-1- : MULTI PLE FUNCTI ON ENCODER WHEEL FOR CARTRI DGES UTI LI ZED I N
AN ELECTROPHOTOGRAPHI C QUTPUT. DEVI CE . 2TIMP'2 D BACKGROUND
&OF THE | NVENTI ON Field of the Inventi o\-ﬁL % R pr esent
invention relates to El ectrophot ographic (EP) nmachines and nofe
particularly relates to nmethods and appar’1 tus associated with repl aceabl e
supply cartri dg@UNTEIPLE CFUNCEION ENCGORER | WHEERH FOR\(GARTREDGRS IZRED IN
cartridge is provided to tHN EECTROPEOTORRARIG QURRER HENLGHe eof fici ency

of operation thereof but to permt correct operation of the

machi ne. 10 Descri pt BQ@:!%B?'NBE@FWE INVENTION Many

El ect r ophot ogr aphi'c out put dev lers, fax

machi nes, etc.) manufacturers such as Lexnark Internatlonal Inc., have 15
tradltlonal ly r H«ﬂ i nformation about the EP cartridge to be avai | abl e
to the %Eéﬁml&@ﬂ:h that the control of the machine can be
altered.to yield the best print quality and | ongest cartridge life.

The art is replete with devices or entry nethods to informthe EP machi ne
20 abdgit spddief present inrentionirelates o earophategraphic (ERpmachinesrand more

pat ent particularly relates to methods and apparatus associated with replaceable
~ supply cartridges for such machines wherein information conceming the
‘cartridge is provided to the machine for not only increasing the efficiency of
operation thereof but to permit correct operation of the machine.
10 '
Description of Related Art

Many Electrophotographic output device (e.g..laser printers, copiers, fax
_ machines, etc.) manufacturers such as Lexmark Intemational, Inc., have
15 traditionally required information about the EP cartridge to be available to the
output device such that the control of the machine can be altered to yield the

best print quality and longest wrtridgé life.

The art is replete with devices or entry methods to inform the EP machine
20 about specific EP cartridge characteristics. For example, in U.S. patent
5,208,631 issued on May 4, 1993, a technique to identify colorimetric properties
of toner contained within a cartridge in a reproduction machine by imbedding
in a PROM within the cartridge specific coordinates of a color coordinate
system for mapping color data, is disclosed.
25
In other prior art, for example U.S. Patent 5,289,242 issued on Feb. 22, 1994,
there is disclosed a method and system for indicating the type of toner print
cartridge which has been loaded into an EP printer. Essentially, this comprises



5,208,631 issued on May 4,1993, a technique to identify colorinmetric
properties of toner contained within a cartridge in a reproduction
machi ne by i nbeddi ng in a PROMwithin the cartridge specific

coordi nates of a col or coordinate 2systemfor mappi ng col or data, is
di scl osed. 25 In other prior art,“for exanple U S. Patent 5,289,242
i ssued on Feb. 22, 1994, there i.s disclosed a nethod and system for
i ndi cating the type of toner print cartridge which has been | oaded
into an EP printer. Essentially, this conprises
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contacts in the when the |id o cover is closed. The
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U.S. Patent 5,365,312 issued 1994, a nenory chip

cont ai ni ngSi nf oravided tartbatmmne@ r‘tﬁﬂteﬁl Il status or other
status data is retained. The depleted status of print mediumis supplied by
10 counting consunption enpirically. The average of how nmuch toner is

required Infstill dther prior aeth suglk d@snimgl.$.sPatent i586%,812yissted mmblev. 46,
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status data is retained. The depleted status of print medium is supplied by
10 counting consumption empirically. The average of how much toner is required
for toning a charge image is muitiplied by the number of revolutions of the
charge image carrier or by the degree of inking of the characters via an optical
sensor. In either method, the count is less than accurate and depends upon
average ink coverage on the page, or altematively, the character density which
15 can change dramatically due to font selection.. Therefore at best, the
consumption count lacks accuracy.

The literature suggests several methods for detecting torier level in a laser

printer. Most of these methods detect a low toner condition or whether toner is

20 above or below a fixed level. Few methods or apparatus effectively measure
the amount of unused toner remaining. As an example, Lexmark® printers
~currently employ an optical technique to detect a low toner condition. This

method attempts to pass a beam of light through a section of the toner

reservoir onto a photo sensor. Toner blocks the beam until its level drops below

25 a preset height. |

Anocther common method measures the effect of toner on a rotating agitator or
toner paddle which stirs and moves the toner over a sill to present it to a toner



sensor. In either method, the count is |less than accurate and depends upon
average ink coverage on the page, or alternatively, the character density
whi ch 15 can change dramatically due to font selection. Therefore at
best, the consunption count |acks_,accuracy. The
literature suggests several nethods for'd%técting toner level in a |aser
printer. Most of these nethods detect a | ow toner condition or whéther
toner is 20 above or below a fixed | evel. Few nethods or apparatus
effectively neasure t he amount of unused toner remaining. As an

exanpl e, Lexnar kffierlrol 'théh Sedelo er roll and um}}ﬁt?w lﬁ@@@@%’tﬁ%ﬂé{iﬁ%%dle's axis

t echnique to detect a [ow toner I on. ts to-
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10 In either method there is a driving member supplying drive torque to a driven
member (the paddie) which experiences a load torque when contacting the
toner. Some degree of freedom exists for these two members to rotate
independently of each other in a carefully defined manner. For the first method
1) above, with no load applied to the paddle, both members rotate together.

15 However, when loaded the paddle lags the driving member by an angular
distance that increases with increasing load. In the second method 2), the
unioaded paddle leads the rotation of the driving member, under the force of
a spring or gravity. When loaded (i.e., the paddie contacts the surface of the
toner), the driving and driven members come back into alignment and rotate

20 together. By measuring the relative rotational displacement of the driving and
driven members (a.k.a. phase difference) at an appropriate place in the
paddie's rotation, the presence of toner can be sensed.

In the prior art, this relative displacement is sensed by measuring the phase
25 difference of two disks. The first disk is rigidly attached to a shaft that provides
the driving torque for the paddle. The second disk is rigidly attached to the
shaft of the paddle and in proximity to the first disk. Usually both disks have
matching notches or slots in them. The alignment of the slots or notches, that



5 resists the notion of the paddl e and produces a torque |oad on the

paddl e shaft. Low toner is detected by either 1) detecting if the

-torque | oad caused by t he presence of toner is below a given
threshold at a fixed paddle |ocation or - 2) detecting if the
surface of the toner is below a fixed ﬁe?gﬁt. 10 In either nethod there
Is a driving nmenber supplying drive torque to a driven -menber (the
paddl e) which experiences a |oad torque when contacting the t oner.
Some degree of freedom exists for these two nenbers to rotate
i ndependent | y .ofs hewmuchdhey wveriap,r iatlidatgs the phase relationshipoof theedisks sind

met hod 1 bo i th | oad. appl ,ed to the, paddl e, both nenbers
rotate toget herthgfg%re\{ﬁéﬂ&é@@éﬁhﬁw]£§%ﬁyﬁ@ MRS | ags the driving
menber by an angul ar _distance that increases with increasing | oad.
In the second nethod 2), the unl oaded paddl e | eads the rotati on of
the driving nenVaripusatshowiagitbeabaye methods and varationsoareysel forth

| oaded (i.e., the paddle contacts the surface of the toner), the
driving amd driven menbers conme back into alignment and rotate 20

together. By nepsurs Patehed, 00B258) sueddn Jamah8iiom taRicen Coofisdistiosed/iney
and driven nenbers (a.k.a. phase difference) at an appropriate. .
place in the use of twadlisks to measuredener paddedecation ralativenia R@aﬁa@e drive
sensed. .0 : ' [ Weidi . g

measuring the pﬁgéfg %%np {hedﬁﬂééﬁé@% ﬂﬁ\g&ﬂd%ﬂg}gra%@ﬁ]ﬂﬁ% 'Sl%o d(H? 'Q QW
rigidly attachegaddlecarshdfive shatt alioagithe paddie to free ffall dnder the force ok gravity

t he paddl e. The second disk is rugg?ly attached to,t f the

paddl e al@ i n puBHitheeyes o reat on thetopersu nat tb@trﬁ%ﬁén%%it%@siga&t\. oner
mat ching not chegypis Geflcked f thdgle Hirdigh%RTRA' the' padile Talé Ts Bfedief it a
' | fixed amount (close to 180 degrees). A spring connects the two disks, but the
~spring is not used for toner detection. It is used to fling toner from the toner

reservoir to the developer.

15
in U.S. Patent 5,216,462, issued to Oki Electric Co., June 1, 1993, is
described a system where a spring connects two disks so that the phase
separation of the disks indicates torque load on the paddle.- An instability is
noted in this type of system. It further describes a system similar to the Patent

20 above where the paddle free falls from its top dead position to the surface of
the toner. The position of the paddle is sensed through magnetic coupling to
a lever outside of the toner reservoir. This lever activates an optical switch
when the paddle is near the bottom of its rotation. A low toner indication results
when the time taken for the paddle to fall from top dead center to the bottom

25 of the reservoir, as sensed by the optical switch, is less than a given value.

In U.S. Patent 4,592,642, issued on June 3,1986 to Minolta Camera Co., i_s
described a system that does not use the paddle directly to measure toner, but
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IS how nuch they overl ap, indicates the phase relationship of the disks and
therefore the phase of the driving and driven nenbers. Var i ous
art showi ng the above nethods and variations are set forth below. 5

In U S. Patent4, 003, 258, issued on Jan. 518 1977 to Ricoh Co., is disclosed

t he use of two disks to neasure€ toner paddle Iocatlon relative to
t he paddl e drive shaft. Wien the paddl e reaches the top of its
rotation the coupling between paddl e and drive shaft allows the
paddle to free fall under the force of gravity 10 until it cones to
rest on the tong; {13e¢ Paaa ' tAve the sl
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In U.S. Patent gmblintéftime lﬁihé%wmﬁétlpoﬁtbﬁmem@ine signale léwtéﬁéBAlthbugh
descri bed a system where a_spri ngqconnects two di sks so that the phase

separati o of t e paierd implipsthat he ampunt ob enesn dhe resevei canbe maewrw ty
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dead position ttp trierelyuddtectea ddner low staté.he toner. The position of the
paddl e is sensed through magnetic coupling to a |l ever outside of
the toner reservoir. This |lever activates an optical switch when

the paddie i's nees, plgnpaldeu el ided 6 FoboS; 1db1 RIXSRACRTRBI fem the

results en t e’tlmétdke omto
center tdQ he bothessirethat therefis nbenhemalrpadde toaaga&emdi@yenﬂwendnstﬂd the

St on’ sune whilofetfebehvifiptianabout anorzaht 58 AL Hitbef gt es.
that does not Ugfhthe réssltbip ittiragsd potatables RAEF Bldrig With itd When the toner level
becomes low, the lever, no longer displaced from its home position by the
movement of the toner, retums to its home position under the force of gravity.
15 From this position the lever activates a switch to indicate low toner.

In still another U.S. Patent 4,711,561, issued on Dec. 8, 1987 to Rank Xerox

Limited, this patent describes a means of detecting when a waste foner tank

, is full. It employs a float that gets pushed upward by waste toner fed into the

20 tank from the bottom. The float activates a switch when it reaches the top of
the tank.

U.S. Patent 5,036,363, issued on July 30, 1991 to Fujitsu Limited, describes |
the use of a commercially available vibration sensor to detect the presence of

25 tonerat a fixed level. The patent describes a simple timing method for ignoring
the effect of the sensor cleaning mechanism on the sensor output.



:5-' i nstead uses the notion of the paddle to lift a "float"

above the surface of the toner and drop it back down on top of the
toner surface. A switch is activated by the "float" when in the
| ow toner position. If the "float" spendsga_substanti al anount of

time in the. low toner position the device signals |ow toner. Although 5
the patent inplies that the anbunt of toner in the reservoir can be
measur ed, the description indicates that it behaves in a very

US. pacent 4, 5393 SAtent s 8 377 insyec o 555k ), 19835 o L, iR, B,
the 10 ot hf’élgoﬁ!hgﬁ mdlaﬂémg' forit Hseagtermﬁ hées hidunt @8 téridreredtaining in

deliver toner. InStea ) ) toner reservoir rotates about "a
hori zontal axi s.thesresssvain byrcountingeblack spixels and weighting themefor deBer sisaget.

becomes | ow .t ndaeesLon FRiP bt aler MR DR AREeORISH T s e e
nmovenent 0§ the jhoastive frethidd ant appapatilerdisclosed hereinafter the force of
gravity. 15 Fromthis position the |l ever activates a switch to indicate

| ow t oner. In still another U S. Patent 4,711, 561, i ssued on Dec. -
det sct ng when SSVBIARY OF THEINVERRON™ & P o P ess 2 T oat t hat
gets pushed upward by waste toner fed into the 20 tank fromthe bottom
The float act] Val}ie\}/?ev% o?\%é %Eo%‘,er{‘ isI atl pgiﬁ%%ralfgbjtegteo; t?'Pe grfesent invention to provide
10 a simple yet effective method and apparatus for transmitting to a machine of
the type utilizing toner, information concerning the contents of the cartridge, but
-also combining with such information continuing data relating to the amount of
toner left in the cartridge during machine operation. '

15 Another object of the present invention is to provide suitable software to
automatically determine, upon machine power-on-reset (POR) or other
resumption of functions, whether conditions have changed or altered since the
last period of running of the machine, and to alter the machine running
conditions in view of those determinations or findings. |

20
Still another object of the present invention is to provide a simplified, but
effective method and means for changing the initial information conceming the
cartridge, but one that is accurate enough and simple enough to allow for end |
of manufacturing line or field alterations.

25

Yet another object of the present invention is to provide, in a single encoder
wheel associated with the supply EP cartridge, information which may include,
but is not limited to, PC drum type; “Vendor ID" which inhibits unauthorized



"the tank U S. Patent 5,036,363, issued on July 30, 1991 to
Fujitsu Limted, describes the use of a comercially avail able
_vibration sensor to detect the presence of 25 toner at a fixed |evel.
The patent describes a sinple timng nethod for ignhoring : t he
effect of the sensor cleaning nechani sm on the sensor output.

- 6- . " U S Patent 5,349,377, issoed on Sept. 20, 1994 to Xerox
Corp. discloses an al gorithm for cal cul ati ng toner usage and hence
anount of toner remamining in t he reser%%lr_b nting.
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| NVENTI ON “MICR tbRevastngdy inbladeldatectiort of thedeyeli of¢the doneripdbe cartridge
present invention to provide 10 a sinple yet effective nethod and
apparatus for t$¥RBnitting to a nmachi ne of the type utilizing

toner, ingormation concerning the contents of the cartridge, but
al so conbi'ning with such information continuing data relating to the anpunt
of t oneTo lthisterid) thé presert invention.encompassesra mgtbed anshapparatus for

providi ng information to a machine about the characteristics of an EP cartridge,

which alter the operation of the machine in which it is employed. The invention

_ uses an encoder wheel mounted to the shaft of a portion of the machine

10 associated with the replaceable supply cartridge which, through at least a

portion of its rotation, rotates at a substantially constant velocity. The wheel

contains encoded information that can be read by conventional sensing

 methods and means are provided to create a serial bit stream which is then

decoded to obtain information about the cartridge. Another portion of the wheel

15 provides on a continuing basis, variable data on how much toner is left in the
cartridge.

With regard to the latter function, the invention disclosed herein improves upon

the prior art by using only one disk rigidly attached to the paddie shaft, along

20 with knowledge of the cyclical nature of the torque load due to the resistance

encountered by the paddle when it moves through the toner. In this manner,

the lag between the driven and driving members is a function of this resistance

and the amount of toner in the toner sump. This invention also improves upon

_ prior art by distinguishing between several different levels of toner in the sump,

25 not just one. This capability arises from being able to measure the magnitude

of the torque load and from the ability to measure the torque in more than one
circumferential agitator or paddle location. '



"15 Anot her object of the present invention is to provide suitable |

software to automatically determ ne, upon machi ne power-on-reset
.(POR) or other resunption of functions, whether conditions have
changed or altered since the - | asf, period of running of the machine,
and to alter the machi ne running " “conditions in view of those
determ nations or findings. 20 - Still another object of the present
invention is to provide a sinplified, but ef fective nethod and

means for changl ng the initial information concerning the

ca(rjtrldge bu]E @thetbbpctsamtamm‘e@oa?pletlg;l . ndmgsofetheuyent@rumy\berlaad
another obj ect &b Ct””@ntthﬁ'aﬂ@ﬁh@e%sq‘a’e'ﬁ’ ol in -eaniunction, With,the

wheel associate ﬁﬁ\ﬁ,ﬁfdfl dge, information which may
b
I ncl ude, B but (%S ed to, PC drum.type; "Vendor |D' which
i nhibits unauthorlzed -7-
~cartridges_fromdei - B¢ AENRHERS AR 'icates original cartridge

capacity; fhet h&IEE S bank checks etc.) or non-
M CR toner and may |ncI ude det ectlon of the level of the toner in the
cartridge To t.his end,. the '89 sent invent.i o

enconpasses a r’rﬁlglohlsaamﬁldg eleyational view iljystrat PAPST P18 ﬁﬂm@'
machine about t e, GAMRFAGEPRIC Mscithe 3R thE ilfitiatéd!ftance a printer, and showing

a replacement supply EP cartridge, constructed in accordance with the present
10 invention, and the manner of insertion thereof into the machine;

Fig. 2 is a fragmentary, enlarged, simplified, side elevational view of the
cartridge illustrated in Fig. 1, and removed from the machine of Fig. 1;

15 Fig. 3 is a fragmentary perspective view of the interior driven parts of the EP
cartridge illustrated in Figs. 1 and 2, including the encoder wheel and its
relative position with regard to the drive mechanism for the cartridge interior
driven parts;

20 Fig. 4 is an enlarged'fragmentary perspective view of the agitator/paddie drive
for the toner sump, and iliustrating a portion of the torque sensitive coupling
between the drive gear and the driven shaft for the agitator/paddie;

Fig. 5A is a fragmentary view similar to Fig. 4, except illustrating another
25 portion of the torque sensitive coupling for coupling the driven shaft for the -
agifator/paddle, through the coupling to the drive gear, and Fig. 5B depicts the
reverse side of one-half of the torque sensitive coupling, and that portion
which connects to the agitator/paddle shatft; |



“which alter the operation of the machine in which it is enployed. The

I nvention uses an encoder wheel nounted to the shaft of a portion
.of the machi ne 10 associated with the repl aceabl e supply cartridge

whi ch, through at |east a portiog of its rotation, rotates at a
substantially constant velocity. The wheél “contains encoded

I nformation that can be read by conventional sensing nmet hods and
nmeans are provided to create a serial bit streamwhich is then

decoded to obtain information about the cartridge. Another portion of the

wheel 15 pr CFi?OG% asinpplifiedieiedtiioal diagriam for the aieohinkaoiFign1 rand ilfusinating

toner is left in cartridge. Wth regard to the latter
function, the |dh@ﬂﬂ"ﬁﬂmﬂP@ﬂﬁdﬁéﬂeﬁﬂagﬂﬁahqﬁ*@ves upon the prior
art by using only one disk rigidly attached to the paddl e shaft, along 20

wi th know edge of the cyclical nature of the torque |oad due to the )
resi stance Fig. 7eiscan ehlzrged iside blevahdublenew the emdermh@hmlayaed in

toner. In thls nmanner , t he bet e drlve drivin
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the toner sunp. Havﬁq T"??‘ ippSte WRRas shown inoFigoB; art by
di sti ngui shi ng between g@C %Pd eren evels of toner in Phe sunp, 25

not just one. This capability arises frombeing able to nmeasure the
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locati on. - machine start up, and the reading of information codedfon the encoder wheel;
10

Flg. 8B is a second portion of the flow chart of Fig._ 8A illustrating the
measurement of toner level in the toner sump;

Fig. 9 is a graphical display of the torque curves for three different toner levels
15 within the sump, and at various positions of the toner paddie relative to top
dead center or the home position of the encoder wheel; and

Fig. 10 is a perspective view of an encoder wheel with novel apparatus for
blocking off selected slots in the encoder wheel for coding the wheel with EP
20 cartridge information.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT(S)

Tuming now to the drawings, and particularly Fig. 1 thereof, a laser printer 10

25 constructed in accordance with the present invention, is illustrated therein. Fig.
| 1 shows a schematic side elevational view of the printer 10, illustrating the print
receiving media path 11 and incuding a replacement supply
electrophotographic (EP) cartridge 30, constructed in accordance with the



'-Clher obj ects and a nore conpl ete under st andi ng'of the invention may be had
by referring to the follow ng description taken in conjunction with the '

-acconpanyi ng draw ngs i n which: 5 BRI EF DESCRI PTI ON OF THE
DRAW NE S) Fig. 1is a scherratll Cc side elevational view
illustrating the paper path in a typical el ect r ophot ogr aphi c
machine, in the illustrated instance a printer, and show ng a

repl acenent supply EP cartridge, constructed in accordance with the present

10 i nvent i onpregedt inventidmnAs |Mstratedrﬂ1ecrnadinnea@fmduaestaf@smg br heusing
Fig. 2|safr_([;rrentary enl ar ed simplified, side glevatlonal w Qf the

cartridge il usT9awich suppasts af leasto n%!q"nty‘ﬂﬁy g8 pigker

égrts o1|‘:| ?hesE:ﬁéﬂ-ﬁl 13 %66% ca?@# 'agéégffffe ?dédﬁwﬁq'beg %5'3%9353 Hfﬁglthe

t he encoder \Ahawbdfamam #1, past the priat engme wituich forons in the p@&nﬂlnsbamdmpart ,

Flg 4 s5an Z% EhiEics b 968 Sk, meching 16 ﬁ&r&zﬁéoﬁ grotBEdeive
d SR
Chei tfglfp‘%z me%@tgﬁgécﬁwg 3?&‘?95%?@ e~driven is%ri ['Ig

sensitive couplln

t he agitator/ paam:i between the nips-ofypinsia rolterpainsatpea3 intg amediastaceiving outpatg
4, except illugtra?ﬁng anot her 25 portion of the torque sensitive
coupling for c g the driven shaft for the agi t at or/ paddl e,

t hrough the coupllng to the drive gear, and Fig. 5B depicts the

o eh offe, Snpasdaes it 1nd SYMIIGE NN iR o PR, 118 2thécn
cartridge 30 includes an‘ encoder wheel 31 adapted for coaction, when the
cartridge 30 is nested in its home position within the machine 10, with an
encoder wheel sensor or reader 31a for conveying or transmitting to the -
machine 10 information conceming cartridge characteristics including continuing

15 data (while the machine is running) conceming the amount of toner remaining
within the cartridge and/or preselected cartridge characteristics, such as for
-example, cartridge type or size, toner capacity, toner type, photoconductive
drum type, etc. To this end, the encoder wheel 31 is mounted, in the
illustrated instance on one end 32a of a shaft 32, which shaft is coaxially

20 - mounted for rotation within a cylindrical toner supply sump 33. Mountedonthe
shaft 32 for synchronous rotation with the encoder wheel 31, extending radially
from the shaft 32 and axially along the sump 33 is a toner agitator or paddle
34. The toner 35 level for a cartridge (depending upon capacity) is generally
as shown extending from approximately the 9:00 position and then counter

25 clockwise to the 3:00 position. As the paddle 34 rotates counter clockwise in

- the direction of the arrow 34a, toner tends to be moved over the sill 33a of the

sump 33. (The paddie 34 is conventionally provided with large openings 34b,

Fig 3, to provide lower resistance thereto as it passes through the toner 35.)

As best shown in Figs. 2 & 3, the toner that is moved over the sill 33a, is

30 presented to a toner adder roll 36, which interacts in a knoWn manner with a



-0- Fig. 6 is a sinplified electrical diagramfor the machi ne of

Fig. 1, and illustrating the principal parts of the electrical
.Circuit; Fig.7 is an enlarged side el evational view of the
encoder wheel enployed in 5 accord qpe_mﬁth the present invention, and
viewed fromthe sanme side as shown in Fig. 2, and fromthe opposite
side as shown in Fig. 3; _ Fig. 8Ais afirst portion of a flow
chart illustrating the code necessary for machi ne start up, and the
readi ng of information coded on the encoder wheel; 10 Fig. 8Bis a

second ort ! or. Peybiet 1A' i 4 B ghotd RS YIRS which s i te
graphi cal di spl ayedia patte 11 dooamplyging\text drud graphical infofraation to theeprintereeeivings
top 1 S deninadia; a BeseniecBRtgdS e dhedR RAE Thobder wheel . and
Fig. 10 is a perspective view of an encoder wheel w th novel apparatus for
5 Referring now to Fig. 3, the motor transport assembly 15 includes a drive motor
15a, which is coupled through suitable gearing and drive take-offs 15b to
provide multiple and differing drive rotations to, for example, the PC drum 38
and a drive train 40 for the developer roll 37, the toner adder roll 36 and
through a variable torque arrangement, to one end 32b of the shaft 32. The
10 drive motor 15a may be of any convenient type, e.g. a stepping motor or in the
preferred embodiment a brushless DC motor. While any of several types of
motors may be emiployed for the drive, including stepping motors, a brushiess
DC motor is ideal because of the availability of either hall effect or frequency
generated feedback pulses which present measurable and finite increments
15 of movement of the motor shaft. The feedback accounts for a predetermined
distence measurement, which will be referred to as an increment rather than
a ‘step’ so as not to limit the drive to a stepping motor.

: The drive train 40, which in the present instance forms part of the cartridge 30,
20 includes driven gear 40a, which is directly coupled to the developer rolt 37, and
through an idier gear 40b is coupled to the toner adder roll 36 by gear 40c.
Gear 40c in tum through suitable reduction gears 40d and 40e drives final drive
gear41. In a manner more fully explained below with reference to Figs. 5 &
6, the drive gear 41 is coupled to the end 32b of shaft 32 through a variable
25 torque sensitive coupling.

In Fig. 3, the gear 41 is shown as including an attached web or flange 42
connected to a collar 43 which acts as a bearing permitting, absent restraint,



bl ocki ng off selected slots in the encoder wheel for coding the wheel with
EP 20 cartridge information. - DESCRI PTI ON OF THE | LLUSTRATI VE
- EMBODI MENT( S) Tur ni ng nom/to the drawi ngs, and particularly Fig.
1 thereof, a laser printer 10 25 q_tructed in accordance with the
present invention, is illustrated therei Fi g. ' 1 shows a
schematic side el evational view of the prlnter 10, illustrating the print
receiving nedia .path 11 and including a replacenent supply
el ectrophot ographic (EP) cartridge 30, constructed in accordance with the
- 10 - free pnevement ofthetgean A1and its'uweb 42aboutiibe end 32t cfdhe shaft

copply tray” 52, Jon R Mneto Big e arun half SRS YarSbie e SebliEL”
of print recei V%@q mﬁ%‘%ﬁ onthe ity 42 of tHedgéara1. Tothnsen@!eﬂi@drﬁ\ﬂhghélfl

past the print Or s |n e present instance part
the cartridge 36f thendoupiinguigicludes areoslammmon spring 44spae legrddar OﬂMvh}d‘\ is

Chrougn 5 ' Seqibea Rl i bei8edf M the e el Pllo G WRE  free,

medi a recei vi nggiapHmd. tray 26. 10 I n accordance with the
I nvention, and referring nowto Figs. 1 & 2, the cartridge 30
‘includes an encoder wheel 31 adapted for -coaction, when the

Turning now to Fig. 5A, the other half (driven half) of the coupling is illustrated
therein. To this end, an arbor 45 having a keyed central opening 46
10 dimensioned for receiving the keyed (flat) shaft end 32b of the shaft 32, is
-depicted therein. For ease of understanding, an inset drawing is provided
wherein the reverse side of the arbor 45 is shown. The arbor 45 includes
. radially extending ear portions 473, 47b, the extended terminal ends of which
overlay the flange 48 associated with the web 42 of the gear 41. The rear
15 face or back surface 45a of the arbor 45 (see Fig. 5B) confronting the web 42,
includes depending, reinforcing leg portions 49a, 49b. A collar 46a abuts the
web 42 of the gear 41 and maintains the remaining portion of the arbor 45
* spaced from the web 42 of the gear 41. Also attached to the rear of the back
surface 45a of the arbor 45 is a clip 50 which grasps the free standing leg 44b

20 of the spring 44.

Thus one end 44a (Fig. 4) of the spring 44 is connected to the web 42 of the
gear 41, while the other end 44b of the spring 44 is connected to the arbor
45 which is in tum keyed to the shaft 32 mounted for rotation in and through
25 the sump 33 of the cartridge 30. Therefore the gear 41 is connected to the
shaft 32 through the spring 44 and the arbor 45. As the gear 41 rotates, the
end 44b of the spring presses against the catch 50 in the arbor 45 which tends
to rotate causing the paddle 34 on the shaft 32 torotate. \VWhen the paddle



cartridge 30 is nested in its hone position wthin the machine 10, with an
encoder wheel sensor or reader 3la for conveying or transmtting to the
-imachi ne 10 i nformati on concerning cartridge characteristics-including
continuing 1 5 data (while the nacﬁigﬁ i_s running) concerning the anmount
of toner renaining within the cartridge and/ or presel ected
cartridge characteristics, such as for exanpl e, cartridge type or
size, toner capacity, toner type, photoconductive drumtype, etc.
To this end, the encoder wheel 31 is nounted, in the illustrated

i nstance on onefimstengagesithe tohef B53A, thetsurp I3 fthe igtidedardsidthnics @auses an

mounted for rotation wthin a cylindrical toner, supply, su 33. Mounted on

the shafCcrease B} tarpionnare dae sPanat4biEnAs 10 Wid dRciesebysausingithe
extending rad abh¥oder whee) 31 &l fie Y8RordF paSiloR bf e Yedt 479 SiipSSTRng®

IS a toner agitator or pa oner evel fo
cartridge (depeb2impuntedondthefangeN8ipseentavel Wnding or excessivihstressing eftheng

f i mately t 9: 00 positign and then unter, 2 ¢l ockwi se to

the 300 fost t1 SRINGd: nin eliices ilerd e ST 1S At 116 Bl desion fevel of toner
the direction ofigt ?qag %ﬂ§m§ kg

of th; | gﬁh%ﬂ§%¥§?Q%§agg d eagih?s ong%gpggﬁg?%$ pré%#gggg§béwgaz

| ar ge openi ngs ' thesefore allows tie paddietshafir32 tallag relativertodhe gear 41 aneithe drive
it passes through.t toner 35. . best shpwn .in Figs. 2 3, the
tongr that is nﬁ%’d%\?@h'ﬁ% it?’? @ﬁaﬂ%%wu*e'aﬂﬁégﬂlﬂéhrﬁ?%qfoﬁas Ber
rol | 36, which gééidiéa@l SattemitskiP mibveatirelghithe sump-33. The more resistan

- devel oper roll 37 and then a photo conductTve (PC) "drum 38 which is In the

nedi a pafl® 11 fenrceysesachbecause ofitangr againstithe paddissi4, dhe greates the lag. As
receiving shall be described in more detail hereinafter, the difference in distance traveled
by the gear 41 (really the motor 15a) and the encoder wheel 31, as the paddle
. 34 traverses the sump 33 counter clockwise from the 9:00 position (see Fig.
2,) to about the 5:00 position, is a measure of how much toner 35 remains in
15 the sump 33, and therefore how many pages may yet be printed by the EP
machine or printer 10 before the cartridge 30 is low on toner. This
measurement technique will be explained more fully with regard to finding the
home position of the encoder wheel 31 and reading the wheel.

20 Turning now to Fig. 6 which is a simplified electrical diagram for the machine

10, illustrating the principal parts of the electrical circuit thereof, the machine

employs two processor (micro-processor) carmying boards 80 and 90,

respectively labeled “Engine Electronics Card” and “Raster Image Processor

Electronics Card” (hereinafter called EEC and RIP respectively). As is

25 conventional with processors, they include memory, I/O and other

accouterments associated with small system computers on a board. The EEC

80, as shown in Fig. 6, controls machine functions, generally through programs
contained in the ROM 80a on the card and in conjunction with its on-board



medi a 12a presented thereto in the nedia path 11. 5 Ref erri ng now o
Fig. 3, the notor transport assenbly 15 includes a drive notor . 15a,
.Which is coupled through suitable gearing and drive take-offs 15b to

provide nmultiple and differing drive [pHg%tpns to, for exanple, the PC drum

38 and a drive train 40 for the vel oper roll 37, the toner adder
roll 36 and t hrough a variable torque arrangenent, to one end 32b
of the shaft 32. The 10 drive notor 15a nay be of any convenient type,
‘e.g. a stepping notor or in the preferred enbodi nent a brushless DC

motor. Wile anyretessrerFor éxaRsleObn the machifie] tHes|asey prftiaad 82¢ethe Aioténe
drive, including stepping notors, a brushless notor is idea

because of the AvaMiSpeRiasseynbly 15; the:highayoltager mwez)supmwﬁeaaq a cover switch
o movenent of &8 MIGE diGetes £:chRG ARERHE IR (heTEEC 8O, WhehifH Bhler s
di stance neasur @pened; the EhwdérIV\MeelrSémoraiatwhueh reads the eodebnthe kacotidéan
drive Lrai® 40, WRR31 iomaing: oihenEECH A0 ABESES (Rl nfpmeaion, aneh gigg
devel oper rol | “%@?“'Q%‘b%@%ﬁ#ﬂm‘sﬁ'@ﬁeﬁ Sy e f B3 the FE Eartidae,
toner adder rol 3036a lfjspiay814Adhich indicates V@ﬂmus4ﬂachmemndltmsdoqhe$lperaﬂdr,e
T, 0o R Sacrok o el P b The v i operatE i ongtle e
O e senst 1 pCobld 1y 898 128 Qi) indifcb g vty g ’taet for
i ncl udi ngl@n at dzspfagdngenamfacﬂuangdeetzoon itions evem et BIR s not instalied.
which acts as a-pearh HBRS Tubh 28%he E2585 or GEi8hER IdHhp assembly 84 and the MPT
paper- out functions are illustrated as being controlled by the EEC 80. Other
shared functions, e.g. the Fuser Assembly 86 and the Low Voltage Power
Supply 87 are provided through an interconnect card 88 (which includes
15 bussing and power lines) which permits communication between the RIP 90
and the EEC 80, and other peripherals. The Interconnect card 88 may be
connected to other peripherals through a communications interface 89 which
is available for connection to a network 91, non-volatile memory 92 (e.g. Hard
drive), and of course connection to a host 93, e.g.,a computer such as a
20 personal computer and the like.

The RIP primarily functions to receive the information to be printed from the

network or host and converts the same to a bit map and the like for printing.

| Although the serial port 94 and the parallel port 95 are illustrated as being

25 separable from the RIP card 90, oonventionally they may be positioned on or
as part of the card.

Prior to discussing, via the programming flow chart, the operation of the
machine in accordance with the invention, the structure of the novel encoder



-12- free novenent of the gear 41 and its' web 42 about the end
32b of the shaft - 32. Referring nowto Fig. 4, the driving half of
the variable torque sensitive coupling is nounted on the web 42 of
the gear 41. To this end, the driving ba%% _ of the coupling includes
a coiled torsion spring 44, one |eg 44a which is - 5 secured to the
web 42 of the gear 41, the other leg 44b of which is free st andi ng.
Turning nowto Fig. 5A, the other half (driven half) of the coupling is
illustrated therein. To this end, an arbor 45 having a keyed

cent ral “openi ng fied031 shoud BB HELABAA To s End BedrBRRY W f4 Fig. 7R

end 32b of the s depicted therein. For ease o

unger S]E anﬁi ng, bathmelv(ah@s,Esefprab}y diisk shaped andreoraprisasha kayedr central
! e " . .
xt endi ng ear | povReang AIET6R recein B R sheostiaitSha of dhe Sheft i, The whee

overlay the flangejtiesazneralal®y orvindéws thereinhich arecpasitisnetipreféabiyeaith 1

5 face or back surface 45a of the arbor 45 (see Fig. 5B) confronting the

web 42, 5 reseeatiesa start daturg inedabeliadPAgiar Qurpeses ehisentification,. From
| b o . s TR -
emmini g porti b Gock face] viey Tl fésides 416,08 Blorén@ail Qide BFa tBptmome

gegr 415 Al so altmm&\d_' 3 &mfghewrml 311;.1,(l\bmf tiwuirecc:lt_ion olf rotaiitgrafa;rg@ﬁ&af) t'm'ﬁe
ar bor is acli ich grasps t ree standi,ng | eg of the
spring 44. Pé)dj&rﬂ'%ﬁ@gqﬁag@iu %iw pQF“’@ﬂeth% W@ﬁﬁ‘@@nﬁ qg}é)e‘éflt@d
to the web 42 of ' ﬁgpg r ({00
44 i s connected rte%Bgﬁtetoatr ovr\d’lgélas"(éﬁdjgmv\;ﬁ%ﬁnl |§ft?ﬁ%%§@gﬁf§h’? ﬁaer&g:"lda t
32 nount edlof or rwheeli sensor 3td t @ithough Ziationarkeand aitkhedf to ke anachinggds

30. Therefore the gear,41 is connected to the . . S t t hrough th
spring 44 and t'h%ssg‘nm- é@f a'ﬁg-‘ﬁ%nMr ofligned Mﬁbr&s in Yhe' dfawt g and
positioned substantially as shown schematically in Fig. 1.

Because the paddie 34 is generally out of contact with the toner in the sump,

15 from the 3:00 position to the 8:00 position (counter clockwise rotation as shown

by arrow 34a), and the shaft velocity may be assumed to be fairly uniform

when the paddle moves from at least the 12:00 (TDC) position to the 9:00

position, information conceming the cartridge 30 is preferably encoded on the

wheel between 6:00 and approximately the 9.00 position. To this end, the

20 wheel 31 is provided with radially extending, equally spaced apart, slots or

“windows 0-6, the trailing edges of which are located with respect to DO and

labelled D1-D7 respectively. Each of the slots 0-6 represents an information

or data bit position which may be selectively covered as by one or more decals

96, in a manner to be more fully explained hereinafter with reference to Fig. 10.

25 Suffice at this point that a plurality of apertures 56-59 are located along an arc

with the same radius but adjacent the data slots or windows 0-6. Note that the

spacing between apertures 56 and 57 is less than the spacing between
apertures 58 and 59.



end 44b of the spring presses against the catch 50 in the arbor 45 which

t ends to rotate causing the paddle 34 on the shaft 32 to rotate.
When the paddl e . - 13 -

first engages the toner 35 in the sunp_3§ t he added resistance causes an
increase in torsion and the spring 44 te gs to wind up thereby causing the
encoder wheel 31 to lag the rotational position of the gear 41. Stops 51
and 52 nounted on the flange 48 prevent over w nding or excessive
stressing of the 5 spring 44. In instances where the sunp 33 is at the
full design |evel of toner 35, the ears 47a, 47b engage the stops
52 and 51 respéctively. The spring 44 therefore allows the paddle
shaft 32 to | ag The cadeddata represgated byl cambinations of eavered, not-coveredslats 0-6

e ot R T BB e i B Ve 2 g
encount ered becaupachy, tbﬁéegfﬁg}@ﬁﬁed@%%ﬁéd%é,adOEMfﬁﬁc%rtddgéétbgﬁgcéﬁs

shall be described I n nore her ei na the differéence in

traveled 5 otigr tnfermpation that(iseaithey desirabie @r neegssany fomeogrchaaachine

from the o:00 pSBRIAIRN  Adiagens siot 6 s 65 Winldh xR TS A B CQRISAIRE .
a neasure of howisttfce betvsersthe teallindgedges éﬁadjaoenﬁél@ts%ﬂv{iinaéws@% D1=(D2-
t her ef ore how man ~pa%§s may yet b%mgrlnted by the i ne or

EP nmac
printer 10 bef o, tHBPRRECFGEthawds ofssindawt e Note thatihe stop window 55 is
measur enent techyd ' i faul | ] L el
the nomel et o tha bRiRaREie Ustone 3 Hetdhie'ebGARb g Beop Bifidbin
10 width 55. That is, the distance D8 - D7 = twice the window 55 width while the
window width of window 55 is greater than the width of the slots 0-6.

Adjacent slot 0, from approximately the 5:00 to the 6:00 position is a start/home

window 54. The start/home window 54 is deliberately made larger than any

15 other window width. Because of this width difference, it is easier to determine

' the wheel position and the start of the data bit presentation to the encoder

wheel sensor 31a. The reason for this will be better understood when
discussing the programming flow charts of Fig. 8A and 8B.

20 In order to provide information to the EEC 80 as to the lag of the encoder
wheel 31 relative to the transport motor 15a position (counted increments),
three additional slots or windows “a", “b" and “c” are provided at DS, D10 and
D11 respectively. The tréiling edge of slot “a”, ( angular distance D9) is 200°

_ from DO; the trailing edge of slot “b” (angular distance D10) is 215° from DO

25 and the trailing edge of slot “c” (angular distance D11) is 230° from DO. From

" Fig. 7 it may be seen that when the slot “a” passes the sensor 31a at DO, the
paddle 34 will have already passed bottom dead center (6:00 position) by 20°,
(200° - 180°); window or slot “b" by 35° (215° - 180°), and slot “c” by.50° (230°



20 Turning now to Fig. 6 which is a sinplified electrical diagramfor

t he machi ne 10, illustrating the principal parts of the electrical

.Circuit thereof, the nmachine enpl oys two processor

(ﬂ]CfO processor) carrying boards 80 and 90, . respectively labeled
Engrne El ectronics Card" and ' Raster']ﬂage Processor ~ Electronics

Card" (hereinafter called EEC and RIP respectively). As is 25
conventional with processors, they include nenory, 1/0O and other
accouternments associated with snal | Ystenrconputers on a hoa Th%wmﬁ%e

80, as shown i n-Fig@°).6 Thepsignificanes:of pmﬁﬁ\bﬁgthﬁgélﬁﬁaﬁlﬁt?ﬂd)t@ _
pr ogr ans i ned, i a ng i n conjunction
With its on- boamorenftu | Wflidirted, MerSiRihEP 2 Wi feBfeltoFigne. onj un
processor. For exanple, on the nmachine, the |aser printhead 82; the notor .

transport assenbly 15; the high volta ower ., s 83. and t
83a V\EI ch i ndi cﬂ%‘errmgdrmgkl %S Y aﬁ’@g 'ﬁ@sﬁﬁ%gggggﬁé W%%E&C}\é&hilwanc
opened; t Enc ﬁgéaggﬁ[ﬁgq%a nb@g

5p wheel ® 31 |ﬁﬁ%ﬁﬁ%ﬁ%ﬁbﬁﬁﬁgggmgéﬁﬁﬂgﬂﬁEPcartr|dge orna?ﬁon aﬁ rlg?vrng

conti nui ng datam@mdm@@ftrh&)mwuen sogied yon rthehencader sdeel, induding the

d 30; di d
condi t1oms to t FEaEpAESk Of torer 35 IEYaE tecionBh Bomk e A R RS, fids wel
machi ne is oper Qﬁéﬂgbéﬁhdé f?\a?ghéré'@ﬂo relranoe oﬁ@rﬁ*rfeééh@iném dfhthefdpeed

during manufacturing, el ng useful fo di_spl ayi ng

manuf act uring t ef the;rmd:hmeoas |tdrérs\dependmg wpaon the qparaﬁum(l@ ,r@splutron toner
paper - oULOT unc okt et puet iaulh SXMBEcht A8 T 58 Rerk i R ol fider
Q her gross or extreme speed change conditions. Accordingly, rather than store in
the ROM 80a a norm for each of several speeds to obtain different resolutions
to which the actual could be compared to determine the amount of toner left,
what is read instead is the angular ‘distance’ traversed by the encoder wheel
15 31 referenced to the angular distance travelled by the motor, and then
comparing the difference between the two angular measurements to a normor
base-line to determine the amount of toner 35 left in the sump 33. By
observation, it can be seen that the distance that the encoder wheel travels
between start or home (DO) and “a", “b”, “c” is always the same. Sowhat is
20 being measured is the distance the motor has to travel before slot “a” is
sensed, slot “b’ is sensed and slot “c” is sensed, and then taking the difference
as being the measured lag. In essence, and perhaps an easier way for the
reader to understand what is being measured, is that the angular displacement
of the paddle 34 is being measured with respect to the angular displacement
25 of the gear 41 (gear train 40 as part of transport motor assembly 15).  As
discussed below, the greatest number (lag number) indicates the paddle
position which gives the highest torque (the most resistance). This number
indicates which look up table in ROM should be employed and gives a
measure of how much toner 35 is left in the sump 33 of the cartridge 30.



shared functions, e.g. the Fuser Assenbly 86 and the Low Vol tage Power
Supply 87 are provided through an interconnect card 88 (which includes 15
bussi ng and power |ines) which permits conmunication between the RI P 90

and the EEC 80, and other peripherals. T I nt erconnect card 88 may be
connected to other peripherals through  aTormunicatifons interface 89 which
I s avail able for connection to a network 91, non-vol atile nenory 92 (e.qg.
Har d drive), and of course connection to a host 93, e.g.,a conputer
such as a 20 personal conmputer and the |ike. The RIP primarily
functions to recReferringdirsthtooFigai8Ayraftes machineni@ dstarbuptdrethe cover hasbeenk

r h d ' h ' d the.like,f I nting.
A though ¢ he. sorobeesbanc SREEcloSed e R AVGHE isfesft 4 st in Bdicbiock
bei ng 25 S epag@bISmplyostatdte ‘NI(B.&H 6r Q)lsc?ﬁ%lé@ﬁéésﬁﬁégleﬁté ey eg_amiriéa and

positioned on or as part_of” the card. rior to discussing,
via the progranmthegaverageqidnem isrstomskand itoe coderonthe encodemnwbrehdtiof the

207 Canees™ U StfidRiF0le e (finBleH bt s e RIS A6 Bifstored. Theg '

how to Fig. 7, theason for doingethisidetharifes luséd replacesbaERcarididgle sihep gt R

conpri ses a keyed central openi ng 31b for receipt. by |ike shaped

end 32a of the sPRWEroRormRshinesy) startup, thererrmmtagjagﬁf@seatr@nesty@estqner?evel
wi ndows therein 4Rl GR {RE R SLbpP e ARSRIIFIFLSY 2%t to rely on the old data, new

data is secured which includes new cartridge data and/or amount of toner 35
10 remaining in the cartridge 30. Therefore a new ‘rolling average’ is created in
the EEC 80. With regard to host notification, the old data would be reported
because the great majority of time when the machine is started up or the cover
is closed once opened, a new cartridge will not have been installed, and
reliance may usually be placed upon the previous information.
15 R
The next logical step at 61 is to ‘Find the Home position’ of the encoder wheel
31. In order for either the toner level or cartridge characteristics algorithms
to operate properly, the "home position" of the wheel 31 must first be found.
Necessarily, the EEC 80, through sensor 31a must see the start of a window
20 before it begins determining the home or start position of the wheel, since the
engine could be stopped in, for instance, the stop window 55 position and due
to backlash in the system, the motor may move enough distance before the
encoder wheel actually moves that the measured "total window width'" could
appear to be the start / home window 54. Below is set forth in pseudo code
25 the portion of the program for finding the start/home window 54. As previously
discussed, the start/home window 54 is wider than the stop window 55 or for
that matter, any other slot or window on the encoder wheel 31.



5 respect to a start datumline |abelled DO for purposes of

I dentification. From a "clock face" view, DO resides at 6:00,
.along the trailing edge of a start/hone wi ndow 54 of the wheel 31.
(Note the direction of rotation arrOWBAéLI;g) The . paddle 34 is
schematical |y shown positioned at top-dedad-center (TDC) with

respect to the wheel 31 (and thus the sunp 33). The position of the encoder

10 ‘wheel sensor 3la , although stationary and attached to the machine,
S assuned, for discussion purposes, aligned with DO in the draw ng
and posiFinshthe bometwindow firgt as shown schenatical ly in Fi g. 1.

Because the paddlg.3 wtact with the toner in the
sunp, 1 5 fro g’@ﬂhﬁg%% : 00 position (counter clockw se
rotation as shovomeFound Faker ow 34a), and the shaft velocity may be
assuned to be fai rIy unlform when the paddl e noves from at | east
the 12: 00 (TDC) Wi ldriomehovedd: 00 position, information
concerning.the c 0, ae{nﬁ oded on the - ~wheel

bet ween 6: B0 andalzg@r"gixalﬁs‘?&c?h '[%J%o& ion. To this end, the 20

wheel 31 is provi ded WindowAidthi= 0 ext endi ng, equal ly spaced apart, slots
or wi ndows 0-6, .the trajling,e s ,of |charw¢%

respect to DO and ‘Rh Qnﬂé)étabﬁ)e'%if%% m%m slots

0-6 represents an infgp W \MB-gql on which may be
sel ectively covered as one or rmre eca's - in a manner to be -
more fully explai ned herANﬁhWndauMﬁdﬂ‘IerWM | HOME._ VWDTH)SThen Suffice

at this point that a plural fa er ures 56-59 are | ocated along an arc
with the $8ne radius but a(ﬂ‘ﬁé‘g a slots or windows 0-6. Note that

t he spameﬁdlnetween apertures 56 and 57 is less than the spacing
bet ween apertures 58 and 59.
- 16 - End While

in the above algorithm, ‘HomeFound’ is set false and a loop is run until the
15 window or slot width meets the conditions of greater than minimum but less
 than maximum, then ‘HomeFound’ will be set true and the loop is ended. So
the algorithm in essence is articulating: see the window; compare the window
with predetermined minimum and maximum Vvidths, for identification; and then
indicate that the ‘home window’ 54 has been found when those conditions are
20 met.

To ensure that the algorithm found home properly, after it identifies the stop
window 55, it checks to ensure that the position of the stop window 55 is within
reason with respect to the start/home window 54 and of course that the window
25 width is acceptable. This occurs in logic blocks or steps 62, 63 and 64 in Fig.
8A. [f this condition is not met, then the configuration information should be
taken again. If this check passes, then there is no need to continue to look
at the configuration information until a cover closed or power on cycle occurs.



The coded data represented by conbi nati ons of covered, not-covered slots
0-6 - indicate to the EEC 80 necessary information as to the EP
cartridge initial capacity, toner type, qualified or unqualified
as an CEMtype cartridge, or such 5 _ sther information that is either
desirabl e or necessary for correct machine "operation. Adjacent
slot 6 is a stop wi ndow 55 which has a wdth equal to the di st ance
between the trailing edges of adjacent slots or wi ndows e.g. Dl= (D2-

D1, = D3-D2 etc.r%; the width of window 55. Note that the stop w ndow 55 is
al so spaced fr onThisguards iagainst the: potentinboonrditions whereia theuengine misidentifies

i nd 10 i dt h 55  That .i di st - D7.= twic h,Rdow 55
W dth whi | e the the Ao widouiodane g Risswracrizssdtiedarims e
wi dth of the slots 0-6. Adj acent slot O, from approxi mately the

5:00 to the 6:00 position is a start/hone . _ Wi ndow 54. The
start/hone wi ndd#ig4oidiseussing:the peeudesensle for fReading the yhee', it maythehelpful

Fho oheol o ¢ iaess Harsarmbh O e hbfidiifie!s 31 ReVkfiidr is' dot€ EbILAT
5282?2{ ood when t wmgggwmaﬁ roqr fto'rbehf‘l ovv. i(F:“r::atretalsd);elll‘ﬁ‘\e‘ist asS?A
and BB, 20 ‘Windwed ba5opRgy N TRIRGRTRR G & iR RHEE SRSH0 Bfshe Mihedh
of the encoder 3¢ fom tﬂﬁgféggr?gleagé%ﬂwﬁfﬁvh [R5 t&?ﬁ@&rahﬁ%g%% of

position (counted increne ree additional slots or w
"a", "b" and "c'therstopwindole$Sanclidingihe siots or windowsIiHb. r déyeist iprefieyablfire

Do, the t 1611 1 ndhBdgction f the SrESOEEBEEha 1 dn whit: e, BRcle. 54 48 ot impindind
fromDo. From  Upor 8t e 4% 55 I81tRE sifp G0 Flassate fANEP sbitidn oer 3
t he sensor 3la aptiodl sensor 31a createsiasitial bitstraam whicheisalecoded togather read-
bot t om dead Centc?r{ly fr%ér?r(%aﬁ)é)ris éfxi)&%e %rtr%%g.r Lﬁ'\e information contained in this section
- may comprise information that is essential to the operation of the machine with

15 that particular EP cartridge, or “nice to know" information. The information
may be divided, for example into two or more different classifications. One

may be cartridge ‘build’ specific, i.e. information which indicates cartridge size,

toner capacity, toner type, photo conductor (PC) drumtype, and is personalized

when the cartridge is built, the other which may allow for a number of unique

20 “cartridge classes” which may be personalized before cartridge shipment,

depending, for example, upon the OEM destination. The latter classification

may, for example inhibit the use of cartridges from vendors where it is felt that

the cartridge will give inferior print, may have some safety concem, or damage

_ the machine in some way. Altematively, if the machine is supplied as an OEM

25 unit to a vendor for his own logo, the cartridges may be coded so that his logo

cartridge is that which is acceptable to the machine. The selective coding by

blocking of the windows may be performed via a stick-on-decal operation which

will be more fully explained with reference to Fig. 10.



- resol utiorfs

’(200[err]-180); wi ndow or slot "b" by 35[err] (215[err]-180), and slot "c"

by.50[err] (230 -17-

~ 180). The significance of the placenent of the slots "a", "b" and'

will be more fully expl ai ned, % inafter, Gith respect to Flg 9.
Referring now to Figs 8A and 8B which sh respectlvely a programm ng and
5 functional flow chart illustrating the code necessary for machine
start up, and the reading of information coded on the encoder
wheel , i ncl udi nThelFind Home' wdeu!e@ermiﬂwthe etaet/hamelmdow 54t measures
sunp 33 At the outset, it is It be un erstood t ot ere

is no reliance tstaeeemmndsmgméh%s@é@g edge 0 (windeue B& rom,

di ffers dependi 0 r

color etc.) eveﬂ'g K‘g gﬂbg%é%?ew %I ghn% {é&?tggﬂ@%% ajﬂm & up%/‘@?n er
gross or ext renﬂemmesﬁtaﬁmnd@nﬁst(mm is desngnédmg have agreatercireumferential n
t he RO\/ISOaanor t@%ec i'n. di.fferent,

dateraindona-H S0 ssdnge, B SFT oS

armunt -of toner naf?%'{b

' di st ance' travejrsg ag?Wt' te en)é‘ﬂ.gﬁgdk%}}ﬁﬁ%%g'&é@ﬁ erence trﬁad Is set
angul ar di st ancasingathe! reedrded dlbmnmtafreadrrwlrﬂwno-e from thectraifingietpe bfthe
di fference bet en thec‘{%sgngul ar nmeasurenents to a norm or

base-line to de emm,n mount of toner 35 left in the sunp 33. By
observation, it can be seen that the distance that the encoder wheel .

travel s bet ween start or hone (DO and "a", "c" is always the
sane. So1\ghat i The portion of the program for reading the encoder wheel in pseudo-code, is
as follows:
‘Find Home’ (see above)

' Gather distances for all of the data window
15 ' This loop runs on motor "increments™
Finished = False
WindowNumber = 0
CumulativeCount =0
while (IFinished)
20 CumulativeCount = CumulativeCount + 1
If (the start of a window is found) Then
WindowWidth = 0 '
V\kule(notatﬂ*neendofWindwv)

25 increment CumulativeCount
End While
If (WindowWicith > Minimum Stop window Width
AND WindowWidth < Maximum Stop Window Width
AND CumuiativeCount > Minimusm Stop Position



20 bei ng neasured is the distance the notor has to travel before slot

"a" is sensed, slot "b" is sensed and slot "c¢" is sensed, and then
taking the difference as being the nmeasured lag. In essence, and
per haps an easier way for the re ?e[ to understand what is being
measured, is that the angul ar di spl acenen of the paddle 34 is

bei ng nmeasured with respect to the angul ar di splacenent 25 of the gear
41 (gear train 40 as part of transport not or assenbly 15). As

di scussed bel ow, the gr w%sﬁg ﬁgﬁ&ﬁﬁﬂgaddl e _
position which gives tk@q I ghes orque (the nost S ance& I S nunber

I ndi cates whi ch | ook up weninestionsBRMiwtdhe Gstbp wingow)is deallyiwbat ee found
measure of how nuch tor}_e 5 s Ieft in the sunp 33 of the cartridge 30.
- 18- Ref erri'f B'S,'PF’ ¥ Fig. 8A after machine 10 start up or

the cover has been W@cw Rol ling Average is
reset, as shown in lo 60. Sinmply stated, 'n" (e.g. 5 or
6) sanpl esmeasur enenk re exam ned and . the average of themis
stored and the code on encodeys, Wh rtxidge 30 is
read, conpared to what qcﬁ WW%WW

reason for doing this iridoaiNurhbér 2 WindowNasber # EP cartridge since the
| ast power on or machine 10 startup, there nmay be a different

toner type, toner | eckod If check forstop windawe new sunp. Accordingly, so as

not torely on th data i s secured which includes
new cartridge dat gﬂ&/M%‘B#W% 10 remaining in the
cartridgep30. TEpd&Vhile @ new rol ling average' is created in t he

EEC 80. Wth regard to host notification, the old data woul d be reported
because the great majority of tinme when the machine is started up or the

cover " Now transiate measurements into physical bits
DataValue=0
* First divide the number of samples taken by 9
15 BitDistance = StopDistanceFromHome / 9
For | = 0 To WindowNurmber - 1
BitNumber = DistanceFromHome(l) / BitDistance

‘What is being determined is the bit number comresponding to the
' measurement by rounding up DistanceFromiHome(l)/BitDistance.

20 If {(DistanceFromHome(l) - (BitDistance * BitNumber)) * 2 > BitDistance)
Then
BitNumber = BitNumber + 1
End If
25 DataValue = DataValue + 1 (SHIFTLEFT) BitNumber - 1

Next * Window number
DataValue = -DataValue ‘ invert result since windows are logic 0's



‘i's cl osed once opened, a new cartridge will not have been installed, and
reliance may usually be placed upon the previous information. 15
.The next logical step at 61 is to 'Find the Hone position' of the encoder

wheel - 31. In order for either t toner |evel or cartrldge
characteristics algorithns to o ate properly, the "hone position"
of the wheel 31 nust first be found. Necessarily, the EEC 80,

t hrough sensor 3la nust see the start of a w ndow 20 before it begins

det ernmini ng t herjh ??o@? *% &P 2bbl€ in Pselide adtefor réaﬂmtﬂéewheel is quite

engi ne coul'd be st r instance, the stop w ndo osition and

due to Stm:glniafmvard t Thus irslogig stepd3ndFig: Mﬁf&dherfm@ﬁ inerements

wi ndow wi i v RGN for $53Faatet Bt SRU FalPB el ST SRRty

is set forth in ﬁgéﬁﬂe Fig@tﬁét the Hisbmﬁstmn- ®7t8m~eéﬁqhentrémn? s of

the start/ hone ndow RreV|ous di scussed, the s home
wi ndow 545i s vmwadomﬁ@tswt mugh&@ﬁaﬁggalbysmmed (i.e., D7- Dﬁ&tsqmep@nsta&\hy

Prac 5O R OO R Bleol, T tgiing edge of the stop vindow 35 s plso

not or "i ncremery distance of thwm?'%mdhé trléﬁir@edge of slot Gh‘v/\}mle(thé dlttanﬁelﬁmlh
5 If (found the start of a Wndow) T dowwN dth_= 0O

the trailing edge of stop window 55 to its leading edge (i.e. the wnndow 55

width) is equal to one ‘bit’ distance or “K” from the leading edge, this width may

10 'be any convenient distance as long as its' width is > than the width of the slots

0-6 and < the width of the startthome window 54.  Thus the line of pseudo

code above * First divide the number of samples taken by 9, (from the trailing

edge of the start/ home window or slot 54) means that there are 7 bits from D1

through D7, plus two more through D8, and therefore '/9' gives the spacing “K”

15 between the windows (traifling edge of the start/home window 54 to the trailing

edge of the stop window 55) which may be compared to what this distance is

supposed to be, and in that manner insure that the bit windows 0-6 and stop

window 55 have been found. If the stop window 55 is not identified correctly

by the technique just described, then a branch from logic step 64 to logic step

20 61 will once again initiate the code for finding the home position, as in block 61

and described above.

In logic block or step 65 , the next logical step in the program is to go to the
Data Encoding Algorithm portion of the program.  in the pseudo code set forth
25 above; this starts with the REM statement * Now translate measurements into
‘physical bits’. Now, assume that when coded, the encoder wheel 31 has
several of the bits 0-6 covered, as by a decal so that light will not pass
therethrough. Suppose all data bit slots but 6 and the stop window 55 are
covered. A reading of distance D8/9 will give the spacing between the data



V\hl le (not at the end of Wndow) ({i ncrerrent W ndoww dt h} | f

(W ndoww dt h> M NIl MUM_HOVE_W DTH AND W ndowwW dt h <
VAXI MUM_ HOVE_W DTH) Then 10 HoneFound = True
End if End Wil e In th§4above al gorit hrm " HomeFound' is
set false and.a loop is run until the 15 wi ndow or slot width neets the
condi tions of greater than m ni num but | ess t han maxi mum then

" HonmeFound' will be set true and the | oop is ended. So t he

al gorithmin essiotsorivindows O8.aTheefors: dhe idistancei tovsiot £ d.ec thentrailingcedge

oot o hat "t e S B 8t R e e eford il e

20 met . 7 that lsTérrﬁééNé 8nd it thé%up&em@tématnémmommo oo e b§xc is

after it identifies the 5, it checks to ensure

t he positijon of investest, 63 1\1/.1 ﬁ\?uo\N@@e. tt\awhehnumber found iscequsides up o dlopattast o

accept abl & Thi S EepdTef e, SepSiiiusdy subll Tatidl W paddle Hish ' rotgtional

8A. If this conépéedretcsm(uen@m instavices, ikisaoay irseantroandingf @y wWith arealipl d
be t aken aga| n. Ift mfanhECk passes, then there_is_no need to

continue to | ooRbove .2 androunding siawry with Roreading belaw o3 uF:g.6.3 weuls be

_C' gged or pover rQihdaidid’7 Wil 7:15 would be rounded to a 7.

10 In logic step 66 the question is asked: “Does the machine stop during paddle
rotation?” If it does, logic step 67 is initiated. The reason for this is that if the
paddle is stopped, especially when in the portion of the sump 33 containing a
quantity of toner 35, in order to release the torsion on the spring 44 the motor
15a is backed up several increments. This will allow removal, and/or
15 replacement, if desired, of the EP cartridge 30. This logic step allows for
decrementing the number of steps “backed up”’ from the incremental count of
- motor increments which was started in logic block 62.

Tuming now to Fig. 8B, as the encoder wheel 31 rotates, the paddie 34 enters
20 the toner 35 in the sump 33. As described above relative to logic step 62, the
motor increments are counted. The motor increments are then recorded as
S200, S215 and S230, in logic step 68a, 68b and 68c at the trailing edges of
slots “a", “b", and “c” respectively of the wheel 31. These numbers, S200,
S215 and S230 are subtracted from the baseline of what the numbers would
25 be absent toner 35 in the sump 33, (or any other selected norm) which is then
_ directly indicative of the lag due to resistance of the toner in the sump, with the
paddle 34 in three different positions in the sump. This is shown in logic steps -
69a - 69c respectively. As has previously been stated, there is a correlation
between load torque on the toner paddle 34 and the amount of toner 35



ThIS guar ds agalnst the potential conditions wherein the engine

m sidentifies . the start/hone w ndow 54 and thus m s-characteri zes
the cartridge 30. Prior to discussing the pseudo-code for

' Reading the Weel', it may be hel pful ? to recall that a portion of
t he encoder wheel's 31 revolution is clo 5 enough to - . const ant

vel ocity to allow that section to be used and read al nbst as a
"w ndowed bar code". Wth reference to Fig. 7, that is the section of the

wheel Frérr%ﬁﬁiﬁbtlhethﬁrt%héf ggepgggvsvégvdiﬂﬁer SUAYS 80 FRHUN:"9lfitishitd g e

trailing edge of 5 including t ots or wn
0-6. This i's praelatiehship. n InFig. Qt herqelecisi set if incheowneesd eonvihecordinatenand

whi ch t he paddle 34 is 0 n the toner 35 in
the sunp 33. Pasiedl p?{qnﬁah"E@?? %“399@3?!?@ t%%gbsc'sgaaptical sensor 31 a

creates a serial bit.streamwhich is decoded to gather read- only
I nformati on about the cartridge. The |nforrrat|on contained in this section

may conpriSe i niRefeing briefintoifigeOs saverml charactenstics of thya datat stendeouti as

i ormation . indcatiid YR aroubF GhioneP ferrlining)) Thelif I s the R eBhnnc T

classificati OnSoffﬁi@to ue. For S&mple, @ith B0 graens &ftoner 35Prshaining in the sump

i nformati on which i nd| cat es cartri dge si ze, t oner capaC| tt% t oner

type, photo conddettbe torgye de Giess e, 2 dneh-ounpes.swiilei ated50 grams therionquene

“eartridge o 22'@??!0%%&% Al A Rt fhe WHRE Bbroi R o
dependi ngiof or ewpBeS.eTheretohd ehafddalisticisthat the Iobatiohaf tivs peakofiHe torjuePn

may, for exanple inhibit the use of cartrldges fromveng?rs where it is

felt that Cunvenh §loesr et daevenvery gnich iaw the @amgunt, tﬁa9r haBges g his
safety concern, | |
F the maont ne. PLOGHRSAEN meesuring i 10RER Ear e 6 Tinefe S PRk olia
Itﬁg? mLhehcart r odogscould e vntdﬁcbdmmemf rdanmlmslwg«toner That iswhy; adashown in
a IcCh I'S acce e € nmachl ne, ee |
bl ocki ng of thefe %oa?ﬁﬂ’a ngedaer (P(ﬁl% v\/éq -'% e(f@%“mrtaelt@ﬁmg
which 45  Wehbeldf sIB™B" {dittacS 0} xé‘?‘i‘ﬁ“frbﬁw D@fa?foefﬁ%etrélf?néz edge tf slot ¢
' (distance D11) is 230° from DO. Another obvious indicator is the location of the
onset of the torque load. Yet a third indicator is the area under the torque

curves.

20  Ancther way of looking at this prboess is that while the angular distance
measurements of D9, D10 and D11 are known, the number of increments the
motor has to tum in order that the resistance is overcome as stored in the
torsion spring 44, is the difference in distance the motor has to travel (rotational
increments) to obtain a reading at window “a”, then “b" and then “c’. The

25 delay is then compared as at logic step 70 and 71, and the largest delay is
summed as at logic steps 72, 73 or 74 to the rolling average sum. Thereafter
a new average calculation is made from the roling average sum. This is
shown in logic step 75. As illustrated in logic block 76, the toner 35 level in
the sump 33 may then be determined from a look up table precalculated and



-21- The ' Find Hone' code determ nes the start/home w ndow 54 and
nmeasur es t he di stance corresponding to the trailing edge of each
wi ndow 0-6 fromthe : trailing edge of the wi ndow 54. This

acqui sition continues until the engine_ ,. _  detects the stop w ndow 55
(which is desiigned to have a greater cirCunferential 5 wi dth then the
data wi ndows 0-6 but |ess than the start/honme w ndow 54). Using a
few integer nultiplications, the state of each bit in the byte read is set
usi ng the recorded distance of each w ndow 0-6 fromthe trailing edge of

t he homstereddo the ROM 80a assodiatedwithithe ESC 80 in aceardance withtbedievy
t he encoder mheelw inv%§eudo-code, S as follows: "Find
Hone' (see abové'? INg AVeIA0€. 31 ey distances for all of the data window 1 5

"This loop runs on notor "increments"’ Fi ni shed = Fal se
W ndowNunber = 0 . Curul ati veCourt =0 . whi | e &%Fianhed) 20
cunul ati veCourt Inlagienbleck védheneldestidata point is subtractedfros the relling averagey

i's found) Then Sign and then the YOIRAG WEE Sufh is reported for use Btk %o Y8GE Bibck

t he end of¥ W nd
61 (Find Home position). If the toner level changed from the last measurement,

_as in compare logic block 78, this condition may be reported to the local RIP |
processor 90 and/or the hast machine, €.g.,a personal computer as indicated
in logic block 79.
10 )
Coding of the encoder wheel 31 is accomplished, as briefly referred to above,
by covering selected ones of slots 0-6 with a decal. For customization for an
OEM vendee, and in order to reduce inventory, and in accordance with another
feature of the invention, the problem of quickly and accurately applying such
15 a decal to the comrect area of the wheel 31, even under circumstances of
limited space, is provided. Due to the close spacing of the slots 0-6 in the
encoder wheel 31, a pre-cut, preferably adhesive backed decal 96 is employed
to selectively cover pre-selected slots depending on how the decal is cut or
stamped. Very accurate positioning of the decal 96 is achieved by use of
20 alignment pins in conjunction with an alignment tool 100. Because another
decal can be placed on another region of the wheel, the spacing of the
alignment holes 56-59 on the encoder wheel 31 is different in each region.

To this end, as previously discussed, there are two pairs of apertures in the
25 encoder wheel or disk, adjacent the slots, the apertures of one of the pairs 58,
59 being spaced apart a greater distance than the apertures 56-57 of the other
of the pairs. Referring now to Fig. 10, a decal 96 is sized to fit over at least
one of the slots 0-2, or 3-6 to cover the same. As illustrated, the decal 96
has spaced apart apertures therein corresponding to one of the pairs of



I ncrement W ndowW dth 25 I ncrement Cunul ati veCount
End Wile If (WndowwNdth > M ninum Stop W ndow Wdth

AND W ndowW dt h < Maxi mum St op W ndow W dt h AND

Cunmul ativeCount > M nimum Stop Position
- 22 - AND Cunul at i ve?d)unt < Maxi nmum St op P05| ti on) Then

we nust ensure that the stop w ndow is reaIIy what we found
Fi ni shed = True St opDi st anceFr omHone = Cunul at i veCount

5 7St ' s b
=Cumul at i veCounSgperM&s Le. 58, 59 or s%’/\?r?'olcfél ungg?w%%%m%%gé pro;ectlng
End If' check f cthemfmmxandomnr&spondlng to therspading odfearie bbthespairs obapeitarsy
10 End V\hl | e Now t ransl.at as rement hysi cal. bit.s
Dat aval e = 0 Whereby when theBoeRUreS B e nBr GR euRinc: Wt JRe Bisngepins
BitDi stance = Stqrrhlbbar H5& pROELLY pind of the tool may be mated with the one pair of
apertures in the encoder wheel or disk to thereby accurately position the decal
over the selected slot in the disk. The decal 96 is installed on the tool with the
- adhesive side facing away from the tool.  The tool 100 is then pushed until
the decal 96 makes firm contact with the surface of the wheel.

(411

- 10 Ifthe pins 97 and 98 are spaced equal to the spacing between apertures 56
and 57, the decal cannot, once on the tool 100, be placed covering slots
assodiated with the incorrect apertures 58 and §9. The opposite condition is
also true. Accordingly, two such tools 100 with different pin 97, 98 spacing
may be provided to insure proper placement of the correct decal for the proper

15 slot coverage. Alternatively, a single tool 100 with an extra hole for receipt of
a transferred pin to provide the correct spacing, may be provided.

This method of selective bit blocking is preferred because the process is done
at the end of the manufacturing line where less than all of the wheel 31 may

20 be exposed. Use of this tool 100 with differing spaced apart pins allows the
operator to get to the encoder wheel 31 easily and prevents misplacement of
the decal.

Thus the present invention provides a simple yet effective method and
25 apparatus for transmitting to a machine of a type employing toner, information
conceming the characteristics of an EP cartridge, but also combines with such
information continuing data relating to the amount of toner left in the cartridge
during machine operation. In this connection the present invention provides
suitable software to automatically determine, upon machine power-on-reset



For 1 = 0 To W ndowNumber - 1 - Bi t Nunber = Di st anceFronHone(l) /

Bi t Di st ance "What is being determined is the bit nunber
corresponding to the ' measurenent by roundi ng up

Di st anoeFrontone(1)/Bi t Di stance. 20 If ((Di stanceFronHome(l) -
(BitDi stance * BitNunber)) * 2 > BitDisfa%%e) ) Then

Bi t Nunber = BitNunmber + 1 End If 25 Dat aVal ue = Dat aVal ue
+ 1 (SH FTLEFT) BitNunmber -1 Next' W ndow nunber - Dat aVal ue

Toae ot MfOR) O tiherieBiheblon 3neidhs, Seind: Sacitions have chprge or
wheel is quite altered sifdd thed8it petiotkdfdunringof tite heghine; and t6 Altef fietmadhihe

where the notor increments .. are recorded for, each_data bit, and stop
bit trailing edgBinniRg warditioas in view of these determinatigns ar fipdingg. Mereover be

di stances D1 - D . I L f Ay, 0,
t hrough 6, are eémgg'gﬁﬁﬁ%@wwm%@%%wﬁd én&h‘?é%;s,ofor
D5- D4- consfant " &angian thehitial imformatiordoenceminge thie agartridgep wiich inseans and
a distance of twice "K' fromthe trailing e&lg& of slqt 6. V\hl*e t,t]_gqi_
di stance from method  iscaceurate ggoLgand sitRle QE‘(PH&WQE?"W arseifnerdnnfield
edge (i.e. the w ' : ' i gl
Tkt fom the T eadiatans o e of mihfecturriy BOiRG, SranGER catidoE, PTHE Bfectint
as long as its' invention provitiés)rintahsinglelehcodert wheel associated with the supply EP
S . cartridge, information which is essential for proper and efficient operation of the
10 machine but which also provides on-going information conceming the amount

of toner left in the cartridge for continued use.

Although the invention has been described with a certain degree of particularity,
it should be recognized that elements thereof may be altered by person(s)

15 skilled in the art with out departing from the spirit and scope of the invention as
hereinafter set forth in the following claims.



0 6 and < the wwdth of the start/home w ndow 54. Thus the |ine of
code above ' First divide the nunber of sanples taken uy 9 rsr“

trailing edge of the start/ home w ndow or sl ot
there are 7 bits from D1 t hrough D7, plus two rm Hﬂﬁm I ”lm
therefore '/9 gives the spacing "K 1-529 -between the W

edge of the start/home wi ndow 54 to the trailing edge of the stop
wi hdow 55) which ha LIRS ed to what this distance is supposed
to be, and in that rraﬁner |ns%1're that the bit wi ndows 0-6 and stop

wi ndow 55 have been Acurddge!for drhelecifophiotograplivariathine comprisidgnt i f i ed

pseud
th.e

correctly by the technique just described, then a branch from/logic
step 64 to logic step 20 61 will once again initiate the code for
finding the hone posit| dr-descri bed above.

In I ogic block or step ér%"e’?i‘&lqéglc qste mt‘he programis to go to
t he Dat a Encodi ng Al gorlthm portion of the program In the pseudo
code set forth 25 above, this starts wth the REM tat )
transl ate measur ements iarphaft mounted O‘HH%PE&}S $ugmp, mggn{eﬁélgerm

coded, the encoder V\/neel gﬂﬁ E;aﬁdl as
by a decal so that Ilght WTP‘%“? tB%tS\ghenS&Y(? er et Eaxﬁ §&Spose aITth

data bit slots but 6 anﬁhtbhﬁrda‘gbmdmmdﬁwgiﬁememwnhmnercamdmﬁmsaikisuaqjjl ng
of distance D8/9 will give the spacing between the data

- 24- slots or wi ndows O-6. Therefore t he distance to slot Dv7,
"i.e. the trailing edge I * iRl . Qni
spaci ng) and therefore Nom ‘T“c?‘?me&‘g‘;%ee"?"r&%“%d ‘¥H 'S bﬁ?fz é)!t&ﬁﬁly gfs{la shmp, said

10 encoder wheel positioned for mating coaction with a code wheel reader

when said cartridge is in a home position in an electrophotographic
machine; and

a torque sensitive coupling connected to said shaft for connection to a drive
15 means in said machine, when said cartridge is installed in said machine, to

effect rotation of said shaft, paddle and encoder wheel;

said encoder wheel configured for indicating, in conjunction with said
coded wheel reader, one or more cartridge characteristics to said machine.
20 |
2. A cartridge for an electrophotographic machine in accordance with claim 1,

wherein said encoder wheel includes;

means on said encoder wheel for coaction with said code wheel reader on
5 said machine to indicate a component of resistance to paddle movement
through the portion of said sump having toner therein to give an indication

of the amount of toner remaining in said sump.



7 that is enmissive and that the bit representation is 1000000, or if the

logic is inverted, 0111111. Noti-ce that the nunber found-is
rounded up or down, as 5 the case may be dependant

as paddl e mass, rotational ' speed etc. In certai ,mmmg mwﬂm
may nmean rounding up wwth a reading - 30 - above .2 and*roun
with a reading below .2. E.g.,6.3 would be _ rounded to 7, Wmle

7.15 woul d be roundeq to LC st 66 the guesti.on is
Zsked: " Does the %F@u@sspfoaame!@%ma%meﬁm aciordhnse Wil Pl o
logic step 67 is iyHeldiftt €d. The reason for this is that if the

paddl e is stopped, especially when in the portion of the sunp 33 containing

a guantity of toner 35, in order to release the torsion on the
spring 44 the notor ) 15a i acked u several i nc nts. This. vv| |
al | ow renoval , and/or 18d aWRsRe 18 moyn one sige ‘Phéa‘rTEFmE"é'Ft?

30 Thi s Iogl cgstep al '&@Hﬁ%ran decrerrentl ng t he nunber of steps
"backed up” fromthe inc it af!’_count of mot or increnents which
was started in |logic block 62. Tur ni ng now to Fig 8B, as the

encoder wheel 31 rotates,  the paddl e 34 ent ner, 35
sump 33. As descri bed a%@@“ﬂ%l‘%?@?%@ntsﬁ‘ ?’é"‘es’(séiﬁ’nB%c We e other s“ien%{

increnents are counted. {@LT%&%S are then recorded as
S200, 'S215 and S230, in gi C st?;eep g@a, ’ and 68c at the trailing edges
of slots "a", "b", and "c" respectively of the wheel 31. These

nunbers, S200, S215 and 8230 are suptracted fro e bas%ne of
what the nunbe®s woul d Sid compepentptresistance s megsured, by R’ﬁ“’?&" £ mE3ps
other selected norm whigh dR6dkr directly i nd| cative of the lag
due to resistance of the t%)%liéir rnt eeslurrp, with the paddl e 34 in
three different positions in the sunmp. This is shown in Iogic steps

69a - 69c respectl veI y As, has previously been stated, there is a

correl ation %‘a@t" M@ {"B&Blle Hh&?ﬂoéd%ﬂe ¥t elgign 1,

amount of toner 3%1clud1ng a section of said encoder wheel containing coded information indicating
said one or more characteristics of said cartridge; |

5 said section positioned on said encoder wheel so that during normal
rotational operation in said machine by drive means in said machine, said
section is read by said code wheel reader prior to said paddle entering said
toner material in said sump.

5. A cartridge for an electrophotographic machine in accordance with claim 4, said
encoder wheel including; |

another section on said encoder wheel configured for coaction with said
5 code wheel reader on said machine to signify a component of resistance to
paddle movement through the portion of said sump having toner therein to

give an indication of the amount of toner remaining in said sump.



- 25 - remai ning in the toner supply reservoir or sunp 33.

Figure 9 illustrates this rel ationship. 1n l—ig 9, torque is set
_.tn inch-ounces on the ordinate and degre t he
paddl e 34 on the abscissa. 5 Referri ng bri: "m"mlever al
characteristics of this data stand out- &l " n | catimg £ he anount of
toner remaining. The first one is the peak magnitude of the

35, the tor que 15 6l Actartiged B A Mstol Bikaci, REPRACHT Soidhdaly Wt Baim 5

approxi mates 4 m%e%ﬁrces and at 270 grans the torque approximates 8 inch-

10 ounces. The second characteristic is that the |ocation of the peak of
t he torque curve does not nove very much as the anount of toner
changes. This S ||Q9 h o) r o}cﬁlfels Sk on
where the peak shoul d %ﬁ%c‘%}%ﬁl pr ovrgdgmg %?ﬂ?@o} rraéihn?ng

toner. That isgwhy, as g, by said shaft, andit@ne@nddfhﬁdtcmmdlgeng edge of sl ot
"a", (distance D9) is 200 err] from DO, the trailing 1 5 edge of sl ot

b" (distance D10) is 215[err] fromDO and the trailing edge of slot "c"

Focai on ot he * " “Uedot S0 S ot St e T clein

the area under the tOrqu‘smddnvemeaﬁb'ﬁﬁ(?ﬁttheSﬂposxteéhﬂBﬂs&idedg& | ooki ng ot
this process is that while the angul ar di stance measur enents of D9,

D10 and D11 are known, the nunber of increnents the notor has to

turn in order that the resi stance i s overc as store

torsion spring44, is tﬂ’é"S %‘f"@?@ﬂﬁ?t ’%?’?fﬁc‘é@%@ ngg betweF%v jve

(rotational [ ”Chﬁgﬁ’ﬁrﬁaﬁ% 1 4rfd epbddRt favell €adi ng at WI ndow a", then "b"
' The 25

and then "c". elay 1s then conpared as at logic step 70 and 71,
and the largest delay is

7. A cartridge for an electrophotographic machine in accordance with claim 1,
wherein: _
said encoder wheel comprises a disk having a keyed central aperture therein
for located positioning thereof on said shaft in a predetermined and oriented

5 placement relative to said paddle;

a home window in said disk posiﬁoned for detection by said code wheel
reader when said cartridge is installed in a machine and upon rotation of
said disk;
10 '

a plurality of serially positioned, equally spaced apart slots therein, adjacent
said home window, for indicating, by covering or not covering of said slots,
said one or more characteristics of said cartridge for communication to said
machine, through said code wheel reader when said cartridge is installed in

15 said machine.



'summed as at | ogic steps 72, 73 or 74 to the rolling average sum Thereafter
a new average calculation is made fromthe rollingaverage sum ThiS IS

shown in logic step 75. As illustrated in | ogic bl ogj 35
| evel in : the sunp 33 may then be determ nedm"m“mm%mm"abl e
precal cul ated and - 32 - *# ¢ L M 5 36 -
stored in the ROM 80a associated with the EEC 80 in accordance with the new
rol ling average. . n logic hlock 77, the ol.dest data pojnt .is
subtracted from t fredr cATiTidgE fJ&(/éP ghotogrgg}m Mﬁpﬁe‘ﬂ %A I@H@ ‘éﬂ}’é‘r Zge
sumis reported fi.ge back to logic block 61 (Fi nd Honme
position). |If the toner |evel changed fromthe |ast neasurenent,

as in conpare |ogic bl caid htine drisiast windowthaoa finst diffesent spdthtthab dthertwiaddvesor

Rl P processor 90 and/or the host machine, e.g.,a.personal conputer
as i ndi cat ed | is%@wp@egp&@géqt@feﬁform%#gﬂd% ®Bncoder
wheel 31 is acgonplished, as briefly referred to above, by covering
sel ected ones of slots 0-6 with a decal. For custom zation for an

CEM vendee, and i n or desaid disk alshineludimgea stop windowladjaceat tosaidsiots and arigularly
anot her feature of the inyention, .the problem of gquickly and
accurately applying suéhaced from spi ¢ P‘G“‘g’h'é ia!?frs@}’t W&P‘gﬂ" Y‘PEeavﬁﬁE@d
31, even under C'rC””Btcﬂﬂ‘fi%ftvﬁgtthh?nnotthﬁreMﬂﬁb&r?@rﬁBﬁ‘iﬁ’saih%nE’&&i’WESéi-in Fed! ©

t he dose spacing of the Slots
for reading by said code wheel reader.

10
9. A carlndge for an electrophotographic machine in accordance with claim 8, said
encoder wheel including:

a plurality of spaced apart slots positioned in said encoder wheel to be read
5 by said code wheel reader when said paddle is rotating through different

positions in toner in said sump.

10. A cartridge for an electrophotographic machine in accordance with claim 7
including in said cartridge;

a toner adder roll, a developer roll and a photo conductive drum;

a drive train comprising gears connected to said developer roll, toner adder

roll and the driver side of said torque sensitive coupling.

11. A cartridge for an electrophotographic machine in accordance with claim 10
wherein said sump of said cartridge is cylindrical and includes first and second ends,

and



-encoder wheel 31, a pre-cut, preferably adhesive backed decal 96 is

enpl oyed to selectively cover pre-sel ect ed—stots—depending on how

-t he decal is cut or st anped. Very accur at of the decal
96 is achieved by use of 20  alignment pins in mnﬂnrﬂgniﬂﬂmi lman
alignment tool 100. Because another = 33 - decal eanc anot her
regi on of the wheel , the spacing of t he al i gnnment hol es 56-59 on

t he encoder vvheel 31 IS ent . each regiaqn. ... Jo this end, as
previ ously di scussed, sﬁ%’ 59@@%%@Wg§‘qeﬁft~°’ﬁ@ tprque sepsiféNsdler
wheel or disk, adj acenteoliifhgs Sb ws&&emﬂéﬁﬁﬁéd%ffsﬁaemﬁidéehe pairs-58,

59 bei ng spaced apart a greater di stance than the apertures 56-57 of the
ot her of the pairs. Referring nowto Flg 10, a decal 96 is sized
to fit over at |east ots ,- , or 3-6 to cover the

same. As illustrated, ttheedHE?aﬁl&QBtI sau??orque BEpSitiyp coupling being gopneptgd de said
therein correspondi ng Hﬂv@ﬂﬁn%rédﬁﬁed%h"t&sﬁég%vexgsans&ng atthe%orhdendofs
arr

- 27 - apertures, i.e. 58, 59 or

of pins 97, 98 prorectpmgumm, t herefrom and corresponding to the
spaci ng of one of the pairs of apertures, wher eby when the
apertures in the decal are mated with the projecting pi ns of the

l, th
o iures Prolpeting p&ﬁh‘&n&&n%ﬁléeﬁ I'S to t eégyéy accuraprk(fl)dgQ"ﬁ'z&(’jp""{ld‘39

apertur es in the encoder wheel or posrtiron
decal over t heaidghaphiredtosindicate m ¢dmspanienikof Eklﬁad&cml pdddle ovement

installed on the tool \ﬁlﬂ_g adhesi ve side facing away fromthe
tool . The tool 100 is 'Fsbp‘geneﬁl%?f s3id sump having toner therein togiverak indicatiom
contact with ghe surfageabnidlf JHibifek remaining in said sump.

12. A cartridge for an electrophotographic machine in accordance with clalm 11

wherein:
said component of resistance is measured by the lag between drive means

travel and encoder travel when said cartridge is installed in said machine.

13. A cartridge for an electrophotographic machine in accordance with claim 12

wherein said torque sensitive coupling comprises:
a gear of said drive train mounted for rotation about said shaﬁ;
a torsion spring having one end thereof connected to said gear;

an arbor connected to said shaft and including means on said arbor for
connection to the opposite end of said torsion spring whereby when said

10 ~ gear rotates about said shaft the spring effects rotation through said arbor to
said shaft said spﬁng being torqued proportionally to the resistance
encountered during paddle rotation through said sump.



" 10 If the pins 97 and 98 are spaced equal to tﬁw%
apertures 56 and 57, the decal cannot, t he tool

- pl aced covering slots associated with theﬂm ' res 58
and 59. The opposite condition is also tr U,l‘two such
tools 100 with different pin 97, 98 sp&cimng - may be pr vitded to

i nsure proper placenment of the correct decal for the proper 15 sl ot

coverage. Al terlqa €l|eé’tr ?@bﬁ .extra hole for receipt
of a tran erre pr ovi de t he cgrsrm%t spaci ng, may be

provi ded. Thi s nethod of selective bit blocking is preferred
because the process i s done t.he e d of the, manufacturing |ine
where | ess than all &fregﬁgeame%ﬁcgg‘xqggila\gggat cagt @ sumpJerePntainiag 3supplys t ool
100 with differing s%@ﬁﬁg .pins allows the operator to get to
t he encoder wheel 31 easrfy and ’prevent s m spl acenent of t he decal
Thus the prgsent invention provides a sinple yet effective nethod and 25

apparatus for transmtting to a machine of a type enploying toner,
i nf or mati on deive Bieansfgr WWEEGFE‘MH&IFW@FO themachine, iaﬂ@@r but
al so conbines with s fo | b a t he
anount of toner Ieft'éﬁg‘:t"rnlgem&agro{ln&gé © OSE'& f%@hr&g% pera&ﬁo I n

this connection the piRsfiaterialbaeidd ifiBaids@vpdes sui tabl e softvvare to
automatical ly determ ne, upon nachi ne power-on-reset

- 28 -

10 an encoder wheel on said cartridge, in a preselected and predetermined
orientation with respect to said paddle in said sump and connected thereto,
and a code wheel reader in mating relation with respect thereto when said

cartridge is installed in said machine; and

15 a variable torque eensiﬁve coupling connecting said drive means to said
paddle to effect rotation thereof, said encoder wheel configured for
indicating, in conjunction with said coded wheel reader, characteristics of
the cartridge including a component of resistance to paddle movement as
reflected in said torque sensitive coupling through the portion of said sump

20 having toner therein to give an indication of the amount of toner remaitﬁng

in said sump.

15. An electrophotographic (EP) machine in accordance with claim"i_4-;including—é
shaft extending through said sump and connected to said paddle;

said encoder wheel comprising a disk having a keyed central aperture

5 therein for located positioning thereof on said shaft in a predetermined and

oriented placement relative to said paddle;



-( POR) or other resunption of functions, whether conditions have changed or
altered since the last period of running of the machi

-machi ne running conditions in view of those de Qr

findi ngs. Mreover, the _ present invention pro MM{I@Q |lm
but effective method and neans for 5 35 €hangi ng the i Ll n
concerning the cartridge, .which neans and nmet hod i s accurate enough
and sinple enough to gl L&l al teratio

of manufacturing codi %éi %W%glﬂhg@:ﬂtdﬁ%gbﬁﬁ%g fB’? 8%‘8?%{“ by salé O(?%Wéﬁ'ﬁl on

provides, in a singl ercaderapon rodtionl of sgid disk Myeaidwirive nidags; suppl y EP
cartri dge infformation which is essential for proper and efficient

operation oftot he 10 machi ne but which al so provi des on-going
i nformati on concernin to | ef.t in e.cartridge
for continued use. gpﬁ“rgllwn%ﬁeﬂﬁl%ﬂosﬂthoéwah%’ﬁ'ﬂy5Haq‘?QsaPB‘§éﬁPt§ié%é?lfitﬂéﬂ(,wlth ‘
a certain degree of pafiidefitdaid hdnie window, formmeaﬁﬁy'bch p
el enents t hereof may be altered by person(s) Ki e SPE i t h

out departing from t hsaidgois) ontml'cmgm@beraoﬂens aof rsmdrmrtndgeaﬁ)r commumcanon
herei nafter set forth |nthefol ow What™ i s
clained is: 1. #’fﬂngﬁg g %‘i‘t‘?’@%@%ﬁr aphi ¢ nachi ne,

conpri si ng: a sunp for carrying an initial quantity of
t np 9° s
oner;

16. An electrophotographic (EP) machine in accordance with claim 15 wherein: .

said home or start window has a first different width than other windows or
slots in said encoder wheel intended for reading by said code reader;

said disk also including a stop window adjacent to said slots and angularly
spaced from said home window, said stop window having a second -
different width than other windows or slots in said encoder wheel for
reading by said code wheel reader upon rotation of said disk.
10
17. An electraphotographic (EP) machine in accordance with claim ‘i6 wherein said
component of resistance is measured by the lag between said drive means travel and

encoder travel.

18. An electrophotographic (EP) machine in accordance with claim 17 wherein said
machine includes a processor coupled to said code wheel reader, a program in non-
volatile memory associated with said processor for determining the home position of
said disk, and a table in said non-volatile memory for comparing the measured lag
s  with the lag associated with paddle resistance stored in said table and associated

with predetermined quantities of toner in said sump.



5 a shaft nounted for rotation in said sunp, and a paddl e nounted
thereon in such a manner that when sai-6shaft_raotates, said

paddl e rotates therewth, into, through;; of engagenent
with toner carried within said sunp; j HEWHWFHI”WHE“]
nounted on said shaft, externally of sagl sunp; said c Lo e oder
wheel positioned for mating coaction with a code wheel reader _

when said cartridge is in a home position in an el ectrophotographic

machi ne; and 19. An electrophotegraphic: (EBrmachinecincasoprdamcg withnolain 48 includiagd
shaft for connection to a drive 1 neans, .i n ,sai d.mghi ne, en
said cartridge i sanptgbgg Rluraliy | s§§§l}' Aranger sloty dn' said disk positione ftPg& read at
rotation of said , : s 0 o
encoder wheel con |§E{rlte189@(§g§ :Bfr.l .cgﬁggp@r‘?w@%ﬁ%ahdn%‘%‘?%r?“ e\nl?qlf uspatlaaféﬁ‘dlsald

coded wheel readghem@arydfopEoniFuriag the measigel lapat eachagridsdnothr §lot wadeteriethee.
20 - 2. A cartridge for an el ectrophotographic machine in accordance
with claimi, s ~quaniitgptionesinissidSH@Bder wheel i ncl udes;
means on sai d encoder wheel for coaction with said code wheel reader on 5
said machine to indicate a conponent of resistance to paddl e novenent
through the port ipgn Af eléctiophetogiaphio (EPanachiterin abevdinbe vith ¢iaks 14/intladingdh i On
of the anpunt of toner remaining in said sunp.

said cartridge:

a toner adder roll, a developer roll and a photo conductive drum;

a drive train comprising gears connected to said developer roll, adder roll

and the driver side of said torque sensitive coupling and to said drive means.

21.‘ An electrophotographic (EP) machine in accordance with claim 20, wherein
said sump of said cartridge is cylindrical and includes first and second ends, and

said encoder wheel is connected to the driven side of said torque sensitive
5 coupling, by said shaft, and at a first end of said cartridge,

the driver side of said torque sensitive coupling being connected to said
drive train for connection to said drive means and at the second end of said
cartridge,

10
said component of resistance being measured by the lag between drive
means travel and encoder travel when said cartridge is installed in said

machine,



- 30 - 3. Acartridgefor an eI ectrophot ogr aphic_machine in

accordance wth claim 2, wher e : sai d encoder wheel is
-rount ed on one side of said torque sen5|t|ve 5 umjm m lelﬁm

said drive neans on said machine is connected to the d
torque sensitive coupling; and, 10- 37 - sai d conponent of fesi st ance
I's nmeasured by the |ag between drive neans travel and encoder
travel . 4 Acartrld e for, an ect hoto phic machine in
accordance with &faf¥h electrop °t°gWBh’Gc@§5; t‘?é‘ﬁg & Witheplamn i, whesin
cont ai ni ng code El.’ls‘ﬂpr said one or nore-

characteristi csdso (NO car rlc&%lﬁﬂdoﬂﬂmses sai d section positioned on
sai d encoder wheel so that during nornal rotational operation
in said machine by drive neans in sajd machjne, said section is

read by said code whedlgearefgaid dsive frainmouked fop tation aboutseidshaftai d

t oner materlasl In said sunp.

a torsion spring having one end thereof connected to said gear;

an arbor connected to said shaft and including means on said arbor for
connection to the opposite end of said torsion spring whereby when said

10 gear rotates about said shaft the spring effects rotation through said arbor to
said shaft, said spring being to;qued proportionally to the resistance
encountered during paddle rotation through said sump.

23. A method of determining characteristics of a replaceable cartridge for an
electrophotographic machine, said cartridge including a sump for holding toner
therein and a paddle mounted for rotation within said sump, an encoder wheel
mounted externally of said sump and connected to said paddle for rotation therewith,
5  said wheel having a plurality of slots therein, some of said slots being coded for
indicating characteristics of the cartridge when rotated by drive means for reading

by acode wheel reader on said machine, comprising the stéps of:

rotating said wheel and determining the home position of said wheel and
10 the position thereon of encoded slots representing bits relative to the paddie
in said sump of toner by counting drive means increments from a

predetermined start or home position;

recording increments to encoded slots and stop window trailing edge;



5. A cartridge for an el ectrophot ographic machine in accordance with claim
4, said encoder wheel including; —anot her _section on said
encoder wheel configured for coaction with said 5 - code wheel T eader
on said machine to signify a conponent of resistan ﬂ!m muuumm’””mpaddl e
novenent through the portion of said-s@fp-having t.o e

give an indication of the anpunt of toner remmining in said sung. *

- 31- 6. A cartridge for an el ectrophotographi c machine in accordance
with claims5, wh SPHAGHNE an moremental count of paid ARV merIsASAERO foper weredot od

to one side of said tgq: eRSh.t | increm o) ' sal d, shaft .. and
at one end of said car&{l@i gg%,ﬁ'&n aaf Goal in etnﬁ% %’tﬁhieggg?lgééecbpr Feﬁ‘n:r{?pque
sensitive coupling bepositiaaftseid gaddlednsaidsuimpicontaining toner to déterntiné delyi Ve

neans and at the opposite end of, said cartridge,
PP being measured in known distances fraveled by said paddle under no toner

20 to actual toner contained conditions;

and determining from said difference the quantity of toner remaining in

said sump.

24. A method of Idetermining characteristics of a replaceable cartridge for an
electrophotographic machine in accordance with claim 23.!wherein, if said machine
stops, including the steps of:

5 counting the number of increments the drive means backs up; and
subtracting that number of increments from said count.

25. A method of determining characteristics of a replaceable cartridge for an
' electophotoétaphic machine in accordance with claim 24 including the step of:

checking for a correct position of a stop window relative to a start window.

26. A method of determining characteristics of a replaceable cartridge for an
electrophotographic machine in accordance with claim 23 wherein said selected
predetermined positions of said paddle, in said sump are angularly separated in the
direction of rotation for reading serially during rotation subsequent to said paddle

5  entering toner in said sump.



10 and said conponent of resistance is neasured by the | ag

bet ween drive means travel and encodeMA
ccartridge for an el ectrophotegraphic machine in acc

wher ei n: sai d encoder wheel conprises, "ﬂ 5“@ mFyed
central aperture therein - 3%r-1 ocat ed pos*ltlcomngn

said shaft in a predeterm ned and oriented 5 pl acenent rel ative
to said paddl e; a home window in said disk positioned for
det ection by sald. c dd etk bf determining characteristies of\iaereplaedatilec eartridge fer iasi
installed in a machi ne and on r.otation_ of sai d dISk 10

a plurality of ri? ?F’Bﬁ@ﬂe m@ﬁ%ﬂweﬁmﬁlu@%ﬂ@%@@p& n,

adj acent sai d hone wi ndow, for indicating, by covering or not
covering of said slots, said one or nore characteristics of
said cartridge for comm%ahedela ,d escnbedrevolutxonsdi!ﬁsﬁial tggough said
code wheel reader when said cart I’)It dggﬁglg installed in 15 padle, i sai d
machi ne. 5 - 32 - 8. A

cart i dge for an el el QRlgL AR oF RN Wyl Bn 3SSRASARS Busld ekl BbiT F
said quantity of toner changed from the last reading.

28. A method of determining characteristics of a replaceable cartridge for an
(- electrophotographic machine in accordance with claim 27 including the step of:

reporting toner level conditions to a user.

29. A method of determining characteristics of a replaceable cartridge for an
electrophotographic machine in accordance with claim 23 including the steps of:

continuing the steps of subtracting and determining for each rotation of said

5 wheel.

30. A method of determining characteristics of a replaceable cartridge for an
electrophotographic machine in accordance with claim 2'8'including the steps of:

continuing the steps of subtracting and determining for each rotation of said

5 wheel.



‘'sai d home or start window has a first different w dth than other windows or
slots in said encoder wheel intended for reading by:said code reader;

said disk also including a stop wi ndow adj acent to § I arly
spaced from said hone w ndow, said stop w ndow havi nj'ﬂ'"ﬂﬂﬂ"ﬂ mn”"
different width than other w ndows or #0ot-s in said encoder “whielsi mt ended
for reading by said code wheel reader. 10 9.. Acartridge for an

el ectr ophot ographi ¢ machine in accordance with claim38, said encoder

wheel including:31. An electrophotographid (BRI maghimd ux:imimgjaapﬁad:eahlleoEB cartridge
positioned in said encoder wheel o be read 5 gode wheel

id
reader when sai dhqmgjatelqas 3 VAP 1Rg CP‘PF?‘&H@ha éPPHIX (f rfoner thenﬁ machine
positions in toner in said s

i e AR 0 .

el ect ophot ogr aphifgluging I neruai ng

sai d cartridge; for effecting rotation ¢f 4 shafy exaetliig imd land @utief sdid samp; cdaid m a
phot o conductive drum é a drive train gorrprl si ng gears

connect ed to sai hhvahg/aapaﬂdlﬂmbmwdthmf‘?efpfmm said sump, intpgthrough gnd gut

e oot o hinbe” eaf Sk o S il crmprignd ! pefhe® 36 0l
Sahd sunp Of Sa' &xafa%iérfshéﬂﬁomfauféﬁlfbmgiid Eatridas did meingueaxcwddswn&ndowfad
endas

said shaft.

{ ~ 32. A cartridge foran electrophotographic machine, comprising:

a sump for can"ying a quantity of toner;
s a toner agitator mounted in said sump; and

a single encoded wheel rotating in relation to said toner agitator, said
encoded wheel including coding for determining a quantity of toner in said
cartridge.

10 .-

33. The cartridge of claim 32, wherein said coding comprises one or more openings

formed in said wheel.

34. The cartridge of claim 33, wherein said one or more openings comprisé a

plurality of openings located in spaced relation in said wheel.

35. The cartridge of claim 34, wherein said wheel further comprises encoding for
one or more preselected cartridge characteristics.

36. A toner cartridge for an imaging apparatus, the improvement comprising a

wheel having coding representing one or more preselected cartridge characteristics.



- 33 - 5 sai d encoder wheel is connected to the driven side of

said torque sensitive coupling, by said shaft, and at a
first end of said cartridge, the driver side of said torque
sensitive coupling being connected to said rve |
connection to said drive neans and at 1 hg second end o“l m :
cartridge, means on sai d encoder wheel ﬁm ummmm",h
sai d code wheel reader on said machine to*indicdate as
conponent of resistance to paddl e novenent t hrough t he

portion of said s3fpThavirtisige oficlaim 88, whereinat tgasteonewf isaidione b morelpreselected
of the-anount of toner remaini ng jg. sai.d supp. 12. A cartridge for
an el ect r ophot ogr eAstEdge phasagterstes1s E‘E"&ﬁdd’éfféﬁ “heehby: prg ¢ mare openinggloeatedhin
sai d conponent of ' i spmeasured by the | ag between drive neans
travel and encodeargef%?g@é%gn&%ai d cartridge is installed in said nmachine.

5 13. A cartridge for an el ectrophot ographi c machi ne i n accordance
with claim12 wherein_ said tgrgue sensitive coupling conprises:
38. The cartridge of claim 37, wherein a presence or absence of said one or more

6penings in said section of said wheel correspond to binary data for identifying said
* preselected characteristics of said cartridge.

39. The cartridge of claim 36, further comprising a plurality of openings in spaced

relation in said wheel for use in measuring a quantity of toner in said cartridge.

40. The cartridge of claim 36, wherein said wheel is coded with said one or more
preselected cartridge characteristics by covering at least one of a plurality of

openings.

41. The cartridge of claim 36, wherein said coding comprises a plurality of

openings in said wheel.

42. The cartridge of claim 36, wherein said wheel further comprises coding for
determining a quantity of toner carried by said cartridge.



a gear of said drive train nounted for rotation about said shaft; 5

a torsion spring having one end thereof connected to said gear,;

an arbor connected to said shaft and including neans on said arbor for
connection to the opposite end of said toysion spring mhereby mhen sald 10

gear rotates about said shaft the spring fects rota

arbor to said shaft said spring being Bprgﬁ pr@ﬁéﬁﬁ?blally
to the resistance : encount ered duri ng padd eﬂﬂﬁjﬂl@m thruugh
sai d sunp. ) ABSTRACT An

el ectr ophot ographi ¢ (EP) machi ne, conpri sing: a replaceable

EP cartridge having at least a sunp for containing a supply

oo oL o MUATIPHE FUNCTION ENCOBER W BY SR EARTIBRSEY 79

paddl.e within said sugFILIZEDIN AN ELECTROPHOTOGRAPHIC OUTPUT DEMICE.

mat eri al

carried in said sunp;

Disclosed is a cartridge having an encoder wheel thereon for encoding EP
supply cartridge characteristic information for an electrophotographic machine,
the cartridge comprising, a sump for carrying an initial amount of toner. A
shaft is mounted for rotation in said sump, and an agitator or paddle is
mounted thereon in such a manner that when the shaft rotates, the paddie
rotates into, through and out of engagement with toner carried by the sump.
A single encoder wheel is mounted on the shaft, extemal of the sump, the
encoder whee! positioned for proximate mating coaction with a coded wheel
reader when the cartridge is mounted in position in the electrophotographic
machine. A drive means, and a variable torque flexible coupling connects the
drive means to the shaft to effect rotation thereof. The encoder whesl is
configured for indicating, in conjunction with said coded wheel reader, a
component of resistance to paddie movement through the portion of said sump
having toner therein to give an indication of the amount of toner remaining in
said sump. Other portions of the wheel, in a portion thereof which confronts
the reader during a substantially constant velocity of rotation thereof, carries
additional characteristic information of the cartridge to permit proper operation
of the machine as well as increased efficiency of operation thereof.

N
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10 an encoder wheel on said cartridge, in a preselected and

predet er m ned orientation with respect to said paddle in said
sunp and connected thereto, _ and a code wheel reader in mating
relation with respect thereto when said cartridge is installed
in said nmachi ne; and 15 '~ .a vari-ah e torque sensi.tive coupling
connecting said drive neans to said paddl e to effect rotation
t hereof , said encoder wheel configured for indicating, in-

conjunction with said coded wheel reader, characteristics of

the cartridge including a conponent of resistance to paddl e novenent as
reflected in said torque sensitive coupling through the portion of said
sunmp 20 having toner therein to give an indication of the anount
of toner remaining in said sunp. 15. An

el ect rophot ogr aphi ¢ (EP) machine in accordance with claim 14 including a
shaft extending through said sunp and connected to said paddle;

said encoder wheel conprising a disk having a keyed central aperture 5
therein for | ocated positioning thereof on said shaft in a predeterm ned
and _.--orirented placenment relative to said paddle;

, . Y
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- 35 -

by sai d code whee
drive neans; 10
spaced apart slots in said disk

- for indicating, by covering or not coverL
one or nore characteristics of said cart
to said machi ne, through said code whee
el ectrophot ographi ¢ (EP) nachine in acco

r eader

a plurality of serially positioned,

a home window in said disk positioned for detection

upon rotation of said disk by said
equal l'y
adj acent said hone w ndow,

i pg-of said slots,
ridge for comunication
reader. 15 16. An

rdance with claim 15 wherein:

said hone or start window has a first different width than other w ndows or

slots in said encoder wheel intended for
said disk also including a stop wi ndow a
spaced from said honme w ndow, said stop
different width than other w ndows or sl
readi ng by said code wheel reader upon r
An el ectrophot ographic (EP) nmachine in a
sai d conponent of resistance is nea
means travel and encoder travel.
(EP) machine in accordance with claim 17
a processor coupled to said code wheel
vol atile nmenory associated with said prg
position of said disk, and a table

eadi ng by said code reader;

lj ace to said slots and angul arly

M ndow Maving a second

pts in said encoder wheel

pt ati on of said disk. 10 17.

ccordance\w th claim 16 wherein

sured by the |ag between said drive
18. An el ect rophot ogr aphic

wherein sald machi ne i ncl udes

eader, a prggramin non-

cessor for—-#sEryn ni ng the hone

for

conparing the neasured lag 5 wth the
resi stance stored in said table and ass

30

. . XL
in salyfﬁon-vo afile nmenory for
| ag asgogtrat etNyw o paddl e

ci at ed »




W th predeterm ned quantities of toner in said sunp.

- 36 - 19. An el ectrophot ographic (EP) machine in accordance with
ctai m 18 i ncl udi ng anot her plurality of serially arranged slots in
said disk positioned to be read at different |ocations of said paddle
in toner in said sunp, and |look up tableszin said menory for
conparing the neasured | ag at each said another slot to determne the 5
quantity of toner in said sunp. 20. An el ectrophot ographi c (EP)
machi ne in accordance with claim 14, including in said cartridge:
a toner adder roll, a developer roll and a photo conductive drum 5
a drive train conprising geagx\connected to said devel oper roll, adder rol
and the driver side of said tpRiye senghtive coupling and to said drive
means. 2. An t rogl ﬂ%}aph % (EP) machine in accordance with
cl ai m 20, wher &P Pl G ‘Eﬂisaiv cartridge is cylindrical and
I ncludes first a X.\\

!




d encoder wheel is connected to the driven side of said torque sensitive

5 coupling, by said shaft, and at a first end of said cartridge,
the driver side of said torque sensitive coupling being connected to said
drive train for connection to said drive neans and at the second end of

sai d cartridge, 10 -4 - sai d conponent of resistance
bei ng neasured by the | ag between drive nmeans travel and
encoder tr-avel when said cartridge is installed in said

machi ne. -37- 22. An
el ectrophot ographi ¢ (EP) machine in accordance with claim 21, wherein
said torque sensitive coupling conprises: a gear of said
drive train nounted for rotation about said shaft; 5 a

torsion spring having one end thereof connected to said gear;

an arbor connected to said shaft and including neans on said arbor for

connection to the opposite edﬁ of said torsion spring whereby when said
Lp

-~
g




‘10 gear rotates about said shaft the spring effects rotation

t hrough said arbor to said shaft, said spring being torqued
proportionally to the resistance encount ered during paddl e
rotation through said sunp. 23. A nethod of determ ning '
characteristics of a replaceable cartridge_for an el ect r ophot ogr aphi c
machi ne, said cartridge includghg a sunp for hol ding toner t herein and
a paddl e nmounted for rotationsgtrnn said sunp, an encoder whee

mount ed externally of said gunp and connectedto said paddle for rotation
therewith, 5 said®hee [ ' ity of slots thergj sonme of said
sl ots bei ng coded £$ f cartridge when
rotated by drive nea r on said
machi ne, conprising t M d wheel and

determning the hone posit]on i i = the position
t hereon of encoded slots r§ ' paddl e

in said sunp of toner by c 7 a
predeterm ned start or hone % &51L i ncrenments
to encoded slots and stop WwicsOsA o pund

- 38 - subt r 42t i t of ,d drive nmeans

as if no toner were in act dal ‘i ncr ement al

count to sel ected predeterm ned ~




positions of said paddle in said sunp containing toner to determ ne del ay:
bei ng nmeasured in known di stances travel ed by said paddl e under no toner 20
to actual toner contained conditions; and determ ning from
said difference the quantity of toner remaining in sai d sunp.
24. A nethod of determ ning characteristigcs of a replaceable cartridge for
an el ectr ophot ographi ¢ machi ne in accordance with claim 23 wherein, if
sai d nachi ne stops, including the steps of: 5 counting the
nunber of increments the drive nmeans _backs up: and
bﬁhﬁ?.

subtracting that rement b agep Phirtheiad
of determ ning ch | of a aceabl e partridge for
el ect r ophot ogr aphi ¢ ‘macfji n 1n accor%{@tl@c aim24 igg
of : checking for a correft sition i
to a start w ndow. 26. A net hod of term ning characteristics
repl aceabl e cartridge f el ect rophpt ogr aphi ¢ nachi né in accor flance
with claim?23 mhereln sat determ ned positions of sald
paddl e, | : . : .

rotation for
entering toner

ation subsequent to said paddle s
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- 39 - 27. A nethod of determning characteristics of a replaceable
cartridge for an el ect rophot ogr aphi ¢ machi ne in accordance with claim
26 including the steps of: summi ng the del ay, during

prescri bed revolutions of said paddle, and 5 cal cul ati ng an
average of such delays on a continuing _basi.s to determne 1f _

said quantity-of toner changed fromthe |ast reading. 28. A net hod
of determ ning characteristics of a replaceable cartridge for an

el ect r ophot ogr aphi ¢ machi ne in accordance with claim 27 including the step
of : reporting toner level conditions to a user. 29. A
met hod of determ ning characteristics of 1 abl e cartridge for an

epl
el ect r ophot ographi ¢ machi ne i n accordance mﬁii/;?gin123 i ncludi ng the steps

of :

pe——

-

-

/7" Stop Window H S
>\ Data Bits 0-6 f ¢

L Selectively covered / f
fi to set value s

Data bits and Stop 34a
Window used for

.cartridge /
configuration

- Start / Home Window
54
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ant.i nui ng the steps of subtracting and determ ning for each rotation of

said 5 wheel . 30. A nethod of determ ning characteristics
of a replaceable cartridge for an el ectr ophot ographi ¢ machine in
accordance with claim 28 including the steps of: conti nui ng
the steps of subtracting and determining gor each rotation of said 5
wheel . ’ - 40 - 31.- An
el ectrophot ographi ¢ (EP) nmachi ne including a replaceable EP cartridge
having at |least a s (Qt ai ning a supply of toner material, said
machi ne i ncl udi’ Mgchine Staitief; \reans f or 'viﬁ; medi a
t hrough the machirle, ortéVer open f 4 g Resst BollingAverige 2 $halt ext endi ng
into and out of sand&thenclosedi & shaft s . bunted thereto
for rotation within ' . into, through and put of toner materi al
carried in said sunp, conprising nmeans for indicafing characteristic
i nformati on said cartridge via a singleyef o8pl ed to
sai d shaft.ﬁ 32. A cartridge for an e?h NG HOME 8L hi ¢ machi ne,
conpri si ng: Js3 62
Record increments to data | Start counting motor in cre-[
bits and stop bit trailing edge ments at 0 degrees; start bit
v siot trailing edge
NO~\ ICheck for comect position |

of stop window. Correct? | 64

i

Count the number of increments Does machine stop during
that the machine backs up after

the stop, and subtract those Paddle rotation?
increments from the count.

C Fig.8A @



é sunp for carrying a quantity of toner; 5 a toner agitator

hounted in said sunp; and a single encoded wheel rotating in
relation to said toner agitator, said encoded wheel including
coding for determning a quantity of toner in said cartridge.
10 33. Jhq cartridge of claim32, wheyein said coding conprises one or

nor e openi ng for_rre sai d V\/neel 34. The cartridge of claim
33, wherein 4 ¥f e openings conprise a plurality of openings
| ocated in spaced relatio sai d wheel . SE‘? The cartridge of ck&i m

34, wherein gai -acorrprlses enco or one or nol
presel ected ¢g Ssti ¢S ner g
i magi ng appat eﬂasordMobnncmmanhnt Reégoird Mbtotincrements\¥hee|

d

r epr esent i ng | dStartdo 200degreps(8208) ¢ct smmzimgm*(smpf—er‘? rg‘:degrees 230)

6%a 6%b 69c
Z BN v /
Subtract (S200) from Subtract (S215) from Subtract (S230) from
Baseline at 200 Baseline at 215 Baseline at 230
Store Delay Store Delay Store Delay

|

13
Sum delay | Sum delay Sum delay
to Rolling Avg. : - to Rolling Avg. to Rolling Avg.

l l l

]

l /75 /76

Calculate a new look up toner level in the
average from table for the comresponding
rolling avg. sum _ | rolling average

78

toner level
change from
last reading

v 17

Subtract oldest data
—<€ point from the rolling
- | average sum
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<41- 37. The cartridge of clainB6, wherein at |east one of
Said one or nore presel ected cartridge characteristics is

f*or med on sai d wheel by one or nore openings |located in a
section of said wheel. 38. The cartridge of claim 37, wherein
a presence or absence of said one or noreg - openings in said
section of said wheel correspond to binary data for |dent|fy|ng sai d

presel ected characteristics of said carfridge 29 __The
cartridge of cl ai m 368 [f urt her conpri sing tglurallt of openingg in spaced
relation in said wheel |for use in neasunlzy of toner ijn said
cartridge. 40. The cartridge of cla" wherei n qdai d wheel
is coded with said opg [or nore R

characteristics by cevgring at | east one of a p

openi ngs. | 41. The cartridge of rein said codi ng
conprises a pluralit$ df openi ng
42. The cartridge of clfaim36, wherein said es codi ng
for detegfining a quantity of tpgneg N artridge.
o
bl
o
[l
x
0 Degrees from TDC 360

Fig. 9
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MULTIPLE FUNCTION ENCODER WHEEL FOR CARTRIDGES
UTILIZED IN AN ELECTROPHOTOGRAPHIC OUTPUT DEVICE.

Disclosed is a cartridge having an encoder wheel thereon for encoding EP
supply cartridge characteristic information for an electrophotographic machine,
the cartridge comprising, a sump for canrying an initial amount of toner. A
- shaft is mounted for rotation in said sump, and an agitator or paddie is
mounted thereon in such a manner that when the shaft rotates, the paddle
rotates into, through and out of engagement with toner carried by the sump.
A single encoder wheel is mounted on the shaft, extemal of the sump, the
encoder wheel positioned for proximate mating coaction with a coded wheel
reader when the cartridge is mounted in position in the electrophotographic
machine. A drive means, and a variable torque flexible coupling connects the
drive means to the shaft fo effect rotation thereof. The encoder wheel is
configured for indicating, in conjunction with said coded wheel reader, a
* component of resistance to paddie movement through the portion of said sump
having toner therein to give an indication of the amount of toner remaining in
said sump. Other portions of the wheel, in a portion thereof which confronts
the reader during a substantially. constant velocity of rotation thereof, camies
additional characteristic information of the cartridge to permit proper operation
of the machine as well as increased efficiency of operation thereof.

Fig. 1




