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REPLACEABLE UNIT FOR AN ELECTROPHOTOGRAPHIC IMAGE FORMING
DEVICE HAVING AN ENGAGMENT MEMBER FOR POSITIONING A MAGNETIC

SENSOR
BACKGROUND
166G01] 1. Field of the Disclosure
THEYA The present disclosure relates generally 1o image forming devices and more

particularly 1o a replaceable unit for an electrophotographic image forming device having an

engagement member for positioning a magnetic sensor.

[{EHIX]! 2. Description of the Related Art
6004} During the electrophotographic printing process, an elecirically charged

rotating photoconductive drum is selectively exposed to a laser beam. The areas of the
photoconductive drum exposed o the laser beam are discharged creaiing an elecirostatic
latent image of a page o be printed on the photoconductive drum. Toner particles are then
electrostatically picked up by the latent image on the photoconductive drum creating a toned
image on the dram. The toned image is transferred to the print media (e.g., paper) either
directly by the photoconductive drum or indirectly by an intermediate transfer member, The

toner is then fused to the media using heat and pressure to complete the print.

6005} The image forming device’s toner supply is typically stored in one or more
replaceable units that have a shorter lifespan than the image forming device. It is desired to
communicate various characteristics of the replaceable unit(s) to the image forming device
for proper operation. For example. as these replaceable units run out of toner, the units must
be replaced or refilled in order to continue printing. As a resull, it may be desired lo
communicate the amount of toner remaining in the replaceable unit(s}) to the image {orming
device in order to wamn the user that the replaceable unit is near an eropty state or to prevent
printing after the unit is empty in order to prevent damage to the image forming device. It
may be desired to communicate other characteristics of the replaceable unit(s) to the image
forming device such as toner type, toner color, toner capacity, replaceable unit serial number,

replaceable unit type, elc.
SUMMARY

16006] A replaceable unit for an electrophotographic image forming device according

to one example embodiment tincludes a housing having a top, a bottom, a front, and a rear
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positioned between a first side and a second side of the housing. The housing has a reservoir
for storing toner. A rotatable shaft is positioned within the reservoir and has an axis of
otation. A magnet in the reservoir is movable in response to rotation of the shaft. An
engagement member is posilioned on an exterior of the top of the housing. The engagement
member is digned with a point in a path of movemeni of the magnet in the reservoir. The
engagenment member has a front surface that is unobstructed to contact and push a housing in
the image forming device supporting a magnetic sensor to an operating position of the

magnetic sensor during insertion of the replaceable unit into the image forming device.

[6G07] In some embodiments, the magnet is rotatable around the axis of rotation of
the shaft in response to rotation of the shaft. In some embodiments, the engagement member
is axially aligned with the magnet relative to the axis of rotation of the shafi. Embodiments
include those where the magnet passes in close proximity {o an inner surface of the housing
forming the reservoir at a location where the engagemeni member is positioned on the
exterior of the housing. In some embodiments, the engagement member projects upward
from the top of the housing. Embodiments include those where the front surface of the
engagemeni member includes a pair of front engagement surfaces spaced axially apart from
each other and aligned with each other along a front-to-rear dimension of the housing.
Embodiments also include those where the engagement member includes a pair of side
engagement surfaces that face each other and that are spaced axially apart from each other
and aligned with each other along a front-to-rear dimension of the housing. In some
embodiments, a rarop is positioned on the exterior of the housing in front of the engagement
member and feading toward the engagement member. A top surface of the ramp inclines
upward as the ramp extends toward the engagement member. A planar top surface may
extend rearward from a rear end of the ramp to the engagement member. The planar top

surface may be substantially horizontal when the toner cartridge is in its operalive orientation.

16608] A replaceable unit for an electrophotographic image forming device according
to another example embodiment includes a housing having a top, a bottom, a frout, and a rear
positioned between a first side and a second side of the housing. The housing has a reservoir
for storing toner. A rotatable shaft is positioned within the reservoir and has an axis of
rotation. A magnet is connected to the shaft and rotatable around the axis of rotation in
response 1o rotation of the shaft. An engagement member is positioned on an extenior of the
top of the housing, The engagement member is axially aligned with the magnet relative to

the axis of rotation of the shaft. The engagement member has a frontward facing portion that
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is unobstructed o contact and align a housing in the image forming device supporting a

magnetic sensor during insertion of the replaceable unit info the image forming device.

HTHERH A replaceable unit for an electrophotographic image forming device according
to another example embodiment includes a housing having a top, a bottom, a front, and a rear
positicned between a first side and a second side of the housing. The housing has a reservoir
for storing toner. A rotatable shaft is positioned within the reservoir and has an axis of
rotation. A magnet in the reservoir is movable in response to rotation of the shaft. An
engagement member is positioned on an exterior of the top of the housing. The engagement
member ts configured 1o align a magnetic sensor in the image forming device with a point in
a path of movement of the magnet in the reservoir during insertion of the replaceable unit jnto

the image forming device.
BRIEF DESCRIPTION OF THE DRAWINGS

16010] The accompany ing drawings incorporated in and forming a part of the
specification, illustrate several aspects of the present disclosure, and together with the

description serve to explaim the principles of the present disclosure.

6011 Figure 1 is a block diagram of an imaging system according to one example
embodiment.
{8012] Figure 2 is a perspective view of a toner cariridge and an imaging unit

according 10 one exarnple embodiment.

6613] Figure 3 is a froni perspective view of the toner cariridge shown in Figure 2.
16614] Figure 4 is a rear perspective view of the toner cartridge shown in Figures 2
and 3.

{6615} Figure 515 an exploded view of the foner cartridge shown in Figures 2-4

showing a reservoir for holding toner therein.

HEG T Figure 6 is a cross-sectional side view of the toner cartridge installed in an

image forming device according to one example embodiment.

6617} Figure 7 1s a bottom perspective view of a magnetic sensor housing according

to one example embodiment.

0018 Figure 8 is a top perspeciive view of the magnetic sensor housing shown
(=4

Figure 7.
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{6019 Figure ¢ is a front perspective view of the toner cartridge shown in Figures 2-5
with a portion of a front wall of the toner cariridge removed {o llustrate a poriion of the

reservoir according 1o one example embodiment.

6620} Figure 10 is a top plan view of an engagement member of the toner cartridge

shown in Figure 9 according o one example embodiment.

3021} Figure 11 15 g side elevation view of the loner cartridge as if enters the image
forming device.

[8022] Figure 12 15 a side elevation view of the {oner carinidge inserted further into
the image forming device with the {oner cartridge contacting the magnetic sensor housing.
[6G23] Figure 13 is a side elevation view of the toner cartridge insarted further into
the image forming device with the {oner cartridge having moved the magnetic sensor housing

to its final vertical position.

[3024] Figures 14A and 14B are a side elevation view and a top cross sectional view,
respectively, of the toner cartridge inserted further into the image forming device with the

engagement member of the toner cartridge approaching the magnetic sensor housing.

[B025] Figures 15A and 138 are a side elevation view and a top cross sectional view,
respectively, of the toner cartridge inserted further into the image forming device with
engagement surfaces of the engagement member of the toner cartridge contacting
corresponding engagement surfaces of the magnetic sensor housing,

[6626] Figure 16 1s a side elevation view of the toner cartridge fully installed in the
image forming device and the magnetic sensor housing in iis operaling position.

{6627} Figure 17A is a top plan view of a first engagement member of the toner
cartridge according to one example embodiment,

[0028] Figure 178 1s a top plan view of a second engagement member of the toner
cartridge according to one example embodiment.

60629} Figure 17C is a top plan view of a third engagement member of the toner

[=asted

cartridge according to one example embodiment.

6039} Figure 17D 1s front perspective view of a fourth engagement member of the

toner cartridge according to one example embodiment.
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[8G31] Figure 18 is a perspective view of a paddle assembly of the toner cartridge

according to one exarmple embodiment.

8032} Figures 19A~19C are cross-sectional side views of the toner cartridge
llustrating the operation of a sensing linkage at various {oner levels according to cne

example embodiment.

{3G33] Figure 20 is a perspective view of a paddle assembly of the toner cariridge

according to another example embodiment.
DETAILED DESCRIPTION

0034} In the following description, reference is made to the accompanying drawings
where like numerals represent like elemenis. The embodiments are described in sufficient
detail to enable those skilled in the art to practice the present disclosure. Itis to be
understood that other embodiments may be utilized and that process, elecirical, and
mechanical changes, etc., may be made without deparing {rom the scope of the present
disclosure. Examples mevely typify possible variations. Portions and features of some
smbodiments may be included in or substituted for those of others. The following
description, therefore, is not to be taken in a limiting sense and the scope of the present

disclosure is defined only by the appended claims and their equivalents.

[6835] Referring now to the drawings and particularly to Figure 1, there is shown a
block diagram depiclion of an imaging sysiem 20 according o one example emboediment,
Imaging system 20 includes an image forming device 22 and a computer 24. Image forming
device 22 commumnicates with computer 24 via a communications link 26. As used herein,
the term “commumications link™ generally refers to any structure that facilitates electronic
communication between multiple components and may operate using wired or wireless

technology and may include comumumicalions over the Inlemel.

{0636} in the example embodiment shown in Figure 1, image forming device 221s a
mulitfunction machine (semetimes referred to as an all-in-one {ATQ) device) that includes a
controller 28, a print engine 30, a laser scan unit (LSU) 31, an imaging unit 32, a toner
cartridge 35, a user interface 36, a media feed system 38, a media input tray 39 and a scanner
system 40. Tmage forming device 22 may communicale with computer 24 via a standard
communication protocol, such as for example, wuversal serial bus (USB), Ethernet or (EEE
802 xx. Image formung device 22 may be, for example, an electrophotographic printer/copier

inchuding an integrated scanner system 40 or 2 standalone electrophotographic printer.
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{6637} Controller 28 includes a processor unit and associated electronic memory 29.
The processor may include one or more integrated circwis in the form of a microprocessor or
central processing unit and may be formed as one or more Apphication-specific integrated
circuits {ASICs). Memory 29 may be any volatile or non-volatile memory or combination
thereof such as, for example, random access memory (RAM), read only memory {ROM),
flash memory and/or non-volatile RAM (NVRAM). Alternatively, roemory 29 may be in the
form of a separate memory {e.g., RAM, ROM, and/or NVRAM), a hard drive, a CD or DVD
drive, or any memory device convenient for use with controller 28 Controller 28 may be, for

example, a combined printer and scanner controller.

{00384 In the example embodiment ustrated, coniroller 28 comumunicates with print
engine 30 via a communications link 30, Controller 28 communicales with imaging unit 32
and processing circuiiry 44 thereon via a communications link 51, Controller 28
comrnunicates with toner cartridge 35 and processing circuitry 45 thereon viaa
communications link 52, Coutroller 28 comymunicales with media feed system 38 via a
communications link 53, Controller 28 communicates with scanner system 40 via a
communications link 54. User interface 36 is communicatively coupled to controller 28 via a
communications link 55, Processing cirouwitry 44, 45 may provide authentication functions,
safety and operational interlocks, operating parameters and usage information related ic
imaging unit 32 and toner cartridge 35, respectively. Controller 2€ processes print and scan

data and operales prini engine 30 during printing and scanner syslem 40 during scanning,

[0039) Computer 24, which is optional, may be, for example, a personat computer,
including electronic memory 60, such as RAM, ROM, and/or NVRAM, an input device 62,
such as a keyboard and/or a mouse, and a display monitor 64. Computer 24 also includes a
processor, input/output (I/0) interfaces, and may include at least one mass data storage
device, such as a hard dnive, a CD-ROM and/or a DVD umt (not shown). Computer 24 may
also be a device capable of communicating with image forming device 22 other than a
personal computer such as, for example, a tablet computer, a smariphons, or other electronic

device.

[O020] in the example ermbodiment illusirated. computer 24 includes m us memory a
software program including program instructions that function as an imaging driver 66, e.g.,
printer/scanner driver software, for image forming device 22. Imaging driver 66 1§ in
communication with controller 28 of image forming device 22 via communications link 26.

Emaging driver 66 facilitates comnmnication between image formung device 22 and computer
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24. One aspect of imaging driver 66 may be, for example, to provide formatted print data to
image forming device 22, and more particufarly to print engine 30, to print an image.
Another aspect of imaging driver 66 may be, for example, to faciliate collection of scammed

dafa from scanner system 40,

16041] In some circumstances, it may be desirable {o operate image forming device
22 1 a standalone mode. In the standalone mode, image forming device 22 is capable of
functioning without computer 24, Accordingly, all or a portion of imaging driver 66, ora
similar driver, miay be located in controller 28 of image forming device 22 so as to

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

6042} Print engine 30 includes a laser scan unit (LSU) 31, toner cartridge 35,

-
I
H

imaging untt 32, and a fuser 37, all mounted within image forming device 22. fmaging unit
32 is removably mounted in image forming device 22 and includes a developer unit 34 thai
houses a toner sump and a toner delivery systemt. In one embodiment, the toner delivery
system utilizes what 1s commonly referred to as a single component development system. n
this embodiment, the toner delivery system includes a toner adder roll that provides toner
from the toner sump to a developer roll. A doctor blade provides a metered uniform layer of
toner on the surface of the developer roll. In another embodiment, the toner delivery system
utthizes what 15 conmonly referred to as a dual component developrent systemn. In this
embodiment, toner in the toner sump of developer unit 34 is mixed with magnetic carrier
beads. The magnetic carrier beads may be coated with a polvmeric film to provide
triboelectric properties o altract toner to the carrier beads as the toner and the magnetic
carrier beads are mixed in the toner sump. In this embodiment, developer unit 34 includes a
magnetic roll that attracts the magnetic carrier beads having toner thereon 1o the magnetic roll

through the use of magnetic fields.

{60437 imaging unit 32 also includes a cleaner umit 33 that houses a photeconductive
drum and a waste toner removal system. Toner cartridge 35 is removably mounted in
imaging forming device 22 in a mating relationship with developer unit 34 of imaging unit
32. Anouilet port on toner cartridge 35 communicates with an entrance port on developer
unit 34 allowing toner to be periodically transferred from toner cartridge 35 to resupply the

toner sumyp in developer unit 34.

{8044} The elecirophotographic printing process is well known in the art and,

therefore, is deseribed briefly herein. Daring a printing operation, laser scan umit 31 creates a
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latent image on the photoconductive drum in cleaner unit 33. Toner is transferred from the
foner sump in developer unit 34 to the latent image on the photoconductive drum by the
developer roll {in the case of a single component development system) or by the magnetic
roll (in the case of a dual component development sysiem) Lo creale a loned image. The
toned image is then ransferred to a media sheet received by imaging umit 32 from media
input tray 39 for printing. Toner may be transferred directly 1o the media sheet by the
photoconductive drum or by an intermediate transfer member that receives the toner from the
photoconductive drum. Toner remnants are removed from the photoconductive drum by the
wasie foner removal system. The toner image is bonded 1o the media sheet i fuser 37 and
then sent to an output location or to one or more finishing options such as a duplexer, a

stapler or a hole-punch.

{3G45] Referning now to Figure 2, a toner cartridge 100 and an imaging unit 200 are
shown according to one example embodiment. Imaging unit 200 includes a developer unit
202 and a cleaner unit 204 mounted on a common frame 206. As discussed above, imaging
unit 20¢} and toner cartridge 100 are each removably installed in image fornung device 22.
Imaging unit 200 1s first slidably inserted into image forming device 22. Toner carinidge 100
i3 then inserted into image forovwog device 22 and onto frame 206 in a mating relationship
with developer unit 202 of imaging unit 200 as idicated by the arrow shown in Figure 2.
This arrangement allows toner cartridge 100 {o be removed and reinserted easily when
replacing an empty toner cariridge 100 without having (o remove imaging unit 200. Imaging
unit 200 may also be readily removed as desired in order to maintain, repair or replace the
components associated with developer unit 202, cleaner unit 204 or frame 206 or to clear a

media jam.

[6046] With reference to Figures 2-5, toner cartridge 100 inchades a housing 102
having an enclosed reservoir 104 (Figure 5) for storing toner. Housing 102 may include a top
or lid 106 mownrted on a base 108, Base 108 includes first and second side walls 110, 112
comected to adjoining front and rear walls 114, 116 and a bottom 117, In one embodiment,
top 106 is ultrasonically welded 1o base 108 thereby forming enclosed reservoir 104, First
and second end caps 118, 120 may be mounted {o side walls 110, 112, respactively, and may
inchade guides 122 to assist the insertion of toner cartridge 100 into image forming device 22
for mating with developer umit 202, First and second end caps 118, 120 may be snap fitted
into place or atiached by screws or other fasteners. Guides 122 travel in corresponding

channels within image formung device 22. Legs 124 may also be provided on bottom 117 of
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base 106 or end caps 118, 120 to assist with the insertion of toner cartridge 100 into image
forming device 22. Legs 124 are recaived by frame 206 to facilitate the mating of toner
cartndge 100 with developer unit 202, A handle 126 may be provided on top 106 or base 108
of toner cartridge 100 1o assist with insertion and removal of toner cartridge 100 from
imaging unit 200 and image formung device 22. An outlet port 128 is positioned on front

wall 114 of toner cartridge 106 for exiting toner from toner cartridge 100,

(G047} With reference to Figure 3, various drive gears are housed within a space
formed between end cap 118 and side wall 110. A main interface gear 130 engages witha
drive system in image formung device 22 that provides torque fo man interface gear 130, A
paddle assermubly 140 is rotatably mounted within toner reservoir 104 with first and second
ends of a drive shaft 132 of paddle assembly 140 extending through aligned openings in side
walls 110, 112, respectively. A drive gear 134 is provided on the first end of drive shafi 132
that engages with main interface gear 130 either directly or via one or more intermediate
gears. Bushings may be provided on each end of drve shaft 132 where it passes through side

walls 110, 112.

[66438] An auger 136 having first and second ends 136a, 136b and a spiral screw
flight is positioned in a charnel 138 extending along the width of front wall 114 between side
walls 110, 112, Channel 138 may be integrally molded as part of front wall 114 or formed as
a separate component that is attached to front wall 114. Channel 13% is generally honzontal
in orientation along with toner cartridge 100 when {oner cartridge 100 is installed in image
foronng device 22, First end 1364 of auger 136 extends through side wall 110 and a drive
gear (not shown) is provided on first end 136a that engages with main interface gear 130
etther directly or via one or more intermediate gears. Channel 138 may include an open
portion 138a and an enclosed portion 138b. Open portion 138a1s open to toner reservoir 104
and extends from side wall 110 toward second end 136b of auger 136, Enclosed portion
138b of channel 138 extends from side wall 112 and encloses an optional shuiter and second
end 136b of auger 136. Tn this embodiment, outlel port 128 is positioned at the boitom of
enclosed portion 138b of chammel 138 so that gravity will assist in exiting toner through outlet
port 128. The shutier 1s movable between a closed position blocking toner from exiting outlet
port 128 and an open position permiiting toner to exit ouilet port 128,

8049} As paddle assembly 140 rotates, 1 delivers toner from toner reservoir 104 into
open portion 138a of channel 138, As auger 136 rotates, it delivers foner received in channel

138 into enclosed portion 138b of channel 138 where the toner passes out of cutlet port 128



10

15

20

25

30

WO 2016/137742 PCT/US2016/017095

into a cosresponding enirance port 208 in developer unit 202 (Figure 2. In one embodiment,
entrance port 208 of developer unit 202 1s surrounded by a foam seal 210 that traps residual
toner and preveants toner leakage at the interface between outlet port 128 and entrance port

208,

16CG50] The diive system in image forming device 22 includes a drive motor and a
drive transmission {rom the drive motor 10 a drive gear that mates with main inlerface gear
130 when toner cartridge 100 is installed in image forming device 22, The drive system in
image forming device 22 may include an encoded device, such as an encoder wheel, (2.8,
coupled to a shaft of the drive motor) and an associated code reader, such as an nfrared
sensor, to sense the motion of the encoded device. The code reader is in communication with
conirodler 28 in order to permut coniroller 28 1o track the amount of rotation of main interface

gear 130, auger 136 and paddie assembly 140.

IHESH! Although the example embodiment shown in Figures 2-3 includes a pair of
replaceable units n the form of toner cartridge 100 and 1maging unit 200, it will be
appreciated that the replaceable unii(s) of the image forming device may employ any suitable
configuration as desired. For example, in one embodiment, the main toner supply for the
image forming device, the developer unit, and the cleaner unit are housed in one replaceable
unit, In another embodiment, the main tonet supply for the image forming device and the
developer unit are provided in a first replaceable unit and the cleaner unit is provided in a
second replaceable wnit. Fusther, although the example image forming device 22 discussed
above includes one loner cariridge and corresponding imaging unti, in the case of an image
forming device configured to print in color, separate replaceable units may be used for each
toner color needed. For example, in one embodiment, the image forming device inchudes
four toner cartridges and fowr corresponding imaging units, each toner cartridge containing a
particular toner color {e.g., black, cvan, vellow and magenta) and each imaging unit

corresponding with one of the toner cartridges to permit color printing.

[6052] Figure 6 is 3 cross-sectional side view of toner cartridge 100 installed in image
forming device 22 according to one example embodiment. Paddle assembly 1490 includes at
least ong permanent magnet, such as magnets 150, 168a and 168b shown mn Figure 6, that
moves within reservoir 104 in response to the rotation of drive shaft 132 and paddle assembly
140. As discussed in greater detail below, the permanent magnet{s} conununicaie
information about toner cartridge 100 to controller 28 of image forming device 22, Image

forming device 22 includes a magnetic sensor 300 positioned to detect the motion of the

10
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permanent magnet(s} during rotation of shaft 132 when toner cartridge 100 is instailad in
rage forming device 22. Magnetic sensor 300 is in electronic comnumication with
controller 28, Tn the example embodiment llustraled, magnenc sensor 300 is positioned
adjacent 1o top 106 of housing 102. In other embodiments, magnetic sensor 300 is positioned
adjacent to bottom 117, front wall 114, rear wall 116 or side wall 110 or 112. In those
smbodiments where magnetic sensor 300 is positioned adjacent to top 106, botiom 117, front
wall 114 or rear wall 116, the magnet(s) are positioned adjacent to the inner surfaces of top
106, bottom 117, front wall 114 or rear wall 116 as shaft 132 rotates. In those embodiments
where magnetic sensor 300 is positioned adjacent to side wall 110 or 112, the magnet{s}) are
positioned adjacent to the nner surface of side wall 110 or 112, Magnetic sensor 300 may be
any suitable device capable of detecting the presence or absence of a magnetic field. For
exarnple, magnetic sensor 300 may be a hall-effect sensor, which is a transducer that varies

its electrical output in response to a magnetic field.

[B633] Magnetic sensor 300 is supported by a housing 302 that is rovable within
image forming device 22. As discussed in greater detail below, housing 302 is biased toward
a home position that is in the insertion path of toner cariridge 100 such that as toner cartridge
100 is installed in image forming device 22, an engagement member (not shown in Figure 6
for clanty} on toner cartridge 100 contacts and moves housing 302 into position to detect the
permanent magnet(s) in reservoir 104, The positioning of housing 302 by toner cartridge 100
upon staliation of toner cartridge 100 inlo image forming device 22 permits the accurate
posttioning of magnetic sensor 300 relative to the permanent magnet(s) of each individual
toner cartridge 100 installed in image forming device 22 regardless of manufacturing
variations between different toner cartridges 100. If instead housing 302 is positioned at a
fixed location in image forming device 22, depending on physical variations between
different foner cartridges 100, magnetic sensor 300 may not be properly positioned to detect

the permanent magnet(s) of a given toner cartridge 100,

[3054) Figures 7 and 8 show housing 302 according to one example embodiment. In
this embodiment, housing 302 is positionad adjacent to top 106 of housing 102 as shown in
Figure 6. Housing 302 includes a bottom 304 that faces foward top 106 of housing 102 when
toner cartridge 100 is installed in image forming device 22 and a top 306 that faces away
from toner cartridge 100, As shown 1n Figure 7, in the embodiment tustrated, magnelic
sensor 300 1s exposed on bottom 304 of housing 302 1o permit detection of the permanent

magnet{s) of toner cartridge 100, Housing 302 includes a rear 310 that faces toward the

11
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direction from which toner cartridge 100 is inserted into image forming device 22 and a front

308 opposite rear 310. Housing 302 also mcludes a pair of sides 312, 314,

[8055] Housing 302 is loosely mounted to a frame 316 that is fixedly positioned in
image forming device 22. Housing 302 is slidable forward and rearward within an opening
322 i frame 316 between a front end 318 of frame 316 and a rear end 320 of frame 316,
Housing 302 is biased toward rear end 320 such as, for example, by one or more extension
springs 324. In the embodiment iHustrated, extension springs 324 are attached at one end to
housing 302 and at the opposiie end to rear end 320 of frame 316. Other suitable biasing
members may be used such as, for example, one or more compression springs or a material
having resilient properties that bias housing 302 toward rear end 320. Housing 302 s
movable vertically up and down relative to frame 316 and biased downward such as, for
example, by one or more compression springs. In the embodiment ilustrated, a comprassion
spring (not shown} is positioned between housing 302 and a plunger 328 that is loosely
attached to housing 302 and movable up and down relative to housing 302, A top contact
surface 330 of plunger 328 1s in pressed contact with the bottom side of a frame 332 (Figure
6} of image forming device 22, Other suitable biasing members may be used such as, for
example, one or more ex{ension springs or a material having resilient properties that bias

housing 302 downward. Housing 302 is also movable side-to-side within opening 322.

[6636] In the example embodiment illustrated, frame 316 includes a pair of ledges
334, 335 on opposite sides of opening 322 that run from front end 318 to rear end 320.
Housing 302 includes a corresponding pair of guides 336, 337 that rup along eides 312, 314
of housing 302 along a front-to-rear dimensicon of housing 302. The downward bias on

housing 302 (e.g.

bl

the force from the comprassion spring on housing 302 resulting from the
contact between plunger 328 and frame 332) pushes the bottom sarfaces of guides 336, 337
into contact with top surfaces 334a, 335a of ledges 334, 335, respectively. Top surfaces
334a. 335a of ledges 334, 335 also guide the front-to-rear shiding movement of housing 302
when the bottom surfaces of guides 336, 337 are in contact with top surfaces 3344, 335a of
ledges 334, 335, Inner surfaces 334b, 335b of Tedges 334, 335 limit the side-to-side
movement of housing 302 relative to frame 316,

=y

G657} As shown in Figure 7, in the embodiment ithusirated, housing 302 includes a
tapered nose 340 at its rear 310, A botiom surface 340a of nose 340 projects further
downward as botiom surface 340a extends from rear 310 toward font 308, The side surfaces

340, 340c¢ of nose 340 project further outward as side surfaces 340b. 340c extend from rear

12
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310 toward front 308. Nose 340 may include a planar rear swface 3404 as illustrated or a
curved or pointed rear surface 340d. In the embodiment illusirated, housing 302 also
includes a pair of rearward facing engagement surfaces 342, 343, In one embodiment,
engagement surfaces 342, 343 receive contact from a cormesponding engagement member on
toner cartridge 1006 to move housing 302 to s operating position where magnetic sensor 300

is aligned with the permanent magoet(s) in reservoir 104 as discussed in greater detail below,

[LHESES! With reference {0 Figures 9 and 10, foner cartridge 100 1s shown with a
portion of front wall 114 removed in order to illustrate a portion of reservoir 104. Toner
cartridge 100 includes an engagement member 190 positioned on the exierior of howusing 102
lo contact and move housing 302 into position for magnetic sensor 300 to detect the
permanent magnei(s) in reservoir 104, In the example embodiment iHlustrated, engagement
member 190 projects upward from top 106 of housing 102; however, engagement member
190 may be positioned in other locations on housing 102 depending on the position of
magnetic sensor 300 in image forming device 22 and the position{(s) of the permanent
magnet{s} in reservoir 104. In the example embodiment illustrated, engagement member 190
inchudes a U-shaped projection; however, engagement member 190 may take any suitable

form.

{6659} In one embodiment, the permanent magnet{s) in reservoir 104 are positioned
to pass in close proximity to the inner surface of housing 102 at the location where
engagement member 190 1s positioned on the exterior of housing 102. In some embodiments
where magnetic sensor 300 is positioned adjacent to botiom 117, fronl wall 114, rear wall
116 or side wall 110 or 112, engagement member 190 is axially aligned relative to drive shaft
132 with the permanent magnet(s}, e.g., magnets 150, 168a and 168b, of paddle assembly
140. A front surface 191 of engagement member 190 is unobstructed (o allow front surface
191 to directly contact housing 302 during insertion of toner cartridge 100 into image
forming device 22. In the example embodiment illustrated, engagement member 190
includes a rear portion 192 that forms the bottom of the “U” shape and a pair of forward
extending portions 193 that are spaced axially apart from each other and form the upper
porticns of the “U” shape. In the evample embodiment illustrated, front surface 191 of
engagement member 190 inchudes a pair of front engagement surfaces 194, 195 positioned at
frontmost ends of forward extending portions 193, In one embodiment, front engagement
surfaces 194, 195 are aligned with each other in the front-to-rear dimension of housing 102.

Engagement surfaces 194, 195 are positioned to directly coniact engagement surfaces 342,
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343 of housing 302 as toner cartridge 100 is inserted into image forming device 22 to move
housing 302 to its operating position as discussed in greater detail below. In the example
embodiment ustrated, forward extending portions 193 include mner side surfaces 193a,
193b that face each other and are aligned with each other in the {ront-io-rear dimension of

housing 102.

[3066] Toner cartridge 100 may also inclode g lead-in ramp 196 positioned in front of
and leading toward engagement member 190 and axially aligned relative to drive shaft 132
with the permanent magnet(s) of paddle assembly 140, The top surface of ramp 196 mclines
ppward as ramp 196 extends toward engagement member 190, In one embodiment, the top
surface of ramp 196 1s substantially planar and includes a substantially constant slope. Toner
cartridge 100 may include a planar top surface 198 that exiends forward from engagement
member 190 and that is axially aligned relative to drive shaft 132 with the permanent
magnei(s) of paddle assembly 140. Tn the embodiment illustrated, ramp 196 feads to planar
top surface 198, which continues rearward along top 106 of housing 102 from ramp 196 to
rear portion 192 of engagement member 190. In one embodiment, planar top surface 198 is
substantially horizonial when toner cartridge 100 s in ifs operative orientation, i.e., the

orientation of {oner cartridge 100 when it is fully installed in image forming device 22.

10061} Figures 11-16 are sequential views that illustrate the interaction between
engagement member 190 of toner cartridge 100 and housing 302 of magnetic sensor 300
when toner cartridge 100 1s inserted into image forming device 22. Figure 11 shows toner
cartridge 100 as 1t enters 1mage forming device 22 before contacting housing 302 of magnetic
sensor 300. As shown in Figure 11, housing 302 is biased rearward against rear end 320 of
opening 322 in frame 316. Housing 302 is also biased downward against top surfaces 334a,

335a of ledges 334, 335 with top contact surface 330 of plunger 328 in contact with the

bottom side of frame 332 of image formung device 22.
0062} Figure 12 shows toner cartridge 100 inserted further into image forming

device 22. As toner cartridge 100 first contacts housing 302, jead-in ramp 196 of toner
cartridge 100 contacts tapered bottom sarface 340a of nose 340 of housing 302, As toner
cartiidge 100 advances, lead-in ramp 196 slides across {apered bottom surface 3402 of nose
340 applying an upward force on housing 302 that overcomes the downward bias on housing
302 causing housing 302 1o gradually 1ift upward. As shown in Figure 13, housing 302

reaches its final vertical position once the rear end of ramp 196 reaches the bottom 304 of
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housing 302. As toner cartridge 100 advances fuuther, planar top surface 198 slides across

bottom 304 of housing 302 and engagement member 190 advances ioward housing 302,

66563 With reference to Figures 14A and 14B, as toner cartridge 100 advances
further, rear 310 of housing 302 reaches engagement member 190, If housing 302 is
misaligned with toner cartridge 100 in the side-to-side direction, inner side surfaces 193a,
193b of forward extending portions 193 of engagement members 190 directly contaci one or
both of the tapered side surfaces 340b, 340c¢ of nose 340. The contact between umer side
surfaces 193a, 193b of forward extending portions 193 of engagement members 190 and side
surfaces 340b, 340¢ of nose 340 align housing 302 with engagement mernber 190 in the side-
to-side direction as toner cartridge 100 advances. Figures 154 and 13B show housing 302
aligned in the side-1o-side direction with engagement member 190 and toner cartridge 100
advanced to the point where engagement surfaces 194, 195 have begun to contact
corresponding rearward facing engagement surfaces 342, 343 of housing 302. As toner
cartridge 100 advances further, the contact between bottom 304 and planar top surface 198
maintains the vertical position of housing 302 relative to toner cartridge 100 and the inner
side surfaces 193a, 193b of forward extending portions 193 of engagement members 190
ensure that the side-to-side alignment of housing 302 relative to toner cartridge 100 s

mainfained.

{0064] As toner cartridge 100 continues to advance to its operating position, the
contact between engagement surfaces 194, 195 of engagement member 150 of ioner cartridge
100 and rearward facing engagement surfaces 342, 343 of housing 302 overcomes the
rearward bias on housing 302 causing housing 302 to slide in opening 322 toward front end
318 of frame 316. In this manner, engagement surfaces 194, 193 of engagement member 190
push against rearward facing engagement surfaces 342, 343 of housing 302 causing housing
302 1o move forward with toner cartridge 100. Housing 302 reaches its operating posiiion
with magnetic sensor 300 positioned 1o detect the permanent magnet{s) in reservoir 104 once
toner cariridge 1001s fully installed in image forming device 22 as shown in Figure 16, The
contact between engagement surfaces 194, 1935 and rearward facing engagement surfaces
342, 343 of housing 302 maintains the front-to-rear position of housing 302 relative to toner
carinidge 100. When toner cartridge 100 is removed from image forming device 22, this
sequence 13 reversed and the downward and rearward bias on housing 302 retums housing
302 to the position shown in Figure 11, While the example erobodiment illustrated in Figures

11-16 shows engagement member 190 of toner cariridge 100 contacting housing 302 of
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magnetic sensor 30 directly, in other embodiments, engagement member 190 contacts an
intermediate inkage that, in turn, moves housing 302 from its home postlion 1o its operating

position.

[6065] As discussed above, engagement member 190 may {ake manv suitable forms.
Figures 17A-17D illusirate several additional examples. Figure 17A shows an engagement
member 1190 that includes a pair of cyvlinders 1192, 1193 that project from top 106 of
housing 102. Engagement mernber 1190 has a front surface 1191 that includes a pair of front
engagement surfaces 1194, 1193 positioned to contact corresponding engagement surfaces
342, 343 of housing 302, In one embodivment, front engagement surfaces 1194, 1195 are
positioned at substantially the same locations as front engagement surfaces 194, 195 of
engagement member 190 discussed above. Side surfaces 1196, 1197 of cylinders 1192, 1193
are positioned to realign housing 302 in the side-to-side direction if housing 302 is
misaligned upon insertion of toner cartridge 100 into image forming device 22 similar to

inner side surfaces 193a, 193b discussed above.

{6066} Figure 178 shows an engagement member 2190 that includes a pair of
generally rectangular projections 2192, 2193 from top 106 of housing 102, Engagement
member 2190 has a {ront surface 2151 that mclodes a pair of front engagement surfaces 2194,
2195 posittoned to contact corresponding engagement surfaces 342, 343 of housing 302, In
one embodiment, front engagement surtaces 2194, 2193 are positioned at substantially the
same locations as front engagement surfaces 194, 195 of engagement member 190 discussed
above. Side surfaces 2196, 2197 of rectangular projections 2192, 2193 are positioned o
realign housing 302 in the side-to-side direction if housing 302 is misaligned upon insertion
of toner cartridge 100 into image forming device 22 similar {o inner side surfaces 1933, 193b

discussed above.

[6067] Figure 17C shows an engagement member 3190 that includes a projection
3192 fromtop 106 of housing 102, Engagement member 3190 has a front surface 3191 that
includes a front engagement stwface 3194 positioned to contact rear 310 of housing 302,
which serves as an engagement surface of housing 302 in this embodiment. In one
embodiment, engagement surface 3194 is positioned at substantially the same Jocation as rear

portion 192 of engagement member 190 discussed abova.

HHERY Figure 17D shows an engagement member 4190 that includes a cutout or

recess 4191 i top 106 of housing 102, A top surface of housing 302 inside of recess 4191
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forms a planar top surface 4196 similar to planar top surface 196 discussed above. A rear
wall 4192 is positioned at a rearmost end of recess 4191 and may be positioned at
substantially the same location as rear portion 192 of engagement roember 190 discussed
above. Side walls 4197, 4198 of recess 4191 are positioned to realign housing 302 i the
side-to-side direction if housing 302 is misaligned upon insertion of toner carinidge 100 inio
image forming device 22 similar to inner side surfaces 193a, 193b discussed above. A front
engagement surface 4194, 4195 is positioned at the front of each side wall 4196, 4197, Front
engagement surfaces 4194, 4195 are positioned to contact corresponding engagement
surfaces 342, 343 of housing 302. In one embodiment, front engagement surfaces 4194, 4195
are positioned at substantially the same locations as front engagement surfaces 194, 195 of
engagement member 190 discussed above. In another embodiment, rear wall 4192 is
positioned to contact rear 310 of housing 302, which serves as an engagement surface of

housing 302 m this embodiment.

{3069} As discussed above, paddle assemnbly 140 includes at least one permanent
magnet that moves within reservoir 104 in response to the rotation of drive shaft 132 and that
communticates information about toner cartridge 100 to controller 28 of image fornmng device
22. Figure 18 shows paddle assembly 140 having permanent magnets for toner level sensing
in greater detail according to one example embodiment. In operation, shaft 132 rotates in the
direction shown by arrow A in Figure 18. Paddie assembly 140 includes a fixed paddle 141
that ts {ixed to shaft 132 such that fixed paddle 141 rolates with shaft 132. Tn one
embodiment shafi 132 extends from side wall 110 to side wall 112. To the embodiment
itlustrated, fixed paddle 141 includes a plurality of arms 142 extending radially from shaft
132, In the example embodiment illustrated, fixed paddle 141 includes two sets 142a, 142b
of arms 142, In this embodiment, in the position lustrated in Figure 18, arms 142 of first set
142a extend from shafi 132 toward rear wall 116 and armis 142 of second set 142b extend
from shaft 132 toward front wall 114. Of course these positions change as shaft 132 rotates.
The arms 142 of each set 142a, 142b are radially aligned and axially offset from each other.
The arms 142 of first set 142a are offset aircurnferentially by approximately 180 degrees
from the arms 142 of second set 142b. Other embodiments include one set of arms 142 or
more than two seis of arms 142 extending from shaft 132, In other embodiments, arms 142
are not arranged in sets. Further, arms 142 may extend radially or non-radially from shafl

132 in any manner desired.
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[6G78] Fived paddle 141 may include a cross member 144 connecied to each set 142a,
1475 of arms 142, Cross members 144 may extend across all or a portion of the arms 142 of
sets 142a, 142b. Cross members 144 help arms 142 stir and mix {oner 1o reservoir 104 as
shaft 132 rotates. A breaker bar 146 that is generally parallel {0 shali 132 may be positioned
radiatly outward from each cross member 144 and connected to the distal ends of arms 142,
Breaker bars 146 are positioned i clese proximity 1o inner surfaces of housing 102 without
making contact with the inner surfaces of housing 102 to help break apart toner chumped near
the inner swrfaces of housing 102. Scrapers 148 may extend in a cantilevered manner from
cross members 144, Scrapers 148 are formed from a flexible maienial such as a polyethylene
terephthalate (PET) material, e g, MYLAR® available from DuPont Teyjin Films, Chester,
Virginia, USA. Scrapers 148 form an mterference fit with the inner surfaces of top 104, front
wall 114, rear wall 116 and bottom 117 to wipe toner from the inner surfaces of reservoir
104, Scrapers (48 also push toner into open portion 138a of channel 138 as shaft 132 rotates.
Specifically, as cross member 144 rotates past open portion 138a of channel 138, from
bottom 117 to top 106, the interference fit between scraper 148 and the inner swrface of front
wall 114 causes scraper 148 to have an elastic response as the scraper 148 passes open
portion 138a of channel 138 thereby flicking or pushing toner toward open portion 138a of
channel 138. Additional scrapers may be provided on arms 142 at the axial ends of shaft 132
to wipe toner from the inner surfaces of side walls 110 and 112 as desired. The arrangement
of fixed paddie 141 shown i Figure 18 is not intended 1o be himiting. Fixed paddle 141 may
include any suitable combination of projections, agitators, paddies. scrapers and linkages to

apitate and move the toner stored in reservoir 104 as desired.

[0G71] In the example embodiment illustrated, a permanent magnet 150 is rotatable
with shaft 132 and detectable by a magnetic sensor as discussed in greater detail below. In
one embodiment, magnel 154 is connected 10 shaft 132 by {ixed paddle 141. In the example
embodiment illustrated, first set 142a of arms 142 includes a pair of axially spaced arms 143
positioned at one axial end of shaft 132, Arms 143 initiallv extend radially outward from
shaft 132 and then bend opposite the operative rotational direction of shaft 132 at the distal
ends of arms 143. A cross member 145 connects the distal ends of arms 143 and extends
substantially parallel to shaft 132, In the example embodiment shown, magnet 150 is
positioned in a finger 152 that extends outward {rom cross roember 145 loward the inner
surfaces of housing 102. Finger 152 extends in close proximity to but does not contact the

inner surfaces of housing 102 so that magnet 130 is positioned in close proximity to the inner
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surfaces of housing 102. In one embodiment, fixed paddle 141 is composed of a non-
magnetic material and magnet 150 is held by a friction fit in a cavity in finger 152, Magnet
150 may also be attached to finger 152 using an adhesive or fastener(s) so long as magnet
150 will not dislodge from {inger 152 during operation of ioner cartridge 100, Magnet 150
may be any suitable size and shape so as o be detectable by a magnetic sensor. For example,
magnet 130 may be a cube, a rectangular, octagonal or other form of prism, a sphere or
cylinder, a thin sheet or an amorphous object. In another embodiment, finger 152 1s
composed of a magnetic material such that the body of finger 152 forms the magnet 150
Magnel 130 may be composed of any suitable material such as steel, iron, nickel, etc. While
the example embodiment illustrated in Figure 18 shows magnet 150 mounted on finger 152
of fixed paddie 141, magnet 150 may be positioned on any suitable linkage to shaft 132 such
as a cross member, army, projection, finger, agitator, paddle, etc. of fixed paddle 141 or

separate from fixed paddle 141

[B672) A sensing linkage 160 is mounted to shaft 132, Sensing linkage 160 rotates
with shaft 132 but is movable to a certain degree independent of shaft 132. Sensing linkage
160 is free o rotate forwvard and backward on shaft 132 relative to fixed paddle 141 and {0
magnet 150 between a forward rolational stop and a rearward rotational stop. Sensing
linkage 160 includes a leading paddle member 162. In the embodiment iHustrated, leading
paddle member 162 is connected io shaft 132 by a pair of arms 164 positioned between and
next to arms 143 of fixed paddle 141, Leading paddie member 162 includes a paddle surface
166 that engages the toner tn reservoir 104 as discussed in greater detail below. In the
example embodiment illusirated. paddle surface 166 is substantially planar and normal to the
direction of motion of sensing linkage 160 to allow paddle swrface 166 to sirike toner in

reservoir 104,

16073] Sensing linkage 160 also includes one or more permanent magnets 168,
Magnet(s) 168 are mounted on cne or more magnet support(s} 170 of sensing linkage 160
that are posttioned in close proximity to but do not contact the inner surfaces of housing 102,
In this manner, magnei(s) 168 are positioned in close proximity to the inner surfaces of
housing 102 but the inner surfaces of housing 102 do not impede the motion of sensing
linkage 160. In the example embodiment illastrated, magnet support 170 is connected to
shaft 132 by a patr of arms 172 positioned between and next (o arms 143 of fixed paddie 141
Arms 172 are connected to arms 164, In this embodiment, in the position dlustrated in Figure

18, arms 172 extend from shaft 132 toward top 106. Of course the position of arms 172
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changes as shaft 132 rotates. In this embodiment, magnet support 170 is relatively thin in the
radial dimension and extends circumferentially relative io shaft 132 between distal ends of
arms 172 along the rotational path of magnet(s) 168 to mirumize the drag on magnet support
170 as i1 passes through toner in reservoir 104. Along the operaiive rotational direction A of
shaft 132, leading paddle member 162 is postiioned ahead of magnet 150 which is postiioned

ahead of magnet(s) 1638,

[B074] in the example embodiment Husirated in Figures 6 and 18, two magnels 168a,
168b are mounted on magnet support 170; however, one magnet 168 (as shown in Figure 3)
or more than two magnets 168 may be used as desired. Magnets 1683, 168b are substantially
radially and axially aligned and spaced circumferentially from each other relative to shaft
132. Magnet{s) 168 are also substantially radially and axially aligned and spaced
circumnferentially from magnet 150 relative to shaft 132. In one embodiment, magnet support
7 1s composed of a non-magnetic material and magnet(s} 168 are held by a friction {it in
one or more cavities in magnetic support 170, Magnet(s) 168 may also be altached to magnet
support 170 using an adhesive or fastener(s) so long as magnet(s) 168 will not dislodge from
magnet support 170 daring operation of toner cartridge 100, As discussed above, magnet(s}
168 may be avy suitable size and shape and composed of any suitable material. Magnet
support 170 may take many different forms including an arny, projection, linkage, cross

member, eic.

6675] In some embodiments, sensing Hinkage 160 1s biased in the operative rotational
direction toward a {orward rotational stop by one or more biasing members. In the example
embodiment illustrated, sensing linkage 160 is biased by an extension spring 176 connectad
at one end to an arm 172 of magnet support 170 and at the other end to army 143 of fixed
paddle 141, However, any suitable biasing member may be used as desired. For example, in
another embodiment, a torsion spring biases sensing linkage 160 in the operative rotational
direction. In another embodiment, a compression spring is connected at one end to an arm
164 of leading paddle member 162 and at the other end 1o arm 143 of fixed paddie 141, In
another embodiment, sensing linkage 160 is free to fall by gravity toward its forward
rotational stop as sensing linkage 160 rotates past the uppermost point of its rotational path.
In the example embodiment illustrated, the forward rotational stop includes a stop 178 that
extends axially from the side of one or both of the arms 172 of magne! support 170, Stop 178
is arched and includes a leading surface 180 that contacts arm 143 of fixed paddle 141 1o

finut the motion of sensing linkage 160 relative to magnet 130 in the operative rotational
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diraction. In the example embodiment iltustrated, the rearward rotational siop includes a
frailing portion 182 of leading paddie member 162. Trailing portion 182 of leading paddle
member 162 contacts a leading portion 184 of cross member 145 o it the motion of
sensing linkage 160 relative to magnet 150 in a direction opposite the operative rotational
direction. It will be appreciated that the forward and rearward rotational stops may take other

forms as desired.

{B676) Figures 19A-19C depict the operation of magnets 150 and 168 at various {oner
levels with engagement member 190 removed from toner cartridge 100 for clanty. Figures
19A-19C depict a clock face in dashed lines along the rotational path of shaft 132 and paddle
assembly 140 in order to aid in the descrnption of the operation of magnets 150 and 168. In
one embodiment, the poles of magnets 150, 168 are directed toward the position of magnetic
sensor 300 in order io facilitate the detection of magnets 150, 168 by magnetic sensor 300,
Magnetic sensor 300 may be configured to detect one of a north pole and a south pole or
both. Where magoetic sensor 300 detects one of a north pole and a south pole, magnets 1350,

168 may be positioned such that the detected pole is directed toward magnetic sensor 300.

0677} The motion of sensing linkage 160 and magnet(s) 168 relative to magnet 150
as shafi 132 rotates may be used to determine the amount of toner remaining in reservoir 104.
As shaft 132 rotates, in the smbodiment iltustrated, fixed paddle 141 rotates with shaft 132
causing magnet 150 to pass magnetic sensor 300 at the same pomnt during each revolution of
shaft 132. On the other hand, the motion of sensing linkage 160, which is free to rotate
relative to shaft 132 between its forward and rearward rotational stops, depends on the
amount of toner 105 present in reservoir 104. As aresult, magnet(s) 168 pass magnetic
sensor 300 at different points during the revolution of shaft 132 depending on the toner level
in reservoir 104, Accordingly, variation in the angular separation or offset between magnet
150, which serves as a reference pount, and magnet{s) 168, which provide(s) sense points, as
they pass magnetic sensor 300 may be used to determine the amount of toner remaining in
reservoir 104, In an altemative embodiment, the linkage connecting magnet 150 to shaft 132,
such as fixed paddle 141, ts movable to a certain degree independent of shaft 132; however, it
is preferred that magnet 150 passes magnetic sensor 190 in the same position relative to shaft
132 during each revolution of shaft 132 so that the position(s) of magnet(s} 168 may be

consistently evaluated relative to the position of magnet 150,

{3378} When toner reservoir 104 is relatively full, toner 108 present in reservoir 104

prevents sensing linkage 160 from advancing abead of its rearward rotational stop. Instead,
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sensing linkage 160 is pushed through its rotational path by fixed paddle 141 when shaft 132
rotales. Accordingly, when toner reservoir 104 is relatively fuil, the amount of rotation of
shaft 132 between magnet 150 passing maguoetic sensor 300 and magnets 168a, 168b on
sensing linkage 160 passing magnetic sensor 300 is at 1is maximum. In other words, because
sensing linkage 160 is at ifs rearward rotational stop, the angular separation from magnet
168a to magnet 130 when ragnet 168a reaches magnetic sensor 300 and from magnet 168b

to magnet 150 when magnet 168b reaches magnetic sensor 300 are at their maximum limits,

[6679] As the toner level in reservoir 104 decreases as shown in Figure 194, sensing
linkage 160 is positioned forward from its rearward rotational stop as leading paddle membe
162 rotates forward from the “12 o'clock” position. Leading paddle member 162 advances
ahead of the rearward rotational siop of sensing linkage 160 until paddle swrface 166 conlacis
toner 105, which stops the advance of sensing linkage 160, In one embodiment where paddle
assembly 140 includes scrapers 1438, scrapers 148 are not present on cross mernber 144
connected to set 142b of arms 142 along the axial portion of shaft [32 spanned by leading
paddie member 162 so that toner 105 is not disturbed tmmediately before paddle surface 166
contacts toner 105 afier leading paddle member 162 rotates forward from the “12 o clock™
position. At lagher toner levels, leading paddle member 162 is stopped by toner 103 before
magnets 168a, 168b reach magnetic sensor 300 such that the amount of rotation of shaft 132
between magnet 150 passing magnetic sensor 300 and magnets 168a, 168b passing magnetic
sensor 300 remains at its maximun. Sensing linkage 160 then remains generally stationary
on top of (or slightly below} toner 105 until fixed paddle 1471 catches up to teading paddie
member 162 at the rearward rotational stop of sensing linkage 160 and fixed paddle 141

resumes pushing sensing linkage 160.

[6630] With reference to Figure 19B, as the tener level in reservoir 104 continues to
decrease, at the pout where leading paddle member 162 encounters toner 105 magnet 168ais
detected by magnetic sensor 300. As aresult, the amount of rotation of shaft 132 between
magnet 130 passing magnetic sensor 300 and magnet 168a passing magnetic sensor 300
decreases. Sensing linkage 160 then reroains generally stationary on top of {or slightly
below) toner 105 with magnet 168a in the sensing window of magnetic sensor 300 until fixed
paddle 141 catches up to leading paddie member 162 and resumes pushing sensing linkage
160, As a result, leading paddie member 162 is stopped by toner 103 before magnet 168b

reaches magnetic sensor 300 such that the amount of rotation of shaft 132 between magnet
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150 passing magnetic sensor 300 and magnet 168b passing magnetic sensor 300 remains at
its maximum.

16081} With reference to Figure 19C, as the toner level in reservoir 104 decreases
ven further, at the point where leading paddle member 162 encounters toner 105 magnet
168a has passed maganetic sensor 300 and magnet 168b s detected by magnetic sensor 300.
As a vesult, the amouni of rotation of shaft 132 between magnet 150 passing magpelic sensor
300 and magnets 168a and 168b passing magnetic sensor 300 are both decreased relative to
their maximums. As a result, it will be appreciated that the motion of magnets 168a, 168b
relative to the motion of magnet 150 relates to the amount of toner 105 remaining in reservoir

104

[608%] In one embodiment, the nitial amount of toner 108 in reservoir 104 1g
recorded in memory associated with processing circuiiry 45 upon filling the loner cartridge
100, Accordingly, upon installing toner cartridge 100 in image forming device 22, controller
28 is able to deternune the initial toner level in reservoir 104, Allernatively, each toner
cartridge 100 for a particular tvpe of image forming device 22 may be filled with the same
amount of toner so that the initial toner level in reservoir 104 used by controller 28 may be a
fixed value for all toner cartridges 100, Controlier 28 then estimates the amount of toner
remaining in reservoir 104 as toner is fed from toner cartridge to imaging unit 200 based on
one or more operating conditions of image forming device 22 and/or toner cartridge 100. In
cne embodiment, the amownt of toner 105 remaining in reservoir 104 is approximated based
on an empirically derived feed rate of toner 105 from toner reservoir 104 when shall 132 and
auger 136 are rotated fo deliver toner from toner cartridge 100 to imaging unit 200. In this
embodiment, the estimate of the amount of toner 105 remaining is decreased based on the
amount of rofation of the drive motor of image forming device 22 that provides rotational
force to main interface gear 130 as determined by controller 28, n another embodiment, the
estimate of the amount of toner 105 remaining is decreased based on the number of printable
elements (peds) printed using the color of toner contained in toner cariridge 100 while ioner
cartridge 100 is installed in image formimg device 22. 1n another embodiment, the estimate
of the amount of toner 105 remaining is decreased based on the number of pages printed.
{6683 The amount of toner 103 remaining in reservoir 104 where the amount of
rotation of shaft 132 that occurs between magnet 1350 passing magnelic sensor 300 and each
of the magnets 168 passing magoetic sensor 300 decreases may be determined empirically for

a particular toner cariridge design. As a result, each time the amount of rotation of shaft 132
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between the detection of magnet 150 and the defection of one of the magnets 168 decreases
from its maximum value, controller 28 may adjust the estimate of the amount of toner
remaining in reservoir 104 based on the empincally determined amount of toner associated
with the decrease in the amount of rotation of shaft 132 between magnet 150 passing

magnetic sensor 300 and the respective magnet 168 passing magnetic sensor 300.

[6084] For example, the toner level in reservoir 104 can be approximated by starting
with the imtial amount of toner 103 supplied in reservoir 104 and reducing the estimate of the
amount of toner 103 remaining in reservoir 104 as toner 103 from reservoir 104 is consumed.
As discussed above, the estimate of the toner remaining may be decreased based on one or
moere conditions such as the number of rotations of the drive motor, mamn interface gear 130
or shaft 132, the number of pels printed, the number of pages printed, etc. The estimated
amount of toner remaining may be recalculated when the amount of rotation of shaft 132 as
determined by controller 28 between magnet 150 passing magnetic sensor 300 and magne
168a of sensing linkage 160 passing magnetic sensor 304 decreases from its maxinum value.
In one embodiment, this includes replacing the estimate of the amount of toner remaining
with the empirical value associated with the decrease in the amount of rotation of shaft 132
between magnet 150 passing magnetic sensor 300 and magnet 168a passing magnetic sensor
300. In ancther embodiment, the recalculation gives weight to both the present estimate of
the amount of toner remaining and the empirical value associated with the decrease in the
amount of rotation of shafl 132 between magnet 150 passing magneiic sensor 300 and magnet
168a passing magpetic sensor 300, The revised estimate of the amount of toner 103
remaining in reservoir 104 is then decreased as toner 105 from reservoir 104 is conswmed
using one or more conditions as discussed above. The estimated amount of toner remaining
may be recalculated again when the amount of rotation of shaft 132 as determined by
contreller 28 between magnet 150 passing magnetic sensor 300 and magnet 168b of sensing
linkage 160 passing magnetic sensor 300 decraases from its maximum value. As discussed
above, this may include replacing the estimate of the amount of toner remaining or
recalculating the estimate giving weight to both the present estimate of the arnount of toner
remaining and the empirical value associated with the decrease in the amount of rotation of
shaft 132 between magnet 150 passing magnetic sensor 300 and magnet 168b passing
magnetic sensor 300, This process may be repeated untd reservoir 10415 oul of toner 105, In
one embodiment. the present estimate of the amount of toner 105 remaining in reservoir 104

is stored in memaory associated with processing circuitry 45 of toner cartridge 100 so that the
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estimate travels with toner cartridge 100 in case toner cartridge 100 is removed from one

image {forming device 22 and insialled in another image forming device 22,

[6085] In this manner, the detection of the motion of magoeis 168 relative to the
motion of magnet 150 may serve as a correction for an estimate of the toner level in reservoir
104 based on other conditions such as an empirically derived feed rate of toner or the number
of pels or pages printed as discussed above to account for vanability and to correct potential
error in such an estimate. For example, an estimate of the toner level based on conditions
such as an empinically derived feed rate of toner or the number of pels or pages printed may
drift from the actual amount of toner 105 remaining in reservoir 104 over the life of toner
cartridge 100, 1.e., a difference between an estimate of the toner level and the actual toner
level may tend to increase over the life of toner cariridge 100. Recalculating the estimate of
the amount of toner 105 remaining based on the motion of magnei(s) 168 relative to the
motion of magnet 150 helps correct this drift {o provide a more accurate estimate of the

amount of toner 105 remaining in reservoir 104,

[6086] 1t will be appreciated that sensing linkage 160 may include anv suitable
number of magnets 168 desired depending on how many recalculations of the estimate of the
arnount of toner remaining are desired. For example, sensing linkage 160 may include more
than two magnets 168 spaced circumferentially from each other where recalculation of the
estimated toner level is desired more frequently. Altematively, sensing linkage 160 may
include a single magnet 168 where recalculation of the estimated toner level is desired only
once, such as near the poinl where reservoir 104 s nearly empty. The positions of magnets
168 relative to leading paddle member 162 may be selected in order 1o sense particular toner
levels desired {e.g., 300 grams of toner remaining, 100 grams of toner remaining, eic.).
Further, where shaft 132 rotates at a constant speed during operation of toner cartridge 100,
time differences between the detection of magunet 130 and magnet(s) 168 by magnetic sensor
300 may be used instead of the amount of rotation of shaft 132, ln this embodiment, time
differences greaier than a predetermined threshold between the detection of magnet 150 and
one or more of magne{s) 168 may be ignored by the processor to account for shaft 132
stopping between print jobs.

[GGB7] Sensing linkage 160 is not limited to the shape and architecture shown in
Figure 13 and may take many shapes and sizes as desired. The leading paddle member 162
having paddie surface 106 that engages the toner in reservoir 104 may also take many shapes

and sizes as desired. For example, in one embodiment, paddie surface 166 is angled with
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respect to the direction of miotion of the sensing linkage 160. For example, paddle surface
166 may be V-shaped and have a front face that forms a concave portion of the V-shaped
profile. In another embodiment, paddie surface 166 includes a comb portion with a series of
teeth that are spaced axially {rom each oiher 10 decrease the friction between the sensing

linkage and the toper. The swrface area of paddle surface 166 may also vary as desired.

30388} While the example embodiments ltustraied in Figures 19A-19C show
magnatic sensor 300 positioned at about “12 o”clock™ with respect (o paddle assembly 140,
magnetic sensor 300 may be positioned elsewhere in the rotational path of paddle assembly
140 as desired. For example, magnetic sensor 300 may be positioned at about 6 o’cloek™
with respect to paddle assembly 140 by changing the positions of magnet 150 and magnet(s)

168 relative 1o leading paddle member 162 by 180 degrees.

10689} Although the example embodiments discussed above utilize 3 sensing linkage
and a fixed hinkage in the veservoir of the toner cartridge, it will be appreciated that a sensing
linkage and a fixed linkage each having a magnet may be used to determine the toner level in
any reservoir of sumyp storing toner in image forming device 22 such as, for example, a

reservoir of the imaging unit or a storage area for waste toner.

[6699] Further, the configuration of permanent magnet(s) for toner level sensing is
not limited to the example embodiment shown in Figures 18 and 19A-19C. For example, in
another embodiment, a paddle having a permanent magnet is mounted on drive shaft 132 and
rotatable independent of drive shaft 132 as described in United States Published Patent
Application No. 2014/0169806, which is assigned to the same assignee as the present
application. In this embodiment, the paddle is pushed through its rotational path by a driving
member mounted on drive shaft 132 and free to fall ahead of the driving member subject to
resistance by toner present in seservoir 104, Accordingly, it will be apprecialed that the
motion of the paddle (and the permanent magnet attached thereto) is dependent on the

amowt of toner in reservoir 104,

10691} Figure 20 shows another example embodiment of a paddle assembly 5140. In
this embodiment, the toner cariridge includes a paddle 5141 that is fixed to a shaft 5132 such
that paddle 5141 rotates with shafl 5132, Paddle 5141 mcludes one or more permanent
magnet{s} 5168 mounted on one or more magnet support(s) 5170, Magnet(s) 5168 are
positioned in close proximity to but do not contact the inner surfaces of the housing of the

toner cartridge as discussed above. In the example embodiment itlustrated, magnet support
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5170 is connected to shatt 5132 by a pair of arms 5172, In the example embodiment
Hlustrated, two magnets S168 are mounted on magnet support 5170; however, more or fewer
than two magnets 5168 may be used as desired. Magnets 5168 roay be oriented, shaped and
mouniad to shafl 5132 in various ways as discussed above. In this embodiment, magnetic
sensor 300 detects magnets 5168 as shaft 3132 rotates. In this manner, magnetic sensor 300
may be used to detect the presence of the toner cartridge in the image forming device and (o
confirm that shaft 3132 is rotating properly thereby eliminating the need for additional
sensors to perform these functions. Magnetic sensor 300 may alsc be used to determine the
speed of rotation of shaft 5132 by measuring the time difference between the detection of the
first magnet and the detection of the second magnet as shafl 5132 rotates. The arrangement
of magnet(s) 5168 mav communicate additional charactenstics of toner cartridge 160 as
desired. For example, the number of magnets 5168 attached to shaft 5132 may indicaie a
characteristic of toner cartridge 100. By way of example, one magnet 5186 may indicate a
toner cartridge containing black toner, two magnets 3168 may indicate a toner cartridge
containing cyan toner, three magnets 5168 may indicate a toner cartridge containing vellow
toner and four magnets S163 may indicate a toner cartridge containing magenta toner,
Further, the spacing between magnets 5168 may indicate a characteristic of toner cariridge
100, For example, a first spacing between magnets 5168 {e.g., 45 degrees} may indicate a
low capacity toner cartridge and a second spacing between magnets 5168 (e.g., 90 degrees)
may indicate a high capacity toner cartridge. Various other aspects of the arrangement of
magnet(s) 3168 may comnmmicate characteristics of toner cartridge 100 and various other

characteristics may be encoded in magnet{s) $168 as desired.

[6092] The foregoing description illustrates various aspects of the present disclosure.
It is not utended to be exhaustive. Rather, it is chosen o illustrate the principles of the
present disclosure and iis praciical application 1o enable one of ordinary skill in the art 1o
utitize the present disclosure, including its various modifications that naturaily follow. All
modifications and variations are contemplated within the scope of the present disclosure ag
determuned by the appended claims. Relatively apparent modifications include comnbining

one or more features of vanous embodiments with feaiures of other embodiments.
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CLAIMS
1. A toner cartridge for an electrophotographic image forming device, comprising:

a housing having a top, a bottom, a front, and a rear positioned between a first side and a second side of

the housing, the housing having a reservoir for storing toner;

an outlet port in fluid communication with the reservoir and positioned on the front of the housing near

the first side of the housing for exiting toner from the toner cartridge;

an interface gear exposed on the front of the housing near the top of the second side of the housing for

engaging with a corresponding drive gear in the image forming device;
a magnet movable in response to rotation of the interface gear; and

an engagement member positioned on an exterior of the top of the housing proximate the second side of
the housing, the engagement member is aligned with a point in a path of movement of the magnet, the
engagement member has a front surface that is unobstructed to contact and push a sensor housing in
the image forming device supporting a magnetic sensor to an operating position of the magnetic sensor

during insertion of the toner cartridge into the image forming device.

2. The toner cartridge of claim 1, wherein the magnet passes in close proximity to an inner surface of the
housing forming the reservoir at a location where the engagement member is positioned on the exterior of

the housing during rotation of the interface gear.

3. The toner cartridge of claim 1, wherein the engagement member projects upward from the top of the

housing,

4. The toner cartridge of claim 1, wherein the front surface of the engagement member includes a pair of
front engagement surfaces spaced apart from each other along a side-to-side dimension of the housing and

aligned with each other along a front-to-rear dimension of the housing.

5. The toner cartridge of claim 1, wherein the engagement member includes a pair of side engagement
surfaces that face each other, the side engagement surfaces are spaced apart from each other along a side-
to-side dimension of the housing and are aligned with each other along a front-to-rear dimension of the

housing,.
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6. The toner cartridge of claim 1, further comprising a ramp positioned on the exterior of the housing in
front of the engagement member and leading toward the engagement member, a top surface of the ramp

inclines upward as the ramp extends toward the engagement member.

7. The toner cartridge of claim 6, further comprising a planar top surface that extends rearward from a
rear end of the ramp to the engagement member, the planar top surface is substantially horizontal when

the toner cartridge is in its operative orientation.

8. A toner cartridge for an electrophotographic image forming device, comprising:

a housing having a top, a bottom, a front, and a rear positioned between a first side and a second side of

the housing, the housing having a reservoir for storing toner;

an outlet port in fluid communication with the reservoir and positioned on the front of the housing near

the first side of the housing for exiting toner from the toner cartridge;

an interface gear exposed on the front of the housing near the top of the second side of the housing for

engaging with a corresponding drive gear in the image forming device;
a magnet movable in response to rotation of the interface gear; and

a projection on an exterior of the top of the housing proximate the second side of the housing, the
projection is aligned with a point in a path of movement of the magnet, the projection has a front
surface that is unobstructed to contact and push a sensor housing in the image forming device
supporting a magnetic sensor to an operating position of the magnetic sensor during insertion of the

toner cartridge into the image forming device.

9. The toner cartridge of claim 8, wherein the magnet passes in close proximity to an inner surface of the
housing forming the reservoir at a location where the projection is positioned on the exterior of the

housing during rotation of the interface gear.
10. The toner cartridge of claim 8, wherein the front surface of the projection includes a pair of front

engagement surfaces spaced apart from each other along a side-to-side dimension of the housing and

aligned with each other along a front-to-rear dimension of the housing.
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11. The toner cartridge of claim 8, wherein the projection includes a pair of side engagement surfaces that
face each other, the side engagement surfaces are spaced apart from each other along a side-to-side

dimension of the housing and are aligned with each other along a front-to-rear dimension of the housing.

12. The toner cartridge of claim 8, further comprising a ramp positioned on the exterior of the housing in
front of the projection and leading toward the projection, a top surface of the ramp inclines upward as the

ramp extends toward the projection.

13. The toner cartridge of claim 12, further comprising a planar top surface that extends rearward from a
rear end of the ramp to the projection, the planar top surface is substantially horizontal when the toner

cartridge is in its operative orientation.

14. A toner cartridge for an electrophotographic image forming device, comprising:

a housing having a top, a bottom, a front, and a rear positioned between a first side and a second side of

the housing, the housing having a reservoir for storing toner;

an outlet port in fluid communication with the reservoir and positioned on the front of the housing near

the first side of the housing for exiting toner from the toner cartridge;
a rotatable shaft positioned within the reservoir and having an axis of rotation;

an interface gear operatively connected to the rotatable shaft for providing rotational motion to the
rotatable shaft, a portion of the interface gear being exposed on the front of the housing near the top of
the second side of the housing and engagable with a corresponding drive gear in the image forming

device;
a magnet in the reservoir movable in response to rotation of the shaft; and

a U-shaped projection on an exterior of the top of the housing proximate the second side of the housing,
the U-shaped projection is aligned with a point in a path of movement of the magnet in the reservoir,
the U-shaped projection includes a pair of front engagement surfaces that are spaced axially apart from
each other and aligned with each other along a front-to-rear dimension of the housing, the front
engagement surfaces are unobstructed to contact and push a sensor housing in the image forming
device supporting a magnetic sensor to an operating position of the magnetic sensor during insertion

of the toner cartridge into the image forming device.
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15. The toner cartridge of claim 14, wherein the magnet is rotatable around the axis of rotation of the

shaft in response to rotation of the shaft.

16. The toner cartridge of claim 14, wherein the U-shaped projection is axially aligned with the magnet

relative to the axis of rotation of the shaft.

17. The toner cartridge of claim 14, wherein the magnet passes in close proximity to an inner surface of
the housing forming the reservoir at a location where the U-shaped projection is positioned on the exterior

of the housing.

18. The toner cartridge of claim 14, wherein the U-shaped projection includes a pair of side engagement
surfaces that face each other, the side engagement surfaces are spaced axially apart from each other and

aligned with each other along a front-to-rear dimension of the housing,

19. The toner cartridge of claim 14, further comprising a ramp positioned on the exterior of the housing in
front of the U-shaped projection and leading toward the U-shaped projection, a top surface of the ramp

inclines upward as the ramp extends toward the U-shaped projection.
20. The toner cartridge of claim 19, further comprising a planar top surface that extends rearward from a

rear end of the ramp to the U-shaped projection, the planar top surface is substantially horizontal when the

toner cartridge is in its operative orientation.
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