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System and method for speed control of variable speed pumping systems

Abstract

A system and method for controlling a speed of a pumping system includes a
controller, a variable frequency drive connected to the controller, a motor connected
to the variable frequency drive, a pump connected to the motor, a set of sensors
connected to the motor, the pump, and the controller, and an interface connected to
the controller. The controller includes a processor and a memory connected to the
processor. A motor control process is saved in the memory and executed by the
processor that generates a motor control signal to control the speed of the motor and
the pump.
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Claims

The invention claimed is:

1. A pump system for speed control of variable speed pumping, comprising: a controller further
comprising a processor; a variable frequency drive connected to the controller; a motor
connected to the variable frequency drive; a pump connected to the motor; a set of sensors
connected to the motor, the pump, and the controller; an interface connected to the controller; the
processor programmed to: receive a set of at least two constants from the interface; measure an
instantaneous pressure from the set of sensors; calculate a proportional value based on the set of
constants and the instantaneous pressure; wherein the proportional value is calculated using a
polynomial function that includes at least two values from the set of constants; determine a speed
adjust value from the proportional value if the proportional value is within a predetermined
range; generate a motor control signal from the proportional value for the variable frequency
drive; whereby the variable frequency drive adjusts a speed of the motor based on the motor
control signal; wherein the processor is further programmed to: retrieve a current speed from the
set of sensors; retrieve the instantaneous pressure from the set of sensors; compare the
instantaneous pressure to a deadband value; determine a new speed from the speed adjust value
and the current speed if the instantaneous pressure is beyond the deadband value; and, send the
new speed as the motor control signal to the variable frequency drive; wherein the set of at least
two constants further comprises a gain, the deadband value, a pressure setpoint, a negative limit,
and a positive limit, wherein the negative limit and the positive limit comprise the predetermined



range, and wherein the processor is further programmed to: compare the proportional value to
the negative limit and the positive limit; set the negative limit as the speed adjust value if the
proportional value is less than the negative limit; and, set the positive limit as the speed adjust
value if the proportional value is greater than the positive limit.

2. The system of claim 1, wherein the processor is further programmed to: compare the new
speed to a maximum speed and a minimum speed; and, send the maximum speed as the motor
control signal if the new speed is greater than the maximum speed; and, send the minimum speed
as the motor control signal if the new speed is less than the minimum speed.

3. The system of claim 1, wherein the set of sensors further comprises: a pressure sensor
connected to the pump and to the controller; and, a speed sensor connected to the motor and to
the controller.

4. The system of claim 1, wherein the processor is further programmed to: compare the new
speed to a motor speed range; and, send the new speed as the motor control signal if the new
speed is within the motor speed range.

5. A system for speed control of variable speed pump systems, comprising: a controller further
comprising a processor; a set of pump systems, each pump system of the set of pump systems
connected to the controller; an interface connected to the controller; the processor programmed
to: receive a set of at least two constants from the interface; measure an instantaneous pressure
from the set of pump systems; calculate a proportional value based on the set of constants and
the instantaneous pressure; wherein the proportional value is calculated using a polynomial
function that includes at least two values from the set of constants; determine a speed adjust
value from the proportional value if the proportional value is within a predetermined range;
generate a control signal from the proportional value; send the control signal to each pump
system of the set of pump systems; whereby each pump system of the set of pump systems
includes: a motor, a pump connected to the motor, and a variable frequency drive to adjust a
motor speed based on the control signal; wherein the processor is further programmed to:
retrieve a current speed from a set of sensors; retrieve the instantaneous pressure from the set of
sensors; compare the instantaneous pressure to a deadband value; determine a new speed from
the speed adjust value and the current speed if the instantaneous pressure is beyond the deadband
value; and, send the new speed as the control signal to the variable frequency drive of a
respective pump system; wherein the set of constants further comprises a gain, the deadband
value, a pressure setpoint, a negative limit, and a positive limit, wherein the negative limit and
the positive limit comprise the predetermined range, and wherein the processor is further
programmed to: compare the proportional value to the negative limit and the positive limit; set
the negative limit as the speed adjust value if the proportional value is less than the negative
limit; and, set the positive limit as the speed adjust value if the proportional value is greater than
the positive limit.

6. The system of claim 5, wherein: the motor is connected to the variable frequency drive.

7. The system of claim 6, wherein the set of sensors further comprises: a speed sensor connected
to the motor; a flow rate sensor connected to the pump; and, a transmitter connected to the flow



rate sensor and the controller.

8. The system of claim 7, wherein the processor is further programmed to: receive a flow rate
from the transmitter; and, convert the flow rate to the instantaneous pressure.

9. The system of claim 5, wherein the processor is further programmed to: compare the new
speed to a maximum speed and a minimum speed; and, send the maximum speed as the motor
control signal if the new speed is greater than the maximum speed; and, send the minimum speed
as the motor control signal if the new speed is less than the minimum speed.

10. The system of claim 9, wherein the processor is further programmed to: generate a scaled
motor control signal from the motor control signal; and, send the scaled motor control signal to
each pump system of the set of pump systems.

11. The system of claim 5, wherein the processor is further programmed to: compare the new
speed to a motor speed range; and, send the new speed as the motor control signal if the new
speed is within the motor speed range.

12. A pump system for speed control of variable speed pumping, comprising: a controller further
comprising a processor; a variable frequency drive connected to the controller; a motor
connected to the variable frequency drive; a pump connected to the motor; a set of sensors
connected to the motor, the pump, and the controller; an interface connected to the controller; the
processor programmed to: receive a set of at least two constants from the interface; measure an
instantaneous pressure from the set of sensors; calculate a proportional value based on the set of
constants and the instantaneous pressure; wherein the proportional value is calculated using a
polynomial function that includes at least two values from the set of constants; determine a speed
adjust value from the proportional value if the proportional value is within a predetermined
range; generate a motor control signal from the proportional value for the variable frequency
drive; whereby the variable frequency drive adjusts a speed of the motor based on the motor
control signal; wherein the processor is further programmed to: retrieve a current speed from the
set of sensors; retrieve the instantaneous pressure from the set of sensors; compare the
instantaneous pressure to a deadband value; determine a new speed from the speed adjust value
and the current speed if the instantaneous pressure is beyond the deadband value; and, send the
new speed as the motor control signal to the variable frequency drive wherein the polynomial
function is: .function..times..function..times. ##EQUO00002## wherein PV is the proportional
value, wherein p.sub.setpoint is the pressure setpoint, wherein p.sub.instant is the instantaneous
pressure, and wherein Gain and deadband from the function are the gain and the deadband from
the set of constants.

13. A system for speed control of variable speed pump systems, comprising: a controller further
comprising a processor; a set of pump systems, each pump system of the set of pump systems
connected to the controller; an interface connected to the controller; the processor programmed
to: receive a set of at least two constants from the interface; measure an instantaneous pressure
from the set of pump systems; calculate a proportional value based on the set of constants and
the instantaneous pressure; wherein the proportional value is calculated using a polynomial
function that includes at least two values from the set of constants; determine a speed adjust



value from the proportional value if the proportional value is within a predetermined range;
generate a control signal from the proportional value; send the control signal to each pump
system of the set of pump systems; whereby each pump system of the set of pump systems
includes a variable frequency drive to adjust a motor speed based on the control signal; wherein
the processor is further programmed to: retrieve a current speed from a set of sensors; retrieve
the instantaneous pressure from the set of sensors; compare the instantaneous pressure to a
deadband value; determine a new speed from the speed adjust value and the current speed if the
instantaneous pressure is beyond the deadband value; and, send the new speed as the control
signal to the variable frequency drive of a respective pump system; wherein the polynomial
function is: .function..times..function..times. ##EQUO00003## wherein PV is the proportional
value, wherein p.sub.setpoint is the pressure setpoint, wherein p.sub.instant is the instantaneous
pressure, and wherein Gain and deadband from the function are the gain and the deadband from
the set of constants.

Description

FIELD OF THE INVENTION

The present invention relates to systems and methods for controlling pumping systems. In
particular, the present invention relates to a system and method for speed control of variable
speed water pumping systems.

BACKGROUND OF THE INVENTION

Pumping systems serve a wide range of applications. For example, pumps may be used for
pumping oil and natural gas, slurries, and most commonly water. Water pumps may be used for
cooling towers, residential water supplies, and industrial and commercial manufacturing.
Typically, water pumping systems are controlled with a proportional-integral-derivative ("PID")
controller. In general, the PID controller calculates an error between a system variable and a
desired value of the system variable. The PID controller then attempts to minimize this error by
manipulating a set of control parameters.

The set of control parameters includes a proportional parameter, an integral parameter, and a
derivative parameter. More commonly, these parameters are described in terms of time where the
proportional parameter depends on the present error, the integral parameter depends on the
accumulation of past errors, and the derivative parameter is a prediction of future errors, based
on a current rate of change. These parameters are summed and used to adjust the process via a
system control such as a control valve, a damper, or supplied power. The response of a PID
controller is typically described in terms of responsiveness to an error, the degree of overshoot of
the desired value, and the degree of system oscillation.

However, PID controllers do not provide optimal control because they rely on a constant set of
proportional, integral, and derivative parameters. Further, PID controllers, perform poorly when
the PID loop gains must be reduced which leads to overshoot or oscillation of the desired value.



The prior art has attempted to solve these problems with limited success. For example, U.S. Pat.
No. 8,564,233 to Kidd et al. discloses a variable frequency drive system and a method of
controlling a pump driven by a motor with the pump in a fluid system wherein the controller
includes software executed by a digital signal processor or a microprocessor and performs
classical PID control including soft-start, speed regulation, and motor protection. However, the
controller relies on known PID control methods which are still susceptible to frequent overshoot.

U.S. Pat. No. 8,801,389 to Stiles discloses a variable-speed pumping system including a pump, a
motor coupled to the pump, and a computer controller with a variable speed drive. The controller
calculates a difference value between the reference flow rate and the present flow rate and uses
integral, proportional, or derivative control to generate a second motor speed based on the
difference value. The system is designed for use as a multi-purpose controller for swimming
pools having different pump requirements. However, like Kidd, the system in Stiles requires use
of traditional PID control methods and is susceptible to the aforementioned problems.

U.S. Pat. No. 8,760,089 to Smith discloses a control system for driving a pump motor at a
variable speed with a control system including a rectifier, a controller on a power supply
providing variable frequency power based upon switching signals provided by the controller.
Proportional-integral derivative parameters for control algorithms control the pump unit. The
system is designed mainly for use in open systems where a supply pump provides variable fluid
per pressure tank. However, the reliance on PID parameters in Smith leads to the same
previously described problems of Kidd and Stiles.

The prior art fails to disclose or suggest a system and method for controlling a pump motor speed
by calculating a proportional value from a polynomial equation and generating a motor control
signal from the proportional value. Therefore, there is a need in the art for a system and method
that provides benefits above prior art PID control methods for pumping systems, including quick
approach to a set point, reduced overshoot, easier tuning, easier controlling of the deadband and
improved resistance to instability when compared to prior art systems and methods. By limiting
the user inputs to a defined predetermined range, the system and method also decreases the
chance of a bad user input that causes an interruption in the operation of the system.

SUMMARY

A system and method for controlling a speed of a pumping system includes a controller, a
variable frequency drive connected to the controller, a motor connected to the variable frequency
drive, a pump connected to the motor, a set of sensors connected to the motor, the pump, and the
controller, and an interface connected to the controller. The controller includes a processor and a
memory connected to the processor. A motor control process is saved in the memory and
executed by the processor that generates a motor control signal to control the speed of the motor
and the pump.

In one embodiment, the controller is connected to a set of pump systems, each includes a
variable frequency drive, a motor connected to the frequency drive, a pump connected to the
motor, and a set of sensors connected to the motor, the pump, and the controller.



In a preferred embodiment, the motor control process receives a set of constants from the
interface, measures an instantaneous pressure from the set of sensors, calculates a proportional
value based on the set of constants and the instantaneous pressure, determines the motor control
signal from the proportional value. The motor control signal is sent to the variable frequency
drive which adjusts the speed of the motor based on the motor control signal.

The described embodiments disclose significantly more than an abstract idea including technical
advancements in the fields of pumps, motors, and data processing that includes a transformation
of data which is directly related to real world objects and situations.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed embodiments will be described with reference to the accompanying drawings.
FIG. 1A is a schematic of a pump system of a preferred embodiment.

FIG. 1B is a schematic of a pump system of a preferred embodiment.

FIG. 2 is a flowchart of a method for generating a pump motor control signal of a preferred
embodiment.

FIG. 3 is a flowchart of a method for determining a new motor speed of a preferred embodiment.
FIG. 4 is a graph of a pump motor speed control signal of a preferred embodiment.

FIGS. 5A-5F is an example of preferred code to generate a motor speed control signal of a
preferred embodiment.

DETAILED DESCRIPTION

It will be appreciated by those skilled in the art that aspects of the present disclosure may be
illustrated and described in any of a number of patentable classes or contexts including any new
and useful process or machine or any new and useful improvement. Aspects of the present
disclosure may be implemented entirely in hardware, entirely in software (including firmware,
resident software, micro-code, etc.) or combining software and hardware implementation that
may all generally be referred to herein as a "circuit," "module," "component," or "system."
Further, aspects of the present disclosure may take the form of a computer program product
embodied in one or more computer readable media having computer readable program code
embodied thereon.

Referring to FIG. 1A, system 100 includes controller 101 connected to variable frequency drive
102. Variable frequency drive 102 is connected to motor 103. Motor 103 is connected to pump
104. Set of sensors 105 is connected to pump 104, motor 103, and controller 101. Interface 109
is connected to controller 101. Controller 101 includes processor 106 and memory 107 connected
to processor 106. Control process 108 is saved in memory 107 and executed by processor 106.



In one embodiment, control process 108 includes a set of conversion calculations 110 to convert
data. For example, set of conversions includes a conversion of flow rate to pressure and vice
versa. Other conversion calculations known in the art may be employed.

In a preferred embodiment, controller 101 is a programmable logic controller ("PLC") model
number ELC2-PB14NNDR available from Eaton Corporation. In another embodiment,
controller 101 is an E-Series Mark V PLC available from Tigerflow Systems, LLC. Controller
101 receives sensor data from set of sensors 105, receives user input from interface 109, and
sends a motor control signal in the form of motor speed commands to variable frequency drive
102 based on sensor data from set of sensors 105 and based on user inputs from interface 109.

In a preferred embodiment, variable frequency drive 102 is an A1000 drive available from
Yaskawa America, Inc. In another embodiment, variable frequency drive 102 is a VLT.RTM.
AQUA Drive FC 202 drive available from Danfoss Power Solutions Company. Other suitable
drives known in the art may be employed. Variable frequency drive 102 receives motor speed
commands from controller 101 and sends alternating current ("AC") power to motor 103 based
on the motor speed commands.

In a preferred embodiment, motor 103 is a NEMA Premium XRI Efficiency motor model no.
MTREG654 available from Yaskawa America, Inc. Other suitable motors known in the art may be
employed. Motor 103 receives AC power from variable frequency drive 102 and provides torque
to pump 104.

In one embodiment, variable frequency drive 102 and motor 103 is an integrated unit. In a
preferred embodiment, the integrated unit is a VLT.RTM. DriveMotor FCM 300 available from
Danfoss Power Solutions Company. Other suitable integrated drives and motors known in the art
may be employed.

In a preferred embodiment, pump 104 is a PAH-2 pump available from Danfoss Power Solutions
Company. Other suitable pumps known in the art may be employed. Pump 104 receives torque
from motor 103 and generates hydraulic power based on the torque.

In a preferred embodiment, set of sensors 105 includes a pressure sensor and a speed sensor. In a
preferred embodiment, the pressure sensor is a 200 series flow sensor available from Data
Industrial. In this embodiment, the pressure sensor is connected to a 310 series flow rate
transmitter available from Data Industrial to provide flow rate data to controller 101. Other
suitable sensors and sensor-transmitter combinations known in the art may be employed. In a
preferred embodiment, the motor speed sensor is an NPN AC motor speed sensor part no.
OMDC-PU-40R available from OMEGA Engineering Inc. In another embodiment, variable
frequency drive 102 senses the motor speed. Other suitable speed sensors and means for
detecting the motor speed known in the art may be employed. Set of sensors 105 generates
sensor data that includes pressure data measured from pump 104 and motor speed data measured
from motor 103, and set of sensors 105 sends the sensor data to controller 101.

In a preferred embodiment, interface 109 is a liquid crystal display ("LCD") touchscreen.



Interface 109 receives user inputs that include one or more constants and displays user outputs
that include the one or more constants.

In a preferred embodiment, control process 108 calculates an operational speed for motor 103,
and thereby pump 104, on open and closed loop pumping systems, based on a polynomial
equation, as will be further described below. In general, control process 108 calculates an
instantaneous difference between a measured pressure and a pressure set point. This value is then
used in the polynomial equation to calculate a proportional value. The constants of the
polynomial equation are provided by a user input via interface 109. The calculation is performed
at set time intervals also defined by a user input. The proportional value is used to determine the
operational speed and adjust the operational speed.

Referring to FIG. 1B in one embodiment, system 111 includes controller 101 connected to a set
of pump systems 112. In this embodiment, each pump system 112 includes variable frequency
drive 102 connected to controller 101, motor 103 connected to variable frequency drive 102,
pump 104 connected to motor 103, and set of sensors 105 connected to pump 104, motor 103,
and controller 101.

It will be appreciated by those skilled that each of systems 100 and 111 has numerous
configurations each of which is customized to suit the needs of an end user. As a result, each of
systems 100 and 111 optionally includes any number of additional valves, sensors, controllers,
supervisory control and data acquisition ("SCADA") systems and software as desired.

Referring to FIG. 2, control process 108 will be further described as method 200 for generating a
control signal for a pump motor. At step 201, a set of constants and a predetermined range are
determined from user input and saved into memory. In a preferred embodiment, the set of
constants include a gain, a pressure setpoint, a deadband, and a time interval between
calculations of the proportional value. In a preferred embodiment, the predetermined range
includes a positive limit and a negative limit for the proportional value. Once received, the time
interval starts. At step 202, a pressure set point is retrieved from memory. At step 203, an
instantaneous pressure is measured. At step 204, a proportional value is calculated by the
following polynomial equation:

function..times..function..times. #EQUO00001## where PV is the proportional value,
p.sub.setpoint is the pressure set point, p.sub.instant is the instantaneous pressure, and Gain,
deadband, are the gain and the deadband from the set of constants input by a user via an
interface.

At step 205, the proportional value is compared to a predetermined range to determine whether
the proportional value is within the predetermined range, i.e., whether the proportional value is
less than or equal to a positive limit of the predetermined range and greater than or equal to a
negative limit of the predetermined range. At step 206, the proportional value is set as a pump
speed adjustment value if the proportional value within the predetermined range, i.e., the
proportional value is less than or equal to the positive limit and greater than or equal to the
negative limit.



At step 207, if the proportional value is not within the predetermined range, then the positive
limit or the negative limit is set as the pump motor speed adjustment value. If the proportional
value is greater than the positive limit, then the positive limit is set as the pump motor speed
adjustment value. If the proportional value is less than the negative limit, then the negative limit
is set as the pump motor speed adjustment value.

At step 208, a new motor speed command is determined from the speed adjustment value. At
step 209, the new motor speed command is sent to the variable frequency drive from a set of
outputs, each of which corresponds to a pump as the new motor speed command signal. At step
210, the variable frequency drive adjusts the motor speed by sending AC power to the motor at a
voltage and a frequency based on the new motor speed command. The motor turns as a result of
the applied voltage and frequency. The pump turns at the same speed as the motor and the pump
adds or reduces hydraulic power in terms of pressure and flow.

At step 211, a stop command is determined. If a stop command has not been received, then
method 200 proceeds to step 212. At step 212, whether the time interval has ended is determined.
If the time interval has not ended, the step 212 repeats until the time interval has ended. Once the
time interval has ended, method 200 returns to step 201. If at step 211, a stop command has been
received, then method 200 ends at step 213.

As seen, method 200 generates a new speed command by transforming a set of constants, the
instantaneous pressure, and the instantaneous pressure into an electrical signal for the new speed.
The variable frequency drive transforms the electrical signal for the new speed into an AC power
supply to the motor. The motor then transforms the AC power supply into torque which turns the
pump that generates hydraulic power.

Referring to FIG. 3, step 208 will be further described as method 300 for determining a new
motor speed command signal. At step 301, a current motor speed is retrieved. At step 302, the
instantaneous pressure is retrieved. At step 303, the instantaneous pressure is compared to the
deadband for the pressure setpoint to determine whether the instantaneous pressure is within the
deadband, i.e., whether the instantaneous pressure is greater than or equal to a positive deadband
value or less than or equal to a negative deadband value. For example, the pressure setpoint is 50
psi and the deadband is .+-.5 psi. In this example, the positive deadband value is 55 psi and the
negative deadband value is 45 psi. If the instantaneous pressure is within the deadband, the
method 300 returns to step 301. If the instantaneous pressure is not within the deadband, then
method 300 proceeds to step 304.

At step 304, the speed adjust value is added to the current speed to determine the new speed. At
step 305, the new speed is compared to a default motor speed range to determine whether the
new speed is within the default motor speed range, i.e., whether the new speed is greater than a
maximum speed or less than minimum speed. For example, the default motor speed range is
1700 RPM to 3400 RPM. If the new speed is within the default motor speed range, then method
300 proceeds to step 307. If at step 305 the new speed is not within the default motor speed
range, the closest default value is set as the new speed at step 306. For example, if the new speed
is less than the minimum speed, then the minimum speed is set as the new speed. Likewise, if the
new speed is greater than the maximum speed, then the maximum speed is set as the new speed.



At step 307, the new speed is set into memory. At step 308 in one embodiment, the new speed is
scaled by multiplying the new speed by the number of pumps in the system. The scaled speed is
then sent to each pump in the system.

Referring to FIG. 4, graph 400 includes curve 401 that plots an example of speed adjust value
Versus error percentage, i.e., the difference between an instantaneous pressure and the pressure
setpoint, according to the disclosed embodiments. Curve 401 includes points 402, 403, 404, 405,
and 406. In this example, the gain is 7.5, the deadband is .+-.2, the positive limit for the
proportional value is 12 and the negative limit for the proportional value is -12. In another
example, the positive limit for the proportional value is 5 and the negative limit for the
proportional value is -5. Between points 402 and 403, error percentage is approximately between
-20% and approximately -12% and each error percentage has a calculated proportional value
greater than 12. As can be seen, in accordance with method 200, the speed adjust value is set to
12. Between points 403 and 404, the error percentage is between approximately -12% and 12%
and each error percentage has a proportional value within the positive limit and the negative
limit. Each proportional value is set as the speed adjust value. For example, at point 406, an error
percentage of -10% has a proportional value and consequently a speed adjust value of 10%.
Between points 404 and 405, error percentage is between approximately 12% and 20%. The
proportional values are less than the negative limit and the speed adjust value is set to -12.

Referring to FIGS. 5A-5F, an example of preferred computer code 500 to generate a control
signal for pump motor is described.

At 501, the system calls the method "P2" that runs on the controller and defines the set of
constants from user input which carries out step 201, i.e., "Gain", "DB" as the deadband, "Pos
limit" as the positive limit for the proportional value, and "Neg Limit" as the negative limit for
the proportional value.

At 502, the method retrieves a pressure setpoint "SP" to carry out step 202.
At 503, the method retrieves an instantaneous pressure "Sys Pres" to carry out step 203.

At 504, the proportional value "P-SC: math" at "D636" is calculated from the instantaneous
pressure "Sys Pres", the pressure setpoint "SP", and the "Gain" to carry out step 204.

At 505, the proportional value "P-SC: math" is set as the speed adjust value "P-SC: Spd Ad;j" to
carry out step 206.

At 506, the speed adjust value "P-SC: Spd Ad;j" is compared to the negative limit "Neg Limit"
and the positive limit "Pos Limit" to carry out step 205.

At 507, if the speed adjust value "P-SC: Spd Adj" is less than the negative limit "Neg Limit",
then the speed adjust value "P-SC: Spd Adj" is redefined and set as the negative limit "Neg
Limit" to carry out step 207.

At 508, if the speed adjust value "P-SC: Spd Ad;j" is greater than the positive limit "Pos Limit",



then the speed adjust value "P-SC: Spd Adj" is redefined and set as the positive limit to carry out
step 207. At 509, the method returns the speed adjust value.

At 510, a new speed motor speed command is determined from the speed adjustment value, to
carry out step 208 and method 300. At 511, the instantaneous pressure "SpdCntrl Pressure" is
compared to the deadband for the pressure setpoint "SpdCntrl Setpoint+DdBnd" to carry out step
303. At 512, the speed adjust value "P-SC: Spd Ad;j" is added to the current speed "SpdCtrl
Memory" and redefined as "SpdCtrl Memory", which carries out step 304. At 513, the speed
adjust value is compared to the default range to carry out step 305. At 514, if the new speed is
not within the default motor speed range, the closest default value is set as the new speed to carry
out step 306. At 515, the new speed is scaled by multiplying the new speed by the number of
pumps in the system for the new motor speed command "SpdCtrl Scaled Output", which carries
out step 307. In this example, number of pumps is four (4). Any number of pumps may be
employed. At 516, the new motor speed command "SpdCtrl Scaled Output" is sent to the
variable frequency drive from a set of outputs, "Output Analog Ch5", "Output Analog Ch6",
"Output Analog Ch1/1", and "Output Analog Ch1/2", each of which corresponds to a pump as
the new motor speed command signal to carry out step 209.

It will be appreciated by those skilled in the art that the described embodiments disclose
significantly more than an abstract idea including technical advancements in the fields of pumps,
motors, and data processing and a transformation of data which is directly related to real world
objects and situations. Specifically, the disclosed embodiments generate a control signal by
transforming a set of constants, the instantaneous pressure, and the instantaneous pressure into an
electrical signal for the new speed of the pump motor. The variable frequency drive transforms
the electrical signal for the new speed into an AC power supply to the motor. The motor then
transforms the AC power supply into torque which turns the pump to generate hydraulic power.

It will be appreciated by those skilled in the art that modifications can be made to the
embodiments disclosed and remain within the inventive concept. Therefore, this invention is not
limited to the specific embodiments disclosed, but is intended to cover changes within the scope
and spirit of the claims.

LR



