxample, such a sensor may monitor filter performance,
Such monitoring may be a3 basic as ronitoring fiter fow rate, flter pressure,
or soma other parameter that indicates performance of the filter arrangemeant.
OfF course, It is 1o be appreciated that the sensed paramster of operation may
be otherwise associated with the operation performed upon the water. As
such, the sensed parameter of operation can be as simpiisfic as g fiow
indicative paramater such as rate, pressure, sic,

Suech indication information can be used by the controlier 30, via
performance of a program, algorithm or the like, to parform various functions,
and examples of such are set forth balow. Also, tisto be appreciated that
additional functions and features may be separate or combined, and that
sensor information may be obizined by one or mare sensors.

With regard 1o the specific example of monitoring flow rate and flow
presswrg, the information from the sensor arrangement 34 can be ussd as an
indication of impediment or hindrance via ohstruction or condifion, whether
physical, chemical, or mechanical in nature, that interferes with the flow of
waler from the aguatic application to the pump such as debris accumulation or
the lack of accurmulation, within the Bliter arrangement 34. As such, the
monitored information is indicative of the condition of the fiter arrangement,

Within another example (Fig. 2} of a pumping system 110 that includes

rmeans for sensing, determining, or the like one or more parameters indicative
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of the operation performed upon the water, the controller 130 can determing
the one of more parameters via sensing, determining or the ke parameters
assoctated with the operation of a pump 118 of a pump unit 112. Such an
approach is based upon an understanding that the pump opergtion iself has
one or mare relationships o the operation performed upon the water,

i should be appreciated that the pump unit 112, which includes the
pump 116 and a pump motor 124, a pool 114, a filter arrangement 122, and
imerconnecting lines 118 and 120, may be idontical or differant from the
corresponding tems within the example of Fig. 1.

Tumning back 1o the example of Fig. 2, some examples of the pumping
systemn 110, and specifically the controller 130 and associated portions, that
utlfize at least one refationship betwesn the pump operation and the operation
performed upon the water attention are shown in U.S. Patent No, §,354,805, to
Moller, entitled "Msthod For Raguiaifng A Delivery Variable Of A Pump” and
U8, Patent No. 6,488,042, 1o Moller, entitled “Method For Regulating A
Delivery Variable OF A Pump.” The disclosures of these patents are
incomporated hereln by reference. In short summary, direct sensing of the
prassure and/or flow rate of the water is not performed, but instead one or mors
sensed or determined parameters associated with pump operation are ulllized

&s an indication of pump performance. One example of such a pump
paramster s input power, Prassure and/or fiow rate can be
calculated/determined from such pump parameter(s).

Although the system 110 and the controlier 130 there may be of varied
construction, configuration and operation, the function biook diagram of Fig. 2 is
generally representative. Within the shown example, an adiusting element 140
is eperatively connected 1o the pump motor and is also operatively connacted

o a conlrol element 142 within the controlier 130, The contro! elament 142
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operalss in response t0 @ comparative function 144, which recaives input from
a powsr caloulation 148,

The powsr calculation 146 is performed utilizing information from the
oparation of the pump motor 124 and controlled by the adjusting element 140,
As such, a feedback eration is performed 1o control the pump motor 184,
Also, it is the operation of the pump motor and the pump that provides the
information used fo control the pump motorfpump. As mentioned, #is an
undsrstanding that operation of the pump motor/pump has a relationship to the
fiow rate and/or pressure of the water flow that is utilized to controf flow rate
and/or flow pressure via control of the pUmg,

As mentioned, the sensed, determined {8.9., caloulated, provided via a
look-up table, elo), ete. information s utilized to determine the flow rate andior
the flow pressure. In one example, the operation is basad upon an approach in
which the pump (e.g., 16 or 118) is controllad 1o Operate at a lowest amount
that will accomplish the desired task {g.g., maintain a dasired filtering level of
operation) via a constant flow rate. Specifically, as the sensed parameter
changes, the lowest level of pump operation {i.e., purmp speed) fo accomplish
the desired task will need to change. The controller {e.g., 30 or 130) provides
the control 10 operate the pump motor/pump accordingly. In other words, the
controlier {8.g., 30 or 130} repestedly adjusts the speed of the pump motor
(e.0., 24 or 124) to a minimum level responsive to the senged/determined
parameter 10 maintain operation at & speoific level, Such an aperation mods
can provide for minimal energy usage.

Turning 1o the issue of aperation of the system {&.g.. 10 0r 110} overg
course of a long period of time, it is typical that a predetermined volume of
water flow Is desirad, For example, it may be desirable to move a valumea of

water equal to the volume within the aquatic application {e.g., pool or spa).
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Such movement of water is typically referred 1o as a tumover, i may ba
desirable o move a volume of water equal to miltiple turnovers within a
specified time period (8.g., a day). Within an example in which the water
operation includes & filter operation, the desired water movemeant {e.4., specific
number of urnovers within one day) may be rolated to the necessity o
maintain & desired water clarily,

Within the water operation that comains a filter operation, the amount of
water that can be moved andfor the ease by which the water can be moved is
dependent in part upon the current state {e.g., guality) of the fiiter arrangement.
in general, a clean {8.g., new, frosh) flter arangement provides g lesser
impediment to watsr flow than a filter arangement that has acoumulated filter
matier {2.g., dirty). For a constant flow rate through a filter arrangement, &
lesser prossure Is required to move the water through a clean filter
arrangement than a pressure that is requirad to move the water through a dirty
filter arrangement. Ancther way of considering the effect of dirt scoumulation is
that if pressure is kept constant then the flow rate will decreass as the dirt
accumulates and hinders (8.g., progressivaly blocks) the flow.

Tuming to one aspect that Is provided by the present invertion, the
system can operate o maintain a constant flow of water within the circuit,
Maintenance of constant flow is uselful in the axample that inchudes g filter
arrangement. Moreover, the abilly 1o maintain a constant flow is usefu! when it
is desirable 1o achiove a specific flow volume during a spacific pariod of time,
For example, it may be deslable 1o fiter pool water and achiove g speciiic
nurmber of water turnovers within each day of operation {o maintain 2 desired
water clarity despile the fact that the filler arrangement wi prograssively

incraase dirt accumulation.
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it should be appraciated that maintenance of a constant flow volume
despite an Increasing impediment caused by filter dirt acoumulation reauires an
increasing pressure and is the result of increasing motive force from the
pumpimotor. As such, one aspact of the present invention is 1o contral the
mctorpump o provide the increased motive force that provides the increased
prassure 1o maintain the constant flow,

Of gourse, continuous pressure increase to sddress the increass in fiter
dirt impediment is not uselu! bevond some lovel. As such, in accordance with
ancther aspact of the present invention, the system {(a.g., 10 or 1 10} controls
operation of the motor/pump such that the motive forcs is not increassd and the
flow mta is thus not maintained constant. In one example, the cessation of
noreasss in motive force ooours ance & specific pressure isvel {8.0., &
threshold) is reached. A pressure lovel hreshold may be related to a specific
filter type, system configuration, sfc. In one specilic exampis, the specific
pressurs leved thrashold is predetermined. Also, within ane spacific axample,
the speciflic pressurs leved tyeshold may he a user or lechnician-entered
parametar.

- Within another aspect of the present invertion, the system {8.g., 10or
110} may operate to reduce pressure while the pressurs is above the DYBSsUre
level threshold, Within vet another, related aspect of the resant invention, the
system {e.4., 10 or 110} may return to control of the flow rate to maintain a
specific, constant flow rate subsequent o the pressure being reduced balow
the pressure lovel thrasheig,

Within yet another aspect of the prasent invention, the system {8.9.,10

or 110} may operate 1o have different constant flow rates during differant time
periods. Such diffarent time periods may be sub-periods {e.0., specific hours)

within an overall time period {(8.g9., & day) within which a spscific number of
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water turnovers is desired. During some time periods a farger flow rate may be
desired, and & lower flow rate may be desired at other time periods. Within the
sxample of a swimming pool with a filter arrangement as pan of the water
oparation, i may be desirsd 10 have a larger flow rate during pocluse time
(e.g., daylight hours} 1o provide for incrsased water lumnover and thus
increased filtering of the water. Wihin the same swimming pool example, #
may be desired to have a lower flow rate during non-use {e.g., night-time
hours).

Turning fo one specific example, attention Is directed to the top-loved
operation chart that is shown in Fig. 3. With the chart, i can be appreciated
that the system has an overall ON/OFF siatus 302 as indicated by the contral
box. Specifically, overall operation is started 304 and thus the sysiem is ON.
However, under the penumbra of & general ON state, a number of modes of
operation can be entered. Within the shown example, the modes are Vacuum
run 308, Manual run 308, Filter 310, and Cleaning seguance 312,

Briefly, the Vacuum run mode 306 is snterad and utilized when a
vacuum devics is ulllized within the pool {o.g., 14 or 1 14}). For sxample, sucha
vacuum device is typically connectad to the pump {e.g., 16 or 118}, possibly
through the filter arrangement, (e.q., 22 or 122) via a relative long aexient of
hose and is moved about the pool fe.g., 14 or 114} to cloan the water st various
lovations andfor the surfaces of the pool 8t various locations. The VaoULm

device may be a manually moved device or may autonomously mova,

Similarly, the manual run mode 308 is sntered and utilized when i is
desirad 10 operate the pump cutside of the other specited modes. The
cleaning sequence mode 312 is for operation performed I the course of a

claaning routing,
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Tumning to the fliter mode 310, this mode is a typical operation mods in
order to maintain waler clarity within the pool (e.g., 14 or 114). Moreover, the
fiter mode 310 is operated to oblain effective fiftering of the pool while
minimizing energy consumption. As one example of the fiter mods 310,
atiention is directed 1o the flow chart of Fig. 4 that shows an sxample process
400 for accomplishing a filter function within the filter mode. Specifically, the
pump is operated to move water through the filter arrangement. | is noted that
the exampie process is associated with the example of Fig. 2. However, tisto
be appreciated that a similar process ccours sssocizted with the sxample of
Fig. 1.

The process 400 (Fig. 4) is initiated at step 402 and proceeds 1o step
404. At step 404 information Is retrieved from a filter menu, The information
may fake a variety of forms and may have a variety of contents. Asone

sxample, the information includes oycles of clrculation of the water per day,
trnovers per day, scheduled time {e.q., start and stop times for a plurality of
cycles), pool size, fiter pressure befors achieving a service systems soon
status, and maximum priming time. 1t should be appraciated that such
information {s.g., values) is desired andfor intended, andior
preselected/pradetermined.

Subsequent o step 404, the process 400 proceeds to step 406 in which
one of more caloulations are performed. For example, a filter flow value is
determinad based upon a ratio of pool size to scheduled time {2.q., filter flow
equals pool size divided by scheduled time). Also, the new off time may be
calculated for the scheduled time (8.9, a cutoff time). Next, the process 400
proceeds to step 408 in which 8 "START” is activated to begin repetitive

opearation of the filter mods,
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The process 400 proceeds from step 408 o step 410 in which i is
determined whethar the flow is above g priming flow value. 1f the determination
al step 410 is negative (2.g., the flow is not above & priming flow vahe), the
process 400 procesds to step 412, Within step 412, the flow cortrol process is
performed. As mentioned above, the fiow control process may be simiiar o the
process disclosed within U.S. Palent No. 6,354,808 or U8, Patent No.
8,488,042, 1 should be noted that step 414 provides input that is ulilized within
step 412. Specifically, hardware input such as powsr and spesd measurement
are provided. This information s provided via a hardware input that can give
information in a form of currert and/or voltage a8 an indication of power and
speed measurerment of the pump motor. Associated with step 414 is step 418
i1 which shaft power provided by the pump motor is caloulaied. At sten 418, 8
priming dry alamm step is provided. In one example, i the shaf power is zero
for ten seconds, a priming dry alarm is displaved and the provess 400G is
interrupted and doss not proceed any further untll the situstion 8 otherwiss
gorracted,

Hetumning to step 412, & should be appraciated that subsequent io
operation of the stap 412, the process 400 retums 1o step 410 in which the
query concerning the flow being above a priming flow s repeated, 1 the
datarmination within step 410 is affirmative (Le., the flow is above the priming
flow value}, the process 400 proceeds from step 410 to step 420.

it should be appreciated that steps 408 and 420 provide two bits of
information that Is utilized within an ancillary step 421, Specifically, step 408
provides a time star indication and step 420 provides 3 time primed indication.
Within slep 421, a determination concermning a priming alarm is made.
Speciiically, ¥ priming control {Le., the system is determined 1o be primed), is

not reached prior o & mepdmum priming time allotment, a priming alam is
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displayed, and the process 400 is interrupted and doss not procesd any furtheyr
until the situation is addressed and corrected,

Returning o step 420, the process 400 procesds from step 420 (o step
422 in which a Tlow reference is set equal o the current filler Bow valus,
Subsequent 1o step 422, the process 400 procesds 0 slep 424, At step 424, #
s determined whether the system Is operating 8! 8 specified flow reference.
The filter flow is defined in terms of volume based upon ime. Fihs
determination at step 424 is negative {.2., the system is not operating at the
flow reference lavel), the process 400 proceeds to slep 428, Alstep 428, the
flow control process Is performed, similar to step 412, As such, step 414 also
provides input that is utilized within step 426. Subsequent to step 428, the
process returns o siep 424,

i the determingtion with step 424 is affirmative (8., the system iz
operating at the flow reference level}, the process 400 proceeds 1o step 428 in
which pressure is caloulated. Pressure can be caloulated hased L0
information derived from operation of the pump. Subseguent to sten 428, the
process 400 procesds 1o step 430, A1 450, & determination is mads as o
whather the pressure is above a madmum filter pressure.

1t should be noted that step 432 of the process 400 provides nput o the
determination within the step 430, Specifically, at slap 432 a menu of data that
containg a mesdmurm filter pressure value is accessed. 1 the determination at
step 430, s negative .., the pressure is not above the maxdmum flter
pressure), the process 400 procesds 10 step 434, Al step 434, the fiiter slatus
s updated in the menu memory. Subsequent 1o step 434, the Droeess 400
procesds 10 step 438,

Al step 436, a determination is made as to whether the flow reference is

equal to the filter flow. I the determination as step 438 Is affirmative (e, the
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flow reference is equal to the filter flow), the process 400 loops back o step
422. However, if the determination at step 4388 is negative (e, the flow
reference is not equal to the filter flow), the process 400 proceeds to steps 438
and 440,

Within slep 438, a delermination s made as to whether the filter statug is
higher than 100%. If 50, a service system soon indication is displayed. At slep
440, a flow reference af reference N is readjusted 1o equal a previous flow
reference (Le., N- 1 plus a specific value). Within the shown example, the
additional value is 1 galion per minute. Subssquent to the adiustment of the
fow reference, the protess 400 proceeds {0 step 428 for rapeat of step 428
and &t lsast some of the subsenuent process steps.

Foousing again upon step 430, if the determination at step 430 is
affirnative (Le, the pressure is above the maximum Blter pressure), the
process 400 proceeds from step 430 10 step 442, Al siep 442, the progess 400
changes from flow control 10 pressure control. Specifically, # isto be
appraciated that up to this time, the process 400 has atternpted to maintain the
flow rate at an effectively constant value. However, from step 442, the process
400 will attermpl o malntain the flow pressurs at effectively a constant value,

The process 400 procseds from step 442 1o step 444. Within step 444,
a flow reference value is adjusted. Specifically, the flow reference value for
time index N is set equal 1o the flow referance value fortime index N - 1 that
has been decreased by a predetermined value. Within this specific exampla,
the decreased value is 1 galion per minute. Subsequent 1o step 444, the
process 400 proceeds 1o step 446 in which the flow controller, as previcusly
described, performs s function. Similar to the steps 412 and 426, step 446

obtaing hardware inpul. For example, powsr and spead measuring information
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iz provided for use within the flow controller. Subsequent o siep 448, the
proeess 440 proceads to step 448,

Within the slep 448 a delermination is made as 1o whether the flow
sguals a flow reference. I the determination within step 448 is nogative {le.,
the flow does not egual the flow reference), the process 400 procesds from
step 448 back Io slep 446, Howsver, if the determinstion within step 448 is
affirmative {Le., the flow is sgual to the flow reference), the process 400
procesds from step 448 (o slep 480, Within slep 450, the status of filter
arangerrsrt s updated within the memory of the many. Subsequent to step
450, the process 400 procesds back 1o step 428 and &t lsast some of the
subzaguent slops are repsated,

One of the advaniages provided by the example shown within Fig. 413
that a minimum amount of engigy is exdended to maintain a constant flow so
iong as the filter arrangement does not provide an excessive impediment 1o
fow of water. Howaver, subsequent to the filter arangement hecoming a
problem (0 constant fow {8.g., the filter arrangement is sufficilently clogged), the
methodology provides for 2 constant pressura 10 be maintained 1o provide for a8t
izast some filtering function despite an associated decreass in flow. Moreover,
the process is Herative o constantly adiust the flow or the pressure © mainiain
a high efficiency coupled with 2 minimal snergy usages.

in accordancs with another aspect, it should be appreciated thet the
filtering function, as a free starding operation, is intended 1o maintain clarly of
the pool water. However, it should be appreciated that the pump {e.g., 18 or
18] may also e utilized 1o operate other funcions and devices such as a
zeparate cleaner, & walsr siidde, or the ke, The example of Fig. 1 shows an
exampie additional operation 38 and the example of Fig, 2 shows an example

additional operation 138, Such an additional operation {e.g., 38 or 138) may be
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a cleaner device, either manual or sutonomous. As can be apprecisted, an
additional operation involves additional water movement, Also, within the
presented examples of Figs. 1 and 2, the water movement is through the filter
arrangement {8.9., 22 or 122). Such, additional water movement may be used
to supplant the need for other walsr movement, in accordance with one aspact
of the present invention and as described further balow.

Associated with such other functions and devices is a centain amount of
water movement. The present invention, In accordance with one aspact, is
based upon an appreciation that such other waler movement may be
congiderad as part of the overall desired watsr movement, oyeles, umover,
filtering, efe. As such, waler movement assoniated with such other functions
and devices can be ulilized as part of the overall water movement to achieve
desired values within a specified time frame. Utilizing such waler movement
can allow for minimization of a purely filtering aspect. This permils increased
ensrgy afficiency by avoiding UNNSCessary pump operation.

Fig. BA is an example time lne that shows a typical operation that
includes both filter oycles (C1-04) and several various other opearations and/or
devices (FO-F4) that are operated. It should be appraciated that pump
operation for all of these cycles, functions, and devices would be somewhat

wasteful. As such, the present invention provides 8 means o reduce a routing
filtration oyele {e.g., C1-C4) in response o coourence of one or more
operations {8.g., FO-F4). Below are a series of equations that check for averian
and cutoff based upon wiilization of all of the features froutine filtration cyclas,

C1-C4, and all other operations, FO-F4).

Overlap check and “cutoff” calculations for features for: sl F's and s

case FO typs: (Fustart « Cxostart & Fxstop < Oxstarh2{Frstart > Ox.slop & Fustop > Oxstop)
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ctOff + = g

case F1 ype: Prostart > Oxostart & Fastop < Cxstap
O + = Fustop - Fxstart

oase F2 type: Fstart < Oxosiant & Fx.stop < Cxostop & Frstop > Ox.start
O + = Fstop - Cx.starn

case FItype: Poetart > Cxstart & Frstan « Cx.stop & Fasiop » Crsiop
CutlHf + = Cstop - Fstart

case F4 type: Frstart < Ox.start & Fstop » Ox.stop

SO + = Crstop - Cxstar

An example of how the routine filtration cyclas are reduced is shown via
a comparison of Figs. 5B and 8. Specifically, Fig. 58 shows the oycles for
routing filtration (C1-02) and thres other pump operation routings {e.g., F3, F4,
and F8). Asto be appreciated, because the othar operations (F3, F4, and Fa)
will provide some of the necessary water movement, the routine filtration oycles
can be reduced or otherwise eliminated. The equations set forth below provide

an indication of how the rutine fitration cycles can be reduced or sliminated,

k=g %t konst = fow x time
For (s F's with ko0)
krestF = i
for {ali O's}
f FTstart » CTstart & FTstart < CTstop)
krestF + kF - K{OTh - Fia)
alsg
it (krestF < kresiC)

krastC = kresi - krastF



03 Jun 2014

2014202995

10

15

20

24

CTslop = CTstan + {krestl / o)
Cg = K
Chstop - CTstant
glge
Krest ~ kresiF - krest

delate &

Hig. 8C shows how the routing fitration sycles C1-04 are reduced or
eliminated. It should be appreciated that the other functions (F3, F4, snd Fs
rermaing.

Focusing on the aspect of minimal energy usage, within some know pool
filtering applications, & is common to aperate a known pump/fiter arrangement
for some portion (e.q., eight hours} of & day at effectively a vary high speed to
accomplish & desired leval of pool cleaning. With the present invention, the
system {e.g., 10 or 110) with the associated fifter arangement (8.g., 22 or 122
can be operated continuously (8., 24 hours a day, or some other time
amaount{s}} at an sver-changing minimum level fo accomplish the deslhed level
of pool cleaning. s possible 10 achiove 8 very significant savings in energy
usage with such a use of the present invertion as comparad io the known
pump operation at the high speed. In one axample, the cost savings would be
in the range of 30% as compared to a known pumpy/fitter arrangement.

Accordingly, one aspect of the present invention is that the pumping
system controls operation of the pump to perform a first water opsration with gt
loast one predetermined parameter. The first operation can be routine filtering
and the parameter may be timing and or water volume movemsnt {e.q., flow
rate or pressurel. The pump can #so be operated 1o perform a second water

Operation, which pan be anything else besides just routing filtering (8.4,
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cleaning). However, in order to provide for snergy conservation, the first
operation {8.g., just filtering) Is controlied in response to performance of the
second operation (e.g., running a cleanen),

Agquatic applications will have a variety of different water demands
depending upon the specific ativibutes of each atjualic application. Tuming
back to the aspect of the pump that is driven by the §s§f§n§ie§y variable motor, it
should be appraciated that precise sizing, adjustment, eto. for sach application
of the pump system for an aguatic application can thus be avoided. In Eny
respects, the pump system s seif adjusting o sach application.

i is to be appreciated that the controller {2.9., 30 or 130 may have
various forms to accomplish the desired funclions. In one gxampie, the
controlier 3¢ includes a computer processor that gperates a program. In the
alternative, the program may be considerad 16 be an aigorithm. The program

may be in the form of macros. Further, the program may be changsable, and
the controfier 30 is thus programable.

Also, it is 1o be appreciated that the physica! appearances of the
mmpcsfi@ms of the system {8.q., 10 or 110} may vary. As some examples of
the components, altention is directed to Figs. -8, Fig. 6 is a perspective view
of the pump unit 112 and the controlier 130 for the system 110 shown in Fig. 2.
Fig. 7 is an exploded perspective view of some of the tomponents of the pump
unit 132, Fig. 8 is a perspective view of the controlier 130,

it should be evident that this disclosure is by way of example and that
various changes may be made by adding, modifying or eliminating detalls
without departing from the scops of the teaching contained in this disclosure.
As such itis to ba apprecisted that the person of ordinary skilf in the ant wil

perceive changes, modifications, and improvements to the gxample disclosed
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hergin. Such changes, modifications, and improvements are intended 1o be

within the scope of the present invention,
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THE CLAIME DEFINING THE INVENTION ARE AS FOLLOWS:

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

8 pump;

a motor coupled o the pump; and

a controller in communication with the motor, the controller determining a
current flow rate based on an input power to the motor, the controller
determining whether the current flow rate is above a priming flow value in order
io determine whether the pumping system is primed, the controller indicating a
priming alarm if the pumping system is not primed before reaching a maximum

priming time allotment.

2 The pumping system of claim 1, wherein a flow control process is

initiated when the current flow rate is below the priming flow value.

3. The pumping system of claim 1, wherein the maximum priming time
allotment is determined by a difference between a time start indication and a

time primed indication.

4, The pumping system of claim 1. wherein the motor is an infinitely
variable speed motor o allow the pumping system 1o seif-adjust to the at least

one aquatic application,

5. The pumping system of claim 1, wherein the motoris at leastone of a

permanant magnet molor and a three-phase motor,

03/06/14
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8. The pumping system of claim 1, wherein the pump is configured to
provide at least one water operation that provides for conservation of energy by

altering control of operation of the pump.

7. The pumping system of claim 6, wherein the at least one water operation
is a routine filtering operation configured to change a time schedule to alter

control of operation of the pump.

8. A pumping system for at least one aguatic application, the pumping
system comprising:

a pump;

a motor coupled to the pump; and

a controller in communication with the motor, the controller obtaining
hardware input including at least one of input power and motor speed, the
controfler calculating shaft power based on the hardware input, the controller
determining priming status based on the shaft power, the controller indicating a
priming dry alarm if the shaft power is at least approaching zero for at least

about ten seconds.
9. The pumping system of claim 8, wherein the motor is an infinitely
variable speed motor to allow the pumping system to self-adjust 1o the at least

one aqualic application.

10.  The pumping system of claim 8, whersin the motor i at leastone of a

permanent magnet motor and & three-phase motor.

03/06/14
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11.  The pumping system of claim 8, wherein the at least one of input power
and motor speed is provided in the form of at least one of a current and 2

voltage.

12.  Ths pumping system of claim &, wherein the pump is configured to
provide at least one water operation that provides for conservation of energy by

altering control of operation of the pump.

13.  The pumping system of claim 12, wherein the at least one water
operation is a routing filtering operation configured to change a time schedule

to alter control of operation of the pump.

Dated this 3™ day of June 2014

Pentalr Water Pood and 8pa, Inc. and
Qanfoss Low Power Drives

Patent Attorneys for the Applicant
PETER MAXWELL AND ASSQCIATES

03/06/14
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