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(57) Abréegée/Abstract:

A replaceable unit for an electrophotographic image forming device according to one example embodiment includes a housing
having an inner volume forming a reservoir for storing toner. A rotatable shaft is positioned within the reservoir. A paddle Is mounted
on the shaft and rotatable independent of the shaft. A driving member Is rotatable with the shaft and positioned to push the paddle
when the shaft rotates. The paddle Is free to fall ahead of the driving member. The paddle includes a magnetic element rotatable
with the paddle and detectable by a magnetic sensor when the replaceable unit Is Installed In the image forming device for
detecting the motion of the paddle.
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FIGURE 4

240

'ming device according to one example embodiment includes

a housing having an iner volume forming a reservoir for storing toner. A rotatable shatt 1s positioned within the reservoir. A paddle
1s mounted on the shaft and rotatable independent of the shatt. A driving member 1s rotatable with the shaft and positioned to push
the paddle when the shaft rotates. The paddle is free to fall ahead of the driving member. The paddle mcludes a magnetic element ro -
tatable with the paddle and detectable by a magnetic sensor when the replaceable unit 1s installed in the image forming device for de -
tecting the motion of the paddle.
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REPLACEABLE UNIT FOR AN IMAGE FORMING DEVICE HAVING A FALLING
PADDLE FOR TONER LEVEL SENSING

BACKGROUND
LHEH Y i, Field of the Disclosure
{B002Z] The present disclosure relates generally to tmage forming devices and more

particularly to rotational sensing for a replacecable unit of an image forming device,
{BGO3] 2. Bescription of the Related Art

{3004} During the electrophotographic printing process, an clectrically charged rotating
photoconductive drum is selectively exposed to a laser beam. The arcas of the photoconductive
drum ¢xposed to the laser beam are discharged creating an clectrostatic latent 1mage of a page to
be printed on the photoconductive drum. Toner particies are then electrostatically picked up by
the latent image on the photoconductive drum creating a toned image on the drum. The toned
image 18 transferred to the print media {¢.g., paper) either divectly by the photoconductive drum
or mdirectly by an intermediate transfer member. The toner 18 then fused to the media using heat

and pressure to complete the print,

{BOOS] The image tormng device’s toner supply is typically stored in one or more
replaccabie units mstalled in the image forming device. As these replaceable units run out of
toner, the umts must be replaced or refilled mn order to continue prinfing. As a result, it 1s deswred
to measure the amount of toner remamming 1 these units n order o warn the user that one of the
replaceable units 18 near an erapty state or to prevent printing after one of the units 18 empty in
grder to prevent damage o the 1mage forming device. Accordingly, a system for measuring the

amount of toner remaining in 4 replaceable unit of an mmage forming device 18 desired.
SUMMARY

{BGU6] A replaceabic unit for an electrophotographic ymage forming device according to
onc example embodiment imcludes a housing having an nner volume foroung a rescrvoir for
storing toner. A rotatable shaft 18 positioned within the reservoir. A paddie 1s mounted on the
shaft and rotatable independent of the shatt. A driving member 18 rotatabic with the shaft and

posttioned to push the paddle when the shaft rotates. The paddic 1s free to fall gshead of the
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driving member. The paddie inciudes a magnetic element rotatable with the paddle and
detectable by a magnetic sensor when the replaceable unit 1s mstalied m the image formng

device tor detecting the motion of the paddle.

{36071 A replaceabie unit for an electrophotographic image forming device according to
a second example embodiment meludes a housing having an mner volure forming a reservoir
for storing toner. A rotatable shaft 1s positioned within the reservoir. The shaft has an agitator
cxtending thercfrom for agitating toner within the reservoir. A paddie 1s mounted on the shaft
and free to rotate mdependent of the shaft. The agitator 1s positioned to push the paddie when
the shaft rotates. The paddle 18 free to separate frorn the agitator. A magnetic clement is
connected to the paddie to rotate with the paddle and detectable by a magnetic sensor when the

replaceable unit 1s installed n the umage formmg device for detecting the motion of the paddle.

{BOOK] A replaceable unit for an electrophotographic image forming device according to
a third example embodiment mcludes a housing having an mner volume forming a reservoir {or
storing toner and an outlet port for exiting toner from the replaceable unit. The outlet port
ncludes an opening 1nto the reservorr for transierring toner out of the reservoir. A rotatable
shaft 18 positioned within the reservoir. A paddie 1s mounted on the shatt and rotatable
independent of the shaft, The paddie 1s positioned to rotate past the opening imnto the reservoir,
A driving member 1s rotatable with the shaft and positioned o push the paddle when the shaft
rotates. The paddle is free to tall ahead of the driving meraber. A magnetic sensor 1s mounied
on an extenior portion of the housing. The paddie imcludes a magnetic element detectable by the
magnctic sensor for detecting the motion of the paddic and the magnetic sensor 18 positioned {o
sense the magnetic clement at a point where the paddle osciliates when the toner tevel in the

reservolr 18 low when the replaceable unit 15 1 an mstalled position i the mmage formung device.
BRIEF DESCRIPTION OF THE DRAWINGS

{309 The accompanying drawings mcorporated 1 and forming a part of the
speciiication, illustrate scveral aspects of the present disclosure, and together with the description

serve to explain the principles of the present disclosure.

{3010} Figure 1 1s a block diagram depiction of an imaging system according to one

examplic embodiment.
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LY Figure 2 15 a schematic diagram of an image forming device according to a first
cxample embodiment.

{G012] Figure 3 18 a schematic diagram of an image forming device according 1o a second
examplic embodiment.

LLHHR] Figure 4 18 g perspective side view of a toner cartridge according to one examplic
embodiment having a portion of a8 body of the toner cartridge removed to itlustrate an wternal

tONECY YesSCrvolr.

G611 4] Figurc 5 18 a perspective end view of the toner cartridge shown in Figure 4.
{301 5] Figures 6A-C are schematic diagrams of a side view of the toner cartridge

illustrating the operation of a falling paddle at various toner levels.

{616 Figure 7A 18 a front view of a paddie according to a first example embodiment.
{B617] Figure 7B 18 a front view of a paddie according to a sccond exampic ernbodiment.
(G818} Figure 7C 1s a front view of a paddie according to a third example embodiment.
L Figure 713 18 a front view of a paddle according to a fourth example embodiment.
{828 Figure 8 18 a line graph of a time difference between the detection of a magnet of

a falling paddle by a start sensor and the detection of the magnet by 4 stop sensor {(in seconds)
versus an amount of toner remaining in a reservoir (in grams) over the hite of one example

embodiment of a toner carinidge.

G021 ] Figure 9 18 a bar graph of the number of passes of a talling paddie past a magnetic
sensor per rotation of 2 shaft versus an amount of (ONCr remaming 1 a reservolr (in grams} over

the life of one example ernbodiment of a toner cartridge overlaid on the graph shown 1 Figure 8.
{30221 Figure 10 18 a perspective swde view of a toner cartridge according to another
exampic embodiment having a portion of & body of the toner cartridge removed to ttustrate an
internal toner reservorr.

(G823} Figure 11 1s a front perspective view of a toner agitator according {0 one example

embodiment.
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DETAILED DESCRIPTION
{24 in the following description, reference 1s made to the accompanying drawings

where hike nurnerals represent hike eleraents. The embodiments are described m sutficient detail
to cnable those skilled m the art to practice the present disclosure. it 15 to be understood that
other cmbodiments may be uttlized and that process, electrical, and mechanical changes, etc.,
may be made without departing from the scope of the present disclosure. Examples mercly
typity possibie vanations. Portions and features of some embodiments may be mncluded m or
substituted for those of others. The following description, therefore, 1s not to be taken 1w a
lroiting sense and the scope of the present disclosure 15 defined only by the appended claims and

their equivalents.

{82 5] Reterring now to the drawings and more particularty to Figure 1, there 1s shown a
block diagrarn depiction of an tmaging system 20 according to one example ernbodirent.
Imaging system 20 1mncludes an image formung device 100 and a computer 30, Image forming
device 100 communicates with computer 30 via a communications ink 40, As used herein, the
term “comrounucations hnk” generally refers to any structure that facilitates clectronig
communication between multiple components and may operate using wired or wirciess

technology and way melude comrounacations over the Internet.

{3826 in the example cmbodiment shown 1 Figure 1, image forming device 188 1s a
multifunction machine (sometimes referred 1o as an all-in-one {AIQ) device) that includes a
controller 102, a print engine 110, a laser scan unit {LSU)Y 112, one or more toner bottles or
cartridges 200, onc or more umaging units 340, a fuser 120, a user intertace 184, a media feed
system 130 and media mput tray 140 and a scanner sysiern 150, Image torming device 100 may
communicate with computer 30 via a standard communication protocol, such as, for exampie,
untversal serial bus (USB), Ethemnet or IEEE 802 .xx. Image formmg device 100 may be, for
example, an clectrophotographic printer/copier inciuding an mntegrated scanner system 150 or a

standalone electrophotographic printer.

{30271 Controtler 102 mcludes a processor unit and associated memory 103 and may be
formed as one or more Application Specitic Integrated Circwnts {ASICs). Memory 133 may be
any volatile or non-volatile memory or cornbination thercot such as, for example, random access

memory { RAM)}, read only memory (ROM), fiash memory and/or non-volatile RAM (NVRAM .
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Alternatively, memory 103 may be in the form of a separate electronic memory {e.2., RAM,
ROM, and/or NVRAM), a bard drive, a CD or BV drive, or any memory device convenient {or
use with controlier 102, Controlier 182 may be, tor example, a combined printer and scanner

controller.

{028} in the example embodiment diustrated, controller 102 communicates with priot
cngine 110 via a communications link 160, Controlicr 102 communicates with imaging unit{s)
300 and processing circuttry 301 on cach imaging unit 300 via communications link(s) 161.
Controlier 102 commumnicates with toner cartridge(s) 200 and processing circuitry 281 on each
toner cartridge 200 via communications link{(s) 162. Controiler 102 communicates with fuser
128 and processing circuitry 121 thereon via a communications link 163, Controller 102
communicates with media feed system 130 via a communications link 164, Controller 102
comnmunicates with scanner system 150 via a comumunications hok 165, User interface 104 15
communicatively coupled to controlier 132 via a communications link 166, Processing circuitry
121, 201, 301 may mclude a processor and associated memory such as RAM, ROM, and/or
NVRAM and may provide authentication tunctions, safety and operational nterlocks, operating
paramcters and usage miormation related to fuser 120, toner cartnidge(s) 200 and mmaging unats
300, respectively., Controller 182 processes print and scan data and operates print engine 110

durtng printing and scanncer system 130 during scanning,

{029} Computer 30, which 1s optional, may be, for exaraple, a personal computer,
mncluding memory 32, such as RAM, ROM, and/or NVRAM, an mput device 34, such as a
kevboard and/or a mouse, and a display monttor 36, Computer 30 also includes a processor,
input/output (I/0) mtertaces, and may mnclude at lcast one mass data storage device, such as a
hard drive, a CO-ROM and/or a DVD unut (not shown}. Computer 30 may aiso be a device
capable of commumcating with 1mage formang device 100 other than a personal computer such

as, tor exampie, a tablet computcer, a smartphone, or other clectronic device.

{BG30] in the example emmbodiment 1tlustrated, computer 30 mmcludes n s memory a
software program mcluding program mstructions that function as an imaging driver 38, ¢.2.,
printer/scanner driver sottware, for image forming device 100, Imaging driver 38 151in
communication with controller 102 ol wmage formung device 180 via communications link 40,

fmaging driver 38 facilitates communication between umage forming device 100 and computer
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38, One aspect of imaging driver 38 may be, for exampie, to provide formatted print data to
image forming device 100, and more particularly to print engine 110, to print an ymage. Another
aspect of 1maging driver 38 may be, tor example, to facilitate the colicction of scanned data trom

scanner system 150,

(G031} in some circurnstances, it may be deswrable to operate image formung device 100
in & standalone mode. In the standalone mode, image forming device 108 1s capablie of
tunctionming without coraputer 30, Accordingly, all or a portion of imaging driver 38, or g sirnilar
driver, may be located in controtier 102 of mmage forming device 100 so as to accommodate

printing and/or scanning functionality when operating in the standalone mode.

{B832] Figure 2 illustrates a schematic view of the interior of an exaraple 1mage torming
device 100, Image forming device 100 1ncludes a housing 170 having atop 171, bottom 172,
front 173 and rear 174, Housing 170 mncludes one or more media mpuf trays 140 positioned
therein. Trays 148 are sized to contain a stack of media sheets. As used herein, the term media
18 meant to encompass not only paper but also labels, envelopes, fabrics, photographic paper or
any other desired substrate. Trays 140 are preferably rernovable for retilhing. User intertace 104
1s shown positioned on housing 170, Using user mtertace 104, a user 1s able to enter commands
and generaliy control the operation of the image forming device 100, For example, the user may
enter commands to switch modes {e.¢., color mode, monochrome mode), view the number of
pages printed, etc. A media path 180 extends through 1mage tormng device 100 for moving the
media sheets through the image transfer process. Media path 180 includes a simaplex path 181
and may nciude a duplex path 182, A media sheet 1s mtroduced into siraplex path 181 {from tray
144 by a pick mechamsm 132, {n the example embodiment shown, pick mechanism 132
mncludes a roll 134 positioned at the end of a pivotable arm 136, Roll 134 rotates to move the
media sheet trom tray 140 and mito media path 180, The media sheet 15 then moved along media
path 180 by various transport rollers. Media sheets may aiso be introduced into media path 180

by a manual feed 138 having one or more rolls 139,

33331 {n the example cmabodiment shown, image forming device 108 includes four toner
cartridges 200 removably mounted in housing 17{) in a mating relationship with four
correspondimg imagmg unats 300 also removably mounted wm housing 170, Each toner cartridge

230 includes a reservoir 202 for holding toner and an outiet port in comimunication with an miet



10

15

20

25

30

CA 02892248 2015-05-21
WO 2014/099856 PCT/US2013/075569

port of its corresponding imaging unit 300 for transterring toner from reservoir 282 to imaging
unit 300, Toner s transterred periodically from a respective toner cartridge 200 {0 1ts
corresponding maging unit 38340 i order to replenish the imaging unit 300, These pertodic
transfers are reterred to as toner addition cycles and may occur during a print operation and/or
between print operations. In the exampie embodiment silustrated, cach toner cartridge 200 1s
substantially the same cxcept for the color of toner contained thercin. In one embodiment, the
tour toner cartridges 200 mclude black, cyan, yellow and magenta toner, respectively. Each
imaging unit 300 includes a toner reservoir 302 and a toner adder roll 304 that moves toner {from
reservoir 302 to a developer roll 306, Each imaging unit 300 also includes a charging roll 308
and a photoconductive (PC) drum 310, PC drums 310 are mounted substantially paraliel to each
other when the imagmg units 300 are mstalled m image forming device 100, For purposes of
clarity, the components of only one of the tmaging units 300 are labeled i Figure 2. In the
examplic erabodiment lustrated, cach maging unit 300 1s substantially the same cxcept for the

color of toner contaimned therein.

{34} Each charging roll 308 forms a nip with the corresponding PC drum 310, During
a print operation, charging roll 308 charges the surtace of PC drum 310 to a specified voltage
such as, for example, ~1000 volts. A laser beam from LSU 112 1s then directed to the surface of
PC drurn 310 and selectively discharges those arcas it contacts to form a latent image. In one
embodiment, arcas on PC drum 310 illuminated by the laser beam are discharged to
approximately -300 volts. Developer roll 306, which forms a nip with the corresponding PC
drum 310, then transters toner to PC drum 310 to form a toner smoage on PO drum 310, A
metering device such as a doctor blade assembly can be used to meter toner onto developer roli
3036 and apply a desired charge on the toner prior to its transter to PC drum 310, The toner 15

attracted to the arcas of the surface of PO drum 310 discharged by the laser beam from LSU 112

{(635] An mtermediate transfer mechanism (FTM) 190 1s disposed adjacent to the PC
drums 310, In thie embodument, I'TM 190 1¢ formed as an endless belt trained about a drive roli
192, a tension roli 194 and a back-up roll 196, During mmage forming operations, fTM 190
moves past PC drums 310 in a clockwise direction as viewed i Figure 2. One or more of PC
drums 310 apply toner images i thew respective colors to ITM 190 at a first transfer nup 197, In
one ecmbodiment, a positive voltage ficld attracts the toner image from PC drurns 310 to the

surface of the moving [TM 190, I'TM 190 rotates and collects the one or more toner 1mages from
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PC drums 310 and then conveys the toner images {0 a4 media sheet at a second transter nip 19§

tormed between a transfer roll 199 and I'TM 190, which 1s supported by back-up roll 196.

{3036] A media sheet advancing through simplex path 181 receives the toner image from
1TM 190 as it moves through the second transter nip 198, The media sheet with the toner 1mage
is then moved along the media path 180 and mito tuser 120, Fuser 120 mcludes tusing rolls or
belts 122 that form a nip 124 to adhere the toner image to the media sheet. The fused media
sheet then passes through exiat rolls 126 located downstream trom fuser 120, Exit rolls 126 may
be rotated in either forward or reverse divections. In a forward direction, exit rolls 126 move the
media sheet frorn stmplex path 181 to an output arca 128 on top 171 of image forming device
1083, In a reverse divection, exit rolls 126 move the media sheet into duplex path 182 for image

formation on a second side of the media sheet,

{637 Figure 3 lustrates an exarplc embodiment of an mmage formung device 100 that
uttiizes what 18 commonty referred {0 as a dual component developer system.  In this
embodiment, tmage forming device 1007 mcludes four toner cartridges 200 removably mounted
n housing 170 and mated with four corresponding tmaging umis 3007, Toner s penodically
transterred from reservoirs 202 of cach toner cartridge 200 to corresponding reservoirs 3027 of
imaging units 3007, The toner n reservoirs 3027 18 rowxed with magnetic carnier beads. The
magnetic carrier beads may be coated with a polymeric film to provide triboclectric propertics o
attract toner to the carrier beads as the toner and the magnetic carner beads are rmixed 1o
reservotr 3027, In this embodiment, cach tmaging unit 30" includes a magnetic roll 3067 that
attracts the magnetic carrier beads having toner therecon to magnetic roli 3067 through the use of
magnetic ficids and transports the toner (o the corresponding photoconductive drum 31€7,
Elcctrostatic forces from the latent image on the photoconductive drum 3107 strip the toner from
the magnetic carner beads to provide a toned image on the surface of the photoconductive dram
318, The toned rmage 15 then transicrred to ITM 190 at fivst transter mip 197 as discussed

apove.

{3038 While the example 1mage forming devices 180 and 1307 shown in Figures 2 and 3
illustrate four toner cartridges 200 and four corresponding tmaging units 300, 3007, it will be
appreciated that a monocolor image tormang device 100 or 1007 may mcelude a single toner

cartridge 200 and corresponding imagimg umt 300 or 3007 as compared to a color image forming
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device 100 or 1007 that may mchude multiple toner cartridges 200 and imaging units 304, 300",
Further, altbough imaging formung devices 100 and 1007 utihze I'TM 190 {o transfer toner to the
media, toner may be applied directly 1o the media by the one or more photoconductive drums

310, 314 as 1s known i the art.

{BU39] With reference to Figures 4 and 5, toner cartridge 200 15 shown according to one
cxample embodiment. Toner cartridge 200 mchudes a body 204 that imncludes walls forming
toner rescrvoir 202, In the example ecmbodiment illusirated, body 204 mcludes g gencerally

)
i
)

cviindrical wall 205 and a pair of end walls 206, 207, In this embodument, end caps 208, 209 are
mounted on ond walls 206, 207, respectively such as by suitable fasteners {e.3., screws, rivets,
¢tc.) or by a snap-{it engagement. Figure 4 shows toner cartridge 200 with a portion of body 204
removed to tlustrate the internal components of toner cartridge 200, A rotatable shaft 210
cxtends along the length of toner cartridge 200 within toner reservour 202, As desired, the ends
ot rotatable shaft 210 may be received in bushings or bearings 212 positioned on an mner surface
of end walls 206, 207. A drive clement 214, such as a gear or other form of drive coupler, 18
positioned on an outer surface of end wall 206, When toner cartridge 206 s installed i the
image forming device, drive element 214 receives rotational force from a corresponding drive
component in the image forming device to rotate shatt 210, Shatt 210 may be connected directly
or by one or more mtermediate gears fo drive element 214, One or more agitators 216 (¢.g.,
paddle(s), auger(s), etc.) may be mounted on and rotate with shaft 218 to stir and move toner
within reservoir 232 as desired. In one embodiment, a flexibie strip 220 {(Figures 6A-6(), for
cxample a polyethylene terephthalate (PET) matenal such as MY LAR® available from DuPont
Temn Films, Chester, Virgimia, USA, may be connected to a distal end of agitator(s) 216 to

sweep toner from the nterior surtace of one or more of walls 205, 206, 207,

{3840} An outlet port 218 18 posttioned on a bottorn portion of body 204 such as near end
wall 206, In the exampic embodiment shown, toner exiting rescrvorr 202 18 moved directly mio
putict port 218 by agitator(s) 216, which may be positioned o urge toner toward outlet port 21X
i order to promote toner fiow out of rescrvoir 202, In another embodument, exiting toner 18
maoved axially with respect to shaft 210 by a rotatable auger from an opening into reservoir 202,
through a channel 1w wall 205 and out of outlet port 21X, The rotatable auger may be connected
directly or by one or more mtermediate gears to drive element 214 in order to receive rotational

force. Alternatively, the rotatable auger may be driven separately from shatft 210 using a second
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drive element to receive rotational force from the image forming device independentiy from
shaft 210, As deswred, outlet port 218 may mclude a shutter or a cover {not shown ) that 13
movabie between a closed position blocking outlet port 21X to prevent toner from flowing out of
toner cariridge 200 and an open posttion permitiimg toner flow. Shatt 210 and the rotatablc auger
{1f present} are rotated during each toner addition cycle to dehiver toner from reservorr 202

through outict port 215,

106411 A paddlie 230 1s mounted on shaft 210 and 1s free to rotate on shatt 210, In other
words, paddic 230 s rotatable mdependent of shatt 210, Paddie 230 1s axaally positioned next (o
end wall 206 but may be positioned elsewhere m reservoir 202 so long as a4 magnet 240 of paddle
230 15 detectable by a magnetic seusor as discussed below. Paddie 23018 spaced from the
interior surtaces of walls 205, 206, 207 so that walls 205, 206, 207 do not impede the motion of
paddle 230, In the exarmple embodiment dlustrated, paddic 230 15 axaaliy positioned above the
opening from outlet port 218 o reservoir 202 such that the rotational path of paddle 230 passes
above the opening from outlet port 218 1nto reservowr 202, However, 1f the toner level for a
particular design of reservorr 2072 18 substantially uniform, paddie 2380 may be positioned
clsewhere along shaft 210, Paddle 230 mciudes a pair of radial mounts 232, 234 cach having an
opening that receives shatt 210, Alternatively, paddle 238 may include one or more than two
mounts. In the embodiment tlustrated, stops 236, 238 are posttioned on opposiie axial sides of
one or more of radial supports 232, 234 to it the axial movement of paddie 230 along shait

214,

{3842} Paddic 230 mcludes a magnet 240 that rotates with paddle 230 and has a magnetic
ficld that 1s detectable by a magnetic sensor for determining an amount of tongr remating in
reservorr 202 as discussed in greater detail below. In one embodiment, magnet 240 18 positioned
at an axially outermost portion of paddle 230 near end wall 206 1 order to pernut detection by a
magncetic sensor on ond wall 206 (cither mounted directly on end wall 206 or indirectly on end
wall 206, such as on end cap 208) or on a portion of the image forming device adjacent o end
wall 236 when toner cartridge 200 1s mstalled i the image forming device. In one embodiment,
a pole of magnet 240 1s directed toward the position of the magncetic sensor m order to facilitate
the detection of magnet by the magnetic sensor. The magnetic sensor may be configured to
detect one of a north pole and a south pole of the magnet or both, Where the magnetic sensor

detects one of a north pole and a south pole, magnet 240 may be positioned such that the
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detected pole 1s directed toward the magnetic sensor. In one cmbodiment, paddiec 230 1s
composed of a non-magnetic material and magnet 240 15 held by a fnction fit 1n a cavity 242 in
paddic 230, For example, paddle 230 may be tormed of plastic overmolded around magnet 240,
Magnet 240 may also be attached to paddie 230 usmg an adhesive or fastener{s) so long as
magnet 240 will not dislodge from paddie 230 during operation of toner cartridge 200, Magnet
240 may be any suttable s1ze and shape so as to be detectable by a magncetic sensor. For
cxample, magnet 240 may be a cube, a rectangular, octagonal or other form of prism, a sphere or
cviinder, a thin sheet or an amorphous object. In another embodiment, paddle 230 1s composed
of a magnetic material such that the body of paddle 230 forms the magnet 240. Magnet 240 may
be composed of any suttable material such as steel, wwon, nickel, ¢tc. In one embodiment, body
204 and agitator 216 arc composcd of a non-magncetic material, such as plastic, 50 as not o

attract magunet 240 and mntertere with the motion of paddie 230,

{3043 ] Paddic 230 15 axially aligned on shaft 210 with a driving member 217 mounted on
shatt 210 such that paddie 230 15 10 the rotational path of driving moember 217, In this manner,

driving member 217 18 able to push paddle 238 when shaft 210 rotates. In the example
cmbodiment Hlustrated, an agitator 216 serves as driving member 217; however, a paddle or
other form of extension from shaft 210 may serve as the driving member 217, {n one
embodiment, shaft 210 and driving momber 217 rotate at a substantially constant rotational speed
when driven by drive element 214, Driving member 217 pushes a rear surtace 230A of paddle
230G, Paddie 230 may mclude ribs or other predefined contact points on 1ts rear surface J30A for

cugagement with driving raember 217,

{30441 Figures 6 A-00 schematically depict the relationship between paddie 230 and
driving member 217, Figures 6A-60 depict a clock face i dashed lines along the rotational path
of paddie 230 m order to ard m the description of the operation of paddle 230, When toner
reservorr 202 18 relatively full as depicted in Figure 6A, toner 203 present in reservoir 202
prevents paddic 230 from rotating treely about shaft 210, Instead, paddle 230 15 pushed through
its rotational path by driving member 217 when shatt 210 rotates. As a result, when toner
rescrvorr 202 1s relatively full as shatt 210 rotates, the rotational motion of paddie 230 tollows
the rotational motion of driving member 217, Toner 203 prevents paddle 230 from advancing

guicker than driving member 217,
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{(B645] As the toner level i reservorr 202 decreases as depicted i Figure 6B, as paddic

230 1s pushed through the upper vertical position of rotation {(the “12 o’clock™ position) by
driving member 217, paddle 230 tends to separate from driving member 217 and fall faster
(toward the “3 o’clock” position) than driving mmember 217 18 being driven duc to the weight of
paddie 230, As a resuit, paddie 238 may be referred to as a falling paddie. Paddie 230 falls
torward under 1ts own weight until a front face 2308 of paddle 230 contacts toner 203, which
stops the rotational advance of paddie 230, In this manner, paddie 230 remains substantially
stationary on top of {or slightly below the surface of) toner 203 until driving member 217 catches
up with paddie 230, When driving mevaber 217 advances and re-engages with rear surtace 230A

of paddic 230, driving member 217 resumes pushing paddle 230 through its rotational path.

{3346} When the toner level i reservorr 202 gets low as depicted n Figure 6C, paddie
230 tends to fall forward away from driving member 217 as paddle passes the “12 o'clock™
position and tends to swing all the way down to the lower vertical position of its rotational path
{the “6 o’clock” position). Depending on how much toner 203 remams, paddle 230 may tend to
osciilate back and forth in a pendulum manner about the “6 o clock™ position until driving
member 217 catches up to resume pushing paddle 230, As a result, 1t will be appreciated that the
rotational motion of paddie 230 relates to the amount of toner 203 remaining in reservoir 2072,
Figures 6A-6C show shatt 210 rotating n a clockwise direction when viewed from end wall 206;

however, the direction of rotation may be reversed as desired.

{3347 Paddie 230 has minimal rotational friction other than its interaction with foner 203
in rescrvorr 202, As a result, shafi 210 provides radial support for paddic 230 but docs not
impede the rotational movement of paddie 2380, Paddie 230 may be weighted as desired 1w order
to alicr us rotational movement., Paddic 230 may take many shapes and sizes as desired. For
example, Figure 7A wllustrates the paddie 230 shown 1o Figures 4 and 5. In this embodiment,

front face 2308 of paddle 230 15 substantially planar and normal to the direction of motion of

paddle 230 falls. In an alternative embodiment, front face 230B of paddie 230 1s angled with
respect to the direction of motion of paddic 230 {angled with respect fo shaft 210). As shownmn
Figure 7A, paddle 230 may mnclude one or more weights 231 mounted on paddie 230 and
positioned relative to an axis of rotation 239 of paddic 230 as desired to control the rotational

movement of paddie 230. Figure 78 illustrates a V-shaped paddle 1230 having a front face
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12308 forming a concave portion of the V-shaped profile for directing toner 203 away from ¢nd
wall 206 and wnto outlet port 218, Figure 7C dlustrates a paddlie 2230 having a comb portion
22300 for decreasing the friction between paddie 2230 and toner 203, Figure 7D illustrates a
paddle 3230 having a front face 32308 having a smaller surtface arca as compared with front face

23038 of paddie 230 in order to reduce the drag through toner 203,

{(3345] One or more magnetic sensors 250 positioned on end wall 206 of toner cartridge
200 or positioned on a portion of the mmage formung device adjacent to end wall 206 when foner
cartridge 200 1s instalied 1n the image formung device may be used to determune the amount of
toner 203 remamung n reservoir 202 by sensing the motion of paddle 234 as shaft 210 rotates.
Magnetic sensor{s} 250 may be any suitable device capable of detecting the presence or absence
of a magnetic field. For cxample, magnetic sensor(s} 250 may be a hali-effect sensor, which 1s a
transducer that varies its electrical output in response 10 a magnetic field. Two magnetic sensors
250A, 2508 are depicted 1n Figures 6A-0C. A first magnetic sensor 250A 15 positioned between
about the S o’clock” position and about the 7 o’ clock” position, such as at about the 6

o clock™ position as shown. An optional second magnetic seusor 2308 18 positioned between
about the “2 o’ clock” position and about the “4 o'clock” position. In the examplce ernbodiment

iHustrated, magnetic sensor 2508 18 positioned at about the 3 o'clock” position.

{3049 Figure 5 shows magnetic sensor 230A positioned on an outer surface of end wall
2036. In this embodiment, magnetic sensor 230A 1s in electronic comraunication with processing
circuitry 201 of toner cartridge 200, which may also be mounted on end wall 206 (either directly
ont the outer surface of end wall 206 or indirectly on end wall 206, such as on end cap 208).
Processing civcustry 201 and/or magnetic sensor 258A contams one or more electrical contacts
201A that contact corresponding clectrical contact(s) in the rmage forming device when toner
cartridge 200 18 1ostalled n the mmage formung device to facilitate communication with controller
102, Magnetic sensor{s} 250 and processing circuitry 201 may be positioned on other portions of
body 204 as desired so long as magnetic sensor{s) 250 are able to detect the presence of magnet
240 of paddle 230 at a point in the rotational path of paddlie 230. For example, in another
embodiment, magncet 240 18 posttioned along the outer radial edge of paddie 230 and magncetic

sensor 250A 1s posttioned along the bottom of the outer surtace of wall 2035,
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{GGS0] in one cmbodiment, two magnetic sensors 250A and 2308 arc used to determing
an amount of toner 203 remairung mn reservorr 202, Magnetic sensor 2308 1s positioned {o sense
the presence of magnet 240 as paddie 230 begins to move away from driving member 217 once
the toner level m reservorr 202 15 low enough to allow paddle 230 to advance ahead of driving
member 217, Magnetic sensor 230A 1s aligned at or near the lowest conter of gravity of paddie
230 to scnse the presence of magnet 240 ncar the lowest center of gravity of paddic 230 where
paddle 230 oscillates when the toner level i reservoir 202 18 low. In this embodiment, magnetic
sensors 250A and 250B provide time stamp data used by controlier 1(2 or a processor in
communication with controller 102, such as a processor of processing circuitry 201, to determine
how long it takes paddie 230 to pass from magnetic sensor 250B to magnetic sensor 250A during
rotation of shaft 210, In this manner, magnetic sensor 2508 may be referred to as the start sensor

and magnetic sensor 2530A may be referred to as the stop sensor.

[(BB53] Figure 8 shows a graph of the time difference AT between the detection of magnet
240 of paddle 230 by the start sensor and the detection of magnet 240 by the stop sensor (in
seconds) during rotation of shaft 210 versus the amount of toner 203 remaimung n reservoir 202
{(in grams}) over the life of onc example cmbodiment of toner cartridge 200, The graph 15 divided
to three “Zones” to help illustrate the operation of paddle 230, In Zone 1, reservowr 202 18
relatively full of toner 203 such as depicted mn Figure 6A. In Zone 1, paddie 230 moves at the
same speed as driving member 217 duc to the resistance provided by toner 203, As a result, the
time ditterence AT vahues i Zone 1 retlect the rotational speed of shaft 218 and driving member
217. In the example erubodiment illustrated in Figure 8, shaft 210 was rotated at 100 RPM (0.6
seconds per revolution} and magnctic sensors 250A and 2508 were separated by 90 degrees

resutting 1w a AT of about 8.15 seconds m fone 1.

{B852] in Zonc 2, the toner level m reservor 202 18 low enough that paddle 230 falls
forward ahead of driving member 217 atter paddle 230 passes the “12 o clock™ position such as
depicted n Figure 6B, In Zonce 2, paddle 230 falls forward away from driving merber 217 and
reaches the start sensor ahead of driving member 217, Paddie 230 then rests on toner 203 1o
reservoir 202 between the start sensor and the stop sensor until driving member 217 catches up

with paddic 2380 and resumnes pushing paddic 230, As a result, the fime difterence AT values in
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Zone 2 increase with respect to the AT values i Zone | due to the arrival of paddiec 230 at the

=y
]
i

start sensor ahead of driving member 21

{B853] in Zonc 3, the toner level m reservoir 202 18 low such as depicted i Figure 6C.

in Zone 3, paddle 230 falls forward away from driving member 217 and passes both the start
sensor and the stop sensor as a result of its own inertia without necding to be pushed by driving
member 217, As a result, the time difference AT values in fone 3 reflect the rotational speed of
paddic 230 as 1t talls ahead of driving member 217, The time ditference AT values in Zonge 3 are
less than the AT values i Zones 1 and 2. The AT values 1 Zone 3 continue to decrease as the
toner tevel m reservorr 202 decreases due to decreased resistance to paddle 230 as paddle 230

falis.

{54 The amount of toner 203 remaming i rescrvorr 202 at the transitions from Zonc |
to fone 2 and from Zong 2 to fone 3 may be determined empirically for a particular toner
cartridge design. As a result, the detection of these transitions may be used to deternune the
amount of toner 203 remaining 1 reservoir 202, Further, the nearly lmear decrease m AT values
in fone 3 can be converted to an amount of toner 203 remaiming mn reservoir 202 providing a
measurement of the toner 203 remaining when reservoir 202 1s near empty. When the toner level
is  Zones 1 and 2 between the transitions from fone 1 to Zone 2 and trom Zone 2 {o Zoune 3,
the toner level i reservorr 202 can be approximated based on an empirically derived feed rate of
toner 203 from toner reservorr 202 o the corresponding ymaging unit, For example, in one
embodiment, it has been observed that the teed rate of touner 203 from reservoir 202 decreases
limecarly as the toner level m reservorr 202 decreases. The feed rate of toner 203 fror reservorr
22 may be measured as the mass of toner dehivered from reservotr 202 per each toner addition
cycie. The amount of rotation of and geoometry of agitator(s) 216 and the rotatable auger (if
present ) determune how much toner 203 15 fed per toner addition cycle. It will be appreciated by
those skitled mn the art that the usce of a rotatable auger to oxat toner 203 {from reservoir 202 helps
control the precision of the feed rate of toner 203 exiting toner cartridge 200, The hnear
decrease m the feed rate of toner 203 from reservolr 202 18 due to the decrease n density of the
toner 203 n reservorr 202 as the height of foner 203 decreases. As a result, the toner level
reservoir 202 i Zone 1 can be approximated by starting with the mitial amount of toner 203

supphed m reservoir 202 and reducing the amount of toner 203 1n rescrvoir 202 per cach toner
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addition cycle based on the empirically determined feed rate. The estimated amount of toner
rermaining may be reset when the transition trom Zone 1 to Zone 218 detected based on the
copirically determined amount of toner remaining when this transition occurs. The toner level
in reservoir 202 mn Zone 2 can then be approximated based on the cmpirically determuned feed
rate. The estimated amount of toner remaining may be reset again when the transition from Zong
2 to fone 3 18 detected based on the erpinically determined amount of toner remaining when this
transition occurs. The AT values detected 1 fone 3 may then be converted to an amount of
toner 203 to provide an estimate of the amount of toner 203 remamning 1o reservoir 202 untid
toner cartridge 200 1s cmpty. In one embodiment, reservoir 202 1s deemed empty or near empty
and a message mdicating that reservorr 202 1s empty or near empty 18 displayed on user mterface

104 and/or display monitor 36 when the AT values detected fall below a predetermined value,

{B355] The transitions from Zone 1 to Zone 2 and from Fone 2 o Zone 3 depend on such
factors as the geometry of paddie 230, the friction between paddic 230 and shaft 210, the weight
of paddie 230 and the rotational speed of shatt 2180, For example, mcreasing the weight of
paddle 230 tends to make the transitions from Zone 1 to Zone 2 and from Zone 2 to Zone 3 occur
at greater toner amounts (1.¢., the transition pomts shown mn Figure 8 would move to the nght),
Decreasing the weight of paddie 236 tends to have the opposite ctiect. Further, if shaft 210 1s
rotated too fast {¢.g., at speeds above about 200-300 RPM), paddie 230 may not fall away from
driving member 217 thereby mhibiting the ability to use the time ditfercnce AT values to

determune the amount of toner remaiming n reservorr 202,

[ (B356] As mentioned above, when the toner level in reservoir 202 15 very low, paddie
230 way tend to oscillate back and forth about the “6 o’clock” position until driving member 217
catches up to resume pushing paddle 230, As a result, the stop sensor may sense magnet 240
multiplc times as paddle 230 oscillates betore the start sensor once agam senses magnet 240,

The extra passes of magnet 240 of paddie 230 past the stop sensor may be ignored by software
cxecuted by controller 102 {or another processor processing the datg from magnetic sensors

250A and 250B).

{3GR7 ] {t will be appreciated that shaft 210 may start and stop s rotation at random times
and at random points along the rotational path of shatt 210, As a result, in Zones 1 and 2, paddie

230 may be posttioned between the start sensor and the stop sensor when shatt 210 stops rotating
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potentially producing an extremely large AT value since paddie 230 won’t reach the stop sensor
until shaft 210 rotates again. In Zone 3, on the other hand, paddlic 230 tends to fail through both
the start sensor and the stop sensor. In one embodiment, shaft 210 is rotated at least about 1.5
revoiutions (540 degrees) cach time it rotates i order to ensure that paddie 230 passcs both the

start sensor and the stop sensor at least once per toner addition cycle.

| BOSE] in one ecmbodiment, one magnetic sensor 230A 15 used to determaine an amount of
toner 203 remaining 1n reservoir 202 {(without magnetic sensor 2508}, Magnetic sensor 250A 18
aligned at or near the lowest center of gravity of paddie 230 1o sense the presence of magnet 240
near where paddle 230 oscitiates when the toner level 1 reservorr 202 18 tow. The number of
passcs of paddie 230 past magnetic sensor 250A per cach revolution of shaft 210 may be

correlated to the amount of toner 203 1n reservoir 2872 when the toner level 1s low.

| BOSY] Figure © shows a graph of the number of passces of paddle 230 past magnetic
scnsor 250A per rotation of shaft 210 versus the amount of foner 203 remaming in reservoir 202
{in grams} over the bife of one example embodiment of toner cartridge 200 overlaid on the graph
shown 1 Figure 8. Before the toner level mn reservorr 202 18 low such as depicted m Figures 6A
and 6B, paddle 230 passes magnetic sensor 250A once per revohution of shait 218, Specifically,
the resistance provided by toner 203 1 rescrvoir 202 prevents paddle 230 {from reaching
magnetic sensor 230A abead of driving member 217, Once the toner level i reservorr 202 1s
low, however, as depicted in Figure 6 paddic 230 begins to oscillate or swing 1n a pendulum
rpanner past magnoetic sensor 250A more than one time per revolution of shaft 210, As the toner
ievel decreases, the number of passes of paddie 238 past magnetic sensor 230A per revolution of
shatt 210 mcreascs as a result of the decreased resistance trom toner 203, The number of passes
of paddie 230 past magnetic sensor 230A per revolution of shaift 210 may reach twelve or more
when the toner level i reservorr 282 18 very low dependimg on the speed of shaft 210 and the
swing period of paddic 230, In one embodiment, reservoir 202 18 deerned erapty or near empty
and a message mdicating that rescrvolr 202 1s empty or near empty 1s displayed on user interface
104 and/or display monttor 36 when the number of passes of paddle 230 past magnetic sensor
250A per revolution of shatt 210 cxceeds a predetermined value {e.g., four passes per revolution,

‘.

twelve passes per revolution, ete. ).
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{860 it will be appreciated from Figure 9 that counting or monitoring the number of
passes of paddie 230 past magnetic sensor 230A provides an mdication of the amount of toner
203 remaming w reservoir 202 when the toner level 18 low (1.¢., when paddle 230 passes
magnetic sensor 230A more than once per revolution of shaft 210). Betore the toner level 1s low
{1.¢., when paddie 230 passes magnetic seusor 230A once per revolution of shatt 210}, the toner
level mn reservoir 202 can be approximated based on the empinically determined feed rate of
toner 203 from toner reservorr 202 mto the corresponding imaging unit as discussed above. Asa
result, the toner {evel 1 reservoir 202 can be approximated by starting with the initial amount of
toner 203 supplied \n reservoir 202 and reducing the amount of toner 203 in reservoir 202 per
cach toncr addition cvele based on the empirically determined foed rate. This cstimation of the
toner level in reservoir 202 may be used until magnetic sensor 250A detects paddle 230 passing
more than once during a revolution of shaft 210. Once paddie 230 begins passing magnetic
sensor 250A more than once per revolution of shaft 210, the number of pulses detected by
magnetic sensor 230A per revelution of shatt 210 may be used to determine the amount of toner

233 remamning in reservoir 202,

{3061 ] Where a single magnetic sensor 230A 18 used, m one embodiment, shaft 210 1s
driven at a relatively low speed such as, tor example, {rom less than 10 RPM to about 80 RPM
mcluding all mcerernents and values therebetween such as about 40 RPM or icss 1 order to allow
paddic 230 o oscillate past magnetic sensor 230A more than once per revolution of shait 216
when reservoir 202 has hittie toner remaining before driving member 217 resumes pushing
paddle 230, The slower shaft 210 rotates, the more paddic 230 way oscillate betore driving

member 217 catches up to paddle 230,

{3862} it shaft 210 rotates at a relatively high speed such as, for example, greater than
about 80 RPM, paddle 230 may not have tivoe to oscillate past magnetic sensor 230A betore
driving member 217 catches up or paddic 230 may not fall away from driving member 217,
However, regardicss of the speed of shatt 210, the number of oscillations of paddle 230 past
magnetic sensor 250A may be measured when shatt 210 18 stopped. As a rosult, in another
embodiment, shaft 210 15 rotated at 4 speed of at least about 40 RPM and stopped penodically m
order to collect osciilation data. It will be appreciated that 1o this embodiment i driving member
217 18 positioned near the “6 o’clock” position when shaft 210 stops, dniving member 217 may

interfere with the oscillation data of paddle 230, Accordingly, where shatt 210 18 driven at speed
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above about 40 RPM and stopped periodically to collect osciliation data, it is preferred to avoid
rotating shait 210 a full 360 degree rotation or a multiple thereot cach fime shaft 210 rotates (1.e.,
364 degrees, 720 degrees, 108G degrees, etc.), otherwise driving member 217 may tend to be
positioned near the “6 o clock” position cvery time shaft 210 stops thereby mterfering with the
osctllation data of paddie 230. Sunularly, if shaft 210 1s rotated 1n half rotation increments ¢ach
time shaft 210 rotates (1.c., 180 degrees, 5340 degrees, 900 degrees, cte.), driving member 217
roay tend {o be positioned near the “6 o'clock” position every other time shatt 210 stops.
Accordingly, in one cmbodiment where shaft 210 1s driven at speed above about 40 RPM and
stopped periodically to collect oscillation data, shatt 210 138 rotated at least about 10 degrees more
or less than any full or haif rotation {¢.g., between about 190 degrees and about 350 degrees,
between about 370 degrees and about 530 degrees, between about 350 degrees and about 710
degrees, between about 730 degrees and about 890 degrees, eic.} cach tume shaft 210 rotates o
order to prevent driving member 217 from repeatedly stopping near the ¥6 o 'clock™ position and
nterfering with the oscillation data of paddie 238, For example, in the example embodiment
itiustrated i Figures 8 and 9, shaft 210 was rotated 550 degrees at 100 RPM and paused for

about 3 seconds between cach 550 degree rotation 1o order to allow paddle 230 to swing.

33631 {n addition to the rotational speed of shaft 218, the poimnt at which the transition
trom Zone 2 to Zone 3 occurs {the sensing range when one magnetic sensor 250A 18 used) and
the swing period of paddie 230 depend on the weight of paddie 230 and the radius of gyration of
paddic 230, As discussed above, paddie 230 may be weighted using one or more optional
werghts 231 1o order to provide a desired weight distnibution to deline the weight and radius of
oyration of paddiec 230, Specifically, control of the sensing range by the weight of paddie 230
and the center of gravity of paddic 230 18 governed by the mitial energy state at the onset of the
tall of paddiec 230 for a given weight and radius of gyration of paddie 230. As paddie 238
cncounters toner 203 m reservoir 202 with cach oscillation, this energy 1s diminished by an
amount that 18 a function of the mass of toner 203 encountered by paddie 230 during that
oscillation. This decrease i energy occurs untl paddic 230 siops swinging {cither through
encounters with toner 203 or through other frictions or resistance such as the energy lost in the
frictional interface between paddie 230 and shatt 210). In addition to the sensing range, the

number of oscillations of paddle 230 that occur when reservoir 202 15 empty {the sensing
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resglution when one magnetic sensor 250A 15 used) also depends on the weight distribution of

paddle 230.

| 3064] Accordingly, an amount of toner remaimimg 1 a reservorr may be determined by
sensing the rotational motion of a falling paddie, such as paddic 230, mounted on a rotatablc
shatt and rotatable mdependent of the shatt withun the reservorr. Because the motion of paddie
23{ 18 detectable by a sensor gutside of reservoir 202, paddic 230 may be provided without an
clectrical or mechanical connection to the outside of body 204 {(other than shaft 210}, This
avgids the need to seal an additional connection nto reservow 202, which could be susceptible to
icakapge. Because no scalimg of paddle 230 1s required, no scaling {riction exists that could alter
the motion of paddie 230. Further, positioning the magnetic sensor{s) sutside of reservorr 202
reduces the risk of toner contamination, which could damage the sensor{s). The magnetic
sensor{s) may also be used to detect the mnstallation of toner cartridge 200 10 the image {orming
device and to contirm that shaft 210 1s rotating properly thereby elinunating the need for

addifional sensors to perlorm these tunclions.,

{BU65] While the example embodiments tliustrated show magnet 240 positioned on the
body of paddic 230 m linc with front face 2308 of paddle 230 and the center of gravity of paddle
230, 1t will be appreciated that magnet 240 may be otiset angularly from paddie 230 as desired.
For cxampie, magnet 240 may be positioned on an arm or other form of extension that is angled
with respect to paddic 230 and connected to paddie 230 fo rotate with paddie 230. For example,
where two magnetic sensors 230A, 2508 arc used to collect time difference AT values, i magnet
244 1s oftset 90 degrees ahead of paddic 230, magnetic sensor 250A 18 positioned between about
the “8 ¢’ clock” position and about the 10 o 'clock™ position, such as at about the “9 o’ clock™
position, to detect when paddle 230 1s at or near its lowest center of gravity where paddie 230
oscillates and magnetic sensor 250B 15 positioned between about the 5 o’clock” position and
about the 7 o’clock” position, such as at about the “6 o’clock” position, to detect when paddie
230 begins to fall away from driving member 217, Similarly, where one magnetic sensor 2508
is used to collect oscillation data, 1t magnet 240 1s offset 180 degrees trom paddie 230, magnetic
sensor 250A 18 positioned between about the 11 o’clock” position and about the 1 o'clock”
position, such as at about the 12 o’clock” position, to detect when paddle 2360 18 at or near s

iowest center of gravity where paddie 230 oscillates. Further, while the examples discussed
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above sensing time difference AT valucs to determine the amount of toner 203 remaining in
reservoir 2072 use two magnetic sensors 250A, 2508 to detect the motion of one magnet 244, it
will be appreciated that ime difterence AT values may also be determuned using a simgle
raagnetic sensor 250 to detect the motion of a pair of angularly otfset magnets 240, In this

embodiment, one or both of the magncets 240 may be positioned on an arm or cxtension

connected to paddic 230 to rotate with paddic 230

{3866} The shape, architecture and contiguration of toner cartridge 200 shown m Figures
4 and 5 arc meant o serve as cxamples and are not intended to be limiting. For istance,
although the example mmage forming device discussed above mchudes a pair of mahing
replaceable units i the form of toner cartridge 200 and tmaging unit 300, it will be appreciated
that the replaceable unit(s) of the image forming device may erploy any suitable configuration
as desired. For example, in one embodiment, the main toner supply tor the image forming
device, toner adder roll 304, developer roll 306 and photoconductive drum 310 are housed inonge
replaceable unut, In another embodiment, the mam toner supply for the image forming device,
toner adder roll 304 and developer roll 306 are provided 1n a first replaceable unit and

photoconductive drurn 310 15 provided 1o a second replaceable unit,

{8671 Although the exampie embodiments discussed above utilize a talling paddie 1o the
reservoir of the toner cartridge, it will be appreciated that a falling paddle, such as paddic 230,
having a magnet may be used to determine the toner level 1n any reservoir or sump storing toner
in the image forming dovice such as, for cxampie, a reservolr of the imaging unit or a storage
arca for waste toner. Further, aithough the example embodiments discussed above discuss a
system for determining a toner level, 1t will be appreciated that this system and the methods
discussed herein may be used to deternune the level of a particulate matenial other than toner

such as, for example, grain, sced, tlour, sugar, sali, ¢tc.

LHEY Although the examplies above discuss the use of one or two magnetic sensors, i
will be appreciated that more than two magnetic sensors may be used as desired 1w order to
olbtain more information regarding the movement of the falling paddie having the magnet.
Further, while the exaraples discuss sensing a magnet using a roagnctic sensor, in another
cmbodiment, an imductive sensor, such as an eddy current sensor, or a capacifive sensor 1§ used

instead of a magnctic sensor. In this embodiment, the falling paddic mcludes an clectrically
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conductive clement detectable by the inductive or capacitive sensor. As discussed above with
respect to magnet 240, the metalhic clement may be attached to the falling paddle by a {ricthion {i,
adhesive, fastencr(s}, etc. or the falling paddie may be composed of a metallic material or the
metallic element may be posttioned on an arrn or extension that 18 rotatable with the falling
paddie. In another alternative, the talling paddle mncludes a shatt that extends to an outer portion
ot body 204, such as through wall 2006 or 207. An encoder wheel or other form of encoded
device 1s attached or formed on the portion of the shaft of the falling paddle that 1s outside
reservolr 202, A code reader, such as an infrared sensor, 18 positioned to sense the motion of the
encoded device {(and therefore the motion of the talling paddie) and mn communication with
controiler 102 or another processor that analyzes the motion of the falling paddle in order to

determine the amount of toner remaining 1in reservoir 202,

{3069] Figure 10 shows another example embodiment of toner cartnidge 200, In thas
embodiment, toner cartridge 200 does not include talling paddie 230 that 1s free to rotate
mndependent of shatt 210, Instead, onc of agitators 216, such as an agitator 2106A positioned next
to end wall 206, iciudes magnet 248, As discussed above, agitators 216 are mounted on and
rotate with shaft 210 to stir and move toner within reservoiwr 202, In this ermbodiment, magnet
240 rotates with agitator 216A when shaft 210 rotates. With reference to Frigure 11, in one
embodiment, magncet 240 18 posttioned at an axaally outermost portion of agitator 216A near end
waltl 206 m order to permit detection by magnetic sensor(s) 230 on end wall 236 or on a portion
of the image forming device adjacent to end wall 206 when toner cartridge 200 1s instalied in the
image torming device. Magnet 240 may be orented, shaped and mounted to agitator 216A 1o
varigus ways as discussed above with respect to paddic 230, In this embodiment, magnetic
sensor{s) 230 detect the rotation of shaft 210 by secosimg magnet 240 as agitator 210A passes
magnetic sensor{s) 250 since magnet 240 will be posttioned at a discrete crrcumierential location
along the rotational path of agitator 216, As discussed above, the toner level m reservorr 202 can
be approxumated based on an empirically derived teed rate of toner from reservorr 202 mto the
corresponding imaging urat, For example, the toner level can be approximated by starting with
the mifial amount of toner supphed 1 reservorr 202 and reducing the amount of toner in
reservoir 207 based on the empirically determined feed rate per revelution of shatt 210 {(or per
toner addition cycle) as determined by sensing the number of revolutions of shaft 210 using

magnetic sensor{sy 250. Magncetic sensor{s) 250 may also be used to detect the presence of toner
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cartridge 200 1n the 1image forming device and to confirm that shaft 210 1s rotating properly
within reservoir 202 thereby elimimating the need for additional sensors to perform these

functions.

[0070] The foregoing description 1llustrates various aspects of the present disclosure.
It 1s not intended to be exhaustive. Rather, 1t 1s chosen to illustrate the principles of the
present disclosure and 1ts practical application to enable one of ordinary skill in the art to
utilize the present disclosure, including 1ts various modifications that naturally follow. All
modifications and variations are contemplated within the scope of the present disclosure as
determined by the appended claims. Relatively apparent modifications include combining

one or more features of various embodiments with features of other embodiments.

SUBMTITUTE SHEET (RULE 26)
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WHAT IS CLAIMED IS:

1. A replaceable unit for an electrophotographic image forming device, comprising:

a housing having an inner volume forming a reservoir for storing toner; a rotatable shaft

positioned within the reservoir;

a paddle mounted on the shaft and rotatable independent of the shaft; a driving member
on the shaft and fixed to rotate with the shaft, the driving member positioned to push the
paddle when the shaft rotates, the paddle being free to fall ahead of the driving member; and

a magnetic sensor mounted on the housing outside of the reservorr,

wherein the paddle includes a magnetic element rotatable with the paddle and the
magnetic element having a magnetic field detectable by the magnetic sensor when the

replaceable unit is installed in the image forming device for detecting a motion of the paddle.

2. The replaceable unit of claim 1, wherein the paddle is axially positioned on the shaft

next to an end wall of the housing.

3. The replaceable unit of claim 2, wherein the magnetic sensor is mounted on an exterior

portion of the end wall.

4. The replaceable unit of claim 3, wherein the magnetic element is positioned near an

axial end of the paddle adjacent the end wall.

5. The replaceable unit of claim 1, wherein the magnetic sensor is positioned to sense the
magnetic element near a lowest center of gravity of the paddie when the replaceable unit 1s 1n

an installed position in the image forming device.

6. The replaceable unit of claim 1, wherein the magnetic element is positioned

substantially angularly in line with a center of gravity of the paddle with respect to an axis of

rotation of the shatft.
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7. The replaceable unit of claim 1, wherein the magnetic element is held in a cavity in the
paddle.
8. The replaceable unit of claim 1, wherein the paddle has a flat, planar front surface

positioned to lead when the paddle is pushed by the driving member.

0. The replaceable unit of claim 1, further comprising at least one weight positioned on

the paddle that affects the motion of the paddle when the paddle falls ahead of the driving

member.

10. A replaceable unit for an electrophotographic image forming device, comprising:
a housing having an inner volume forming a reservoir for storing toner;

a rotatable shaft positioned within the reservoir and spanning a length of the reservoir,

the shaft having an agitator extending therefrom that is fixed to rotate with the shaft for

agitating said toner within the reservoir;

a paddle mounted on the shaft and free to rotate independent of the shaft, the agitator

being positioned to push the paddle when the shaft rotates, the paddle being free to separate

from the agitator;
a magnetic sensor mounted on an exterior portion of the housing; and

a magnetic element connected to the paddle to rotate with the paddle and the magnetic
element having a magnetic field detectable by the magnetic sensor when the replaceable unit is

installed in the image forming device for detecting a motion of the paddle.

11.  The replaceable unit of claim 10, wherein the paddle is axially positioned on the shaft

next to an end wall of the housing.

12.  The replaceable unit of claim 11, wherein the magnetic sensor is mounted on an

exterior portion of the end wall.
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13.  The replaceable unit of claim 12, wherein the magnetic element is positioned near an

axial end of the paddle adjacent the end wall.

14.  The replaceable unit of claim 10, wherein the magnetic sensor is positioned to sense the

magnetic element near a lowest center of gravity of the paddle when the replaceable unit is 1n

an installed position in the image forming device.

15. The replaceable unit of claim 10, wherein the magnetic element is positioned
substantially angularly in line with a center of gravity of the paddle with respect to an axis of

rotation of the shaft.

16.  The replaceable unit of claim 10, wherein the magnetic element is held in a cavity in
the paddle.
17.  The replaceable unit of claim 11, wherein the paddle has a flat, planar front surface

positioned to lead when the paddle is pushed by the agitator.

18.  The replaceable unit of claim 10, further comprising at least one weight positioned on

the paddle that affects the motion of the paddle when the paddle falls ahead of the agitator.
19. A replaceable unit for an electrophotographic image forming device, comprising:

a housing having an inner volume forming a reservoir for storing toner and an outlet
port for exiting said toner from the replaceable unit, the outlet port including an opening into

the reservoir for transferring said toner out of the reservoir;
a rotatable shaft positioned within the reservoir;

a paddle mounted on the shaft and rotatable independent of the shaft, the paddle being

positioned to rotate past the opening into the reservorr,

a driving member on the shaft and fixed to rotate with the shaft, the driving member

positioned to push the paddle when the shaft rotates, the paddle being free to fall ahead of the

driving member; and
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a magnetic sensor mounted on an exterior portion of the housing,

wherein the paddle includes a magnetic element having a magnetic field detectable by
the magnetic sensor for detecting a motion of the paddle and the magnetic sensor is positioned
to sense the magnetic element at a point where the paddle oscillates when a toner level in the
reservoir is low when the replaceable unit is in an installed position in the image forming

device.

20.  The replaceable unit of claim 19, wherein the paddle is axially positioned on the shaft

next to an end wall of the housing and the magnetic sensor is mounted on an exterior portion of

the end wall.
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