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VENTILATION UNIT CALIBRATION APPARATUS, SYSTEM AND METHOD

PRIORITY CLAIMED

This international application claims priority to U.S. Patent Application No. 12/873,069

filed 31 August 2010, the contents of which is incorporated by reference in its entirety

herein.

FIELD OF THE INVENTION

[0001] The present invention relates to ventilation unit performance, and more

particularly, to an apparatus, system and method for calibrating a ventilation unit to

achieve a desired flow rate in any of a variety of installation environments.

SUMMARY

[0002] In some embodiments, the present invention provides a ventilation unit for

installation in a ventilation system. The ventilation unit can include a motor coupled to a

fan element and a power source. The ventilation unit can also include a calibration module

coupled to the motor and having a power regulator for adjusting the performance of the

ventilation unit based on at least one characteristic of the ventilation system.

[0003] The present invention also provides a method of calibrating a performance rated

ventilation unit including determining at least one characteristic of a ventilation system.

The method can also include regulating power supplied to the ventilation unit based on the

at least one characteristic of the ventilation system determined to satisfy the performance

rating of the ventilation unit.

[0004] In some embodiments, the present invention provides a method of installing a

performance rated ventilation unit including connecting a ventilation unit to a ventilation

system and assessing at least one characteristic of a ventilation system and a power supply

capacity of a power source. The method can also include adjusting a power supplied to the

ventilation unit based on the at least one characteristic of the ventilation system determined

to satisfy the performance rating of the ventilation unit.



[0005] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a partially cut-away view of exemplary installation environments for a

ventilation unit according to some embodiments of the present invention.

[0007] Fig. 1A is an exemplary configuration of a ventilation system in an exemplary

installation environment according to some embodiments of the present invention.

[0008] Figs. IB and 1C are exemplary configurations of ventilation systems according

to some embodiments of the present invention.

[0009] Fig. 2A is an exploded view of a ventilation unit according to some

embodiments of the present invention.

[0010] Fig. 2B is an exploded view of a ventilation unit according to some

embodiments of the present invention.

[0011] Fig. 3A is a graph illustrating the performance of a ventilation unit in two

different ventilation systems.

[0012] Fig. 3B is a graph illustrating the performance of a ventilation unit in two

different ventilation systems.

[0013] Fig. 4 is a set of charts illustrating the equivalent ductwork for achieving levels

of performance for each of five performance-rated ventilation units.

[0014] Fig. 5 is a graph illustrating calibration curves for a ventilation unit according

to some embodiments of the present invention.

[0015] Fig. 6A is a system diagram of a ventilation unit according to some

embodiments of the present invention.

[0016] Fig. 6B is a system diagram of a ventilation unit according to some

embodiments of the present invention.



[0017] Fig. 6C is a system diagram of a ventilation unit according to some

embodiments of the present invention.

[0018] Fig. 7 is a flow chart illustrating a calibration method according to some

embodiments of the present invention.

DETAILED DESCRIPTION

[0019] Before any embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited in its application to the details of construction

and the arrangement of components set forth in the following description or illustrated in

the following drawings. The invention is capable of other embodiments and of being

practiced or of being carried out in various ways. Also, it is to be understood that the

phraseology and terminology used herein is for the purpose of description and should not

be regarded as limiting. The use of "including," "comprising," or "having" and variations

thereof herein is meant to encompass the items listed thereafter and equivalents thereof as

well as additional items.

[0020] Unless specified or limited otherwise, the terms "mounted," "connected,"

"supported," and "coupled" and variations thereof are used broadly and encompass both

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

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

[0021] Also, it is to be understood that phraseology and terminology used herein with

reference to device or element orientation (such as, for example, terms like "central,"

"upper," "lower," "front," "rear," and the like) are only used to simplify description of the

present invention, and do not alone indicate or imply that the device or element referred to

must have a particular orientation. In addition, terms such as "first" and "second" are used

herein for purposes of description and are not intended to indicate or imply relative

importance or significance.

[0022] Fig. 1 illustrates an installation environment including two ventilation systems

20, each of which can include a ventilation unit 22 according to embodiments of the

present invention. While the installation environment shown in Fig. 1 is a house, a



ventilation system 20 and unit 22 can be installed in any building or structure including,

but not limited to residential units, office buildings, factories, storage units, out buildings,

etc., to enable movement of air (gas, fumes, air borne particulate matter, etc.) along a flow

path 24 between a first space 26 and a second space 28.

[0023] As shown in Fig. 1, the first and/or second space 26, 28 can be generally

defined as the interior or exterior of a building or a room or group of rooms within a

building. In some embodiments, the first and/or second space 26, 28 can be defined as a

volume adjacent at least a portion of the ventilation unit 22, or more specifically as a

volume extending between a portion of the ventilation unit 22 and another unit, such as a

stove or shower stall. In other embodiments, the first and/or second space 26, 28 can be

defined by an enclosed space, such as by a fume hood or a building ventilation conduit.

[0024] Ventilation systems 20 can have various configurations depending on the

installation environment and the requirements of the system. A ventilation system 20 can

include a duct arrangement 30 to provide a conduit for the air flow 24 between the first

space 26 and the second space 28. The duct arrangement 30 can include ductwork with at

least one straight portion 30a and/or at least one angled portion 30b. Each angled portion

30b can express any of a range of angles, though 90 to 135 degree angled portions 30b are

most common. The cross-sectional shape and cross-sectional area of the duct portions 30a,

30b, as well as the material from which they are formed can vary depending on the

installation environment and the requirements of the system. For example, the duct

arrangement 30 can be comprised of rigid and/or flexible materials as generally known in

the art. Further, a duct arrangement 30 can include one or more joint portions 30c that can

connect various other portions of a duct arrangement 30 or ventilation system 20, as shown

in Figs. 1 and 1A.

[0025] The duct arrangement 30 can be connected to a ventilation unit 22 at an end

adjacent to or associated with the first space 26 and a termination fitting 32 at an end

adjacent to or associated with the second space 28. In some embodiments, the termination

fitting 32 can provide a moveable barrier, which can selectively allow air flow 24 from the

duct arrangement 30 to exit into the second space 28. The termination fitting 26 can



prevent back draft of air from the second space 28 into the duct arrangement 30. In other

embodiments, the termination fitting 32 can provide a partial barrier (e.g., a screen, mesh,

cage bracket, etc.) to prevent animals and/or insects from entering the flow path 24. In still

other embodiments, the termination fitting 32 can provide an alternate-shaped outlet from

the duct arrangement 30 for the air flow 24. In embodiments of ventilation systems 20

including a joint portion 30c, the air flow path 24 can diverge to multiple termination

fittings 32 and/or converge from multiple intakes. As shown in Fig. 1, the termination

fitting 32 can be a roof cap 32a mounted to the roof of a building or a soffit cap 32c

mounted to a soffit of a building with a roof. However, depending on the location of the

end the duct arrangement 30 adjacent to or associated with the second space 28 of a

particular embodiment, the termination fitting 32 can alternatively be provided in a wall, as

shown in Fig. 1A, or other structure which at least partially defines the second space 28.

[0026] Figures IB and 1C illustrate two additional examples of ventilation systems

according to the present invention. As shown in Fig. IB, an in-line blower 33a can be

positioned between duct portions 30a, 30b and thereby be connected to a termination

fitting 32 and an intake 34. Alternately, as shown in Fig. 1C, an external blower 33b can

be connected by a duct arrangement 30 to an intake 34 and function as a termination

fitting. Intake 34 can comprise a simple fixture such as a hood, grate, vent plate, etc., or

the intake 34 can itself be a ventilation unit 22 as described in further detail below.

[0027] The ventilation systems of Figs. IB and 1C can be configured for various

installation environments as described above with respect to Fig. 1. For example, the in

line blower 33a of Fig. IB can be located in a basement, closet, intra-wall space, cabinet,

or attic, among other places, and the duct arrangements 30 that connect the intake 34 to the

in-line blower 33a and the blower 33a to the termination fitting 32 can include one or more

straight portion 30a and/or angled portion 30b. The external blower 33b of Fig. 1C can be

can be mounted to a wall or other structure which at least partially defines the second space

28 (e.g., a roof or wall immediately adjacent to the second space 28) and the duct

arrangement 30 that connects the intake 34 to the external blower 33b can include one or

more straight portion 30a and/or angled portion 30b.



[0028] While the following description refers to a particular ventilation unit 22,

namely a range hood such as the one illustrated in Fig. 2A, or a bathroom vent fan such as

the one illustrated in Fig. 2B, it should be understood that the present invention is

applicable to a wide variety of ventilation units 22. For example, in some embodiments

the ventilation unit 22 can be an exhaust or air intake fan (Fig. 1A), a vent hood, an in-line

blower 33a (Fig. IB), an external blower 33b (Fig. 1C), or similar unit which functions to

move air from one space to another. The ventilation unit 22 can have any of various sizes,

shapes, and configurations known in the art. As shown in Fig. 1, the ventilation unit 22

can be mounted to a cabinet or ceiling of a room. However, depending on the location of

the end of the duct arrangement 30 adjacent to or associated with the first space 26 of a

particular embodiment, the ventilation unit 22 can be mounted to a wall or other structure

which at least partially defines the first space 26 as illustrated in Fig. 1A. As discussed

above with respect to Fig. IB, an in-line blower 33a can generally be located somewhere

between the first and second spaces 26, 28, while an external blower 33b can generally be

located adjacent to or in the second space 28, as discussed with respect to Fig. 1C.

[0029] As illustrated in Fig. 2A and 2B, a ventilation unit 22 according to some

embodiments of the present invention can be coupled to the duct arrangement 30 by one or

more mounting plates/brackets 35a and duct connector 35b. The ventilation unit 22 can

include a motor 36 coupled to a blower wheel 38 or similar fan element positioned in a

housing 40. The motor 36 can be powered to move the blower wheel 38, thereby

generating ventilation or air flow 24. The blower wheel 38 can be positioned/oriented

within the ventilation unit 22 such that the air flow 24 is directed into or out of the duct

arrangement 30.

[0030] In some embodiments, the motor 36 can be a brushless AC (BLAC), permanent

magnet AC (PMAC), or brushless DC motor (BLDC). These types of motors are

synchronous electric motors powered by either alternating current (AC) or direct current

(DC) electricity and having an electronic commutation system, rather than a mechanical

commutator and brushes, which results in improved motor efficiency and reduced

mechanical wear, increasing the life of the motor. Current to torque and voltage to rpm are

linear relationships in BLAC, PMAC, and BLDC motors. Brushless DC motors generally



exhibit a reduced operating noise as compared to other types of motors suitable for driving

a blower wheel 38 or similar fan element. Brushless AC and permanent magnet AC

motors exhibit even further reduced operating noise as compared to brushless DC motors.

These characteristics can be advantageous in a ventilation unit 22 which can require

operation for extended periods of time in locations where background noise is undesirable.

In addition, BLAC, PMAC, and BLDC motors provide reliable start-up and continual

operation and controllability at very low speeds. In some embodiments, an interface can

be provided to convert an AC power signal which would be used to control an AC

induction motor to a usable input to control a BLAC, PMAC, or BLDC motor. Of course,

it should be understood by one of skill in the art that various embodiments of the invention

can alternatively utilize other types of motors.

[0031] As shown in Fig. 2A, a ventilation unit 22 according to some embodiments of

the invention can include one or more filter elements 42 positioned along the air flow path

24. In some embodiments, such as those illustrated in Figs. 2A and 2B, the ventilation unit

22 can include one or more lights 44 for illuminating a space adjacent to the unit 22. The

lights 44 can be selectively turned on and off via a user interface 46 positioned on the

housing 40 or other component of the unit 22. The speed of the motor 36 driving the

blower or fan 38 can be adjusted via a user interface 46. The user interface can consist of

one or more switches, dials, buttons, touch screens, displays, indicators, etc., or any

combination thereof. In other embodiments, the lights and/or motor speed can be

controlled by a user interface 46 positioned remotely from the ventilation unit 22 (e.g.,

mounted on a wall or cabinet). In further embodiments, the operation of the ventilation

unit 22 can be controlled by a user via any one of multiple interfaces 46 positioned on,

near, or remotely from the unit 22.

[0032] A ventilation unit 22 can include a connection 48 to a power source, either

directly (e.g., to a building electrical system) or indirectly (e.g., through a cord connected

to a building electrical system through an electrical outlet). Operation of the lights 44

and/or motor 36 can be effected by a control unit 50. In some embodiments, the control

unit 50 is a power regulator (e.g., voltage or current regulator), a controller or

microprocessor, one or more fuses, sensors and/or switches, or some combination of



various ones of these elements. The element or elements comprising the control unit 50

can be mounted on a circuit board and secured to the housing 40 or other component of the

ventilation unit 22. Electrical connections can be provided to couple the motor 36 to the

power connection 48 through the control unit 50. The user interface 46 can be coupled to

the control unit 50, as can the light or lights 44. In alternative embodiments, the control

unit 50, or elements thereof can be located remotely from the ventilation unit 22. For

example, the control unit 50 (or elements of thereof) can be provided integrally with a

remotely located user interface that is mounted in a wall, cabinet, or similar structure. In

some embodiments the user interface 46 can be a remote control which interacts with the

unit 22 via infrared (IR) or radio frequency signals (RF).

[0033] A ventilation unit 22 can be rated to perform at a certain level (i.e., generate a

particular flow rate). As an industry standard, range hood performance is typically rated

and advertised at a static pressure of 0.1" Wg. This industry-wide standard theoretically

enables a simple comparison of range hood models across various brands and

manufacturers. The 0.1" Wg static pressure rating point was selected by the residential

ventilating industry in the 1950's, at a time when typical residential exhaust ventilators

were low flow (under lOOcfm), and were coupled to short duct arrangements 30 of rigid

galvanized ductwork.

[0034] However, many residential range hoods presently on the market ventilate at a

much higher flow rate, are coupled to longer duct arrangements 30 of varying cross-

sectional area, and include termination fittings 32 with back draft dampers utilizing a wide

variety of sizes and cross-sectional areas. The static pressure associated with a particular

ventilation system 20 can vary greatly depending on the physical characteristics and

arrangement of the system components.

[0035] Fig. 3A depicts the performance curve for a unit rated to operate at a particular

"Y" level. In other words, the curve represents the air flow rate 24 produced by the "Y"-

rated unit at various static pressures. As illustrated, the higher the static pressure

experienced by the ventilation unit "Y," the lower the air flow rate (i.e., air flow rate is

inversely related to static pressure).



[0036] In Fig. 3A, system curves "A" and "B" represent the characteristics of

particular ventilation systems 20. A system curve can vary depending on cross-sectional

area of the flow path through the duct system 30; the length of the flow path through the

system 30; the configuration, orientation, and materials of straight, angled, and jointed

portions 30a, 30b, 30c; and the effects of a filter 42 and/or damped termination fitting,

among others. Essentially, the characteristics of a particular ventilation system 20 can

affect the performance of the ventilation unit 22 (i.e., whether the unit 22 ventilates above,

below, or at its rated level). System curves that have a greater slope represent more

restrictive systems or installation environments. As indicated by the intersection between

the performance curve and each system curve, the "Y"-rated ventilation unit will generate

a significantly lower air flow rate in system "A" than in system "B." For example, if the

unit is rated at 160cfm, then curve "B" can represent a system in which the performance

equals the rating of the unit, and curve "A" can represent a system that is more restrictive

(i.e., presents higher static pressure) than system "B." The discrepancies between the

performance of the unit in system "A" vs. "B" can be attributed to one or more differences

in the characteristics of the systems (i.e., duct arrangement 30, termination fitting type 32,

etc.), which are described above.

[0037] Fig. 3B depicts the performance curve for a unit rated to operate at a particular

"Z" level, which can be a number of times greater than the "Y" level of Fig. 3A. As

illustrated, the "Z"-rated unit can have a performance curve that is much different from

that of the "Y"-rated unit, though the air flow rate remains inversely related to the static

pressure experienced by the unit.

[0038] In Fig. 3B, the "A" and "B" trend lines represent the system curves for systems

with equivalent length but different diameter than those of ventilation systems "A" and

"B" respectively, as discussed with respect to Fig. 3A. It should be noted that a higher

flow unit (e.g., the "Z"-rated unit) generally utilizes a duct with a larger cross-sectional

area than that of a lower flow unit (e.g., the "Y"-rated unit). As indicated by the

intersection between the performance curve and each system curve, the "Z"-rated

ventilation unit will generate a significantly lower air flow rate in system "A" than in

system "B." For example, if the unit is rated at 600cfm, then both curves "A" and "B" can



represent systems in which the actual performance of the unit can not meet its performance

rating, yet the unit can perform closer to the specified rating level in system "B" than in

system "A" (i.e., system "A" is more restrictive than system "B").

[0039] In general, the greater the performance rating of the ventilation unit 22 or the

static pressure of the system 20, the greater the likelihood that the ventilation unit 22 may

not operate at the rated level in an installation environment. This situation may become

more likely as both the performance rating of the ventilation unit 22 and the static pressure

of the system 20 increase. For instance, if a duct arrangement having the same diameter

and length is used with a high flow-rated unit and a low flow-rated unit, the high-flow

rated unit will experience a much more significant decrease in performance than the low

flow-rated unit. Simply increasing the cross-sectional area of a duct arrangement to

accommodate a higher flow-rate unit has obvious practical limitations based on the

installation environment.

[0040] Fig. 4 further illustrates the relationship between the configuration and

characteristics of the ventilation system 20 and the actual performance of a performance-

rated ventilation unit 22. Each chart contains data for one of five particularly rated

ventilation units (i.e., 1500cfm, 1200cfm, 600cfm, 500cfm, and 160cfm). The first column

of each chart describes the cross-section of a duct arrangement 30. Columns 2-4 specify

the maximum length (ft.) of equivalent ductwork that will enable generation of 75%, 90%,

and 100% of the rated performance. For example, in order for a 1500cfm rated ventilation

unit 22 in a duct arrangement 30 comprising 8" diameter round rigid ductwork, the

maximum equivalent length of the system is 3' of straight ductwork 30a. If the system 20

includes an angle portion 30b (equivalent to approximately 10' of straight ductwork 30a)

and/or a termination fitting 32 (equivalent to approximately 25' of straight ductwork 30a),

the ventilation unit 22 would not be capable of generating the rated air flow.

[0041] The present invention is designed to account for variations in the configurations

and characteristics of ventilation systems 20 in order to provide a ventilation unit 22 with a

realized (actual) performance that is equivalent to its performance rating under industry-

standard evaluations. A ventilation unit 22 according to some embodiments of the present



invention can include a calibration module 52 or method for this purpose. The calibration

module 52 or method can be used to determine the power supply required by the

ventilation unit 22 to generate an air flow rate equivalent to the performance rating of the

unit 22 based on one or more characteristics of the ventilation system 20—characteristics

which contribute to the static pressure experienced by the ventilation unit 22 due to the

particular system 20.

[0042] According to various embodiments of the present invention, the calibration

method can be implemented in software, hardware, or a combination thereof. For

example, in embodiments of a ventilation unit 22 including a controller, the controller can

be programmed to execute a calibration procedure. The controller can be a control unit 50

as illustrated in Figs. 2A and 2B, be an element thereof, be a completely separate

component, or include the control unit 50. A calibration procedure can be initiated

automatically at each use, by connection of a control unit 50 to a power source during

installation, or by input to a user interface 46 associated with the unit.

[0043] In some embodiments, the controller can be programmed to store data

representing characteristics of the ventilation unit 22. For example, the power rating of the

motor 36, the presence and type of a filter 42, the size and shape of the air flow path

defined by the unit 22, the performance rating of the unit, rotational speed of the fan or

motor, among other things (e.g., current, voltage, pressure, flow rate, torque, etc.). As

should be understood by one of ordinary skill in the art, any or all of the data related to the

ventilation unit 22 can alternatively be input to the controller via a user interface 46 at the

time of installation or when calibration is desired. This information may be measured or

known by the user (i.e., installer, user initiating calibration) or provided by the

manufacturer.

[0044] As illustrated in the embodiments of Figs. 6A and 6B, the calibration module

52 can include one or more sensors to provide data representative of one or more

characteristics of the ventilation system 20. For example, the calibration module 52 can

include one or more sensors to provide an output signal to the controller that can be

representative of or used to determine the amount of power supplied to the ventilation unit



22 and/or the static pressure experienced by the unit 22, among other things. These

sensors can include at least one flow rate sensor, rotational speed sensor, and

current/voltage sensor, among others, or a combination thereof. As should be understood

by one of ordinary skill in the art, any or all of the data related to the ventilation system 20

can alternatively be input to the controller via a user interface 46 at the time of installation

or when calibration is desired. This information may be known or determined by the user

with the use of various sensing/metering devices, by measurement or estimation, or a

combination thereof. The user interface 46 can display data from the controller regarding

the status of the system pertaining to operation and/or calibration of the system, and can

have at least one indicator for this purpose. This data displayed can be from or regarding

the one or more sensors, the power supply, power regulator, motor 36, fan 38, and/or the

controller itself. In some embodiments, the calibration module 52 enables the user to

adjust the system via the interface 46 in response to displayed data. The user interface 46

can also include a CFM setting switch which can enable the user/installer to set a minimum

or off-mode ventilation rate to comply with environmental standards/codes and/or a

maximum ventilation rate which can be used to adjust the performance of a ventilation unit

22 during calibration. A default setting for the CFM setting can be provided by the

manufacturer or retailer. For ventilation units 22 with infinite speed control, the unit 22

can be designed to operate between the maximum ventilation rate and a minimum

ventilation rate. For ventilation units 22 with discrete speed settings, the unit 22 can be

designed to operate at determined percentages of a maximum set ventilation rate above a

minimum ventilation rate.

[0045] The embodiment of Fig. 6B is representative of a calibration module that can be

integrated into a ventilation unit 22 originally designed to use an AC motor. As illustrated

in Fig. 6B, calibration module 52 can include a power conversion interface which can

convert an AC power supply signal to a DC power supply signal. The DC power signal

can be supplied to the power regulator via the controller. One or more sensors and a user

interface 46 can provide inputs to both the existing AC motor controller and the calibration

controller. In some embodiments, the existing AC motor controller can provide

operational control of the ventilation unit 22 in response to user input, and the calibration

controller and power regulator can provide the calibration-determined adjustment to the



power signal provided by the AC motor controller via the power conversion interface.

While Fig. 6B is directed to conversion of an AC motor controlled ventilation unit 22 to a

DC motor controlled unit, it should be understood that the calibration module 52 and

method can be integrated into or used with ventilation units 22 with various types of

motors. For example, a ventilation unit 22 including an AC motor and pre-programmed

AC motor controller does not require a power conversion interface in order to add the

calibration module 52, but can otherwise be similar to the unit diagrammed in Fig. 6B.

[0046] Figure 6C is a system diagram illustrating the operation of a ventilation unit 22

according to some embodiments of the invention. In some embodiments, the ventilation

unit 22 can be designed to operate at a single speed. The diagram outside the dashed line

box represents such a system, and can be used, for example, in a bathroom environment.

A ventilation unit 22 can be turned on or off via a wall switch which provides power to a

signal processor through a series of signal modifier stages. The signal processor can then

provide the power necessary to drive a three phase motor 36 at a speed "A" via a motor

power module. Brushless AC and permanent magnet AC are two types of motors 36 that

can be used to rotate a blower wheel 38 or other fan element in a ventilation unit 22

according to the illustrated embodiment. A motor phase current sense circuit can provide

feed back from the motor power module to the signal processor. In the embodiment

illustrated in Fig. 6C, a calibration module can be integrated into the system, in the signal

processor for example, and can be executed upon installation or activation of the system

once or at each activation.

[0047] In some embodiments, the system illustrated in Fig. 6C can be designed to

operate at multiple speeds and can incorporate the aspects of the diagram inside the dashed

line box. In such an embodiment, speed "A" can be a very low ventilation level that can

serve to satisfy environmental standards/codes, and speed "B" can be an operational

ventilation level. The CFM setting potentiometer can enable the installer/user to set the

desired speed "A." A humidity sensor can provide an automatic activation of the

ventilation unit 22 in the event the unit 22 has not been activated via a wall switch and

humidity reaches a certain level within the first space 26. An off delay setting

potentiometer can also be set by the installer/user to deactivate or reduce the speed of the



ventilation unit 22 after a period of time operating at speed "B" to speed "A". In such an

embodiment, these elements can provide inputs to the signal processor in addition to those

discussed above with respect to a single speed ventilation unit 22, and the remainder of the

system can function as described above.

[0048] As illustrated by Fig. 7, the various methods discussed above in which

information/data characterizing the ventilation system 20 is obtained are referred to as the

data acquisition 54 portion of the calibration. As previously stated, data acquisition 54 can

be performed by either one or a combination of hardware and software. The data

programmed and/or input to the controller (by a user or sensors) can be used by the

controller to determine the power supply necessary for the ventilation unit 22 to generate

an air flow rate equivalent to a specified unit performance rating. This can be

accomplished by calculation of one or more algorithms stored in the controller, by

referencing one or more look-up tables, or by some combination thereof referred to as the

data processing 56 portion of the calibration. Based on the results of the data processing

56, a system correction 58 can be made. For example, the system correction 58 can

comprise regulation of the power supplied to the motor 36. In some embodiments, the

controller is capable of regulating a voltage or current supplied to the motor 36 directly. In

other embodiments, the controller can output a signal to one of a voltage or current

regulator thereby controlling the power supplied to the motor 36 indirectly.

[0049] A feedback loop 60 can also be provided to indicate or warn the user/installer

during calibration if the ventilation system is outside of pre-determined or manufacture

recommended parameters. The warning can be visual (e.g., a light or error message on a

display of a user interface 46) or audible (e.g., beep). The warning can be ignored,

meaning that the ventilation unit will operate outside of the recommended parameters and

exhibit non-optimal performance (i.e., reduced air flow rate, greater noise, etc.).

Alternatively, the ventilation system can be adjusted (i.e., duct arrangement, termination

fitting, power supply, etc.), and the calibration procedure can be repeated. In some

embodiments, a maximum CFM setting can be adjusted to bring the unit performance into

a realizable range based on the particular ventilation system in which it is operating. If the

adjustments are such that the ventilation system parameters are still not within



specifications, upon completion of data acquisition 54 and processing 56 the second time,

the indicator will provide another warning, and the procedure can be reiterated.

[0050] According to some embodiments of the invention, the calibration procedure can

be executed as follows. An operating curve of the ventilation unit 22 can be ascertained by

supplying the motor 36 with varying amounts of current or voltage and determining the

speed of or the air flow rate generated by the blower wheel or fan element 38 for each

value of power supplied. The operating curve can be compared to the performance rating

of the ventilation unit 22 to determine what value of power to supply the motor 36 with in

order to generate the desired air flow rate.

[0051] Fig. 5 illustrates calibration curves for a ventilation unit 22 according to some

embodiments of the present invention. System curves "XI" and "X2" represent the

characteristics of particular ventilation systems. It should be understood by one of

ordinary skill in the art that system "XI" is more restrictive than system "X2." Curves "a-

' represent the performance of a 550cfm-rated ventilation unit for increasing values of

power supply "a-f." As indicated by the intersection between the system "X2" curve and

each of the performance curves, the 550cfm-rated ventilation unit will generate at least

550cfm of air flow for any power supply value "a-f." In contrast, the intersection between

the system "XI" curve and each of the performance curves indicates that in order for the

ventilation unit to generate at least 550cfm of air flow, the power supplied to the motor 36

must be a value of "d" or greater. Consequently, a ventilation unit 22 having an operating

curve determined by data acquisition 54 and data processing 56 to be equivalent to system

"XI," can automatically execute a system correction 58 adjusting the power supplied to the

motor 36 to a value "d." The operating curve and calibration curves can provide

information enabling further calibration of the ventilation unit 22. For example, further

calibration can ensure that a ventilation unit 22 having multiple air flow settings can

perform at each rated level.

[0052] The embodiments described above and illustrated in the figures are presented

by way of example only and are not intended as a limitation upon the concepts and

principles of the present invention. As such, it will be appreciated by one having ordinary



skill in the art that various changes in the elements and their configuration and arrangement

are possible without departing from the spirit and scope of the present invention.



CLAIMS

What is claimed is:

1. A ventilation unit for installation in a ventilation system, the unit comprising:

a motor coupled to a fan element and a power source; and

a calibration module for adjusting the performance of the ventilation unit based on

at least one characteristic of the ventilation system, the calibration module including a

power regulator coupled to the motor.

2 . The ventilation unit of claim 1, wherein the calibration module includes a user

interface.

3 . The ventilation unit of claim 1, wherein the calibration module further includes a

controller coupled to the power regulator.

4 . The ventilation unit of claim 3, wherein the controller is programmed to store a

look-up table.

5 . The ventilation unit of claim 3, wherein the controller is programmed to compute at

least one algorithm.

6 . The ventilation unit of claim 1, wherein the calibration module includes a sensor.

7 . The ventilation unit of claim 6, wherein the sensor is one of a voltage sensor, a

current sensor, and a hall-effect sensor.

8. The ventilation unit of claim 6, wherein the sensor is one of a static pressure sensor,

a fluid flow rate sensor, and a rotational motion sensor.

9 . The ventilation unit of claim 1, wherein the motor is a BLAC, PMAC, or BLDC

motor.



10. A method of calibrating a performance-rated ventilation unit, the method

comprising:

determining at least one characteristic of a ventilation system; and

regulating a power supplied to the ventilation unit based on the at least one

characteristic of the ventilation system to satisfy the performance rating of the ventilation

unit.

11. The calibration method of claim 10, wherein the at least one characteristic of the

ventilation system is static pressure.

12. The calibration method of claim 11, wherein a static pressure of a ventilation

system is determined by a sensor.

13. The calibration method of claim 10, and further comprising calculating a measure

of one of current and voltage necessary to satisfy the performance rating of the ventilation

unit.

14. The calibration method of claim 10, determining a power supply capacity of a

power source, and wherein at least one of a current and voltage supply capacity is

determined by a sensor.

15. The calibration method of claim 10, and further comprising executing at least one

step of the method via a user interface.

16. A method of installing a performance rated ventilation unit, the method

comprising:

connecting a ventilation unit including a motor and a fan to a ventilation system;

assessing at least one characteristic of a ventilation system;

assessing at least one of a current and voltage supply capacity of a power source;

and



adjusting a power supplied to the ventilation unit based on the at least one

characteristic of the ventilation system determined to satisfy the performance rating of the

ventilation unit.

17. The installation method of claim 16, and further comprising initiating at least one

step of the method via a user interface.

18. The installation method of claim 16, and further comprising reassessing at least one

characteristic of a ventilation system after adjusting the power supplied to the ventilation

unit.

19. The installation method of claim 16, wherein at least one of the assessing steps is

performed by a calibration module of the ventilation unit.

20. The installation method of claim 16, wherein the adjusting step is performed by a

controller and one of a current and voltage regulator.
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