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Preferred embodiments of the invention comprise an automatic reel capable assisting a user when attempting to unspool a linear
material, such as a water hose. The automatic reel includes a control system having a motor controller capable of sensing a pulling
of, or moreased tension of, the linear material and capable of causing a motor to rotate to unspool the linear material. In certain
embodiments, the motor controller tracks the length of the unspooled portion of the linear material and/or reduces the spooling
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& (57) Abstract: Preferred embodiments of the invention comprise an automatic reel capable assisting a user when attempting to
e\ unspool a linear material, such as a water hose. The automatic reel includes a control system having a motor controller capable

WO

of sensing a pulling of, or increased tension of, the linear material and capable of causing a motor to rotate to unspool the linear
material. In certain embodiments, the motor controller tracks the length of the unspooled portion of the linear material and/or reduces
the spooling speed of the motor when retracting a terminal portion of the linear material.
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SYSTEMS AND METHODS FOR CONTROLLING SPOOLING OF LINEAR
MATERIAL

Background of the Invention
Field of the Invention

[0001] The present disclosure relates generally to systems and methods for
spooling linear material and, in particular, to a motorized reel having a motor controller for

controlling the spooling of linear material.

Description of the Related Art
[0002] Linear material, such as water hoses, can be cumbersome and difficult {o

manage. Mechanical reels have been designed to help spool such linear material onto a
drum-like apparatus. Some conventional reels are manually operated, requiring the user
to physically rotate the reel, or drum, to spool the linear material. This can be tiresome
and time-consuming for users, especially when the hose Is of a substantial length. Other
reels are motor-controlled, and can automatically wind up the linear material. These
automatic reels often have a gear assembly wherein multiple revolutions of the motor
cause a single revolution of the reel. For example, some conventional automatic reels
have a 30:1 gear reduction, wherein 30 revolutions of the motor result in one revolution of
the reel.

[0003] However, when a user attempts to pull out the linear material from the
automatic reel, the user must pull against the increased resistance caused by the gear
reduction because the motor spins 30 times for every full revolution of the reel. Not only
does this place an extra physical burden on the user, but the linear material experiences
additional strain as well. Some automatic reels include a clutch system, such as a neutral
position clutch, that neutralizes (or de-clutches) the motor to enable the user to freely pull
out the linear material. This often requires the user to be at the site of the reel to activate
the clutch. In addition, clutch assemblies can be expensive and substantially increase the
cost of automatic reels.

[0004] Conventional automatic reel motors also tend to rotate reels at a
constant rate. As a result, when the reel reaches the end of the linear material, such

rotation can cause the end of the linear material to swing uncontrollably or even hit
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forcefully against the reel unit. This erratic movement can result in property damage or
serious injury to nearby persons who may be hit by the linear material. Oftentimes, the
user must also push a button or activate a control to stop the automatic reel from rotating.
To account for such problems, some automatic reels incorporate expensive encoders that

keep track of the amount of linear material left o be spooled.

Summary of the Invention
[0005] Accordingly, a need exists for an automatic reel that assists a user when

attempting to pull out, or unwind, a linear material, such as for example a garden hose. In
addition, there is a need for an automatic reel that inexpensively keeps track of the length
of the portion of the hose remaining to be retracted. A need also exists for an automatic
reel having a motor controller that reducés the spooling speed of the motor when
retracting a terminal portion of the hose.

[0006] In certain embodiments, the automatic reel actively assists a user
attempting to withdraw a hose from the reel. For example, the automatic reel may sense
a back, or reverse, electromagnetic force (EMF) signal created by the reverse spinning of
the motor when the user pulls the hose from the reel. Upon sensing the reverse EMF
signal, the motor controller causes the motor to rotate such that the wound garden hose Is
delayed from the reel.

[0007] In certain embodiments, the motor controller monitors the amount of
hose wound on the reel. As the reel retracts the terminal portion of the hose, the motor
controller causes the motor to operate at a lower speed, thereby decreasing the rate of
retraction. Such a decrease in speed may prevent the end of the hose from causing
damage or injury while being retracted into the reel.

[0008] In an embodiment, an automatic reel is disclosed for facilitating the
spooling of linear material. The automatic reel includes a rotatable drum having a spool
surface, the drum capable of winding a linear material around the spool surface as the
drum rotates in a first direction, the drum further capable of deploying the linear material
from around the spool surface as the drum rotates in a second direction. The reel further
includes a motor capable of interacting with the drum to selectively rotate the drum in the
first direction or in the second direction and includes control circuitry capable of outputting

a control signal to cause the motor to rotate the drum in the second direction to deploy the
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linear material when the control circuitry detects a tension of the linear material above a
predetermined amount.

[0009] In an embodiment, a method is disclosed for providing a motorized reel
for spooling linear material. The method includes providing a rotatable member capable
of rotating to wind a linear material around the rotatable member and providing a motor
capable of interaction with the rotatable member to control a rotational velocity of the
rotatable member. The method further includes providing a motor controller capable of
outputting at least one signal to the motor to decrease the rotational velocity of the
rotatable member while winding a terminal portion of the linear material.

[0010] In an embodiment, a motorized reel is disclosed for facilitating the
spooling of linear material. The motorized reel includes a rotatable member capable of
rotating to wind a linear material around the rotatable member, a motor capable of
interacting with the rotatable drum in at least a first direction, and control circuitry capable
of monitoring rotation of the rotatable drum by monitoring at least one motor signal to
determine at least when an end of the linear material is approaching the rotatable drum.

[0011] In an embodiment, a reel is disclosed for automatically spooling a hose.
The reel includes means for rotating to spool a hose, means for interacting with the
means for rotating to control a rotational velocity of the means for rotating, and means for
outputting at least one signhal to the means for interacting to decrease the rotational
velocity of the means for rotating while winding a terminal portion of the hose.

[0012] For purposes of summarizing the disclosure, certain aspects, advantages
and novel features of the invention have been described herein. It is {o be understood
that not necessarily all such advantages may be achieved In accordance with any
particular embodiment of the invention. Thus, the invention may be embodied or carried
out in a manner that achieves or optimizes one advantage or group of advantages as
taught herein without necessarily achieving other advantages as may be taught or

suggested herein.

Brief Description of the Drawings
[0013] Figure 1 illustrates a front elevation view of an exemplary embodiment of

an automatic reel.
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[0014] Figure 2 illustrates a block diagram of an exemplary control system usable
by the automatic reel of Figure 1.

[0015] Figure 3 illustrates a flow chart of an exemplary embodiment of a
variable retraction speed process usable by the control system of Figure 2.

[0016] Figure 4 illustrates an exemplary embodiment of a remote control for use
with the automatic reel of Figure 1.

[0017] Figure 5 illustrates a flow chart of an exemplary embodiment of a
reverse-assist process usable by the control system of Figure 2.

[0018] Figures 6-9 Iillustrate schematic diagrams of exemplary electronic
circuitry of a motor controller of the automatic reel of Figure 1.

[0019] Figures 10A—-10C illustrate block diagrams of an exemplary field

programmable gate array (FPGA) of a motor controller of the automatic reel of Figure 1.

Detailed Description of the Preferred Embodiments

[0020] Figure 1 illustrates an automatic reel 100 according to one embodiment
of the invention. The illustrated automatic reel 100 Is structured to spool a water hose,
such as used in a garden or yard area. Other embodiments of the automatic reel 100
may structured to spool air hoses, pressure hoses, or other types of linear material that
are used in a home setting, a commercial or industrial setting or the like

[0021] The illustrated automatic reel 100 comprises a body 102 supported by a
base formed by a plurality of legs 104 (e.g., four legs of which two legs are shown In
Figure 1). The body 102 advantageously houses several components, such as a motor, a
motor controller, a reel mechanism (including a rotating drum), portions of the linear
material (e.g., a hose) wound onto the drum, and the like. The body 102 is preferably
constructed of a durable material, such as a hard plastic. In other embodiments, the body
102 may be constructed of a metal or other suitable material. In certain embodiments, the
body 102 has a sufficient volume to accommodate a reel that holds a standard garden
hose of approximately 100 feet in length. In other embodiments, the body 102 is capable
of accommodating a reel for holding a standard garden hose of greater than 100 feet Iin
length.

[0022] The illustrated legs 104 support the body 102 above a surface such as

ground (e.g., a lawn) or a floor. The legs 104 may also advantageously include wheels,
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rollers, or other like devices to enable movement of the automatic reel 100 on the ground
or other supporting surface. In certain embodiments of the invention, the legs 104 are

capable of locking or being affixed to a certain location to prevent lateral movement of the
automatic reel 100.

[0023] [n certain embodiments, a portion of the body 102 is moveably attached to
the base to allow a reciprocating motion of the automatic reel 100 as the hose is wound
onto the internal reel. One example of a reciprocating mechanism is described in more
detall in U.S. Patent No. 6,279 848 to Mead, Jr. Certain structures and mechanisms

described herein and not shown in the drawings are illustrated in the U.S. Patent No.
6,279,848.

[0024] The illustrated automatic reel 100 also comprises an interface panel 106,
which includes a power button 108, a select button 110 and a indicator light 112. The
power button 108 controls the operation of the motor, which controls the automatic reel
100. For example, pressing the power button 108 activates the motor when the motor is in
an off or inactive state. In certain embodiments, in order to account for premature
commands or electrical glitches, the power button 108 may be required to be pressed for a
predetermined time or number of time, such as, for example, at least about 0.1 second
before turning on the motor. In addition, if the power button 108 is pressed and held for
longer than about 3 seconds, the automatic reel 100 may turn off the motor and generate

an error signal (e.g., activate the indicator light 112).

[0025] If the power button 108 is pressed while the motor is running, the motor Is
turned off. Preferably, commands issued through the power button 108 override any
commands received from a remote control device (discussed below). In certain
embodiments, the power button 108 may be required to be pressed for more than about

0.1 second to turn off the motor.

[0026] The iilustrated interface panel 106 also includes the select button 110. The
select button 110 may be used to select different options available to the user of the
automatic reel 100. For example, a user may depress the select button 110 to indicate the
type of size of linear material used with the automatic reel 100. In other embodiments, the
selection button 110 may be used to select a winding speed for the automatic reel 100.

_5.
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[0027] The illustrated indicator light 112 provides information to a user regarding
the functioning of the automatic reel 100. In an embodiment, the indicator light 112
comprises a fiber-optic indicator that includes a translucent button. In certain
embodiments, the indicator light 112 is advantageously structured to emit different colors
or to emit different light patterns to signify different events or conditions. For example, the
indicator light 112 may flash a blinking red signal to indicate an error condition.

[0028] In other embodiments of the invention, the automatic reel 100 may
comprise indicator types other than the indicator light 112. For example, the automatic
reel 100 may include an indicator that emits an audible sound or tone.

[0029] Although the interface panel 106 is described with reference to particular
embodiments, the interface panel 106 may include more or less buttons usable to control
the operation of the automatic reel 100. For example, Iin certain embodiments, the
automatic reel 100 advantageously comprises an “on” button and an “off” button.

[0030] Furthermore, the interface panel 106 may include other types of displays
or devices that allow for communication to or from a user. For example, the interface
panel 106 may include a liquid crystal display (LCD), a touch screen, one or more knobs
or dials, a keypad, combinations of the same or the like. The interface panel 106 may
also advantageously include an RF receiver that receives signals from a remote control
device (discussed below).

[0031] The automatic reel 100 is preferably powered by a battery source. For
example, the battery source may comprise a rechargeable battery. In an embodiment,
the indicator light 112 is configured to display to the user the battery voltage level. For
example, the indicator light 112 may display a green light when the battery level is high, a
yellow light when the battery life is running out, and a red light when the battery level is
low. [n certain embodiments, the automatic reel 100 is configured to shut down the motor
when the hose is in a fully retracted state and the battery voltage dips below a certain
level, such as, for example, about 11 volts. This may prevent the battery from being fully
discharged when the hose is spooled out from the automatic reel 100.

[0032] In addition to, or instead of, utilizing battery power, other sources of
energy may be used to power the automatic reel 100. For example, the automatic reel

100 may comprise a cord that electrically couples to an AC outlet. In other embodiments,
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the automatic reel 100 may comprise solar cell technology or other types of powering

technology.

[0033] As further illustrated in Figure 1, the automatic reel 100 comprises a
spooling port 114. The spooling port 114 provides a location on the body 102 through or
over which a linear material may be spooled. [n one embodiment, the spooling port 114
comprises a circular shape with a diameter of approximately 1 to 2 inches, such as to
accommodate a standard garden hose. In other embodiments of the invention, the
spooling port 114 may be located on a moveable portion of the body 102 to facilitate
spooling. In certain embodiments, the spooling port 114 is sized such that only the hose
passes therethrough during spooling. In such embodiments, the diameter of the spooling
port 114 may be sufficiently small to block passage of a fitting and/or a nozzle at the end
of the hose.

'[0034] A skilled artisan will recognize from the disclosure herein a variety of
alternative embodiments, structures and/or devices usable with the automatic reel 100.
For example, the reel 100 may comprises any support structure, any base, and/or any
console usable with embodiments of the invention described herein.

[0035] Figure 2 illustrates a block diagram of an exemplary control system 200
usable to control the spooling and/or unspooling of a linear material. In certain
embodiments, the automatic real 100 advantageously houses the control system 200
within the housing 102.

[0036] As shown in the block diagram of Figure 2, the control system 200
comprises a rotatable member 220, a motor 222, a motor controller 224 and an interface
226. In general, the rotatable member 220 is powered by the motor 222 to spool and/or
unspool linear material, such as a hose. In certain embodiments, the motor controller 224
controls the operation of the motor 222 based on stored instructions and/or instructions
received through the interface 226.

[0037] In certain embodiments, the rotatable member 220 comprises a
substantially cylindrical drum capable of rotating on at least one axis to spool linear
material. In other embodiments, the rotatable member 220 may comprise other devices
suitable for winding a linear material.

[0038] In an embodiment, the motor 222 of the automatic reel 100 comprises a

brush DC motor (e.g., a conventional DC motor having brushes and having a commutator
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that switches the applied current to a plurality of electromagnetic poles as the motor
rotates). The motor 222 advantageously provides power fo rotate the drum 220 inside the
automatic reel 100 to spool the hose onto the drum 220, thereby causing the hose to
retract into the body 102.

[0039] In an embodiment of the invention, the motor 222 is coupled to the drum
via a gear assembly. For example, the automatic reel 100 may advantageously comprise
a gear assembly having an about 30:1 gear reduction, wherein about 30 revolutions of the
motor 222 produce about one revolution of the drum 220. In other embodiments, other
gear reductions may be advantageously used to facilitate the spooling of hose. In yet
other embodiments, the motor may comprise a brushless DC motor 222, a stepper motor,
or the like.

[0040] In certain embodiments of the invention, the motor 222 operates within a
voltage range between about 10 and about 15 volts and consumes up to approximately
250 watts. Under normal load conditions, the motor 222 may exert a torque of
approximately 120 ounce-inches (or approximately 0.85 Newton-meters) and operate at
approximately 2,500 RPM. Preferably, the motor 222 also is capable of operating within
an ambient temperature range of approximately about 0°C to about 40°C, allowing for a
widespread use of the reel 100 in various types of weather conditions.

[0041] In certain embodiments, the motor 222 advantageously operates at a
rotational velocity selected to cause the drum 220 to completely retract a 100-foot garden
hose within a period of approximately 30 seconds. However, as a skilled artisan will
recognize from the disclosure herein, the retraction time may vary according to the type of
motor used and the type and length of linear material spooled by the automatic reel 100.

[0042] In certain embodiments, the motor 222 is configured to retract hose at a
maximum velocity of, for example, between approximately 3 and approximately 4 feet per
second. In certain preferred embodiments, the motor 222 is configured to retract hose at
a maximum velocity of approximately 3.6 feet per second. To maintain the hose retraction
velocity below a selected maximum velocity, the motor 222 may advantageously operate
at different speeds during a complete retraction of the hose. For instance, the retraction
velocity of the hose may be proportional to the diameter of the layers of hose wound on
the drum 220. Thus, in order to achieve a relatively high velocity when the hose is initially

retracted, yet stay below the maximum velocity as the diameter of the hose on the reel
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100 increases, the rotational velocity (e.g., the RPM) of the drum 220 decreases as more
hose is spooled onto the reel 100.

[0043] One skilled in the art will recognize from the disclosure herein that the
automatic reel 100 need not retract the hose at a constant velocity. For example, the reel
motor 222 may operate at a constant RPM throughout the retraction process. In such an
embodiment, the rate of retraction may increase as more hose is spooled into the reel
100.

[0044] In one particularly advantageous embodiment, the rotational velocity of
the motor 222 decreases to reduce the linear retraction velocity of the hose when a
relatively short length of hose remains to be spooled onto the drum 220. Such a motor
velocity reduction may protect against injury and property damage by preventing the end
of the hose from being too forcefully retracted into the automatic reel 100.

[0045] One example of a method for reducing a retraction speed toward an end
of a hose is illustrated by a variable retraction speed process 300 represented by the flow
chart in Figure 3. In one embodiment, the motor controller 224, which controls the
operation of the motor 222, executes the variable retraction speed process 300 of
Figure 3 to change the speed of retraction of the automatic reel 100. For example, the
motor controller 224 may execute the variable retraction speed process 300 to vary the
retraction speed when a hose is almost fully retracted into the automatic reel 100, such as
when 15 feet of hose remains to be retracted.

[0046] For exemplary purposes, the execution of the variable retraction speed
process 300 will be described herein with reference to the control system components
llustrated in Figure 2.

[0047] The process 300 begins at Block 332 wherein the motor controller 224
receives a command to retract a linear material, such as a hose, associated with the
reel 100. Such a command may be received, for example, through the interface 226. At
Block 334, the reel 100 retracts the hose at a first, or normal, speed. For example, the
motor 222 of the reel 100 may rotate the drum 220 to retract the hose at a speed of
approximately 3.33 feet per second.

[0048] In certain preferred embodiments, the speed of the motor 222 is

controlled by pulse width modulation (PWM) in accordance with well-known techniques.
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In particular, the motor controller 224 may control the speed of the motor 222 by varying
the duty cycle of the DC current applied to the motor 222.

[0049] At Block 336, the motor controller 224 determines if the motor 222 has
stopped rotating for a predetermined period of time, such as, for example, more than two
seconds. If the motor 222 has stopped rotating for longer than the particular duration of
time, the process 300 proceeds with Block 338, wherein the motor controller 224 turns off
the motor 222.

[0050] If the motor 222 has not stopped rotating for the predetermined length of
time, the process 300 proceeds with Block 340, wherein the motor controller 224
determines if a retraction position of the hose (e.g., the portion of the hose entering the
reel 100 at the port 114) is less than approximately fifteen feet from a “home” position.
For example, the "home” position may correlate to the end of the hose, and in Block 340,
the motor controller 224 may determine when there is approximately fifteen feet left of the
hose to be retracted. In certain embodiments, the motor controller 224 determines the
‘home” position during a prior wind cycle, such as when substantially all of the hose has
been retracted. In other embodiments, the motor controller 224 may calculate the home
position through the use of encoders, or the user may input data regarding the home
position (e.g., by entering the total length of the linear material).

[0051] Preferably, the motor controller 224 advantageously keeps track of the
length of hose that has been retracted. In certain embodiments, the motor controller 224
advantageously inexpensively tracks the length of hose by, for example, monitoring the
existing electronics. |In some embodiments, such monitoring occurs in the absence of
expensive encoders that may be found on other conventional automatic reels.

[0052] In certain embodiments, the automatic reel 100 monitors the current
applied to the motor 222, such as a brush DC motor, and determines the speed of the
motor 222 based on the measured current. By determining the speed of the motor 222
and by keeping track of the time during which the motor 222 operates at a particular
speed, the motor controller 224 in the automatic reel 100 is able to calculate the number
of revolutions of the motor 222 and, hence, is able to calculate the number of revolutions
of the drum 220 of the automatic reel 100.

[0053] The length of hose retracted onto the drum 220 is determinable from the

number of revolutions of the drum 220 and the diameter of the layers of hose on the drum

-10-
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220. Thus, as the reel 100 retracts the hose, the motor controller 224 is able to determine
when a sufficient length of hose is retracted such that the terminal pértion (e.g., the last
15 teet) of the hose is entering the hose port 114. When the motor controller 224 makes
this determination, the motor controller 224 reduces the duty cycle of the PWM pulses to
reduce the rotational velocity of the motor 220, and thus reduce the linear velocity of the
hose as the hose is retracted during the last 15 feet (or other selected length).

[0054] In other embodiments, lengths other than approximately fifteen feet may
be used when executing the process 300 to control the retraction speed of the linear
material. For example, the particular length may be set and/or adjustable by the user
through the interface panel 106.

[0055] With continued reference to the process 300 of Figure 3, if the retraction
position is fifteen feet or more from the *home” position, the process 300 returns to Block
334, wherein the reel 100 continues to retract the hose at the normal speed.

[0056] If the retraction position is less than fifteen feet from the "home” position,
the process 300 continues with Block 342, wherein the motor controller 224 reduces the
speed of the motor 222 in order to retract the hose at a slower speed. For example, the
motor controller 224 may reduce the retraction speed to one-half of the first, or normal,
speed {o approximately 1.67 feet per second.

[0057] At Block 344, the motor controller 224 determines if the motor t222 has
stopped rotating for a predetermined period of time, such as, for example, more than two
seconds. If the motor 222, has stopped rotating for longer than the particular duration of
time, the process 300 proceeds with Block 338, wherein the motor controller 224 turns off
the motor 222. For example, If the end of the hose engages the port 114 such that the
hose end cannot pass therethrough, the motor 222 is not able to continue to rotate and is
subsequently turned off by the motor controller 224.

[0058] If the motor 222 has not stopped rotating for the predetermined length of
time, the process 300 returns to Block 342, wherein the motor 222 continues to retract the
hose at the reduced speed.

[0099] In certain embodiments, the motor controller 224 operates in a voltage
range from about 10 to about 14.5 volts and consumes up to approximately 450 watts. In
an embodiment, the motor controller 224 preferably consumes no more than

approximately 42 amperes of current. To protect against current spikes that may damage
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the motor controller 224 and/or the motor 222 and pose potential safety hazards, certain
embodiments of the motor controller 224 advantageously include a current sense shut-off
circuit. In such embodiments, the motor controller 224 automatically shuts down the
motor 222 when the current threshold is exceeded for a certain period of time. For
example, the motor controller 224 may sense current across a single MOSFET or across
another current sensing device or component. [f the sensed current exceeds 42 amperes
for a period of more than approximately two seconds, the motor controller 224
advantageously turns off the motor 222 until the user clears the obstruction and restarts
the motor controller 224. In other embodiments, the current threshold and the time period
may be selected to achieve a balance between safety and performance.

[0060] For example, and with particular applicability to Blocks 336, 338 and 344
of Figure 3, a current spike may occur when the hose encounters an obstacle while the
automatic reel 100 is retracting the hose. For example, the hose may snag on a rock, on
a lounge chair or on other types obstacles, which could prevent the hose from being
retracted any further by the automatic reel 100. At that point, the motor 222 (and drum
220) may stop rotating and thereby cause a spike in the éensed current draw. As a safety
measure, the motor controller 224 advantageously shuts down the motor 222 until the
motor controller 224 receives another retract command from the user, preferably atter any
obstacle has been removed. Also preferably, the maximum current limit is set so that
small current spikes do not shut down the motor 222, for example, when the hose
encounters small obstacles during retraction that do not fully prevent the hose from being
retracted but that cause a temporary slowing of the retraction of the hose with a
commensurate temporary increase in current.

[0061] In certain embodiments, the motor controller 224 also uses the current
sensor to determine when the hose is fully retracted into the automatic reel 100 and is
wound onto the internal drum 220. In particular, when a fitting at the end of the hose is
blocked from further movement by the hose port 114, the hose cannot be further retracted
and the drum 220 can no longer turn. The current applied to the motor 222 increases as
the motor 222 unsuccessfully attempts to turn the drum 220. The motor controller 224
senses the current spike and shuts down the motor 222. In certain embodiments, the
motor controller 224 assumes that the current spike was caused by the completion of the

retraction process, and the motor controller 224 establishes the current position of the
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hose as the “home” position. Until a new “home” position is established, the length of the
hose extracted from the automatic reel 100 is determined by the number of turns in the
reverse direction, as discussed above, and the length of the hose returned to the
drum 220 is determined by the number of turns in the forward direction, as discussed
above.

[0062] On the other hand, if the current spike was caused by an external
obstruction, the user can release the hose from the obstruction and press the home
button on a remote control or activate a home function using the interface panel 106 on
the automatic reel 100. When the motor controller 224 is activated in this manner, the
motor controller 224 again operates the motor 222 in the forward direction to further
retract the hose. When the motor controller 224 senses another current spike, a new
‘home” position is established. By using the sensing of the current spike to establish the
home position, the embodiments of the automatic reel 100 described herein do not
require a complex mechanical or electrical mechanism to determine when the hose is fully
retracted. The skilled artisan will recognize from the disclosure herein a wide variety of
alternative methods and/or devices for tracking the amount of linear material retracted
and/or the retraction speed of the linear material. For example, the reel 100 may use an
encoder, such as an optical encoder, or use a magnetic device, such as a reed switch, or
the like.

[0063] One skilled in the art will recognize from the disclosure herein that the
maximum current may be set for more than 42 amperes or set to less than 42 amperes
depending upon the design of the controlier 224 and the automatic reel 100.

[0064] In certain embodiments, the motor controller 224 advantageously has
two modes—a sleep mode and an active mode. The motor controller 224 operates in the
active mode whenever an activity is occurring, such as, for example, the extension of the
hose by a user or the retraction of the hose in response to a command from the user.
The motor controller 224 also operates in the active mode while receiving commands from
a user via the Interface panel 106 or via a remote control. The current required by the
motor control board during the active mode may be less than about 30 milliamperes.

[0065] In order to conserve energy, the motor controller 224 is advantageously
configured, in certain embodiments, to enter the sleep mode when no activity has

occurred for a certain period of time, such as, for example, 60 seconds. During the sleep
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mode, the current required by the motor controller 224 is advantageously reduced. For
example, the motor controller 224 may require less than about 300 microamperes in the
sleep mode.

[0066] Figure 4 illustrates a remote control 400 that enables a user to manually
control the automatic reel 100 without having to use the interface panel 106. In certain
embodiments, the remote control 400 operates a flow controller of the automatic reel 100
and also operates the motor 222 to wind and unwind the hose onto and from the drum

220. For example, the remote control 400 may communicate with the motor controller
224 described above.

[0067] Preferably, the remote control 400 operates on a DC battery, such as a
standard alkaline battery. |In other embodiments, the remote control 400 may be powered
by other sources of energy, such as a lithium battery, solar cell technology, or the like.

[0068] The illustrated remote control 400 includes one or more buttons for
controlling hose reel operation. In the illustrated embodiment, the remote control 400
includes a valve control button 450, a "home” button 452, a “stop” button 454, and a "jog”
button 456. Note that the use of symbols on these buttons may mimic standard symbols
on tape, compact disc, and video playback devices.

[0069] Pressing the valve control button 450 sends a signal to the electronics of
the automatic reel 100 to cause a flow controller therein to toggle an electrically actuated
valve between open and closed conditions to control the flow of a fluid (e.g., water) or a
gas (e.g., air) through the hose.

[0070] Pressing the home button 452 causes the motor controller 224 to enable
the motor 222 to wind the hose onto the drum 220 within the automatic reel 100. In
certain embodiments, the hose is retracted and wound onto the reel 100 at a quick speed
after the home button 452 has been pressed. For example, a 100-foot hose Is
advantageously wound onto the reel drum 220 in approximately thirty seconds.

[0071] Pressing the stop button 454 causes the motor controller 224 to halt the
operation of the motor 222 in the automatic reel 100 so that retraction of the hose ceases.
In certain embodiments, the stop button 454 provides a safety feature such that

commands caused by the stop button override commands issued from the home button
452,
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[0072] The jog button 456 allows the user to control the amount of hose that is
reeled in by the hose reel 100. For example, in an embodiment, pressing the jog button
456 causes the hose reel 100 to reel in the hose for as long as the jog button 456 is
depressed. When the user releases the jog button 456, the automatic reel 100 stops
retracting the hose. In certain embodiments, the rate at which the reel 100 retracts the
hose when the jog button 456 is pressed is less than the initial rate at which the reel 100
retracts the hose after the home button 452 is pressed. Because the hose is only
retracted during the time the jog button 456 Is pressed, the motor speed when retracting
the hose in response {o pressing the jog button 456 is preferably substantially constant.

[0073] In other embodiments, pressing the jog button 456 advantageously
causes the reel 100 fo retract the hose a set length or for a set time period. For example,
in one embodiment, each activation of the jog button 456 advantageously causes the reel
100 to retract the hose approximately ten feet. In such embodiments, the jog button
command may be overridden by the commands caused by pressing the home button 452
or the stop button 454. Commands from the remote control 400 may also be overridden
by commands initiated by using the interface panel 106 on the automatic reel 100.

[0074] In certain embodiments, the remote control 400 advantageously
communicates with the automatic reel 100 via wireless technologies. For example in a
preferred embodiment, the remote control 400 communicates via radio frequency (RF)
channels and does not require a line-of-site communication channel with the reel 100.
Furthermore, the remote control transmitter is advantageously able to communicate over
a range that exceeds the length of the hose. For example, for an automatic reel 100
configured for a 100-foot hose, the communication range is advantageously set to be at
least about 110 feet. In other embodiments, the remote control 400 is configured to
communicate via other wireless or wired technologies, such as, for example, infrared,
ultrasound, cellular technologies or the like.

[0075] In certain embodiments, the remote control 400 is configured so that a
button on the remote control 400 must be pressed for a sufficient duration (e.g., at least
about 0.1 second) before the remote control 400 transmits a valid command to the
automatic reel 100. This feature precludes an unwanted transmission if a button is

inadvertently touched by the user for a short time.
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[0076] In certain embodiments, the remote control 400 is configured so that if
any button is pressed for more than three seconds (with the exception of the jog button
456), the remote control 400 advantageously stops transmitfing a signal to the automatic
reel 100. This conserves battery power and inhibits sending of mixed signals to the
automatic reel 100, such as when, for example, an object placed on the remote control
400 causes the buttons to be pressed without the user’s knowledge.

[0077] Preferably, the transmitter of the remote control 400 and the receiver in
the automatic reel 100 are synchronized prior to use. In addition or in the alternative, the
two devices are synchronized after the batteries have been changed in either device. In
certain embodiments, the devices are advantageously synchronized by pressing both the
home button 452 and the stop button 454 on the remote control 400 tor longer than three
seconds while the automatic reel 100 is on. In certain embodiments, the user
advantageously receives confirmation that the synchronization Is complete by observing a
flashing LED on the automatic reel 100 or by hearing an audible signal generated by the
automatic reel 100.

[0078] In certain preferred embodiments, the remote control 400 is
advantageously configured to power down to a “sleep” mode when no button of the
remote control 400 has been pressed during a certain time duration. For example, if a
period of 60 seconds has elapsed since a button on the remote control 400 was last
pressed, the remote control 400 enters a “sleep” mode wherein the current is reduced
from the current consumed during an “active” state. When any of the buttons on the
remote control 400 is pressed from more than 0.1 second, the remote control 400 enters
the “active” state and begins transmitting.

[0079] In an embodiment of the invention, the remote control 400 is
advantageously attachable to the hose at or near the extended end of the hose. In other
embodiments, the remote control 400 is not attached to the hose. In the latter case, the
user can operate the remote control 400 to stop the flow of water and retract the hose
without entering the area where the hose is being used. Embodiments of the remote may
also take on any shape with similar and/or combined functions.

[0080] In certain embodiments, the automatic reel 100 preferably includes a
reverse-assist function to reduce the effort required by a user to pull (or unspool) hose

from the drum 220 within the automatic reel 100. The reverse-assist function counteracts
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at least a portion of the effect of pulling against the large gear reduction of the automatic
reel 100. For example, when the user pulls on the hose, the internal drum turns and
causes the motor 222 to turn in the reverse direction.

[0081] Figure 5 illustrates a flow chart of a reverse-assist process 500 usable to
facilitate the unspooling of linear material, such as a hose, from an automatic reel. For
exemplary purposes, the process 500 will be described with reference to the control
system 200 components of Figure 2.

[0082] The reverse-assist process 500 begins at Block 560, wherein the motor
222 is in an inactive state. At Block 562, the motor controller 224 determines if the hose
is being pulled, such as by a user trying to unspool the hose from the automatic reel 100.
For example, in certain embodiments, the motor controller 224 detects a tension of the
hose above a predetermined amount, such as, for example, a tension that causes the
motor 222 to spin in the reverse direction. [f the motor controller 224 does not sense a
pull or increased of the hose, the process 500 returns to Block 560. If the motor controller
224 senses that the hose is being pulled, the process 500 proceeds with Block 564.

[0083] In certain embodiments wherein the motor 222 comprises a brush DC
motor, the motor controller 224 senses a reverse EMF to determine when the hose Is
being pulled. When the motor 222 is inactive, the motor controller 224 does not provide
power to the motor 222. As the user pulls on the hose, the turning of the brush DC motor
generates a detectable reverse EMF, which is sensed by the motor controller 224. In
certain embodiments, if the motor controller 224 is initially in the sleep mode, it enters the
active mode.

[0084] Once the motor controller 224 senses the pulling of the hose, the motor
controller 224 causes the motor 222 to rotate in a reverse direction (i.e., a direction
opposite the rotation direction used to spool the hose). This reverse rotation of the motor
222 causes reverse rotation of the drum 220 to unspool portions of the hose wound
thereon, which is illustrated by Block 564.

[0085] In certain embodiments, the motor controller 224 operates a relay or
other suitable switching device to reverse the direction of the current applied to the motor
222. The reverse current causes the motor 222 to turn the drum 220 of the automatic reel
100 such that the hose is unspooled (e.g., ejected from the automatic reel 100 via the

hose port 114). In certain preferred embodiments, the motor 222 is controlled to turn the
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drum 220 at a rotational velocity less than the rotational velocity of the drum 220 when the
automatic reel 100 is retracting the hose. For example, this may be accomplished in
nreferred embodiments by controlling the duty cycle of the PWM signals that control the
current applied to the motor 222.

[0086] In certain embodiments, the lower rotational velocity of the drum 220
inhibits overspooling and thus inhibits the creation of unwanted looseness of the hose
around the drum 220 inside the automatic reel 100. The lower rotational velocity also
allows the user to pull on the hose at the same rate that the hose is ejected from the hose
port 114 so that the ejected hose does not develop kinks proximate the automatic reel
100.

[0087] In certain embodiments, the motor controller 224 causes reverse rotation
of the motor 222 and the drum 220 for a predetermined period of time. For example,
when the motor controller 224 senses a pulling of the hose, the motor controller 224 may
cause the drum 220 to rotate to unspool hose for five seconds. In other embodiments,
the motor controller 224 may cause the drum 220 to unspool a predetermined length of
the hose (e.g., approximately 10 feet) or may cause the drum 220 to perform a certain
number of rotations (e.g., 10 rotations).

[0088] Furthermore, in certain embodiments, during Block 564 of the reverse-
assist process 500, the motor controller 224 determines the number of turns of the drum
220 in the reverse direction by monitoring the current applied to the motor 222 (as
discussed above) so that the length of hose extracted from the automatic reel 100 is
known.

[0089] At Block 566, the motor controller 224 determines if the user has stopped
pulling the hose or if the hose has been fully deployed, and if so, the motor controller 224
causes the motor 222 to stop rotating. If the user has not stopped pulling the hose and if
the hose is not fully deployed, the process 500 returns to Block 564 wherein the drum 220
continues to rotate to unspool the hose.

[0090] Although described with reference {o particular embodiments, the skilled
artisan will recognize from the disclosure herein a wide variety of alternatives to the
reverse-assist process 500. For example, in certain embodiments, the remote control 400

advantageously includes a “forward” button (not shown) to activate the automatic reel 100
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to operate the motor 222 in the reverse direction to unwind the hose from the drum 220
within the automatic reel 100.

[0091] The skilled artisan will also readily appreciate from the disclosure herein
numerous modifications that can be made to the electronics to operate the flow controller
and a hose reel device. For example, the above processes 300 and/or 500 may be
implemented in software, in hardware, in firmware, or in a combination thereof. In
addition, functions of individual components, such as the motor controller 224, may be
performed by multiple components in other embodiments of the invention.

[0092] Figures 6-9 illustrate schematic diagrams of an exemplary embodiment
of a motor controller, such as the motor controller 224 of Figure 2, that performs at least
some of the functions described above. The following description and references {o
Figures 6-10C are for exemplary purposes only and not fo limit the scope of the
disclosure. The skilled artisan will recognize from the disclosure hereinafter a variety of
alternative structures, devices and/or processes usable in place of, or in combination with,
the embodiments of the invention described hereinatfter.

[0093] In particular, Figure 6 illustrates first, second and third voltage regulators
that derive regulated 5 volts, 3.3 volts, and 1.5 volts, respectively, from a 12-volt voltage
source. The inputs to the regulators are switched in response to a REMOTE_POWER
input signal, which is selectively activated when the motor controller 224 is in the active
mode and deactivated when the motor controller is the sleep mode, as described above.
Thus, the voltages from the first, second and third regulators are available when the motor
controller 224 is in the active mode.

[0094] The motor controller also includes a fourth voltage regulator that provides
a regulated 3.3 volts from the 12-volt source. Unlike the inputs to the other three
regulators, the input to the fourth regulator is not switched, and the unswitched 3.3 volts
provided by the fourth regulator is generally available whenever the 12-volt source is
active (e.g., the 12-volt source is connected to the motor controller and has a sufficient
charge).

[0095] As illustrated in Figures 7A and 7B, the motor controller includes a field
programmable gate array (FPGA) 700, such as, for example, a Cyclone™ FPGA available
from Altera Corporation. The FPGA 700 is programmed to perform the functions

described herein and includes, for example, the functional blocks illustrated in Figures
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10A-10C. For example, the FPGA 700 implements an RF command functional
block 1002 in Figure 10A that decodes the RF data received from a remote control, such
as the remote control 400, via an RF receiver (not shown). The RF command functional
block 1002 generates internal signals (e.g., a reel-in (*home”) signal to cause the
retraction process; a reel-in ten feet signal (“jog”) to cause the hose to be retracted 10 feet
and then stopped, and a stop signal to cease all movement). The outputs of the RF
command block 1002 are provided to other functional blocks.

[0096] Figure 10B illustrates an interface functional block 1004 that receives the
internal signals from the RF command functional block 1002 and receives switch signals
from the interface panel 106. The interface functional block 1004 processes the input
signals and generates signals to control the motor 222 and the water control valves.

[0097] A motor control functional block 1006 illustrated in Figure 10B is
responsive to signals from the interface functional biock 1004 and is also responsive to
signals caused by the operation of the motor222. The motor control functional
block 1006 generates PWM signals, a direction signal and a hose position signal.

[0098] Figure 10C illustrates a “keep alive” functional block 1008 that controls
the power applied to the motor controller 224 in accordance with the timing of the
operation of the switches, as described above; a battery control functional block 1010 that
monitors the state of the battery and determines whether sufficient power Is available to
operate the motor controller 224; a "hose-in" (or "home”) functional block 1012 that
determines whether the hose is in the home position in accordance with the current
sensing discussed above; an “anti-drag” functional block 1014 that is responsive to the
reverse EMF sensed when a user is pulling the hose from the drum 220 and that
generates an enable anti-drag signal to cause the motor controller 224 to operate the
motor 222 in the reverse direction to assist the user; and an “"ee-memory” functional
block 1016 that provides control signals to an electrical erasable memory (described
below) In response to command signals from the RF command functional block 1002 and
in response to signals from the “keep alive™ functional block 1008.

[0099] As further illustrated in Figure 7A, the motor controller includes an
electrically erasable programmable read only memory (EEPROM) 770, which in one
preferred embodiment is a 24LCO1B available from Microchip Technology. The
EEPROM 770 receives serial data (SDA) and serial clock (SCL) from the ee-memory
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functional block 1016 of the FPGA 700 and selectively stores and retrieves data. For
example, the EEPROM 770 stores the current hose position when the motor controller
224 is powered down during the sleep mode. Thus, the FPGA 700 can retrieve the
previously stored hose position when the motor controller 224 is powered up and returns
to the active mode. The EEPROM 770 also stores the address of the RF link when the
automatic reel 100 and the remote controller 400 are synchronized, as discussed above.

[0100] In the illustrated embodiment, the Cyclone FPGA 700 is an SRAM-based
device that is reloaded with configuration data when power is applied to the device. As
further illustrated in Figure 7A, the motor controller includes a serial configuration device
772 that is coupled to the FPGA 700 to provide the configuration information to the FPGA
700 each time the FPGA 700 is powered up when the motor controller returns to active
mode after being in the sleep mode. In the illustrated embodiment, the serial
configuration device 772 is an EPCS1 flash memory device (e.g., an EPROM) from Altera
Corporation. The configuration information provided to the FPGA 700 implements the
functional blocks shown in Figures 10A-10C.

[0101] In an alternative embodiment, the FPGA 700 may advantageously be
replaced by a microcontroller that is programmable to perform the functions performed by
the FPGA 700.

[0102] As illustrated in Figure 8, the motor controller includes a power MOSFET
driver 880, such as, for example, an |R4427 dual low side driver available from
International Rectifier. The MOSFET driver 880 operates as a buffer between the FPGA
700 and a power MOSFET 882, such as, for example, an IRF1010 power MOSFET from
International Rectifier. In particular, the MOSFET driver 830 receives a PWM_FET signal
from the FPGA 700 in Figure 7 and generates a gate driver signal to the power MOSFET
882. In the illustrated embodiment, the power MOSFET 882 is connected between the
motor low supply line and ground to selectively connect the motor low supply line to
ground. The motor high supply line is connected to the 12-volt supply. When the power
MOSFET 882 is activated, the power MOSFET 882 provides a low-impedance connection
between the motor low supply line and ground so that current flows from the 12-volt
supply, through the motor and back to ground to cause the motor to turn.

[0103] As further illustrated in Figure 8, the motor high supply line and the motor

low supply line are connected to respective pairs of contacts of a double-pole, double-
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throw relay 884. The relay 884 has a first (upper) common contact connected to a
motor 1 terminal and has a second (lower) common contact connected to a motor_2
terminal. The first common contact is associated with a first (upper) normalily closed
contact and a first (upper) normally open contact. Similarly, the second common contact
is associated with a second (lower) normally closed contact and a second (lower) normally
open contact. The motor high supply line is connected to the first normally closed contact
and the second normally open contact. The motor low supply line is connected to the
second normally closed contact and to the first normally open contact.

[0104] As a result of wiring the contacts in the above-described manner, when
the relay 884 is inactive (e.g., no power applied to the relay colil), the motor high supply
line is connected to the motor_1 terminal via the first normally closed contact and the first
common contact, and the motor low supply line is connected to the motor_2 terminal via
the second normally closed contact and the second common contact. Thus, whenever
the power MOSFET 882 is active (e.g., whenever a PWM pulse is applied to the MOSFET
driver 880), current flows through the coils of the motor from the motor_1 terminal to the
motor 2 terminal to cause the motor to rotate in the forward direction (e.g., to retract the
hose into the automatic reel 100).

[0105] When power is applied to the relay coil via a FWD_REYV signal generated
by the FPGA 700, the normally closed contacts are disengaged from the respective
common contacts of the relay 884, and the normally open contacts engage the respective
common contacts. Thus, the motor high supply line is connected to the motor_2 terminal
via the second normally open contact and the second common contact, and the motor low
supply line is connected to the motor_1 terminal via the first normally open contact and
the first common contact. Thus, when the MOSFET 882 is activated while the relay coll is
active, the current flows through the coils of the motor in the opposite direction from the
motor 2 terminal to the motor 1 terminal to cause the motor to turn in the reverse
direction (e.g., to assist the user in ejecting hose from the automatic reel 100).

[0106] As further illustrated in Figure 8, the motor controller includes a current
imit sensor comprising a first LM311 voltage comparator available from National
Semiconductor. The first comparator has an inverting (-) input, a non-inverting (+) input
and an output. The output of the first comparator is high when a voltage applied to the

non-inverting input is greater than a voltage applied to the inverting input. The output of

09



CA 02570128 2006-12-11
WO 2006/007582 PCT/US2005/023652

the first comparator is low when the voltage applied to the inverting input is greater than
the voltage applied to the non-inverting input.

[0107] The non-inverting input of the first comparator is connected to sense the
voltage developed across the low impedance of the power MOSFET 882 with respect to
ground whenever the power MOSFET 882 is conducting current from the motor to ground.

[0108] The Inverting input of the first comparator receives an input voltage
responsive to a PWM _IN signal generated by the FPGA 700. The PWM _IN signal from
the FPGA 700 is applied to a low-pass filter comprising a 33,000-chm input resistor, a
0.1 microfarad capacitor, and a 33,000-ohm output resistor. The PWM_IN signal has a
duty cycle selected by the FPGA 700 to correspond to an expected current required to
operate the motor at a speed determined by the PWM _FET signal applied to the
MOSFET driver 880. The low-pass filter operates to produce a filter output voltage
responsive to the duty cycle of the PWM IN signal. The filter output voltage is applied to
the inverting input of the first voltage comparator so that the filter output voltage is
compared to the voltage across the power MOSFET 882 on the non-inverting input.

[0109] The output of the first comparator produces an | _LIM signal that is high
when the sensed voltage is greater than the filter output voltage and that is low when the
sensed voltage is less than the filter output voltage. The FPGA 700 can determine the
current flowing through the motor by adjusting the duty cycle of the PWM _IN signal to
cause the | LIM signal to switch levels. The value of the duty cycle of the PWM _IN signal
when the | LIM signal switches levels is correlated by the FPGA 700 to produce a
measured current value.

[0110] The FPGA 700 compares the measured current value determined by the
foregoing fechnique with an expected current value for a desired motor speed as
determined by the duty cycle of the PWM_FET signal applied to the MOSFET driver 880.
In particular, the amount of current required by the motor is responsive to the reverse
EMF of the motor, and the reverse EMF of the motor is responsive to the speed of the

motor. Thus, the measured current value indicates the speed of the motor.

[0111] If the FPGA 700 determines that the measured current does not
correspond to the expected current for the desired motor speed, the FPGA 700
advantageously adjusts the duty cycle of the PWM_FET signal applied to the MOSFET

driver 880 to selectively increase or decrease the motor speed while continuing to
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measure the current in accordance with the foregoing manner. Thus, the FPGA 700 uses
the feedback information provided by the current measuring technique to control the
speed of the motor to a desired motor speed.

[0112] By controlling the motor speed in the foregoing manner, the FPGA 700 is
able to calculate the hose position based on the motor speed and the amount of time
during which the motor is running at a particular motor speed.

[0113] The motor controller includes a second LM311 voltage comparator. The
non-inverting input of the second comparator is connected to sense the voltage across the
power MOSFET 882 and thus to sense the current flowing through the motor. The
inverting input of the second comparator is connected to a bias network. The bias
network provides a voltage on the inverting input that is set to a value selected to
correspond o a sensed voltage across the power MOSFET 882 corresponding to a motor
current of approximately 42 amperes. The output of the second comparator produces an
| MAX signal. When the motor current exceeds approximately 42 amperes, the second
comparator switches the | MAX signal fo an active level.

[0114] When the FPGA 700 senses the active | _MAX signal, the FPGA 700
selectively adjusts the PWM_FET signal to reduce the duty cycle applied to the motor to
reduce the current through the motor. If this results in the | MAX signal switching to an
inactive level, the FPGA 700 selectively maintains the PWM_FET signal at the new duty
cycle and may subsequently increase the duty cycle to return the motor to the original
speed. Thus, for example, the FPGA 700 maintains the current below the maximum level
to provide an opportunity for the hose f{o disengage from a temporary obstruction. On the
other hand, if the current remains above the maximum level, the FPGA 700 selectively
further reduces the duty cycle of the PWM_FET signal to further reduce the current. The
reduction in duty cycle and resulting reduction in current continues until either the current
Is reduced below the maximum level or the motor is turned off.

[0115] In accordance with the described technique, the detection of a current
level above the maximum current level does not result in an immediate shut down of the
motor, which can result in a large current spike. Rather, the current to the motor is
gradually reduced, thus eliminating the large current spike. The gradual current reduction
also provides an opportunity for the obstacle to be overcome by the continuing force

applied to the hose by the motor.
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[0116]  As further illustrated in Figure 8, the motor controller includes an optional
MAX_command input signal line that is coupled to the inverting input of the second
comparator. A voltage applied to the MAX command input signal line advantageously
increases the voltage applied to the inverting input to increase the maximum current
threshold. For example, a voltage can advantageously be applied to the MAX command
input line to increase the maximum current threshold in order to use the automatic reel
100 in applications where the force required to wind the linear material is greater and
more motor current is required. For example, when the automatic reel 100 is used to wind
a stiff hose, such as, for example, a pneumatic hose, more force, and thus more current,
may be required.

[0117] As illustrated in Figure 9, the motor controller includes a reverse EMF
sensor 990 that comprises a PNP transistor having an emitter connected to the 12-volt
supply and having a base coupled to receive an MTR_SW input signal from the low
supply line of the motor. The collector of the PNP ftransistor provides a
LOGIC_REV_SENSE output signal that is pulled low by a pulldown resistor when the PNP
transistor is off. The PNP transistor is normally off when no voltage is applied to the base
of the PNP transistor, such as when the motor is not activated. When the motor is turned
on by activating the power MOSFET 882, the low supply line of the motor is pulled low
and the base of the PNP transistor is pulled low to turn on the PNP transistor. When the
PNP transistor is on, the voltage on the collector of the PNP transistor is pulled up toward
the 12-volt supply voltage, which results in an active high LOGIC REV_SENSE signal.
However, when the PWM signal is being generated, the FPGA 700 ignores the active
LOGIC _REV_SENSE signal.

[0118] If the PWM signal is off and the power MOSFET signal is thus off, the
low supply line of the motor is normally high. If the motor is caused to turn in the reverse
direction by a user pulling on the hose and rotating the drum, the motor operates as a
generator to produce a generated EMF signal to cause the voltage on the low supply line
to the motor to become low relative to the voltage on the high supply line to the motor.
The low voltage is applied to the base of the PNP transistor to cause the PNP transistor to
turn on to activate the LOGIC_REV_SENSE signal.

[0119] Since the FPGA 700 is not generating PWM signals during this time, the
FPGA 700 determines that the motor is being turned by the action of a user pulling the
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hose from the drum. Thus, the FPGA 700 activates the relay 884 and generates PWM
signals to cause the motor to turn in the reverse direction to assist the user.

[0120] As discussed above, during the drag-assist function, the FPGA 700
generates the PWM signals with a lower duty cycle so that the motor provides just enough
power to assist the user rather than ejecting the hose from the automatic reel 100 at a
high rate. While the drag assist function is active, the FPGA 700 periodically determines
whether the user is continuing to pull on the hose when the PWM signal is inactive (e.g.,
during the portions of the PWM duty cycle when the MOSFET is turned off) to determine
whether to continue providing reverse power to assist the user.

[0121] As further illustrated in Figure 9, the motor controller includes a plurality
of diodes 992 having their cathodes connected in common and having their anodes
connected to respective sources of power control sighals. When one or more of the
power control signals is active high, a remote power signal is active high to activate the
first three voltage regulators in Figure 6. For example, wires from the interface panel 106
are connected to the motor controller via a header J3. Three outputs of the RF receiver
are thus coupled to three of the plurality of diodes 992 in Figure 9. Thus, when the RF
receiver activates a respective output in response to the stop command, the home
command, or the jog command from the remote controller, the remote power signal is
activated.

[0122] One of the diodes 992 is connected to a switch on the interface panel
106 that can be selectively activated by a user to activate the motor controller. One of the
diodes 992 is connected to the LOGIC REV SENSE signal to activate the motor
controller when the motor is turning in reverse in response to the user pulling on the hose.
Another diode is connected to a logic enable power signal that is generated by the FPGA
700 after being activated into the active mode by one of the other signals. Thus, the
FPGA 700 can keep the motor controller active until a function is completed and no other
control signals are being received, as discussed above.

[0123] The motor controller 224 aiso includes a Hall effect sensor 994 that
senses when the reciprocating hose mechanism within the body 102 of the automatic reel
100 is in a particular position.

[0124] The benefits of the automatic reel 100 described above provide a less

expensive and more productive manner in which to manage linear material. Because the
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main components of the automatic reel 100 comprise the drum 220, the motor controller
224 and the motor 222, the automatic reel 100 is more reliable. In addition, complicated
and expensive clutch systems for neutralizing the motor 222 and encoders for tracking the
amount of retracted hose are avoided.

[0125] Having thus described the preferred embodiments of the present
inventidn, those of skill in the art will readily appreciate from the disclosure herein that yet
other embodiments may be made and used within the scope of the claims hereto
attached. For example, the automatic reel may be used with types of linear material other
than water hoses, such as air hoses or pressure washer hoses. Numerous advantages of
the invention covered by this disclosure have been set forth in the foregoing description.
It will be understood, however, that this disclosure is, in many respects, only illustrative.

Changes may be made in details without exceeding the scope of the disclosure.
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WHAT IS CLAIMED I8S:

1. An automatic reel for facilitating the spooling of linear material, the

automatic reel comprising:

a rotatable member having a spool surface, the rotatable member capable
of winding a linear material around the spool surface as the rotatable member
rotates in a first direction, the rotatable member further capable of deploying the
linear material from around the spool surface as the rotatable member rotates in a
second direction;

a motor capable of interacting with the rotatable member to selectively
rotate the rotatable member in the first direction or in the second direction;

a sensor capable of sensing an electrical motor signal indicative of the
linear material being pulled from the rotatable member to rotate the rotatable
member 1n the second direction; and

control circuitry in communication with the sensor, the control circuitry
capable of outputting a control signal in response to the electrical motor signal to
cause the motor to rotate the rotatable member 1n the second direction to deploy
the linear material.

2. An automatic reel for facilitating the spooling of linear material, the
automatic reel comprising:

a rotatable member capable of rotating to wind a linear material around the
rotatable member as the rotatable member rotates 1n a first direction, the rotatable
member further capable of deploying the linear material from around the rotatable
member as the rotatable member rotates in a second direction;

a motor capable of interacting with the rotatable member to selectively
rotate the rotatable member 1n the first direction or in the second direction:

a sensor capable of monitoring an electrical motor signal indicative of a
tension of the linear material; and

control circuitry in communication with the sensor, the control circuitry
capable of outputting a control signal to cause the motor to rotate the rotatable
member 1n the second direction to deploy the linear material when the tension of

the linear material exceeds a certain amount.

28



CA 02570128 2011-09-14

3. The automatic reel of Claim 2, wherein the electrical motor signal is
further indicative of rotation of the motor.

4, The automatic reel of Claim 3, wherein the electrical motor signal 1s
indicative of a reverse EMF associated with rotation of the motor.

5. The automatic reel of Claim 2, wherein the control signal causes the motor
to rotate the rotatable member in the second direction for a predetermined duration of
time.

6. The automatic reel of Claim 2, wherein the control signal causes the motor
to rotate the rotatable member in the second direction to deploy a predetermined length of
the linear material.

7. The automatic reel of Claim 2, wherein the control circuitry is further
capable of monitoring a length of a portion of the linear material not wound on the
rotatable member.

8. The automatic reel of Claim 7, wherein the control circuitry 1s further
capable of causing a rotational velocity of the rotatable member in the first direction to
decrease when the length of the unwound linear material is less than a predetermined
threshold length.

9. The automatic reel of Claim 2, wherein the control circuitry is further
capable of ceasing rotation of the rotatable member in response to detecting a substantial
increase in a current supplied to the motor.

10.  The automatic reel of Claim 2, further comprising a shell substantially
surrounding the rotatable member, the motor and the control circuitry, and comprising an
aperture through which linear material is spooled.

11.  The automatic reel of Claim 2, wherein the electrical signal indicative of a
tension of the linear material is indicative of the rotational velocity of the motor.

12.  The automatic reel of Claim 10, wherein the shell comprises an aperture
through which linear material is spooled.

13.  The automatic reel of Claim 1, further comprising a user interface.

14.  The automatic reel of Claim 13, wherein the user interface is capable of

receiving at least one signal from a remote control device.
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15. A method of facilitating the spooling of a linear material, the method
comprising:
providing a motor configured to cause rotation of a rotatable member

around which the linear material 1s at least partially wound;

monitoring a motor signal indicative of a tension of the linear material;

and
causing the motor to rotate the rotatable member in a direction to deploy
the linear material from around the rotatable member, in response to detecting that

the motor signal indicates that the tension of the linear material exceeds a

threshold amount.
16.  The method of claim 15, further comprising:

monitoring an amount of the linear material unwound from the rotatable

member; and

reducing a rotational velocity of the rotatable member in a direction to
wind linear material when the amount of the unwound linear material satisfies a
predetermined threshold.
17. The method of Claim 15, further comprising ceasing rotation of the

rotatable member in response to detecting a substantial increase in a current supplied to

the motor.
18.  The method of Claim 15, wherein the motor signal is indicative of a

reverse EMF associated with the rotation of the motor.
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