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DIRT COLLECTOR FOR A VACUUM
CLEANER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/142,201, filed Sep. 26, 2018, which
issued as U.S. Pat. No. 11,083,354 on Aug. 10, 2021, which
claims priority to U.S. Provisional Patent Application No.
62/564,432, filed Sep. 28, 2017 and to U.S. Provisional
Patent Application No. 62/572,225, filed Oct. 13, 2017 and
to U.S. Provisional Patent Application No. 62/572,229, filed
Oct. 13, 2017, the entire contents all of which are hereby
incorporated by reference herein.

BACKGROUND
[0002] The present invention relates to vacuum cleaners.
[0003] Vacuum cleaners typically include a suction source

and a dirt collector that separates and stores debris from a
suction air stream generated by the suction source. It can be
difficult for the user to know when the amount of debris in
the dirt collector affects performance and therefore it can be
difficult for the user to know when to empty or replace the
dirt collector.

SUMMARY

[0004] In one embodiment a dirt collector includes a
housing and an air-permeable filter media extending from
the housing such that the filter media and housing at least
partially define a collection volume. The housing has an inlet
opening in fluid communication with the volume and at least
a portion of the housing is transmissive of infrared radiation.
[0005] In another embodiment a dirt collector includes a
housing and an air-permeable filter media extending from
the housing such that the filter media and the housing at least
partially define a collection volume. The housing has an inlet
opening in fluid communication with the volume at least a
portion of the housing is translucent or transparent.

[0006] Other aspects of the invention will become appar-
ent by consideration of the detailed description and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a perspective view of a vacuum cleaner
according to an embodiment.

[0008] FIG. 2 is a front side view of a portion of the
vacuum cleaner of FIG. 1.

[0009] FIG. 3 is a perspective view of the vacuum cleaner
of FIG. 1 with an outer housing of a dirt collector removed.
[0010] FIG. 4 is an enlarged view of a portion of the
vacuum cleaner of FIG. 1 with the outer housing of the dirt
collector removed.

[0011] FIG. 5 is a top perspective view of the vacuum
cleaner of FIG. 1 with a handle removed.

[0012] FIG. 6 is a cross-sectional view of the vacuum
cleaner of FIG. 1.

[0013] FIG.7 is atop perspective view of the cross-section
of FIG. 6.
[0014] FIG. 8 is an alternative top perspective view of the

cross-section of FIG. 6.
[0015] FIG. 9 is a diagram illustrating one method of
operating the vacuum cleaner of FIG. 1.
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[0016] 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 follow-
ing 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.

DETAILED DESCRIPTION

[0017] FIG. 1 illustrates a vacuum cleaner 10. As will be
discussed in more detail below, the vacuum cleaner 10
includes a visual display 12 located on a front side of a dirt
collector 14 of the vacuum 10 that indicates to the user a fill
level of the dirt collector 14. Therefore, the user can monitor
the fill level of the dirt collector 14 during use of the vacuum
10 to determine when to empty or replace the dirt collector
14.

[0018] The illustrated vacuum cleaner 10 includes a suc-
tion source 16 and a suction nozzle 18. The suction source
16 generates a suction airflow through the nozzle 18 to draw
debris from the surface being cleaned through the nozzle 18
with the suction airflow. The suction source 18 includes a fan
and a motor. In some embodiments, the motor is a battery
powered motor and in other embodiments, the motor is an
alternating current motor. Also, in the illustrated embodi-
ment, the suction source 16 is located in the suction airflow
path between the nozzle 18 and the dirt collector 14. In other
embodiments, the suction source 16 can be positioned
downstream or after the dirt collector in the suction airflow
path.

[0019] The dirt collector 14 is in fluid communication with
the suction source 16 and the nozzle 18. The dirt collector 14
separates the debris from the suction airflow and stores the
separated debris. Referring to FIGS. 6 and 7, in the illus-
trated embodiment, the dirt collector 14 includes a top
housing or end cap 24 and an air-permeable filter media 22
extending from the housing 24 such that the filter media 22
and housing 24 at least partially define a collection volume.
In the illustrated embodiment, the dirt collector 14 includes
a bottom housing or end cap 26 and the filter media 22
extends between the top housing or end cap 24 and bottom
housing or end cap 26. The filter media 22 is air permeable
so that the filter media 22 allows clean air to exit the filter
media 22 while retaining the debris inside a storage volume
28 defined by the media 28 and the end caps 24, 26. In the
illustrated embodiment, the end caps 24, 26 are generally not
air permeable. Also, although the illustrated dirt collector 14
includes a filter media 22, in other embodiments, the dirt
collector can include a cyclonic separator or a combination
of a cyclonic separator and a filter or filters.

[0020] With continued reference to FIG. 6, the dirt col-
lector 14 includes a top end 30 and a bottom end 32.
Generally, the dirt collector 14 is filled with debris starting
at the bottom end 32 and as the amount of debris stored
increases, the fill level rises toward the top end 30. Thus the
dirt collector fill level can be determined by measuring the
fill level as it rises toward the top end 30. The dirt collector
fill level can also be determined by measuring a differential
pressure across the filter media 22. That is, the difference in
pressure between the pressure in the storage volume 28 or in
the airflow path and the atmospheric pressure outside the
storage volume (or inside the storage volume 28 when the
suction source 16 is not operating) can be correlated to the
fill level. Or, as will be discussed in more detail below, in the
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illustrated embodiment, the dirt collector fill level is a
function of both the differential pressure and the amount of
debris in the storage volume 28.

[0021] Referring to FIGS. 4-8, the vacuum cleaner 10
further includes a first sensor 34, a second sensor 36, and a
controller 38 that receives signals from the sensors 34 and
36. The first sensor 34 in the illustrated embodiment is a
pressure sensor that senses the pressure inside the storage
volume 28, discussed above. In the illustrated embodiment,
the second sensor provides a signal indicative of a distance
between the sensor and an amount of debris in the storage
volume. The second sensor 36 in the illustrated embodiment
includes an infra-red (IR) sensor, but optionally could utilize
other wavelengths of electromagnetic radiation or may be an
ultra-sonic sensor or a camera. The IR sensor 36 is located
at the top end 30 of the dirt collector 14 and faces down
toward the bottom end 32. In the illustrated embodiment, the
IR sensor 36 includes an emitter of an infrared light and a
detector. The emitter may direct the IR beam having a beam
angle between about 5 and 165 degrees. In the illustrated
embodiment, the beam angle is between about 15 and 60
degrees, more particularly is approximately 30 degrees. The
IR sensor includes a detector to sense light reflected back
from the debris and received by the detector, whereby the
sensor provides a signal indicative of the distance to the
debris. At least a portion of the top housing 24 of the current
embodiment is transmissive of electromagnetic radiation,
specifically transmissive of infrared radiation, so that the IR
sensor 36 is placed outside the storage volume 28 and the IR
light beam travels through the transmissive housing 24 for
the sensor to sense the amount of debris within the storage
volume 28. The housing may be formed of an electromag-
netic radiation transmissive material, or a window in the
housing or a portion of the housing may be formed of an
electromagnetic radiation transmissive material. In any
event, the electromagnetic radiation transmissive material is
selected to be transmissive of the wavelength emitted by the
selected sensor and having a percent transmission selected
for the sensor to provide a signal indicative of the distance
to the debris. In the illustrated embodiment, the housing is
formed of a material that transmits infrared radiation of a
wavelength between 750 and 3000 nanometer (nm), and a
percent transmission of infrared radiation of greater than or
equal to 50% measured at the selected sensor wavelength.
Alternatively, the material may have a percent transmission
of infrared radiation of greater than or equal to 65% mea-
sured at the selected sensor wavelength. Alternatively, the
material may have a percent transmission of infrared radia-
tion of greater than or equal to 80% measured at the selected
sensor wavelength.

[0022] In the illustrated embodiment, the selected sensor
is an IR sensor emitting a wavelength between 800 and 1000
nanometer (nm), and in one example is 850 nanometer (nm).
In the illustrated embodiment, the housing material is an IR
transmissive polycarbonate having a material thickness less
than 2 millimeters (mm). The transmissive housing material
may have a thickness between 1 and 2 millimeters (mm). In
other embodiments, the transmissive housing material may
have a thickness between %2 and 2 millimeters (mm). In
another alternative, the transmissive housing material may
be acrylic or other infrared transmissive materials. In one
embodiment, the housing 24 material includes MAKRO-
LON 2805.
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[0023] Optionally, the transmissive housing material may
be transparent or translucent. In other embodiments, the
second sensor 36 can include a pressure sensor, an opacity
sensor, an electromagnetic radiation sensor, an ultra-sonic
sensor, or a camera providing a signal indicative of an
amount of debris in the dirt collector.

[0024] The controller 38 receives signals from the sensors
34, 36 and processes the signals to determine a dirt collector
fill level. The controller 38 then outputs the dirt collector fill
level to the visual display 12. In the illustrated embodiment,
the dirt collector fill level is a function of the bottom to top
fill amount 40 (FIG. 6) of debris in the storage volume 28
and the differential pressure across the filter media 22. In
other embodiments, the dirt collector fill level may be based
on only one of these variables or one of these variables in
combination with another variable.

[0025] Referring to FIGS. 1 and 2, the visual display 12
displays the dirt collector fill level determined by the con-
troller 38. The visual display 12 includes a first or lower end
42 adjacent the bottom end 32 of the dirt collector 14 and a
second or upper end 44 adjacent the top end 30 of the dirt
collector 14. In the illustrated embodiment, the visual dis-
play 12 includes an array of light emitting diodes (LEDs)
that extends from the first end 42 to the second end 44 of the
display 12. The LEDs provide an indicator that travels from
the bottom end 42 to the upper end 44 as the dirt collector
fill level increases to indicate to the user the fill level. In the
illustrated example, the LED indicator lights up from the
bottom end 42 to the upper end 44 generally corresponding
to the increasing dirt collector fill level to indicate to the user
the fill level.

[0026] FIG. 9 illustrates one possible firmware logic dia-
gram of the controller 38 to determine the dirt collector fill
level as a function of the signals from the pressure sensor 34
and the IR sensor 36. As illustrated in FIG. 9, the controller
38 uses the signals from the first sensor 34 (pressure sensor
in illustrated embodiment) and the second sensor 36 (IR
sensor in illustrated embodiment) to determine the dirt
collector fill level. In the illustrated embodiment, the con-
troller 38 determines a first fill level based on the first sensor
34 signal and a second fill level based on the second sensor
36 signal. The controller 38 determines the higher of the first
and second fill levels to be a container fill level amount.
Then, the controller outputs the container fill level amount
to the visual display 12. For example, in one possible
operation, if the first sensor indicates a 40 percent fill level
calculated from a pressure in the dirt collector and if the
second sensor indicates a 75 percent fill level calculated
from a distance between the sensor and the amount of debris
in the storage volume, then the controller would output a 75
percent container fill level amount to the display. Referring
to FIG. 2, the visual display 12 has a length 48 measured
from the bottom end 42 to the top end 44. If the controller
38 determines that the dirt collector 14 is 75 percent full,
then 75 percent of the length 48 of the LEDs, starting from
the bottom end 42, will be lit to indicate 75 percent full dirt
collector 14 to the user.

[0027] Referring to FIG. 6, a 75 percent fill level may or
may not equal 75% of the bottom to top volumetric fill
amount 40 of the storage volume 28 because the percent fill
level is also a function of the pressure sensed by the sensor
34. For example, the user may use the vacuum 10 to collect
very fine debris that has a relatively low volume but attaches
to the filter media 22 and increases the differential pressure
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across the filter media more rapidly than coarse or large
debris. Therefore, the visual display could display 100
percent fill level when the bottom to top fill amount 40 is still
relatively low. Furthermore, it should be understood that the
fill level display 12 may include a scale from 0%-100% (or
similar) that is a graphical representation of the fill level and
not the actual distance 40 (FIG. 6).

[0028] In some embodiments, the controller 38 uses an
average of outputs from the first and second sensors 34, 36
to determine the fill level. For example, the controller
determines the first fill level based on the first sensor signal
and the second fill level based on the second sensor signal,
and then determines an average of the first and second fill
levels to be the displayed fill level amount. In other embodi-
ments, the controller uses a formula or look-up table to
combine the first and second sensor outputs based on
empirical or other information including sensor reliability,
sensor accuracy, and system attributes of the first and second
sensors and the vacuum cleaner. For one example, the fill
level determined by a pressure reading may be adjusted by
a function of the distance between the sensor and an amount
of debris in the storage volume measured by the second
sensor. In another example, the IR sensor accuracy may
diminish as the dirt container fills, and the controller may
adjust the IR distance measurement as a function of the
pressure differential measured by the first sensor. Other
system and performance attributes may be taken into
account in determining the container fill level. In yet another
embodiment, the controller determines the displayed fill
level amount based on one of the two sensors alone until the
other of the sensors reaches a threshold, after which time the
displayed fill level is determined by a function of both the
first sensor signal and the second sensor signal as described.
For example, the displayed fill level may be based on the IR
sensor signal alone until the differential pressure measured
by the pressure sensor reaches a predetermined threshold,
after which time the displayed fill level is determined by a
function of both the pressure and IR sensor signals.

[0029] Various features and advantages of the invention
are set forth in the following claims.

What is claimed is:

1. A dirt collector comprising:

a housing; and

an air-permeable filter media extending from the housing

such that the filter media and housing at least partially
define a collection volume;

the housing having an inlet opening in fluid communica-

tion with the volume;

wherein at least a portion of the housing is transmissive of

infrared radiation.

2. The dirt collector according to claim 1, where the
portion of the housing transmissive of infrared radiation is
transmissive of infrared radiation of a wavelength between
750 and 3000 nanometer (nm).
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3. The dirt collector according to claim 2, where the
portion of the housing transmissive of infrared radiation has
apercent transmission of infrared radiation of greater than or
equal to 50%.

4. The dirt collector according to claim 2, where the
portion of the housing transmissive of infrared radiation is
transmissive of infrared radiation of a wavelength between
800 and 1000 nanometer (nm).

5. The dirt collector according to claim 1, where the
portion of the housing transmissive of infrared radiation is a
window in the housing.

6. The dirt collector according to claim 1, where the
housing is formed of polycarbonate material.

7. The dirt collector according to claim 1, where the
portion of the housing transmissive of infrared radiation has
a thickness in a range from 1 to 2 millimeters.

8. The dirt collector according to claim 1, further com-
prising a second housing, wherein the housing, the second
housing, and the filter media define the collection volume.

9. The dirt collector according to claim 8, where the
second housing is transmissive of infrared radiation of a
wavelength between 750 and 3000 nanometer (nm).

10. A dirt collector comprising:

a housing; and

an air-permeable filter media extending from the housing

such that the filter media and the housing at least
partially define a collection volume;

the housing having an inlet opening in fluid communica-

tion with the volume;

wherein at least a portion of the housing is translucent or

transparent.

11. The dirt collector according to claim 10, where at least
a portion of the translucent or transparent housing is trans-
missive of infrared radiation.

12. The dirt collector according to claim 11, where the
portion of the housing transmissive of infrared radiation is
transmissive of infrared radiation of a wavelength between
750 and 3000 nanometer (nm).

13. The dirt collector according to claim 12, where the
portion of the housing transmissive of infrared radiation has
apercent transmission of infrared radiation of greater than or
equal to 50%.

14. The dirt collector according to claim 12, where the
portion of the housing transmissive of infrared radiation is
transmissive of infrared radiation of a wavelength between
800 and 1000 nanometer (nm).

15. The dirt collector according to claim 10, where the
housing is formed of polycarbonate material.

16. The dirt collector according to claim 10, further
comprising a second housing, wherein the housing, the
second housing, and the filter media define the collection
volume.

17. The dirt collector according to claim 16, where the
second housing is transmissive of infrared radiation of a
wavelength between 750 and 3000 nanometer (nm).
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