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VENTILATION AIRFLOW RATE CONTROL

PCT PATENT APPLICATION

Claim of Priority

[0001] This International Patent Application filed under the Patent Cooperation

Treaty (PCT), claims priority to U.S. Patent Application No. 11/703,518 filed

February 6 , 2007, and having the same title, inventors, and assignee.

Field of Invention

[0002] This invention relates to heating, ventilating, and air-conditioning (HVAC)

equipment, systems and methods, and to control equipment, systems, and

methods, and specific embodiments relate to mass-produced air conditioning

units, for example, for residential applications, and to their controls.

Background of the Invention

[0003] Heating, ventilating, and air-conditioning (HVAC) systems have been used

to ventilate and maintain desirable temperatures within spaces such as buildings,

and other at-least partially enclosed spaces have been equipped with ventilation

systems including HVAC systems to provide comfortable and safe environments

for occupants to live and work, for example. HVAC equipment and units such as

air handlers, air conditioning units, heat pumps, furnaces, and the like have been

mass produced in a variety of sizes and configurations, and appropriate sizes

have been selected to be installed in various buildings having different or unique

HVAC ductwork.

[0004] Many prior art HVAC units have had single speed blowers designed to

provide adequate flow for typical ductwork. However, different buildings with

different ductwork have had varying amounts of airflow restriction, and prior art



HVAC units installed in such systems have often provided too much or too little

flow in installations where the ductwork provided more or less airflow restriction

than the HVAC designers had anticipated. In installations where airflow

restriction significantly exceeded what the designers had anticipated, actual

airflow rates have been insufficient, resulting in reduced energy efficiency as a

result of reduced transfer of heat, inadequate heating or cooling of the space,

higher utility bills than expected, frost formation on evaporator coils, or a

combination thereof, as examples. On the other hand, in installations where

airflow restriction has been significantly less than what the designers anticipated,

HVAC units have produced more noise than desired, consumed more fan energy

than necessary, provided excessive airflow to the space causing excessive air

movement within the space, or a combination thereof, as further examples.

Further, certain HVAC units have been used that have had variable speed

fans or blowers. Some such systems have been used in variable air volume

(VAV) systems, for example, and have used variable speed drive units, such as

variable frequency AC drive units and variable voltage DC systems. In some

specialized installations, variable-speed fans have been used to compensate for

variations in airflow restriction in HVAC ductwork. However, this has typically

required the attention of skilled personnel who have measured airflow rates using

handheld instruments such as Pitot tubes, measured airflow rates at registers,

performed calculations, or a combination thereof, for example. In many

installations, technicians of the necessary skill level are not available for this

purpose or would add too much cost to the expense of installing and

commissioning an HVAC unit. Further, prior art systems that provided for

compensating for variations in airflow restriction within HVAC ductwork typically

required specialized measurement equipment for measuring airflow rates

directly, for example, which added cost and complexity to HVAC systems and, at

least in some cases, reduced reliability of HVAC systems. Further, prior art

systems did not operate continuously and therefore did not compensate for

changes in airflow restriction that occurred after the system was commissioned,

such as partial clogging of filters, user adjustment of registers, and modifications

to the ductwork, as examples.



[0006] Accordingly, needs and potential for benefit exist for HVAC equipment,

systems, and methods that provide for some degree of compensation for

variations in ductwork restriction in different installations. In addition, needs and

potential for benefit exist for such equipment, systems, and methods that at least

partially compensate for changes in airflow restriction that occurred after the

system was commissioned, such as partial clogging of filters, user adjustment of

registers, and modifications to the ductwork, as examples. Further, needs and

potential for benefit exist for such equipment, systems, and methods that are

inexpensive, utilize existing components {e.g., to a greater degree), are reliable,

and are easy to place into service by typical installation personnel. Further still,

needs and potential for benefit exist for such equipment, systems, and methods

that maintain (at least to some extent) cooling or heating effectiveness (or both)

over a range of varying ductwork airflow restriction, that provide for reduced

energy consumption, that provide for reduced noise, that avoid frost formation on

evaporator coils, that avoid insufficient or excessive airflow rates, or a

combination thereof, as examples. Needs and potential for benefit exist for such

equipment, systems, and methods in typical residential applications, for example,

such as mass-produced residential air-conditioning units, heat pumps, furnaces,

and the like, that are suitable to be installed by typical installers of such

equipment. Potential for improvement exists in these and other areas that may

be apparent to a person of skill in the art having studied this document.

Summary of Particular Embodiments of the Invention

[0007] This invention provides, among other things, air handling units for

ventilating an at-least partially enclosed space, air-conditioning units, methods of

controlling an airflow rate within a ventilation system, and methods of providing

more-constant performance of air conditioning units, as examples. Different

embodiments adjust or vary speed or torque of a blower or fan motor based on

inputs such as electric current of the motor or pressure (e.g., absolute or

differential pressure) within the system, and speed or torque of the motor.

Various embodiments of the invention provide as an object or benefit that they



partially or fully address one or more of the needs, potential areas for

improvement or benefit, or functions described herein, for instance. Specific

embodiments provide as an object or benefit, for instance, that they at-least

partially provide for control of airflow rates within ventilation systems, provide

HVAC equipment, systems, and methods that provide for some degree of

compensation for variations in ductwork restriction in different installations, or a

combination thereof, for example.

[0008] Various embodiments provide equipment, systems, and methods that are

reasonably inexpensive, utilize existing components to at least some degree, are

reasonably reliable, and can reasonably be placed into service by typical

installation personnel, for example, typical service personnel in residential

installations. Further still, particular embodiments provide equipment, systems,

and methods that maintain (at least to some extent) cooling or heating

effectiveness (or both) over a range of varying ductwork airflow restriction, that

provide for reduced energy consumption in comparison with certain alternatives,

that provide for reduced noise, that avoid insufficient or excessive airflow rates,

that provide for sufficient airflow through evaporator coils to prevent frost

formation, that continuously compensate for variations in airflow restriction, or a

combination thereof, as further examples.

[0009] Some specific embodiments provide such equipment, systems, and

methods in residential applications, for example, such as residential air-

conditioning units, heat pumps, furnaces, and the like, and many of these

embodiments are suitable to be installed by typical installers of such equipment.

Certain embodiments of the invention have as an object or benefit that they

provide for control of airflow rate of fans having variable speed or torque motors

using only one motor current sensor. In particular embodiments, such an object

includes providing a substantially constant or constant airflow rate. Further, in

some embodiments, an object or benefit is to improve or optimize airflow control

performance with reduced or minimal computational resource requirements.

Other objects and benefits of various embodiments of the invention may be

apparent to a person of skill in the art having studied this document.



[0010] In specific embodiments, this invention provides air-handling units for

ventilating an at-least partially enclosed space. In many such embodiments, the

air-handling unit includes a first fan configured to blow air through the air-

handling unit to the space, an electric first motor connected to and configured to

turn the first fan, and a control system configured to use a first input and a

second input to control and vary speed or torque of the first motor. In such

embodiments, the first input is a representation of the speed or of the torque of

the first motor, and the second input is a representation of an electric current of

the first motor, for example, within the air-handling unit or ventilation system. In a

number of embodiments, a sensor is not used or needed for the first input.

[001 1] In some embodiments, the control system is configured to vary the speed

or the torque of the first motor to obtain a substantially fixed airflow rate through

the air-handling unit over a range of varying amount of airflow restriction, for

example. In addition, some embodiments further include a first heat-transfer coil

configured and positioned so that the air blown by the first fan through the air-

handling unit passes through the first heat-transfer coil. In this example, a fluid

passes through the first heat-transfer coil, and heat is transferred via the first

heat-transfer coil between the air and the fluid. In a number of embodiments, the

air-handling unit is an air conditioning unit, for example, the fluid is a refrigerant,

and the first heat-transfer coil is an evaporator coil.

[0012] Various embodiments include a memory containing or storing a look-up

table that expresses a relationship between an airflow rate of the first fan, the

electrical current used by the first motor, and the speed or torque (or both) of the

first motor. In some such embodiments, the control system may be configured to

use the look-up table, the first representation, and the second representation to

calculate a third representation. Further, in certain embodiments, this third

representation is a representation of a present airflow rate of the first fan, for

example. In addition, or in the alternative, in a number of embodiments, the

control system includes instructions to repeatedly calculate a new speed, and

calculation of the new speed includes multiplying a present speed times a target

speed, and dividing by a speed at which the target speed would be predicted to

occur in a nominal ventilation system at the present electrical current used by the



first motor. In some embodiments, the present electrical current used by the first

motor is measured using the current sensor, for instance.

[0013] In particular embodiments, such an air-handling unit further includes,

within an enclosure for the air-handling unit, an expansion valve, a compressor,

an electric second motor connected to and configured to turn the compressor, a

condenser coil, a second fan configured to blow air through the condenser coil,

and an electric third motor connected to and configured to turn the second fan.

Further, in certain embodiments, wherein the second input is the representation

of the electric current of the first motor, the first motor has a first electrical power

lead and a second electrical power lead, and the current sensor includes a coil

surrounding either the first electrical power lead or the second electrical power

lead.

[0014] Other specific embodiments provide mass-produced air conditioning units

for providing more-consistent airflow in a variety of residential structures having a

variety of different ductwork configurations with different amounts of airflow

restriction. Such air conditioning units include an evaporator, a first fan

configured to blow or move air through the evaporator or air conditioning unit to

the space, an electric first motor connected to and configured to turn the first fan,

and a control system configured to use a first input and a second input to control

and vary the speed or the torque of the first motor. In these embodiments, the

control system is configured to repeatedly or continuously sample the first input

and the second input and vary the speed or the torque of the first motor to obtain

a substantially fixed airflow rate through the air conditioning unit or the

evaporator over a range of varying amount of airflow restriction.

[0015] In some such embodiments, the first input is a representation of the speed

or the torque of the first motor, and the second input is a representation of the

electric current of the first motor or a pressure within the air conditioning unit. In

particular embodiments, for example, the first input is a representation of the

speed of the first motor, and the second input is a representation of the electric

current of the first motor. In other embodiments, on the other hand, the first input

is a representation of the torque of the first motor, and the second input is a

representation of the electric current of the first motor.



[0016] In still other specific embodiments, this invention provides various

methods, such as methods of controlling an airflow rate within a ventilation

system. In an example of such a method, the method includes at least the steps

of starting a fan motor within the ventilation system, operating the fan motor at a

present input setting that includes a present motor speed setting or a present

motor torque setting, and sampling a first representation of a first present

parameter of the ventilation system that includes a present speed of the fan

motor or a present torque of the fan motor. In this same example, before, during,

or after the step of sampling the first representation, the method includes a step

of sampling a second representation of a second present parameter of the

ventilation system. In this embodiment, the second present parameter includes a

present current of the fan motor or a present pressure within the ventilation

system.

[0017] This example of a method further includes a step of calculating a third

representation of a present airflow rate within the ventilation system using the

first representation and the second representation, and a step of calculating a

new input setting using the third representation of the present airflow rate and a

fourth representation of a target airflow rate. In such an embodiment, the new

input setting is predicted to provide a new airflow rate within the ventilation

system that is closer to the target airflow rate than the present airflow rate. This

example of a method also includes the steps of changing the present input

setting to the new input setting, and repeating at least a plurality of times the

steps of sampling the first representation, sampling the second representation,

calculating the third representation of the present airflow rate, calculating the new

input setting, and changing the present input setting to the new input setting.

[0018] In various such embodiments, the first representation may be sampled

without using a sensor. And in some embodiments, a look-up table may be used

that expresses relationships between an airflow rate of the fan, the electrical

current used by the fan motor, and the speed or the torque (or both) of the fan

motor. In some such embodiments, calculation of the new input setting includes

multiplying the first representation times a target speed or torque, and dividing by

a speed or torque at which the target speed or torque would be predicted to



occur in a nominal ventilation system at the present value of the second

representation, for example.

[0019] In some embodiments, such a method further includes, for example, after

the step of calculating the third representation, a step of evaluating whether the

present airflow rate is within a range of the target airflow rate, and if the present

airflow rate is not within the range of the target airflow rate, then the step of

calculating the new input setting includes using a first formula to calculate the

new input setting. On the other hand, if the present airflow rate is within the

range of the target airflow rate, in this embodiment, then the step of calculating

the new input setting includes using a second formula to calculate the new input

setting. In this example, the first formula converges on the target airflow rate

more quickly than the second formula, for example.

[0020] In addition, in particular embodiments, for at least an initial present input

setting, the step of sampling the first representation of the first present parameter

includes sampling the second representation at least a plurality of times and

evaluating stabilization of the second present parameter. In such embodiments,

for example, the third representation (which is used to calculate the new input

setting, to which the present input setting is changed) is calculated using

samples of the second representation taken after the second present parameter

has substantially stabilized. Furthermore, in some methods, for instance, the

present input setting is initially selected to provide a predicted airflow rate within

the ventilation system that is less than the target airflow rate, and the new input

setting is selected to provide a new airflow rate that is less than the target airflow

rate, to avoid overshooting the target airflow rate. And in some embodiments of

methods, the target airflow rate is fixed at a constant value.

[0021] Certain examples of such methods provide more-consistent performance

of air conditioning units that are mass produced and installed in a variety of

structures having a variety of different ductwork configurations with different

amounts of airflow restriction. In some embodiments, such method include at

least a step of obtaining or providing at least a plurality air conditioning units,

each air conditioning unit having a cooling coil, a fan configured to blow air

through the cooling coil and to the structure, and an electric fan motor connected



to and configured to turn the fan. In addition, various embodiments include (e.g.,

in any order with the previously identified step) a step of obtaining or providing a

control system configured use a method described above to control the fan motor

to at least partially compensate for the different amounts of the airflow restriction

of the different ductwork configurations.

[0022] In some such embodiments, each of the plurality of air conditioning units

further includes an expansion valve, a compressor, a compressor motor

connected to and configured to turn the compressor, a condenser coil, a

condenser fan configured to blow air through the condenser, and a condenser

fan motor connected to and configured to turn the condenser fan. In many such

embodiments, the cooling coil is an evaporator coil, and the present input setting

is initially selected to provide a predicted airflow rate within the ventilation system

that is less than the target airflow rate. Further, in some embodiments, the new

input setting is selected to provide a new airflow rate that is less than the target

airflow rate, to avoid overshooting the target airflow rate. Moreover, various

embodiments further include a step of providing an alarm that the airflow

restriction of the ductwork is excessive, for example, if the third representation of

the present airflow rate fails to reach a predetermined value.

[0023] Various embodiments of the invention are contemplated wherein the first

present parameter is the present speed of the fan motor, the first present

parameter is the present torque of the fan motor, the second present parameter

is the present current of the fan motor, the second present parameter is the

present pressure within the ventilation system, or a combination thereof, for

example. Various combinations provide significant advantages in particular

situations. Further, some embodiments of these methods may also include other

steps described herein. Other embodiments of the invention include various

combinations of the features and limitations described herein or known to people

of skill in the art of HVAC systems and equipment design, and controls for such

systems and equipment.



Brief Description of the Drawings

[0024] Fig. 1 is a block diagram illustrating, among other things, an air-handling

unit that is also an air conditioning unit, and a ventilation system, that illustrates

various examples of embodiments of the invention;

[0025] Fig. 2 is a flow chart illustrating examples of various methods, including,

as examples, methods of controlling a fan in a ventilation system, methods of

controlling an airflow rate within a ventilation system, and methods of providing

more-constant performance of air conditioning units that are mass produced for

installation in a variety of structures having a variety of different ductwork

configurations with different amounts of airflow restriction;

[0026] Fig. 3 is a graph illustrating an example of a relationship between airflow

rate, motor speed, and motor electric current for an example of an embodiment

of the invention wherein motor speed and motor current are used as inputs or

parameters to control airflow rate;

[0027] Fig. 4 is a graph illustrating an example of a relationship between airflow

rate, motor torque, and motor electric current for an example of an embodiment

of the invention wherein motor torque and motor current are used as inputs or

parameters to control airflow rate;

[0028] Fig. 5 is a graph illustrating an example of a relationship between airflow

rate and motor speed, for an example of a ventilation system;

[0029] Fig. 6 is a graph illustrating an example of a relationship between airflow

rate and motor torque, for an example of a ventilation system;

[0030] Fig. 7 is a flow chart illustrating examples of various methods, including,

among other things, methods of providing more-constant performance of air

conditioning units that are mass produced for installation in a variety of structures

having a variety of different ductwork configurations with different amounts of

airflow restriction.

[0031] The drawings illustrate, among other things, various particular examples of

embodiments of the invention, and certain examples of characteristics thereof.

Different embodiments of the invention include various combinations of elements



or steps shown in the drawings, described herein, known in the art, or a

combination thereof.

Detailed Description of Examples of Embodiments

[0032] In a number of embodiments, this invention provides improvements to

heating, ventilating, and air-conditioning (HVAC) systems, methods, and controls.

Various embodiments control airflow rates based on certain input parameters,

and several embodiments use two particular input parameters. In some

embodiments, airflow rates are controlled using motor speed and motor electric

current, for example. In other embodiments, airflow rates are controlled using

motor torque and motor electric current, as another example. In many

embodiments, the system or method of the invention includes a target airflow

rate, and the system or method measures the motor electric current and

determines the speed or torque at which the motor should run, as an example.

Further, in some embodiments, the system or method converts a speed- or

torque-based motor blower assembly into a constant airflow rate device

independent of duct system design. And in certain embodiments, a pressure

may be used as an input instead of motor electric current.

[0033] In a number of embodiments, airflow rate may be varied to at least

partially compensate for differing airflow restriction in ductwork, for example. And

in some embodiments, air handlers such as air conditioning units may be mass

produced in common configurations and installed in different buildings or

structures with different ductwork configurations having different amounts of

airflow restriction. In such applications, airflow rates from the air handlers may

be controlled to at least partially compensate for the different amounts of airflow

restriction of the different ductwork configurations. In particular embodiments, for

example, the speed, torque, or both, of a fan motor may be varied to obtain a

substantially constant or fixed airflow rate over a range of varying amounts of

airflow restriction. Such a process may be automated, continuous, or both, in

various embodiments.



[0034] Fig. 1 illustrates an example of an embodiment wherein air-handling unit

10 is used for ventilating an at-least partially enclosed space 11. In this

embodiment, space 11 is enclosed by or within building or structure 19, which

may be a residence such as a single family house, an apartment, a portion of a

duplex, triplex, or fourplex, or a cabin, or may be a hotel room, a business

establishment such as a store or a restaurant, or the like. In many embodiments,

residential use is the predominant market for air handling unit 10, for instance. In

this embodiment, air-handling unit 10 includes a first fan 12a that is configured to

move or blow air through air-handling unit 10 and to space 11. In this

embodiment, supply air 16s is delivered to space 11 through ductwork 16a and

registers 16w, 16x, and 16y. Further, in this embodiment, return air 16r is fed to

air-handling unit 10 through return air ductwork 16b, filter 16f, and grille 16z, as

may be found in a residential application, for example. In other embodiments,

fan 12a may be fed with outside air, or a combination of outside and return air,

for example. As would be apparent to a person of ordinary skill in the art, air

handling unit 10 and structure 19 are not shown to scale relative to each other in

Fig. 1, and other components illustrated may also not be shown to scale. Fan

12a, in different embodiments, may be an axial or propeller-type fan (as shown),

a centrifugal fan [e.g., with forward curved (a squirrel cage fan) or backward

curved vanes (e.g., airfoil shaped) ] , or a mixed flow fan, as examples.

[0035] In the embodiment illustrated, air-handling unit 10, ductwork 16a and 16b,

registers 16w, 16x, and 16y, filter 16f, and grille 16z, form ventilation system 10s.

In this embodiment, within air-handling unit 10, electric first motor 13a is

connected to and configured to turn first fan 12a. As used herein, "connected to

and configured to turn" includes through a common rotating shaft (as illustrated),

directly coupled, through a belt drive (e.g., which may have an adjustable sheave

or pulley), or integral (e.g., an integral fan and motor), for example. In this

example of an embodiment, motor 13a is driven or powered by drive unit 15

through leads 15a and 15b. Drive unit 15 may be an electronic control module,

for example. In some embodiments, motor 13a is an alternating current (AC)

motor, and drive unit 15 is a variable frequency drive unit, for example. In such

embodiments, motor 13a may be a two-phase motor and may have two leads



15a and 15b (as shown) or may have three or more phases and a corresponding

number of leads, in other embodiments, as other examples. In AC embodiments,

drive unit 15 may be configured to produce a varying frequency AC power supply

to motor 13a through leads 15a and 15b to control the speed of motor 13a and

fan 12a, for instance. In other embodiments, motor 13a may be a direct current

(DC) motor and drive unit 15 may be a DC power supply, which may be

configured to produce a varying DC output voltage to motor 13a through leads

15a and 15b to control the torque to, and therefore the speed of, motor 13a and

fan 12a, for example. In still other embodiments, drive unit 15 may be a variable

frequency AC power supply, but may provide for control of torque. In still other

embodiments, drive unit 15 may be a DC power supply, but may provide for

control of speed. Although shown in Fig. 1 as a separate components, in some

embodiments, drive unit 15 may be integral with motor 13a.

Still referring to Fig. 1, drive unit 15, and thereby motor 13a and fan 12a,

may be controlled by control system or controller 14. In this embodiment, drive

unit 15 and controller 14 are shown as separate devices; however, in other

embodiments, drive unit 15 and controller 14 may be integral, controller 14 may

be part of drive unit 15, or drive unit 15 may be part of controller 14, as

examples. Controller 14 may include, or consist of, in some embodiments, an

electronic board dedicated for this purpose or combined with one or more other

electronic boards such as a furnace, air handler, or thermostat board, as

examples. In this embodiment, controller 14 is shown to be within enclosure 18

of air-handling unit 10, but in other embodiments, controller 14 may be located

elsewhere, for example, within structure 19, or within space 11. And in some

embodiments, controller 14 may be combined with or integral to a thermostat or

user-accessible control panel, for example. Further, in some embodiments,

controller 14 may be digital, and may include a digital processor, software,

storage, memory, etc. Still further, in some embodiments, a user interface may

be provided which may include a keypad, a display, or the like. Such a user

interface may be part of controller 14 or may be a separate component, in

various embodiments.



[0037] In a number of embodiments, controller 14 may output instructions to drive

unit 15. In some embodiments, controller 14 outputs instructions to other

components of air-handling unit 10 as well, or may have other outputs, in addition

to those described herein. Output instructions from controller 14 to drive unit 15

may be transmitted through data link 14a, for instance, and may include, for

example, input settings, which may include instructions for drive unit 15 to

operate motor 13a at a particular speed or torque, for example. In some

embodiments, controller 14 may instruct drive unit 15 to operate motor 13a at a

particular AC frequency or at a particular DC voltage, as other examples. In

some embodiments, such outputs (e.g., from controller 14) may also serve as

inputs or representations of parameters, for example, to control the same or

other outputs, for example, speed or torque (e.g., of motor 13a). Data link 14a

(or other data links described herein) may include one or more conductors, which

may communicate digital or analogue signals, for example. These conductors

may be insulated, shielded or both. In other embodiments, data link 14a may

include a wireless connection, communication over power conductors,

communication through a network, or the like.

[0038] In a number of embodiments, controller 14 may also input data,

measurements, or instructions from sensors or other devices and may use such

inputs to calculate, select, or determine output instructions, such as input settings

for drive unit 15, for example. In some embodiments, controller or control system

14 is configured to use a first input and a second input to control and vary speed

or torque of the first motor 13a, for example. In such embodiments, the first input

may be, for example, a representation of the speed or the torque of the first

motor, which may be an input to controller 14 through data link 14a, for example.

In other embodiments, speed or torque may be an output from controller 14, and

thus may already be known by (and available as an input to) controller 14. As

used herein, an "input" includes a value that is already known, is generated

internally, or is also an output. An input may be a present or temporary value, in

many embodiments, and may be an instantaneous value, or an average of

several instantaneous values, for example.



[0039] In the case of a representation of the speed, for instance, in a variable-

frequency AC drive system, such an input or representation may be a speed in

revolutions per minute (rpm), a voltage, current, or digital value that is

proportional to the rotational speed, or another value that is representative of the

speed of motor 13a or at which drive unit 15 is driving motor 13a. In the case of

a representation of the torque, for example, in a variable-voltage DC drive

system, such an input or representation may be a drive voltage of motor 13a or

across leads 15a and 15b, a voltage, current, or digital value that is proportional

to the torque or drive voltage of motor 13a or across leads 15a and 15b, or

another value that is representative of the torque of motor 13a or at which drive

unit 15 is driving motor 13a, as examples. In other embodiments, the first input,

second input, or both, may be inputs from sensors, such as those described

herein.

[0040] In some embodiments, the second input (e.g., to controller 14) is a

representation of an electric current of the first motor 13a, or a pressure, for

example. In embodiments where the second input (e.g., to controller 14) is a

representation of the electric current of the first motor 13a, a senor, such as

current sensor or current meter 14c may be used, for example, to detect or

measure the current being supplied to or used by motor 13a. In different

embodiments, current sensor 14c may be a direct or an indirect current sensor or

meter. In some embodiments, a low-resistance resistor may be placed within the

first electrical power lead 15a or the second electrical power lead 15b, and

current may be sensed or measured by measuring the voltage across this

resistor. Further, in some AC embodiments, current sensor 14c may include an

electrical coil surrounding either the first electrical power lead 15a or the second

electrical power lead 15b (shown), and current through the electrical power lead

may be sensed or measured by measuring the electrical current in the coil of

current sensor 14c (or the voltage across a resistor through which such current

flows) that is induced by the AC current through the first electrical power lead 15a

or the second electrical power lead 15b. In this embodiment, data link 14b may

communicate the signal from current sensor 14c (or the representation of the

electric current of motor 13a) to controller 14. In a number of embodiments, the



invention, or incorporation of the invention into an air handling or air conditioning

unit, requires only one new or additional sensor, which may be current sensor

14c, for example. Further, in the embodiment illustrated, current sensor 14c is

located in between drive unit 15 and motor 31a. But in other embodiments,

current sensor 14c may measure current into drive unit 15, as another example.

In other embodiments, a measure of current may be an output from drive unit 15

or motor 13a, as other examples.

[0041] In some other embodiments, an input to controller 14 is a pressure within

ventilation system 10c, for example. Such a pressure may be an absolute,

gauge, or differential pressure, for instance. As used herein, unless clearly

otherwise, a "pressure" may be an absolute pressure, a gauge pressure, or a

differential pressure, for example, and may be measured within the HVAC

system or ductwork, for instance. A pressure or differential pressure may be

measured with an instrument such as a pressure probe (or multiple pressure

probes), which may convert the pressure to an electrical signal, for example. In

various embodiments of air-handling unit 10, for instance, pressure may be

measured at pressure tap 14d, pressure tap 14e, or a differential pressure

between pressure taps 14d and 14e may be used, or the differential pressure

across heat-transfer coil or evaporator 15e.

[0042] In some embodiments, the control system or controller 14 (e.g., through

drive unit 15) is configured to vary the speed or the torque of the first motor 13a

to obtain a substantially fixed airflow rate (e.g., of supply air 16s, return air 16r, or

both) through air-handling unit 10 over a range of varying amount of airflow

restriction, for example, within supply ductwork 16a, registers 16w, 16x, and 16y,

grille 16z, filter 16f, return ductwork 16b, or a combination thereof. As used

herein, a substantially fixed airflow rate varies within no more than 5 percent from

a maximum to a minimum. Also as used herein, a fixed airflow rate varies within

no more than 1 percent from a maximum to a minimum. Further, as used herein,

this fixed or substantially fixed airflow rate refers to the airflow rate after stable

conditions have been reached. Airflow restriction from all of these components

(supply ductwork 16a, registers 16w, 16x, and 16y, grille 16z, filter 16f, and

return ductwork 16b, in this example) may contribute to an overall airflow



restriction. This overall airflow restriction may be referred to as the ductwork

airflow restriction, for instance, and may be unknown or assumed by the

designers of the air-handling unit 10. In an example of an embodiment, a

substantially fixed airflow rate is obtained over a range from 0.18 to 0.7 inches of

water (i.e. water column or WC) of varying amount of airflow restriction. Further,

in this example, the ventilation system reaches the substantially fixed airflow rate

within 30 to 60 seconds, depending on the amount of airflow restriction within this

range.

[0043] In some embodiments, including the embodiment illustrated in Fig. 1, air-

handling unit 10 is an air conditioning unit having evaporator 15e. In such

embodiments, providing a substantially fixed airflow rate (e.g., of supply air 16s,

return air 16r, or both) may facilitate the avoidance of ice or frost forming on

evaporator 15e, for example, in installations where the airflow restriction in the

ductwork exceeds what the designers of air-handling unit 10 anticipated.

Specifically, in embodiments wherein compressor 17a operates at a fixed speed

and capacity, having a constant airflow rate through evaporator 15e facilitates

maintenance of the temperature of evaporator 15e just above a freezing

temperature. The temperature of evaporator 15e may be maintained within a

range of 35 to 40 degrees, 33 to 35 degrees, 34 to 38 degrees, 32 to 33 degrees

(all in Fahrenheit) or the like, as examples. Having a fixed airflow rate may also

avoid excessive noise generated at registers 16w, 16x, and 16y in installations

wherein the airflow restriction of the ductwork is substantially less than what was

anticipated by the designers of air-handling unit 10. In other embodiments, air¬

flow rates may vary, for example, to obtain a desired temperature of evaporator

15e to avoid freezing, as cooling or heating needs of space 11 change, to

minimize energy consumption between fan and compressor loads, to control

humidity, to avoid resonance, as set by a user, or the like.

[0044] Evaporator 15e is an example of a first heat-transfer coil configured and

positioned so that the air (e.g., return air 16r) blown by first fan 12a through air-

handling unit 10 passes through the first heat-transfer coil (e.g., 15e) (e.g.,

becoming supply air 16s). In this example, wherein the first heat-transfer coil is

an evaporator (15e), a fluid (e.g., a refrigerant, such as Freon) passes through



the first heat-transfer coil, and heat is transferred via the first heat-transfer coil

between the air and the fluid. Thus, in a number of embodiments, air-handling

unit 10 is an air conditioning unit, the fluid (e.g., that passes through the first

heat-transfer coil) is a refrigerant, and the first heat-transfer coil is an evaporator

coil (e.g., 15e). In other embodiments, chilled water (e.g., cooled by a chiller) or

heated water (e.g., heated with electric heat, by burning a fuel such as natural

gas, propane, heating oil, wood, biomass, hydrogen, or coal, produced by solar

energy, from a geothermal source, produced as waste heat from an industrial

process, produced as heat from cogeneration, or produced as waste heat from

chillers or air conditioning units), or steam (e.g., produced similarly or in a boiler)

are other examples of fluids that may pass through the first heat-transfer coil

(e.g., 15e) in various alternate embodiments.

[0045] In the embodiment illustrated, air-handling unit 10 further includes, within

enclosure 18 for air-handling unit 10, expansion valve 17b, compressor 17a,

electric second motor 13c connected to and configured to turn compressor 17a,

condenser coil 15c, second fan 12b configured to blow air (e.g., outside air 16o,

which becomes exhaust air 16e) through condenser coil 15c, and electric third

motor 13b connected to and configured to turn second fan 12b. In other

embodiments, many components may be located in a separate enclosure. For

example, in some embodiments, components analogous to expansion valve 17b,

compressor 17a, electric second motor 13c connected to and configured to turn

compressor 17a, condenser coil 15c, second fan 12b configured to blow air (e.g.,

outside air 16o, which becomes exhaust air 16e) through condenser coil 15c, and

electric third motor 13b connected to and configured to turn second fan 12b may

be located in one or more enclosures outside of structure 19. In such

embodiments, components analogous to evaporator 15e, blower or fan 12a, and

motor 13a, (or a number of sets of such components) may be located inside

structure 19, for example.

[0046] In some embodiments, controller 14 may be used to control multiple motor

blower assemblies (e.g., motor 13a and fan 12a being one example). In some

embodiments dip switches, jumpers, or both, may be mounted on the board, for

example, to select the desired assembly. In certain embodiments,



communication between the control circuit (e.g., of controller 14) and the motor

(e.g., 13a being an example) may be used to detect the assemblies.

[0047] Certain examples of embodiments of the invention include mass-produced

air conditioning units (e.g., air conditioning unit embodiments of air-handling unit

10) for providing more-consistent airflow (e.g., supply air 16s, return air 16r, or

both) in a variety of residential structures (e.g., an example of which is structure

19) having a variety of different ductwork (e.g., 16a, 16b, or both) configurations

with different amounts of airflow restriction. Such air conditioning units may

include evaporator 15e, first fan 12a configured to blow air through the air

conditioning unit (e.g., through unit 10, evaporator 15e, or both) to space 11,

electric first motor 13a connected to and configured to turn first fan 12a, and

control system 14 configured to use a first input and a second input (e.g., via

data links 14a, 14b, 14d, 14e, or a combination thereof) to control and vary the

speed or the torque of first motor 13a. In these embodiments, control system 14

may be configured to repeatedly or continuously (or both) sample the first input

and the second input and vary the speed or the torque (or both, e.g., power) of

first motor 13a to obtain a substantially fixed airflow rate (e.g., of supply air 16s,

return air 16r, or both) through evaporator 15e or through air conditioning unit 10

over a range of varying amount of airflow restriction (e.g., in ductwork 16a, 16b,

or the like).

[0048] Different inputs may be used in different embodiments, and various

examples are described herein. In some such embodiments, the first input is a

representation of the speed or the torque of the first motor, and the second input

is a representation of the electric current of the first motor or a pressure within

the air conditioning unit, for example. Further, in particular embodiments, the first

input is a representation of the speed of the first motor, and the second input is a

representation of the electric current of the first motor. In other embodiments, on

the other hand, the first input is a representation of the torque of the first motor,

and the second input is a representation of the electric current of the first motor.

[0049] Figs. 2 and 7 illustrate a couple of examples of methods that are in

accordance with certain embodiments of the invention. In Fig. 2 , method 20 is an

example of a method of controlling an airflow rate within a ventilation system, for



instance. An example of such a ventilation system is ventilation system 10s

shown in Fig. 1, and described above and herein. Method 20 may be performed

by air-handling unit 10, ventilation system 10s, or specifically by controller 14, as

examples. In such examples, the airflow rate that is controlled may be the airflow

rate of supply air 16s, return air 16r, or both, for example. In many embodiments,

method 20 is automated, is computer controlled, or both. In many embodiments,

method 20 is repeated a number of times, is continuous, or both. And in some

embodiments of method 20, the target airflow rate is fixed at a constant value, for

example, 1500 SCFM in the embodiment illustrated in Figs. 5 and 6 . It should be

noted that in embodiments wherein the target airflow rate is fixed, the present or

actual airflow rate may vary, to some extent, and the system (e.g., controller 14)

may make adjustments in an effort to reach the target airflow rate or a range

measured therefrom, for example.

[0050] The example of method 20 includes a step of starting a fan motor (step

21), for example, a fan motor within the ventilation system. An example of such

a fan motor is fan motor 13a shown in Fig. 1 within ventilation system 10s.

Method 20 also includes, in this embodiment, a step of operating the fan motor at

a present input setting (step 22). In many such embodiments, the present input

setting (e.g., of step 22) includes (or is) a present motor speed setting or a

present motor torque setting, as examples. For example, in an embodiment of

ventilation system 10s shown in Fig. 1 wherein drive unit 15 is a variable-

frequency AC power supply, the present input setting (e.g., of step 22) may be a

frequency or corresponding speed of motor 13a or fan 12a, for instance. As

another example, in an embodiment of ventilation system 10s shown in Fig. 1

wherein drive unit 15 is a variable-voltage DC power supply, the present input

setting (e.g., of step 22) may be a voltage or corresponding torque of motor 13a

or fan 12a, for instance. In other embodiments, the present input setting may

include a combination of speed and torque, may be a power setting (e.g., power

produced by drive unit 15 or consumed by motor 13a), or the like.

[0051] As described herein, the present input setting, may start out at an initial

value, and may change through a number of iterations, for example, of method

20. In some embodiments, the present input setting may converge over time on



a steady state value. As used herein, a "present" setting, parameter, or the like,

may be an instantaneous value, or may be taken over a short period of time, but

will not necessarily be the same over a longer period of time. For example,

present input settings, parameters, or the like, may change for subsequent

iterations of method 20 (e.g., from step 22 through step 28). However, in many

embodiments, present settings, parameters, or the like, may stabilize over time,

for example, reaching or approaching a steady state, at which time the present

settings, parameters, or the like, may not change significantly or at all for

subsequent iterations of method 20 (e.g., from step 22 through step 28). In some

embodiments, the step of operating the fan motor at a present input setting (step

22) may be maintained for a particular period of time, for example, until one or

more subsequent steps is or are performed. For example, in some

embodiments, the step of operating the fan motor at a present input setting (step

22) may be maintained for 1 to 5 seconds or for a certain number of iterations or

cycle counts (e.g., five iterations of steps 22 to 28). Such a delay may be, for

instance, to wait for conditions to stabilize.

[0052] The example of method 20, as shown, further includes a step of sampling

a first representation (step 23a). This first representation may be, for example, of

a first present parameter of the ventilation system. Further, in some

embodiments, the first present parameter includes (or is) a present speed of the

fan motor (e.g., motor 13a) or a present torque of the fan motor (e.g., motor 13a).

As used herein, a "representation" of a parameter may be (includes) the actual

value of the parameter (e.g., with particular units), a value that is proportional to

the parameter, or another value that is used to represent or substitute for the

parameter. A representation may be expressed, for example, as a digital

number, an analogue value (e.g., a current, voltage, or capacitance), or the like.

In addition, in different embodiments, the present speed may be an actual speed,

or may be an assumed, approximate, or fictitious speed. For example, in some

embodiments, the present speed may be a speed output, may be based on the

frequency of AC power (e.g., from drive unit 15), or the like. Similarly, in different

embodiments, the present torque may be an actual torque, or may be an

assumed, approximate, or fictitious torque. For example, in some embodiments,



the present torque may be a torque output, may be based on the voltage of DC

power (e.g., from drive unit 15), or the like.

[0053] In some embodiments, the step of sampling the first representation (step

23a) may include reading a sensor or receiving a signal from a sensor. Such a

sensor may be a speed sensor, (e.g., a tachometer), a frequency meter, a torque

meter (e.g., a load sensor or strain gage) or a voltage meter, as examples. In

other embodiments, the step of sampling the first representation (step 23a) (as

used herein) may be accomplished internally, for example, within controller 14. In

some such embodiments, the step of sampling the first representation (step 23a)

(as used herein) may include reading or accessing a speed, torque, frequency,

voltage, or representation thereof, for instance, which may be an actual, present,

instantaneous, average, assumed, or instructed value, for example. Further, in

some embodiments, (as used herein) the step of sampling the first representation

(step 23a) may include accessing or using a setting, such as a present input

setting, which may be a temporary setting, and may be stored, for example,

within controller 14. Thus, in a number of embodiments, a sensor is not used for

the step of sampling the first representation (step 23a). In many embodiments,

actual speed, torque, frequency, or voltage, for example, is assumed to be the

present setting or input of that value (e.g., at least after stabilization has

occurred).

[0054] In this same example shown in Fig. 2 , method 20 also includes a step of

sampling a second representation (step 24a). This second representation may

be of a second present parameter of the ventilation system, and the second

present parameter may be or include a present current of the fan motor or a

present pressure within the ventilation system, as examples. For instance, the

present current of motor 13a may be measured with current meter 14c as

described above and herein. In different embodiments, the step of sampling a

second representation (step 24a), may be performed before, during, or after the

step of sampling the first representation (step 23a). In addition, the steps of

sampling the first representation (step 23a) and sampling the second

representation (step 24a) may be performed during or after the step of operating



the fan motor at the present input setting (step 22). Further, some embodiments

may sample more than just two representations.

[0055] In the embodiment illustrated, method 20 further includes a step of

calculating a third representation (step 25). Such a third representation may be a

representation of a present airflow rate (e.g., the airflow rate of supply air 16s,

return air 16r, or both, as shown in Fig. 1) within the ventilation system (e.g.,

10s), for example, and may be calculated using the first representation (e.g.,

from step 23a) and the second representation (e.g., from step 24a), for example.

For instance, in some embodiments, the third representation (e.g., of step 25)

may be a numerical value of the actual or present airflow rate within the

ventilation system (e.g., 10s), while in other embodiments, the third

representation (e.g., of step 25) may be proportional to the actual or present

airflow rate within the ventilation system, or may be another representation of the

actual or present airflow rate within the ventilation system.

[0056] In this same embodiment, method 20 also includes a step of calculating a

new input setting (step 27). Such a new input setting may be calculated (step

27), for example, using the third representation (e.g., from step 25), for instance,

of the present airflow rate. This calculation (step 27) may also use a fourth

representation, which may include (or be) a target airflow rate. In many

embodiments, the new input setting is predicted to provide a new airflow rate

within the ventilation system (e.g., 10s) that is closer to the target airflow rate

than the present airflow rate, for instance. This example of method 20 also

includes a step of changing the present input setting (step 28), for example, to

the new input setting (e.g., calculated in step 27). Many embodiments also

include repeating, at least a plurality of times, the steps of sampling the first

representation (step 23a), sampling the second representation (step 24a),

calculating the third representation (step 25), for example, of the present airflow

rate, calculating the new input setting (step 27), and changing the present input

setting (step 28) to the new input setting. This process may include a number of

iterations, and in some embodiments, the process of repeating steps may

continue indefinitely. In some embodiments, this process may be performed



continuously, for example, repeating some or all of steps 22 to 28 as fan 12a or

air handler 10 operates, at least for a particular cycle.

[0057] In many embodiments, the actual airflow rate (e.g., the airflow rate of

supply air 16s, return air 16r, or both, as shown in Fig. 1) gradually approaches

or converges on the target airflow rate, for example, independent of airflow

restriction within the ductwork or system. Further, if airflow restriction within

ventilation system 10s changes, for example, as filter 16f accumulates dust

particles, or as users open, close, or adjust registers 16w, 16x, 16y, or a

combination thereof, in many embodiments, the airflow rate continues to

approach or seek the target airflow rate, in a number of embodiments, at least

partially compensating for such changes, or maintaining a substantially constant

airflow rate, or an airflow rate that is substantially equal to the target airflow rate,

within ventilation system 10s as such conditions change.

[0058] In particular embodiments of the invention, and as illustrated by method

20 in Fig. 2, the step of sampling the first representation (step 23a), for example,

of the first present parameter, may include sampling the first representation (step

23a) at least a plurality of times (e.g., in a plurality of cycles or iterations), and

may include, or be accompanied by, a step of evaluating stabilization (step 23b),

for instance, of the first present parameter or of the first representation. In

addition, in some embodiments, the step of sampling the second representation

(step 24a), for example, of the second present parameter, may include sampling

the second representation at least a plurality of times and, may include, or be

accompanied by, a step of evaluating stabilization (step 24b) of the second

present parameter or of the second representation, as examples. In such

embodiments, for example, the third representation (e.g., calculated in step 25),

which is used to calculate the new input setting (e.g., in step 27), to which the

present input setting is changed (e.g., in step 28), may be calculated using

samples of the first representation (e.g., from step 23a), of the second

representation (e.g., from step 24a), or both, taken after the first present

parameter, the second present parameter, or both (or the first representation, the

second representation, or both) have substantially stabilized.



[0059] In some embodiments, the first or second parameters (or both) are

considered to have stabilized when they change by no more than a particular

amount or a particular percentage, for example, within a particular time or

number of iterations. If the parameter or parameters (or representations thereof)

are not stabilized, then the representations continue to be sampled, in many

embodiments, until such stabilization occurs, or in some embodiments, until a

particular amount of time has passed. In addition, although Fig. 2 shows the

second representation as not being sampled until the first representation has

stabilized, in other embodiments, this order may be reversed, or the sampling of

the first representation and the second representation may be concurrent.

Further, in some embodiments, it may be necessary or desirable only to check

for stabilization for one of the first and the second representations (or

parameters). In some embodiments, after one of the first and the second

representations (or parameters) has stabilized, it may be assumed that the other

one of the first and the second representations (or parameters) has also

stabilized.

[0060] Further, in some embodiments, the first representation, second

representation, or both {e.g., sampled in steps 23a and 24a), may be analyzed

for stabilization (e.g., in steps 23b and 24b) only for an initial present input

setting. In other words, only for the first iteration of operating the fan motor at the

present input setting (step 22) [e.g., immediately after starting the fan motor (step

2 1)]. Thus, in various embodiments, for at least an initial present input setting

(e.g., at which fan motor 13a is operated in the initial iteration of step 22), the

step of sampling the second representation of the second present parameter

(step 24a) includes sampling the second representation at least a plurality of

times and evaluating stabilization of the second present parameter (e.g., in step

24b).

[0061] For example, in some embodiments, in an initial iteration, stabilization of

motor current is verified, and once motor current is stabilized, the other

parameter or parameters (e.g., speed, torque, etc.), or representation thereof,

are also assumed to be stable, for example at the present input setting. Further,

in some embodiments, the step of operating the fan motor at the present input



settings (step 22), or the steps of sampling the first representation (step 23a),

sampling the second representation (step 24a), or both, may be performed for a

predetermined or calculated period of time (or number of iterations) that is long

enough to warrant an assumption that the first and the second representations

(or parameters) have stabilized. In particular embodiments, after the initial

iteration, or after the present input setting is first changed (e.g., in step 28) the

first representation, second representation, or both, is (or are) sampled only once

(e.g., in step 23a, 24a, or both) and is (or are) assumed to be stable. In some

embodiments, even if this assumption that stabilization has occurred is not

completely accurate, the error will not prevent the system or method from

approaching or reaching the target airflow rate in a satisfactory manner.

[0062] In a particular embodiment, the fan motor is operated at the present input

setting for a particular minimum time (e.g., in the first iteration of step 22), for

example, 5 seconds. After this minimum time is passed, motor current is

sampled (e.g., step 24a) in this embodiment, for five iterations. In this example,

iterations last about two seconds [e.g., motor current is sampled (step 24a) every

two seconds]. Samplings from these five iterations are then averaged in this

embodiment. In this embodiment, for each iteration, a running average of the

present iteration and the previous four iterations is calculated. Next in this

embodiment, motor current is sampled (step 24a) again, and a new running

average is calculated and compared with the first average. In this embodiment, if

the average motor current samplings has not changed by more than 0.1 amps,

then steady state conditions are assumed to have been reached, and the latest

average is used for calculating the third representation (step 25).

[0063] In some embodiments, the last five values of motor speed are also

averaged for calculating the third representation (step 25). In other

embodiments, just one value for speed (or torque) is used, for example, the latest

value. For other motors, other current values may be used besides 0.1 amps,

such as 0.01 , 0.05, 0.2 or 0.4 amps, or ΛA to 5 percent of the rated amperage of

the motor, for example. In addition, the 5 seconds, 5 iterations, two seconds,

etc., may vary, depending on the characteristics of the motor, fan, drive unit,

controller, current meter, and other equipment. Further, in some embodiments,



torque may be sampled instead of speed, pressure may be sampled instead of

current, or both. Furthermore, in this embodiment, after a certain amount of time

is passed, steady state conditions are assumed to have been reached, and the

last 5 (for example) readings are used (or the most recent reading) for calculating

the third representation (step 25), even if motor current samplings have

continued to change by more than 0.1 amps, for example.

[0064] Further, in some embodiments, method 20 further includes, after the step

of calculating the third representation (step 25), a step of evaluating whether the

present airflow rate is within a (first) range of the target airflow rate (step 26a). In

some such embodiments, if the present airflow rate is not within the range of the

target airflow rate, then the step of calculating the new input setting (step 27)

includes using a first formula to calculate the new input setting (e.g., in step 27).

In this embodiment of method 20, this includes the step of selecting the first

formula (step 26b), if the third representation or the present airflow rate is not

within the range. On the other hand, in this embodiment, if the present airflow

rate is within the range of the target airflow rate, then the step of calculating the

new input setting (step 27) includes using a second formula to calculate the new

input setting {e.g., in step 27). In method 20, this includes the step of selecting

the second formula (step 26c), if the third representation or the present airflow

rate is within the range (e.g., of step 26a).

[0065] In this example, the first formula may converge on the target airflow rate

more quickly than the second formula. In other words, the first formula, in this

embodiment, is a course formula or is used in a course control mode, and the

second formula is a fine or cruise control formula or is used in a fine control or

cruise control mode. Thus, the airflow rate may change relatively quickly to the

edge of the range, and then may change more gradually as the target airflow rate

is approached, in some embodiments. In other embodiments, a single formula or

routine may be used which may change the airflow in greater increments initially

and then may converge on the target airflow rate more slowly (e.g.,

asymptotically) as the target airflow rate is approached. Other embodiments may

use three or more formulas. Still other embodiments may converge slowly



throughout the process, which may have the advantage of making the change in

airflow rate less noticeable by occupants of structure 19, for example.

[0066] Further, in some embodiments, if the present airflow rate is within the

range (e.g., in step 26a) or another smaller range, then the fan motor continues

to operate at the present input setting (e.g., step 22 is implemented), and the

input setting is not changed (e.g., steps 27, 28, or both, are not performed).

Even further, in some embodiments, as another example, once the present

airflow rate is first found to be within the range (e.g., in step 26a), the evaluation

of whether the present airflow rate is within the range (e.g., in step 26a) may not

be repeated for each iteration, and it may be assumed that the present airflow

rate is within the range, and the second formula may be used from that point

forward, for a certain number of iterations, for a certain period of time, until the

fan motor is turned off, until the fan motor is cycled off by an automatic control or

thermostat, or the like.

[0067] In many embodiments, information that is used to calculate the third

representation (step 25), to produce (or that us used in) the formulas (e.g.,

selected in steps 26b or 26c), to calculate the new input setting (step 27), or a

combination thereof, may be obtained by measuring the characteristics of the

motor (e.g., 13a) and blower or fan (e.g., 12a) in a laboratory environment, for

example, via a wind tunnel test. In some embodiments, a plot is created, either

graphically or in the form of a look-up table, for example, that expresses or

embodies relationships between blower or fan (e.g., 12a) airflow rate [e.g., in

standard cubic feet per minute (SCFM)] and electric current, motor speed (i.e., of

motor 13a), or both (e.g., a three dimensional graph or table). Fig. 3 is an

example of a three-dimensional plot of airflow rate, electric current, and motor

speed, for an example of a fan and motor assembly. And Fig. 4 is an example of

a three-dimensional plot of airflow rate, electric current, and motor torque, for an

example of a fan and motor assembly.

[0068] In one example, the motor (e.g., 13a) and fan (e.g., 12a) assembly is

installed in a wind tunnel, the motor (e.g., 13a) is operated at a fixed speed, and

the wind tunnel motor speed is adjusted to obtain data at different motor (e.g.,

13a) currents. The motor (e.g., 13a) speed is then changed and this process is



repeated. In another example, fixed torques are used instead of fixed speeds. In

some embodiments where torque is sampled and controlled, motors or fans (or

combinations thereof) may be avoided that have the same motor current at more

than one torque or airflow rate within conditions corresponding to the anticipated

range of varying amount of airflow restriction.

[0069] It should be noted that the actual operating range of the motor (e.g., 13a)

in field conditions or corresponding to the anticipated range of varying amount of

airflow restriction, may only occupy a small portion of Fig. 3 or Fig. 4 . Also, in

different embodiments, other factors, such as voltage, power factor, etc., may be

taken into consideration as well (e.g., measured, plotted, included in lookup

tables, etc.), or may be assumed to be constant. In different embodiments, just

the motor, just the fan, or both, may be tested, and measurements taken. In

embodiments where both the motor and fan are tested, they may be tested

separately, or together (e.g., as a unit), in various embodiments.

[0070] Fig. 5 shows an example of measured motor speed versus airflow rate for

an example of a ventilation system where the static pressure satisfies the

equation: Blower Outlet Static Pressure = 0.55 * (SCFM/1 500)Λ2 (inches of

water). In this equation, 1500 represents the nominal design airflow rate {e.g., of

supply air 16s, return air 16r, or both, shown in Fig. 1) and 0.55 represents the

design static pressure (in inches of water) of the ventilation system at 1500

SCFM. In this embodiment, Fig. 5 illustrates the motor speed that will achieve

the target airflow rate in a duct system (which, for example, may include airflow

restriction from the duct(s), heat exchanger coil, filter, etc.) that yields 0.55 inches

of water pressure drop between the blower outlet and air handler (or furnace,

etc.) inlet at 1500 SCFM.

[0071] Similarly, Fig. 6 shows an example of measured motor torque versus

airflow rate where the static pressure satisfies the equation: Blower outlet static

pressure = 0.55 * (SCFM/1 500)Λ2 (inches of water). Again, in this equation,

1500 represents the nominal design airflow rate (e.g., of supply air 16s, return air

16r, or both, shown in Fig. 1) and 0.55 represents the design static pressure at

1500 SCFM (standard cubic feet per minute). In this embodiment, Fig. 6 shows

the motor torque to achieve the target airflow rate in a duct system that yields



0.55 inches of water pressure drop between the blower outlet and air handler (or

furnace, etc.) inlet at 1500 SCFM. Figs. 5 and 6 represent or describe an

example of a nominal or anticipated ventilation system.

[0072] Returning to Fig. 2 , in some embodiments of method 20, for instance, the

present input setting is initially selected (e.g., when or after the fan motor is first

started in step 2 1) to provide a predicted airflow rate within the ventilation system

that is less than the target airflow rate. This prediction may be based on an

amount of airflow restriction that is expected, nominal, or average, as examples.

In a particular embodiment, the prediction is based on a system that provides

0.55 inches of water of airflow restriction at a nominal (or target) flow rate of 1500

SCFM (e.g., as shown in Figs. 5 and 6). As an example, in some embodiments,

the present input setting is initially selected (e.g., after the fan motor is first

started in step 2 1) to provide a predicted airflow rate within the ventilation system

that is about 70 percent of the target airflow rate. In other embodiments, a

different percentage may be used, such as 25, 40, 50, 60, 65, 75, 80, 85, or 90

percent of the target airflow rate, as examples.

[0073] As another example, in some embodiments, the present input setting is

initially selected (e.g., when or after the fan motor is first started in step 2 1) to be

about 70 percent of the input setting that would be predicted to provide an airflow

rate within the ventilation system that is equal to the target airflow rate. In other

embodiments, a different percentage may be used, such as 25, 40, 50, 60, 65,

75, 80, 85, or 90 percent of the input setting that would be predicted to provide

an airflow rate within the ventilation system that is equal to the target airflow rate,

as examples). In various embodiments, such an input setting may be speed,

torque, or a representation thereof, for example. In yet another example, the

target airflow rate is initially reduced for the first iteration, and then is gradually

increased to the desired airflow rate. Such a reduced initial airflow rate may be

25, 40, 50, 60, 65, 70 75, 80, 85, or 90 percent of the desired target airflow rate,

for example.

[0074] In some variable speed embodiments, for example, the first speed signal

that controller 14, for example, sends to drive unit 15 or to motor 13a, is

calculated by multiplying the target speed by a ratio R, where R is between 0.4



and 0.8 {e.g., 0.7). Similarly, some variable torque drive embodiments, for

example, the first torque signal that controller 14, for example, sends to drive unit

15 or to motor 13a, is calculated by multiplying the target torque by the ratio R,

which may have the same or a similar value as for a variable speed embodiment.

In such embodiments, the target speed or torque is the speed or torque at which

the target airflow rate would be predicted to occur in a nominal ventilation system

(i.e., a system in which the nominal airflow restriction would be encountered at

the nominal design airflow rate). In the example illustrated in Figs. 5 and 6, the

target speed and target torque can be obtained from the target airflow rate (e.g.,

1500 SCFM). Selecting a value for R that is less than 1 may insure that if the

actual duct system is bigger or less restrictive than nominal, that the actual

airflow rate will not exceed the target airflow rate, at least in most situations, or at

least not by very much. In some embodiments, the control circuit (e.g., controller

14) controls the acceleration of motor 13a, in which case the R value can be

even lower, and the procedure can be repeated more times before the target

airflow rate is reached or approached.

[0075] In addition, in some such embodiments, the new input setting (e.g.,

calculated in step 27) may be calculated or selected to provide a new airflow rate

that is less than the target airflow rate, for example, to avoid overshooting the

target airflow rate. In an example of an embodiment wherein the speed of the

fan or motor is the first parameter or the first representation (e.g., of step 23a),

the target airflow rate is used to calculate or select a target speed, for example,

using Fig. 5 , data analogous thereto, or an analogous formula. In this example,

the sample or samples of the first representation (e.g., from step 23a) is (or are)

used to calculate or select the present speed, for example, also using Fig. 5, data

analogous thereto, or an analogous formula.

[0076] From these speeds, a preliminary new speed is determined or calculated,

in this example, where the preliminary new speed is equal to the speed of the

present input setting (e.g., of step 22) times the target speed [e.g., the speed at

which the target airflow rate would be predicted to occur in a nominal ventilation

system (i.e., a system in which the nominal airflow restriction would be

encountered at the nominal design airflow rate)], divided by the speed at which



the present motor current would be predicted to occur in a nominal system. This

is an example of the first formula (e.g., of step 26b) described herein, for

instance, which may include the value of T described below. In this formula, for

example, the speed at which the present motor current would be predicted to

occur in a nominal system, may be based on the data in Fig. 3, which may be

stored (e.g., in controller 14) in the form of a look-up table. Linear or higher level

interpolation may be used between data points stored in such a look-up table, for

instance.

[0077] In some such embodiments, the new speed is calculated from the

preliminary new speed by subtracting a value of T from the preliminary new

speed. The presence of T, in this embodiment, is to avoid speed overshoot, and

T is positive if the preliminary new speed is greater than the present speed (e.g.,

from step 22), and negative if the preliminary new speed is less than the present

speed (e.g., from step 22). In some embodiments, the value of T is 1 to 5

percent of the maximum speed (e.g., the maximum speed permitted for motor

13a, drive unit 15, or both). For example, in different embodiments, T may be

0.01, 0.02, 0.03, 0.04, or 0.05 times the maximum speed. In other embodiments,

T may be such a coefficient, or another coefficient, times the nominal speed,

times the preliminary speed, times the target speed, or the like.

[0078] In other embodiments, other values may be subtracted from or multiplied

by (or added or divided) the preliminary new speed to arrive at the new speed,

such that the new speed is less than the preliminary new speed to avoid or

reduce the risk of speed or airflow rate overshoot. In many embodiments, the

new speed is calculated, selected, predicted, or determined to provide a new

airflow rate that is closer to the target airflow rate than the present airflow rate. In

particular embodiments, at least when the present airflow rate is less than the

target airflow rate, the new speed is also calculated, selected, predicted, or

determined to provide a new airflow rate that is less than the target airflow rate to

avoid airflow rate overshoot.

[0079] In an example of an embodiment wherein the torque of the fan or motor is

the first parameter or first representation (e.g., of step 23a), the target airflow rate

is used to calculate or select a target torque, for example, using Fig. 6, data



analogous thereto, or an analogous formula. In this example, the sample or

samples of the first representation (e.g., from step 23a) is used to calculate or

select the present torque, for example, also using Fig. 6, data analogous thereto,

or an analogous formula. From these torques, a preliminary new torque may be

determined or calculated, for example, where the preliminary new torque is equal

to the torque of the present input setting (e.g., of step 22) times the target torque

[e.g., the torque at which the target airflow rate would be predicted to occur in a

nominal ventilation system (i.e., a system in which the nominal airflow restriction

would be encountered at the nominal design airflow rate)], divided by the torque

at which the present motor current would be predicted to occur in a nominal

system. This is another example of the first formula (e.g., of step 26b) described

herein, for instance, which may also include the value of T described below. In

this formula, for example, the torque at which the present motor current would be

predicted to occur in a nominal system, may be based on the data in Fig. 4,

which may be stored (e.g., in controller 14) in the form of a look-up table. Similar

to the example above, linear or higher level interpolation may be used between

data points stored in the look-up table, for instance.

[0080] In some such embodiments, the new torque is calculated from the

preliminary new torque by subtracting a value of T from the preliminary new

torque. The presence of T, in this embodiment, is also to avoid torque overshoot,

and T is positive if the preliminary new torque is greater than the present torque

(e.g., from step 22), and negative if the preliminary new torque is less than the

present torque (e.g., from step 22). In some embodiments, the value of T is 1 to

5 percent of the maximum torque (e.g., the maximum torque permitted for motor

13a, drive unit 15, or both). For example, in different embodiments, T may be

0.01, 0.02, 0.03, 0.04, or 0.05 times the maximum torque. In other embodiments,

T may be such a coefficient times the nominal torque, times the preliminary

torque, times the target torque, or the like.

[0081] In other embodiments, other values may be subtracted from or multiplied

by the preliminary new torque to arrive at the new torque, such that the new

torque is less than the preliminary new torque to avoid torque overshoot or

airflow rate overshoot. In many embodiments, the new torque is calculated,



selected, predicted, or determined to provide a new airflow rate that is closer to

the target airflow rate than the present airflow rate. In particular embodiments, at

least when the present airflow rate is less than the target airflow rate, the new

torque is also calculated, selected, predicted, or determined to provide a new

airflow rate that is less than the target airflow rate to avoid airflow rate overshoot.

[0082] In some embodiments, the range (e.g., of step 26a) extends from 3 to 10

percent below the third representation (e.g., calculated in step 25) or target

airflow rate (e.g., 1500 SCFM in certain examples described herein), to this same

amount above the third representation or target airflow rate, for example. In

particular embodiments, the range (e.g., of step 26a) extends from 5 percent

below the target airflow rate to 5 percent above the target airflow rate, for

example. In this example of method 20, once the present airflow rate [e.g., for

which a (third) representation is calculated in step 25] is within the range (e.g., of

step 26a), for example, within 5 percent of the target airflow rate, the control

circuit (e.g., controller 14) enters the cruise control mode (e.g., of step 26c).

[0083] In particular embodiments wherein the first representation (e.g., from step

23a) is speed, in the cruise control mode, the new input setting (e.g., calculated

in step 27) or new input speed, is the old or present speed (e.g., the present

input setting of step 22) plus a constant times the quantity of the target airflow

rate (e.g., of step 27) minus the present airflow rate, that quantity times the

maximum motor speed divided by the target airflow rate. This is an example of

the second formula (e.g., of step 26c). In this example, the present airflow rate

may be determined using the first representation (e.g., from step 23a), the

second representation (e.g., from step 24a), and the data represented by Fig. 3 ,

for example (e.g., in the form of a look-up table). Further, in this embodiment,

the constant may be between 0.015 and 3.0 for example. Certain examples of

the constant include 0.05, 0.1 , 0.2, 0.5, and 1.0. This constant may be selected

so that the speed adjustment in the cruise control mode is as fast as possible

while avoiding speed overshoot, for instance. In this example, when the present

airflow rate (e.g., calculated using the first representation from step 23a, the

second representation from step 24a, and the data in Fig. 3) is equal to the target

airflow rate (e.g., of step 27), the new input setting (e.g., new speed) is equal to



the present input setting (e.g., present speed). Accordingly, no adjustment in

speed is made under such circumstances in this embodiment.

[0084] In particular embodiments wherein the first representation (e.g., from step

23a) is torque, in the cruise control mode, the new input setting (e.g., calculated

in step 27) or new input torque, is the old or present torque (e.g., the present

input setting of step 22) plus a constant times the quantity of the target airflow

rate (e.g., of step 27) minus the present airflow rate, that quantity times the

maximum motor torque divided by the target airflow rate. This is another

example of the second formula (e.g., of step 26c). In this example, the present

airflow rate may be determined using the first representation (e.g., from step

23a), the second representation (e.g., from step 24a), and the data represented

by Fig. 4 , for example (e.g., in the form of a look-up table). Further, in this

embodiment, the constant may also be between 0.015 and 3 , for example.

Certain examples of the constant include 0.05, 0.1 , 0.2, 0.5, and 1.0. This

constant may be selected so that the torque adjustment in the cruise control

mode is as great as possible while avoiding torque overshoot, for instance. In

this example, when the present airflow rate (e.g., calculated using the first

representation from step 23a, the second representation from step 24a, and the

data in Fig. 3) is equal to the target airflow rate (e.g., of step 27), the new input

setting (e.g., new torque) is equal to the present input setting (e.g., present

torque). Accordingly, no adjustment in torque is made in this situation.

[0085] In some embodiments, if the present airflow rate (e.g., calculated using

the first representation from step 23a, the second representation from step 24a,

and the data in Fig. 3 or 4) is within a second range, then the new input setting

(e.g., new speed or torque) is set equal to the present input setting (e.g., present

speed or torque). This second range may be smaller than the (first) range of

step 26a, for example. For instance, the second range may extend from 1 or 2

percent below the target airflow rate to an equal amount above the target airflow

rate, for example. This second range may help to avoid unnecessary

adjustments close to the target airflow rate. In other embodiments, such small

adjustments may continue for a particular time, at periodic intervals, at a reduced

or continually reducing rate of frequency, or indefinitely, as examples. Further, in



various embodiments, during the cruise control mode, if the third representation

(e.g., present airflow rate) is found to be outside of the range (of step 26a) [e.g.,

due to a change in the target airflow rate, opening or closing of a register {e.g.,

16w, 16x, or 16y), or the like] then method 20 returns to the course control mode

(e.g., step 26b) in this embodiment.

[0086] In a number of embodiments, if the new input setting (e.g., calculated in

step 27) is greater than a maximum, then the new input setting is set to the

maximum. For example, in some embodiments where the input setting is speed,

if the new speed is greater than the maximum speed, then the maximum speed

is used. For another example, in some embodiments where the input setting is

motor torque, if the new torque is greater than the maximum motor torque, then

the maximum motor torque is used. In addition, in particular embodiments, if the

new input setting (e.g., calculated in step 27) is less than a minimum, then the

new input setting is set to zero, in some embodiments, or to the minimum in other

embodiments. For example, in some embodiments where the input setting is

speed, if the new speed is less than the minimum speed, then the speed is set to

zero, or minimum speed is used, which may depend on which embodiment is

implemented, or may be user selectable, for instance. For another example, in

some embodiments where the input setting is motor torque, if the new torque is

less than the minimum torque, then the torque is set to zero, or minimum torque

is used, which may depend on which embodiment is implemented, or may be

user selectable, as another example.

[0087] Furthermore, in certain embodiments, if the first representation (e.g., from

step 23a), the second representation (e.g., from step 24a), both, or a value

calculated or determined therefrom, is found to be outside of a predetermined

range, then an alarm may be provided. For example, if motor current (e.g.,

measured with current sensor 14c) is found to exceed the current rating of the

motor (e.g., 13a) then a warning light may be illuminated or a warning message

may be provided. In some embodiments, ventilation system 10, motor 13a, or

both, my be stopped, or the speed of motor 13a may be reduced, if motor current

(e.g., measured with current sensor 14c) is found to exceed the current rating of

the motor (e.g., 13a). In some embodiments, an audible alarm may be used.



[0088] Moreover, various embodiments of method 20 further include the step of

providing an alarm (step 29b), for example, that the airflow restriction of the

ductwork is excessive. Such an alarm may be provided (step 29b), for example,

if the third representation (e.g., calculated in step 25) of the present airflow rate

fails to reach a predetermined value. For example, an alarm may be provided

(step 29b), for example, if the present airflow rate is not within the (first) range

(e.g., of step 26a) of the target airflow rate, and a predetermined time limit has

been exceeded (step 29a). Method 20 illustrates an example of such an

embodiment. In other embodiments, a different range or threshold may be used

(e.g., besides the range of step 26a) or a number of iterations (e.g., of step 28)

may be counted before an alarm is provided (e.g., rather than measuring time).

In still other embodiments, an alarm may be provided (e.g., analogous to step

29b) whenever the airflow rate is outside of a range (e.g., of step 26a or another

range), for instance, until the airflow rate approaches the target airflow rate

enough to be within the range. In some embodiments, an alarm may be provided

(step 29b), for example, if the third representation (e.g., calculated in step 25) of

the present airflow rate fails to reach the target airflow rate, for example, within a

predetermined time or predetermined number of iterations. Or in some

embodiments, the alarm may be provided (step 29b), for example, whenever the

third representation (e.g., calculated in step 25) of the present airflow rate differs

from the target airflow rate, for example, at all, or by a predetermined offset.

[0089] Such an alarm (e.g., provided in step 29b), or other alarms, may be in the

form of a visual alarm (e.g., a light, LED, displayed message) or an audible alarm

(e.g., a buzzer, bell, or synthetically generated voice), for example. Further, in

some embodiments, such an alarm (e.g., of step 29b) may include information,

such as a statement that airflow restriction is excessive or exceeds

recommended parameters. In some embodiments, an indication of the airflow

rate, the percentage of target airflow rate, the amount of airflow restriction, or a

combination thereof, may be provided. In different embodiments, when or after

an alarm is provided (e.g., step 29b), method 20 may proceed, for example, to

select the first formula (step 26b), or in some embodiments, may turn off the air

conditioning or air-handling unit. Such an alarm (e.g., of step 29b) may alert an



installation technician, owner, or the like, that excessive airflow restriction exists,

upon which information the technician or owner may open registers, replace or

clean a filter, provide less-restrictive ductwork, select a smaller air-handling or air

conditioning unit, or the like, as examples.

[0090] Various embodiments of systems, units, and methods are contemplated

wherein the first present parameter (e.g., for which a first representation is

sampled in step 23a) is the present speed of the fan motor (e.g., in an variable

frequency AC configuration) or the first present parameter is the present torque

of the fan motor (e.g., in a variable voltage DC configuration). In many

embodiments, the second present parameter (e.g., for which a second

representation is sampled in step 24a) is the present current of the fan motor or

the second present parameter is a present pressure within the ventilation system.

All potential combinations of these two parameters are alternative embodiments

providing particular advantages in specific applications.

[0091] In many embodiments, it is not necessary to measure airflow rate (e.g., of

supply air 16s, return air 16r, or both, as shown in Fig. 1) directly, for example,

with airflow measuring instrumentation, such as a Pitot tube, an anemometer (for

example, with a rotating vane or hot wire), etc. Further, in some embodiments, it

is not necessary to measure airflow rate indirectly, for example, by measuring a

pressure drop or differential across a restriction, such as that provided by coil or

evaporator 15e. Further, in some embodiments, it is not necessary to measure a

pressure at all. In one such example, motor speed and motor electric current are

measured. In another such example, motor torque and motor electric current are

measured. Both such examples are described herein. However, in other

embodiments, in many embodiments, pressure can be substituted for motor

electric current, if desired. Depending on the circumstances, these alternatives

may provide distinct advantages to optimize airflow control performance,

minimize equipment, such as computational resource requirements, or a

combination thereof, as examples.

[0092] Fig. 7 illustrates another example of an embodiment of the invention,

method 70, which illustrates, among other things, an example of a method of

providing more-consistent performance of air conditioning units that are mass



produced and installed in a variety of structures having a variety of different

ductwork configurations with different amounts of airflow restriction. In this

example, method 70 includes (at least) the steps of obtaining or providing air

conditioning units (step 7 1) and obtaining or providing a control system (step 72).

In different embodiments, these two steps may be performed in either order or

concurrently. In various embodiments, at least a plurality of air conditioning units

may be obtained or provided (step 7 1) , and in some embodiments, each air

conditioning unit may include a cooling coil, a blower or fan configured to blow air

through the cooling coil and to the space or structure, and an electric blower or

fan motor connected to and configured to turn the blower or fan. Referring to Fig.

1, examples of such equipment include, air-handling or air conditioning unit 10,

cooling or evaporator coil 15e, blower or fan 12a configured (as shown) to blow

air through the cooling or evaporator coil 15a and to the structure 19, and electric

blower or fan motor 13a connected to and configured to turn blower or fan 12a.

[0093] In addition, the step of obtaining or providing a control system (step 72)

may include obtaining or providing a control system configured use one or more

of the embodiments of method 20 described above, or other methods described

herein, to control the blower or fan motor (e.g., 13a) to at least partially

compensate for the different amounts of the airflow restriction of the different

ductwork configurations (e.g., of ductwork 16a, 16b, registers 16w, 16x, and 16y,

return air grille 16z, filter 16f, or a combination thereof). In some embodiments,

the use of method 20, or other methods, may be accomplished by controller 14

shown in Fig. 1, and may be embodied in software, firmware, read only memory

(ROM) erasable programmable read only memory (EPROM) or the like initially

installed on or later installed within or on controller 14, for example.

[0094] In some such embodiments of method 70, each of the plurality of air

conditioning units (e.g., air-handling unit 10) further includes an expansion valve

(e.g., 17b), a compressor (e.g., 17a), a compressor motor (e.g., 13c) connected

to and configured to turn the compressor (e.g., 17a), a condenser coil (e.g., 15c),

a condenser fan (e.g., 12b) configured to blow air (e.g., outside air 16o, which

becomes exhaust air 16e) through the condenser (e.g., 15c), and a condenser

fan motor (e.g., 13b) connected to and configured to turn the condenser fan (e.g.,



12b). In many such embodiments, the cooling coil (e.g., 15e) is an evaporator

coil, and the present input setting (e.g., of step 22 shown in Fig. 2) is initially

selected to provide a predicted airflow rate within the ventilation system (e.g., of

supply air 16s, return air 16r, or both, within ventilation system 10s) that is less

than the target airflow rate. Examples of many such embodiments, are described

herein.

Furthermore, various aspects and methods described herein may be used

to control fluid flow rates for other applications, including for maintaining a

substantially constant flow rate. Some elements, parameters, measurements,

functions, components, and the like may be described herein as being required,

but may only be required in certain embodiments. Further, needs, objects,

benefits, other advantages, and solutions to problems have been described

herein with regard to specific embodiments. However, the needs, objects,

benefits, advantages, solutions to problems, and element(s) that may cause

benefit, advantage, or solution to occur or become more pronounced are not to

be construed as critical, required, or essential features or elements of the claims

or the invention. Reference to an element in the singular is not intended to mean

"one and only one" unless explicitly so stated, but rather "one or more." As used

herein, the terms "comprises", "comprising", or a variation thereof, are intended

to cover a non-exclusive inclusion, such that a process, method, article, or

apparatus that comprises a list of elements does not include only those elements

but may include other elements not expressly listed or inherent to such process,

method, article, or apparatus. Further, no element described herein is required

for the practice of the invention unless expressly described as "essential" or

"critical".



Claims

What is claimed is:

1. An air-handling unit for ventilating an at-least partially enclosed space, the air-

handling unit comprising:

a first fan configured to blow air through the air-handling unit to the space;

an electric first motor connected to and configured to turn the first fan; and

a current sensor configured to measure electrical current used by the first motor;

a control system configured to use a first input and a second input to control and

vary at least one of a speed and a torque of the first motor, wherein the first input

is a representation of at least one of the speed and the torque of the first motor,

and the second input is a representation of the electric current of the first motor,

wherein the first input is obtained without using a sensor and the second input is

obtained from the current sensor.

2 . The air-handling unit of claim 1 wherein the control system is configured to vary at

least one of the speed and the torque of the first motor to obtain a substantially fixed

airflow rate through the air-handling unit over a range of varying amount of airflow

restriction.

3 . The air-handling unit of either of claims 1 and 2 further comprising a first heat-

transfer coil configured and positioned so that the air blown by the first fan through

the air-handling unit passes through the first heat-transfer coil, a fluid passes

through the first heat-transfer coil, and heat is transferred via the first heat-transfer

coil between the air and the fluid.

4 . The air-handling unit of any of claims 1 to 3 further comprising a memory storing a

look-up table that expresses a relationship between an airflow rate of the first fan,

the electrical current used by the first motor, and at least one of the speed and the

torque of the first motor, and wherein the control system is configured to use the

look-up table, the first representation, and the second representation to calculate a



third representation, wherein the third representation is a representation of a present

airflow rate of the first fan.

5 . The air-handling unit of any of claims 1 to 4 further comprising, within an enclosure

for the air-handling unit, an expansion valve, a compressor, an electric second motor

connected to and configured to turn the compressor, a condenser coil, a second fan

configured to blow air through the condenser coil, and an electric third motor

connected to and configured to turn the second fan.

6 . The air-handling unit of any of claims 1 to 5 , the first motor having a first electrical

power lead and a second electrical power lead, the current sensor comprising a coil

surrounding one of the first electrical power lead and the second electrical power

lead.

7 . The air-handling unit of any of claims 1 to 6 wherein the first input is the

representation of the speed of the first motor.

8 . The air-handling unit of claim 7 wherein the control system includes instructions to

repeatedly calculate a new speed, and calculation of the new speed includes

multiplying a present speed times a target speed, and dividing by a speed at which

the target speed would be predicted to occur in a nominal ventilation system at a

present electrical current used by the first motor, wherein the present electrical

current used by the first motor is measured using the current sensor.

9 . The air-handling unit of any of claims 1 to 6 wherein the first input is the

representation of the torque of the first motor.

10. The air-handling unit of claim 9 wherein the control system includes instructions to

repeatedly calculate a new torque, and calculation of the new torque includes

multiplying a present torque times a target torque, and dividing by a torque at which

the target torque would be predicted to occur in a nominal ventilation system at a

present electrical current used by the first motor, wherein the present electrical

current used by the first motor is measured using the current sensor.



1.A method of controlling an airflow rate within a ventilation system, the method

comprising at least the steps of:

starting a fan motor within the ventilation system;

operating the fan motor at a present input setting, wherein the present input

setting comprises at least one of a present motor speed setting and a present

motor torque setting;

sampling a first representation of a first present parameter of the ventilation

system, wherein the first present parameter comprises at least one of a present

speed of the fan motor and a present torque of the fan motor, wherein the first

representation is sampled without using a sensor;

before, during, or after the step of sampling the first representation, sampling a

second representation of a second present parameter of the ventilation system,

wherein the second present parameter comprises at least one of a present

current of the fan motor and a present pressure within the ventilation system;

calculating a third representation of a present airflow rate within the ventilation

system using the first representation and the second representation;

calculating a new input setting using the third representation of the present

airflow rate and a fourth representation of a target airflow rate, wherein the new

input setting is predicted to provide a new airflow rate within the ventilation

system that is closer to the target airflow rate than the present airflow rate;

changing the present input setting to the new input setting; and

repeating at least a plurality of times the steps of sampling the first

representation, sampling the second representation, calculating the third

representation of the present airflow rate, calculating the new input setting, and

changing the present input setting to the new input setting.



2 .A method of controlling an airflow rate within a ventilation system, the method

comprising at least the steps of:

starting a fan motor within the ventilation system;

operating the fan motor at a present input setting, wherein the present input

setting comprises at least one of a present motor speed setting and a present

motor torque setting;

sampling a first representation of a first present parameter of the ventilation

system, wherein the first present parameter comprises at least one of a present

speed of the fan motor and a present torque of the fan motor;

before, during, or after the step of sampling the first representation, sampling a

second representation of a second present parameter of the ventilation system,

wherein the second present parameter comprises at least one of a present

current of the fan motor and a present pressure within the ventilation system;

calculating a third representation of a present airflow rate within the ventilation

system using the first representation, the second representation, and a look-up

table that expresses relationships between an airflow rate of the fan, the

electrical current used by the fan motor, and at least one of the speed and the

torque of the fan motor;

calculating a new input setting using the third representation of the present

airflow rate and a fourth representation of a target airflow rate, wherein the new

input setting is predicted to provide a new airflow rate within the ventilation

system that is closer to the target airflow rate than the present airflow rate

wherein calculation of the new input setting includes multiplying the first

representation times a target speed or torque, and dividing by a speed or torque

at which the target speed or torque would be predicted to occur in a nominal

ventilation system at a present value of the second representation;

changing the present input setting to the new input setting; and



repeating at least a plurality of times the steps of sampling the first

representation, sampling the second representation, calculating the third

representation of the present airflow rate, calculating the new input setting, and

changing the present input setting to the new input setting.

13. The method of either of claims 11 and 12 further comprising, after the step of

calculating the third representation, a step of evaluating whether the present airflow

rate is within a range of the target airflow rate, and if the present airflow rate is not

within the range of the target airflow rate, then the step of calculating the new input

setting includes using a first formula to calculate the new input setting, and if the

present airflow rate is within the range of the target airflow rate, then the step of

calculating the new input setting includes using a second formula to calculate the

new input setting, wherein the first formula converges on the target airflow rate more

quickly than the second formula.

14. The method of any of claims 11 to 13 wherein, for at least an initial present input

setting:

the step of sampling the second representation of the second present parameter

includes sampling the second representation at least a plurality of times and

evaluating stabilization of the second present parameter; and

the third representation, which is used to calculate the new input setting, to which

the present input setting is changed, is calculated using samples of the second

representation taken after the second present parameter has substantially

stabilized.

15. The method of any of claims 11 to 14 wherein the present input setting is initially

selected to provide a predicted airflow rate within the ventilation system that is less

than the target airflow rate, and wherein the new input setting is selected to provide

a new airflow rate that is less than the target airflow rate, to avoid overshooting the

target airflow rate.



16. The method of any of claims 11 to 15 wherein the target airflow rate is fixed at a

constant value.

17. The method of any of claims 11 to 16, the method providing more-consistent

performance of air conditioning units that are mass produced and installed in a

variety of structures having a variety of different ductwork configurations with

different amounts of airflow restriction, the method further comprising in any order at

least the steps of:

obtaining or providing at least a plurality air conditioning units, each air

conditioning unit having a cooling coil, a fan configured to blow air through the

cooling coil and to the structure, and an electric fan motor connected to and

configured to turn the fan; and

obtaining or providing a control system configured to control the fan motor to at

least partially compensate for the different amounts of the airflow restriction of

the different ductwork configurations.

18. The method of claim 17 wherein each of the plurality of air conditioning units further

comprises an expansion valve, a compressor, a compressor motor connected to and

configured to turn the compressor, a condenser coil, a condenser fan configured to

blow air through the condenser, and a condenser fan motor connected to and

configured to turn the condenser fan, and wherein the cooling coil is an evaporator

coil, and wherein the present input setting is initially selected to provide a predicted

airflow rate within the ventilation system that is less than the target airflow rate, and

wherein the new input setting is selected to provide a new airflow rate that is less

than the target airflow rate, to avoid overshooting the target airflow rate.

19. The method of either of claims 17 and 18 further comprising the step of providing an

alarm that the airflow restriction of the ductwork is excessive if the third

representation of the present airflow rate fails to reach a predetermined value.

20. The method of any of claims 11 to 19 wherein the first present parameter is the

present speed of the fan motor.



2 1.The method of any of claims 11 to 19 wherein the first present parameter is the

present torque of the fan motor.

22. The method of any of claims 11 to 2 1 wherein the second present parameter is the

present current of the fan motor.

23. The method of any of claims 11 to 2 1 wherein the second present parameter is the

present pressure within the ventilation system.
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