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MULTIPLE FUNCTION ENCODER WHEEL FOR
CARTRIDGES UTILIZED IN AN ELECTROPHOTOGRAPHIC
OuTPUT DEVICE

A portion of the disclosure of this patent document contains material which is subject to

s  copyright protection. The copyright owner has no objection to the facsimile reproduction by

anyone of the patent document or the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise reserves all copyright rights whatsoever.

BACKGROUND OF THE INVENTION

10 Field of the Inventiqg

The present invention relates to Electrophotographic (EP) machines and more
particularly relates to methods and apparatus associated with replaceable supply cartridges for
such machines wherein information concerning the cartridge is provided to the machine to
promote correct and efficient operation thereof.

15

cription of Rela

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

20 can be altered to yield the best print quality and longest cartridge life.

~-

.- -~

The art is repleté with devices or entry methods to inform the EP machine about specific

EP cartridge characteristics. For example, U.S. Patent 5,208,631 issued on May 4, 1993,
discloses a technique to identify colorimetric properties of toner contained within a cartridge in

25 areproduction machine by imbedding in a PROM within the cartridge speclﬁc coordmates ofa

color coordinate system for mapping color data.
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operation t, _
P cartridg or matmg with contacts in the machine when the lid or cover is closed. The sensor is
s atwo position switch which tells the user the type of print cartridge which has been loaded into
the printer. While this method is effective, the amount of information that can be provided to

the machine is limited.

In still other prior art, such as in U.S. Patent 5,365,312 issued on Nov. 15, 1994, a

10 memory chip containing information about the current fill status or other status data is retained.
The depleted status of print medium is supplied by counting consumption empirically. The
average of how much toner is required for toning a charge fmage is multiplied 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

15 on the page, or alternatively, the character density which can change dramatically due to font

selection. Therefore at best, the consumption count lacks accuracy.

The literature suggests several methods for detecting toner level in a laser printer. Most

of these methods detect a low toner condition or whether toner is above or below a fixed level.

20 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 a preset height.

25 Another common method measures the effect of toner on a rotatiﬁg agitator or toner
paddle which stirs and moves the toner over a sill to present it to a toner adder roll, then
developer roll and ultimately the PC Drum. The paddle's axis of rotation is horizontal. As it
proceeds through it's full 360 degree rotation the paddle enters and exits the toner supply.
Between the point where the paddle contacts the toner surface and the point where it exits the

30 toner, the toner resists the motion of the paddle and produces a torque load on the paddle shaft.

Low toner is detected by either 1) detecting if the torque load caused by the presence of toner is -
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bescription of Related Art Many El ectrophot ographi ¢ out put device
(e.g., laser printers, copiers, fax machi nes etc.) manufacturers such as
Lexmark International, Inc., have traditionally required informtion 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 | ongest
cartridge life. The art is replete wth devices or entry nethods

to inforbeléwa giknthrisheld aph Gied padilé rdcsﬁdiPorcz)rdetdcﬁﬂ% ifdhe s@@ice 'df e fofer iEOT
exanple, U S. Patent 5,208,631 Issued on May 4, 1993, discloses a technique

to i dentbelgw adixed height: i ¢ properties of toner contained within a cartridge
in a reproduction nmachine by inbedding in a PROM wit hin the cartridge
speci fic coordinates of a color coordinate systemfor mapping col or data.

In either method there is a driving member supplying drive torque to a driven member
5  (the paddle) 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. However, when loaded the paddle lags the driving member by an
angular distance that increases with increasing load. In the second method 2), the unloaded
10 paddle leads the rotation of the driving member, under the force of a spring or gravity. When
loaded (i.e., the paddle contacts the surface of the toner), the driving and driven members come
back into alignment and rotate together. By measuring the relative rotational displacement of
the driving and driven members (a.k.a. phase difference) at an appropriate place in the paddle's
rotation, the presence of toner can be sensed.
15
In the prior art, this relative displacement is sensed by measuring the phase 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
20 or notches, that is how much they overlap, indicates the phase relationship of the disks and

therefore the phase of the driving and driven members.

Various art showing the above methods and variations are set forth below.

25 In U.S. Patent 4,003,258, issued on Jan. 18,1977 to Ricoh Co., is disclosed the use of
two disks to measure toner paddle location relative to the paddle drive shaft. When the paddle
reaches the top of its ;etagion the coupling between paddle and drive shaft allows the paddle to
free fall under the force of gravity until it comes to rest on the toner surface or at the bottom of
its rotation. Toner low is detected if the angle through which the paddle falls is greater than a

30 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.
/ .
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- 2- In other prior art, for exanple U. S. Patent 5,289, 242 i ssued
on Feb. 22, 1994, there is disclosed a nethod and systemfor indicating the
t.ype of toner print cartridge which has been | oaded into an EP printer.
Essentially, this conprises a conductive strip nounted on the cartridge for
mating with contacts in the nmachine when the Iid or cover is closed. The
sensor is a two position switch which tells the user the type of print
cartridge whi bhUiSaBatontsh216p462¢ Ssuedito 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 abové where the paddle free falls from its top dead position to the surface

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

10

In U.S. Patent 4,592,642, issued on June 3,1986 to Minolta Camera Co., is described a

system that does not use the paddle directly to measure toner, but instead uses the motion 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 low toner position. If the "float" spends

15 a substantial amount of time in the low toner position the device signals low tonér. Although
the patent implies that the amount of toner in the reservoir can be measured, the description
indicates that it behaves in a very non-linear, almost binary way to merely detect a toner low
state.

20 U.S. Patent 4,989,754, issued oﬁ Feb. 5, 1991 to Xerox Corp., differs from the others in
that there is no internal paddle to agitate or deliver toner. Instead the whole toner reservoir
rotates about a horizontal axis. As the toner inside rotates with the reservoir it drags a rotatable
lever along with it. When the toner level becomes low, the lever, no longer displaced from its
home position by the movement of the toner, returns to its home position under the force of

35 gravity. From this position the lever activates a switch to indicate low toner:

In still'another‘lJ.S. Patent 4,711,561, issued on Dec. 8, 1987 to Rank Xerox Limited,
this patent describes a mez;rxs of detecting when a waste toner tank is full. It employs a float that
gets pushed upward by waste toner fed into the tank from the bottom. The float activates a
3 switch when it reaches the top of the tank. :
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the printer. Wiile this method is effective, the anmpunt of information that
can be provided to the nmachine is limted. In sﬁlgghgetmnﬁg 40&d
art, such as in U S. Patent 5,365,312 issued on Nov.

chip containing informati on about the current fill statu m&mm mm
data is retained. The depleted status of print mediumis

counting consunption enpirically. The average of how nuch toner is req}u {ﬁd
for toning a r log! e
char o | mage carty achtomag. 363, Blel oR G0 1091 & U imitly, UGiod, 1R13e Bt

optical semsgarcially,awilablervibratiorosensomie detechthe presenss of tumer acs fixed tevelldThe
or alternatively, the

depends upan ver age over.age o he page,
ch gr act eP e %\%h idc ﬁm@i g g‘@etg?‘i ax ignanng theeefiest raf nthe sseheart ¢leaning

Ther ef or %&hmﬁﬁﬁbntﬁmngd?%wtlon count | acks accuracy. _ The
literature suggests several "nethods for detecting toner level in a |aser
printer. Mst of these nethods det ect a Iow toner condition or whether

bel fixed |le
toner s above; 8! patent 3348,377 facned on Sept. 20, 1994 to Xerox Corp. discloses an algorithm

for calculating toner usage and hence amount of toner remaining in the reservoir by counting
black pixels and weighting them for toner usage based on pixels per unit area in the pixel's
neighborhood. This is unlike the inventive method and apparatus disclosed hereinafter.

10
SUMMARY OF THE INVENTION

The present invention is related to apparatus and method for representing cartridge
characteristic information by an encoded device, and for reading such information from the
encoded device.

15

One aspect of the invention is directed to a cartridge for an electrophotographic
machine, including a sump for carrying an agitator rotatably mounted in the sump for
engagement with a toner; an encoded device coupled to a first end of the agitator; and a torque
sensitive coupling connected to a second end of the agitator, which is connectable to a drive

20 mechanism in the machine. The encoded device includes coding means representing cartridge
characteristic information. Such coding means may include coding readable to indicate a
compoﬁent of a resistance to agitator movement through a portion of said sump having toner
therein to give an indication of an amount of toner remaining in said sump. The component of
resistance representative of the amounf of toner remaining in the sump is determined by the lag

35 between a travel of the drive mechanism in relation to a travel of the encoded device. Also,
such coding means may include, altematiirely or in addition to the coding readable for
indicating an amount of toner, a coding representing preselected cartridge characteristic

information.

30 Another aspect of the invention is directed to a cartridge having a single encoded plate
rotating in relation to an agitator, wherein the single encoded plate includes coding for
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Few met hods or appar at us effectively nmeasure the amoupt. f eed t ner .
remai ning. As an exanple, Lexmark printers currently e ) \j
t.echnique to detect a |l ow toner condition. This nethod Ss a

beam of |ight through a section of the toner reservoir _ ensor .
Toner bl ocks the beamuntil its level drops below a preset height.
Anot her common net hod neasures the effect of toner on a rotating agitator

t . ' S .t he toner over a.sill tqQ. present jt
fo &t ondreeise YAt} b nd1H P ER b ok IAGther PrRBIRE iiMiok bRt
padd| e’ s tax icartridgeravigi adrentSdedPldte, Gitiedin tb&sedcbd&f%%%udeg chH'iﬂP répresenting |
360 degree rotation the paddl e enters and exits the toner supply. Bet. en
t he poi nPreselested caridge] infernasionac Such he(tl:ng rrefesabhyf ?tmda.lr:hsnch ggllfalpploﬂ codnqd e
it its.tk ner, t toner, resists the notion of the paddl e and produces
2t or que RPN & Hir SRS FRenTIES, EBIRER. DOkt o6 FOUCRYE WRehdpigd in
det ec§i ngnd/br b he cticod&l prard SRV aksthéVashl® of thsS ffveftid is'diREled tS a reader for
' reading the coding indicators of the encoded plate.

One method of determining the quantity of toner in the cartridge of the invention
includes the steps of determining a rotational position of the drive mechanism; determining a
10 relative position of the encoded plate; and measuring the lag between the rotational position of

said drive mechanism and the relative rotational position of said encoded plate.

Other features and advantages of the invention may be determined from the drawings
and detailed description of the invention that follows.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side elevational view illustrating the paper path in a typical
electrophotographic machine, in the illustrated instance a printer, and showing a feplacement
supply EP cartridge, constructed in accordance with the present invention, and the manner of

20  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; '

25 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; |

Fig. 4 is an enlarged fragmentary perspective view of the agitator/paddle drive for the
30 toner sump, and illustrating a portion of the torque sensitive coupling between the drive gear

and the driven shaft for the agitator/paddle;
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- 3- bel ow a given threshold at a fixe 2) detecting
if the surface of the toner is below a fII)hﬁ@hJéﬂHéﬂ'BEenReplaced -+ I'n either

nmethod there is a driving nenber suppl yi ng to a driven nenber
(the paddl e) which experiences a | oad toraHMﬂ@lymtl ng the toner.
Sone degree of freedom exists for these t otate independently
of each other in a carefully

Fig. 5A is a fragmentary view similar to Fig. 4, except illustrating another portion of the
torque sensitive coupling for coupling the driven shaft for the agitator/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 shaft;

Fig. 6 is a simplified electrical diagram for the machine of Fig. 1, and illustrating the
principal parts of the electrical circuit;

Fig. 7 is an enlarged side elevational view of the encoder wheel employed in accordance
10 with the present invention, and viewed from the same side as shown in Fig. 2, and from the

opposite side as shown in Fig. 3;

Fig. 8A is a first portion of a flow chart illustrating the code necessary for machine start
up, and the reading of information codgd on the encoder wheel;

15 _
Fig. 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 within
20 the sump, and at various positions of the toner paddle relative to top dead center or the home

position of the encoder wheel;

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 cartridge information.

25 : .
Figs. 11A-11E represent in flow chart form an alternative method for machine start up,

the reading of information coded on the encoder wheel and the measurement of toner level in

the toner sump;

~

30 Fig. 12 is a sectional view of an encoder wheel and a schematic representation of an

alternative Hall effect reader/sensor of the invention;

Fig. 13 is a sectional view of an encoder wheel and a schematic representation of an
alternative reflective reader/sensor of the invention;

s
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defined manner. For the first nethod 1) above, with no | oad applied to the
paddl e, both nenbers rotate together. However, when | oaded the paddl e | ags
t.he driving nenber by an angul ar di stance that increases with increasing
.load. In the second nethod 2), the unl oaded paddle | eads the rotation of
the driving nmenber, under the force of a spring or gravity. Wen | oaded
(i.e., the paddle contacts the surface of the toner), the driving and

driven nmenber ck into alignnment and rotate together. By neasuring
the relative ?Eﬁ'ggE%ﬁgP a‘é‘gn"g tighal vigw 49‘?‘#@“828‘%@%@%@@@
(a. k.a. phascl ér{,hgﬁgm&ep}g% e a&oroprl ate place in the paddle's rotation,

the presence of ton can In the prior art, this
relative displacenent is sensed by neasuring t he phase difference of two

di sks. The fi Fl 16iigk ﬁ*agméx'ltﬁl"ycgﬂe ﬁé&aﬁ%ﬂﬁ%x@ﬁ o@aﬁ BAdddet %&el RyiftA gﬂﬁ shilfce

driving torque for the padd The second disk is rigid attached to the
“shaf t 5 of lmmgnpadmmmamfoﬂowmmdey/smomm&lﬁmssmand sk. Usual |y both disks
have mat chi ng notches or slots in them The alignnment of the slots or

notches, that_js ch t hey .overl ap, .indicates the phase relationship of
the di sks andf tghég rﬂifees‘fatlpa@ vigw of Ay engnderivheal withearam surface

1mplementat10n and an altematlve cam follower reader/sensor mechanism.

10 DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

Turning now to the drawings, and particularly Fig. 1 thereof, a laser printer 10
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 recéiving media path 11
and including a replacement supply electrophotographic (EP) cartridge 30, constructed in
15 accordance with the present invention. As illustrated, the machine 10 includes a casing or
housing 10a which supports at least one media supply tfay 12, which by way of a picker arm 13,
feeds cut sheets of print receiving media 12a (e.g., paper) into the media path 11, past the print
engine which forms in the present insténce part of the cartridge 30, and through the machine 10.
A transport motor drive assembly 15 (Fig. 3) affords the driving actiori for feeding the medi.a
20 through and between the nips of pinch roller pairs 16 - 23 into a media receiving output tray 26.

"In accordance with the invention, and referring now to Figs. 1 & 2, the 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

25 transmitting to the machine 10 information concerning cartridge characteristics including
continuing data (while the machine is running) concerning 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

30 coaxially mounted for rotation within a cylindrical toner supply sump 33. Mounted on the shaft
32 for synchronous rotation with the encoder wheel 31, extending radially from the shaft 32 and
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Various art showi ng the above nmethods and variations are set forth bel ow
In U S. Patent 4,003,258, issued on Jan. 18,1977 to Ricoh Co., is disclosed
t.the use of two disks to neasure toner paddle |ocation relative to the
paddl e drive shaft. Wen the paddle reaches the top of its rotation the
coupling between paddl e and drive shaft allows the paddle to free fal

under the force of gravity until it conmes to rest on the toner surface or

at the bakiatlynatdngi the surap 3Biia. tonk@agitatbPu¢ ?ﬂd%@cmtdn@:r 85 ?ev%ﬂﬂir% éahhﬁg@h
whi ch the paddle falls is greater than a fixed anount (close to

degr ees) (depeadipg PoBotARad ig rgenerplly s sshowmbentending Sroni ragpnoatlmmly Llhec9 00

Bgcg{ Oggfp%gihbx? Ind 'then éou%?e?%l&cﬂwfisle' 10%hé S0 pgsgt?orgl1 tRe tfleo ggédle i%t\é?els rcohx?te} he

clockwise in the direction of the arrow 34a, toner tends to be moved over the sill 33a of the
5 sump 33. (The paddle 34 is éonventionally 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 presented to a toner adder roll 36, which interacts in a
known manner with a developer roll 37 and then a photo conductive (PC) drum 38 which is in
the media path 11 for applying text and graphical information to the print recelvmg media 12a

10 presented thereto in the media path 11.

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 exémple, the PC drum 38 and a drive train 40 for the developer

15 roll 37, the toner adder roll 36 and through a variable torque arrangement, to one end 32b of the
shaft 32. The 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
employed for the drive, including stepping motors, a brushless DC motor is ideal because of the
availability of either hall effect or frequency generated feedback pulses which present

20  measurable and finite increments of movement of the motor shaft. The feedback accounts for a
predetermined distance measurement, which will be referred to as an increment rather than a

‘step’ 50 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, includes

25 driven gear 40a, which is directly coupled to the developer roll 37, and tﬁfough an idler gear

40b is coupled to the toner adder roll 36 by gear 40c. Gear 40c in turn through suitable

reduction gears 40d and 40e drives final drive gear 41. 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 torque sensitive coupling, |

30

LE9-96-031
EXPRESS MAIL No.: EH 422160901 US

This Sheet Has Been R ﬂlaced )



-4 - _ In U S. Patent 5,216,462, issued to ki Electric Co., June
1, 1993, is described a systemwhere a spring connects two di sks so that
t.he phase separation of the disks indicates torque | oad on the paddle. An
instability is noted in this type of system It further describes a system
simlar to the Patent above where the paddle free falls fromits top dead
position to the surface of the toner. The position of the paddle is sensed

t hrough magnet Pig.CS),liﬁ’é b9 I41 % ghoWh\ds ﬁn&dﬁiﬁ%ﬂg%tggvéd‘@eﬁ Bpﬁén%EQQ%i{r?écEed td ?i S

| ever activates an opt sw tch when t e IS near the bottomor its
r ot at i oncollar #dwhichraets asracdiearng permitting) absentinestraink dfrdei mavetrmeineof the igedridd gnddd| e
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variable torque sensitive coupling is'mounted on the web 42 of the gear 41. To this end, the
s  driving half of the coupling includes a coiled torsion spring 44, one leg 44a of which is secured
to the web 42 of the gear 41, the other leg 44b of which is free standing.

Tuming 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 dimensioned for receiving

10 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 47a, 47b, the extended terminal ends of which overlay

the flange 48 associated with the web 42 of the gear 41. The rear face or back surface 45a of the

arbor 45 (see -Fig. 5B) confronting the web 42, includes depending, reinforcing leg portions

15 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 of the spring 44.

Thus one end 44a (Fig. 4) of the spring 44 is connected to the web 42 of the gear 41,
20  while the other end 44b of the spring 44 is connected to the arbor 45 which is in turn keyed to
the shaft 32 mounted for rotation in and through the sump 33 of the cartridge 30. Thefefore 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 sMﬁ 32 to rotate . When the paddle first engages the toner
25 35 in the sump 33, the added resistance causes an increase in torsion and the spring 44 tends to
wind up thereby causing the encoder wheel 31 to lag the rotational position of the gear 41.
Stops 51 and 52 mou;lted_ on the flange 48 prevent over winding or excessive stressing of the
spring 44. In instances where the sump 33 is at the full desigh level of toner 35, the ears 47a,
47b engage the stops 52 and 51 respectively. The spring 44 therefore allows the paddle shaft 32
3  tolagrelative to the gear 41 and the drive train 40 because of the resistance encountered against
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val ue. In U S. Patent 4,592,642, issued on June 3,1986 to Mnolta
Canera Co., is described a systemthat does not use the paddle directly to
nmeasure toner, but instead 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" spends a substantial anount of tine in the |ow

t oner pogi.t v, e t Lies
ar ¢ hoeltofdh 3976 {1 paiflec)Rinind RYlod0 Hhroueh WXHSND B R A0 delBubE
i ndi cat eSndohﬁﬁerddtbebrﬁiﬁaumneﬂg&nyﬂhdﬂm 34, ateﬂ tﬁ’é‘ﬁ? R WRRN bedysctiBed @l €l Y
detect a toner |ow state S. Patent 989, /54, issued on Feb. 5,

1991 to Mervsetabhgeinapr the differensmin ﬁ@ta@mm\@ladrbx thegeartfdr(ceaily theomptor 5a)al
ddl e t it t d t.he Servoir
Po at os. b eBbds? bt A1y B b gAatie 9, e Ine eiAbOLT rOsRIR slockhh Hom the

reseryoi 9:00tpoditidE(sée Figl 21)ad! sbout the 5.00 position, is a measure of how much toner 35

remains in 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.
10
Turning now to Fig. 6 which is a simplified electrical diagram fof the machine 10,
illustrating the principal parts of the electrical circuit thereof, the machine employs two
processor (micro-processor) carrying boards 80 and 90, respeétively labeled “Engine
Electronics Card” and “Raster Image Processor Electronics Card” (hereinafter called EEC and
15 RIP respectively). As is conventional with processors, théy include memory, /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 processor. For example, on the machine, the laser
printhead 82; the motor transport assembly 15; the high voltage power supply 83 and a cover
20 switch 83a which indicates a change of state to the EEC 80 when the cover is opened; the
Encoder Wheel Sensor 31a which reads the code on the encoder wheel 31 informing the EEC
80 needed cartridge information and giving continuing data concerning the toner supply in the |
sump 33 of the EP cartridge 30; a display 81 which indicates various machine conditions to the
operator, under control of the RIP when the machine is operating but capable of being
25 controlled by the EEC during manufacturing, the display being uséful for displaying
manufacturing test conditions even when the RIP is not installed. Other functions such as the
Erase or quench lamp:assembly 84 and the MPT paper- out functions are illustrated as being
controlléd 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 bussing

30 and power lines) which permits communication between the RIP 90 and the EEC 80, and other

LE9-96-031

Re lced
ect Has Been T - ExPRESS MAIL No.: EH 422160901 US

"l

11



[ ever al ong with it. Wen the toner |evel becones |Iow, the |ever, no |onger
di splaced fromits honme position by the novenent of the toner, returns to
i.ts home position under the force of gravity. Fromthis position the |ever

activates a switch to indicate | ow toner. In still another U. S.
Patent 4,711,561, issued on Dec. 8, 1987 to Rank Xerox Limted, this patent
descri bes a neans of detecting when a waste toner tank is full. It enploys

a float pdriphemlst s Thedhtertonpechroardo$8 vibayt be tconmectedetd odthien pefigherals ithroughmat he
bottom The flooat activat 68S9 a s\ﬁ/i.t ch i/\/glen it reaches the t olE) ?f t he tank.
communications interface 89 which is available for connection to a network 91, non-volatl_e
memory 92 (e.g., Hard drive), and of course connection to a host 93, e.g., a computer such as a

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 separable from the RIP card 90, conventionally
they may be positioned on or as part of the card.
10 .
Prior to discussing, via the programming flow chart, the operation of the machine in
accordance with the invention, the structure of the novel encoder wheel 31 should be described.
To this end, and referring now to Fig. 7, the encoder wheel 31 is preferably disk shaped and
comprises a keyed central opening 31b for receipt by like shaped end 32:a of the shaft 32. The
15 wheel includes several slots or windows therein which are positioned preferably with respect to
a start datum line labeled DO, for purposes of identification. From a “clock face” view, DO
resides at 6:00, along the trailing edge of a start/home window 54 of the wheel 31. (Note the
direction of rotation arrow 34a.) The paddle 34 is schematically shown positioned at top-dead-
 center (TDC) with respect to the wheel 31(and thus the sump 33). The position of the encoder
20 wheel sensor 31a, although stationary and attached to the machine, is assumed, for discussion
purposes, aligned with DO in the drawing and positioned substantially as shown schematically
in Fig. 1.

Because the paddle 34 is generally out of contaét with the toner in the sump, from the

25 3:00 position to the 9:00 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 tl}_e 9:00 position, information concerning the cartridge 30 is preferably
encoded on the wheel between 6:00 and approximately the 9:00 position. To this end, the wheel

31 is provided with radially extending, equally spaced apart, slots or windows 0-6, the trailing

30 edges of which are located with respect to D0 and labeled D1-D7 respectively. Each of the slots
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Limted, describes the use of a comercially avail able vibration sensor to

U.S. Patent 5,036,363, issued on July 30, 1991 to Fujitsu

detect the presence of toner at a fixed | evel. The patent describes a
sinple timng nethod for ignoring the effect of the sensor cleaning
mechani sm on the sensor out put. U S. Patent 5,349,377, issued on

Sept .

20, 1994 to Xerox Corp. discloses an algorithmfor calculating toner

usage anﬂ-&repmsrnmnmdnformatiameiatarhitpnsiﬁongvhich mhy be selentivelyrcobgred asibyt onegor
bl ack pixels an htin mfo ner usa based on pi xels per, unit
area in MO ¢e I i CY @frtﬁg&)‘" rﬁl@yl%plem?%swm ef Witk sefeseaceior Higd 1@&nd
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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.

The coded data represented by combinations 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 OEM type cartridge, or such other information that is either desirable or
necessary for correct machine operation. Adjacent slot 6 is a stop window 55 which has a width
equal to the distance between the trailing edges of adjacent slots or windows ,e.g., D1=(D2-Dl1,
= D3-D2 etc.)= the width of window 55. Note that the stop window 55 is also spaced from the
trailing edge of slot 6 a distance equal to the stop window width 55. That is, the distance D8 -
D7 = twice the window 55 width while the window width of window 55 is greafer than the
width of the slots 0-6.

Adjacent slot 0, from approximately the 5:00 to the 6:00 position is a starthome
window 54. The starthome window 54 is deliberately made larger than any other window
width. Because of this width difference, it is easier to determine the wheel position and the start
of the data bit p_resentation 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.

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 D9, D10 and D11 respectively. The trailing edge of
slot “a”, ( angular distance D9) is 200° from DO; the trailing edge of slot “b” (angular distance
D10) is 215° from DO:anq 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 D0, the paddle 34 will
have already passed bottom dead center (6:00 position) by 20°, (200° - 180°); window or slot

'———————/— .
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The present invention is related to apparatus and net hod for representing
cartridge characteristic informati on by an encoded device, and for reading
such information fromthe encoded devi ce. One aspect of the
invention is directed to a cartridge for an el ectrophot ographi c machi ne,
including a sunp for carrying an agitator rotatably nounted in the sunp for
engagement with a toner, an encoded device coupled to a first end of the

201t at or "0y 35 P50 Fa et st "y Sl G0 MR The sdifenson f eacemen
creoeq. BENeSEI°L RS SRR T %@iﬁﬁ%%hﬁﬂlnﬁﬁr o B i o

conmponent of a resistance to agi tator novenent through a portion of said
sunp having toner therein to give an indication of an anpunt of toner
remai ni ng i n Refetring mpw m@lgso&!bcnndnSBdWhmbsshewarreﬁJecte\mbesepttogtmmmgfattche

aver ofurkfianal fopemet ilralng e e adcanmsion Atk e ok A dhE GROTE of

device. f)fSfnation coded on the encoder wheel, including the measurement of toner 35 level in the

toner sump 33. At the outset, it is well that it be understood that there is no reliance on or
measurement of the speed of the machine, as it differs depending upon the operation (i.e.,
resolution; -toner type; color etc.) even though a different table may be required for look up
1o under 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 31 referenced to the angular distance traveled by the motor, and
then comparing the difference between .the two angular measurements to a norm or base-line to
15 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 (D0) and “a”, “b”, “c” is always
the same. So what is 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 faking the difference as being the
measured lag. In essence, and perhaps an easier way for the reader to understand what is being
20  measured, is that the angular displacement 6f the paddle 34 is being measured with respect to
the angular displacement of the gear 41 (gear train 40 as part of transport motor assembly 15).
As discussed below, the greatest number (lag numbér) 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
35 cartridge 30.. | '
Referring first to Fig. 8A, after machine 10 start up or the cover has been opened and
later closed, the Rolling Average is reset, as shown in logic block 60. Simply stated, ‘n’ (e.g., 5
or 6) sample measurements are examined and the average of them is stored and the code on the

30 encoder wheel 31 of the cartridge 30 is read, compared to what was there before, and then
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such codi ng nmeans may include, alternatively or in addition to the coding

readabl e for indicating an anmount of toner, a coding representing

presel ected cartridge characteristic infornmati on. _ Anot her aspect
of the invention is directed to a cartridge having a single encoded plate

rotating in relation to an agitator, wherein the single encoded plate

I ncl udes codi ng for
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stored. The reason for doing this is that if a user replaces an EP cartridge since the last power
on or machine 10 startup, there may be a different toner type, toner level etc. in the new sump.
Accordingly, so as not to rely on the old data, new data is secured which includes new cartridge
data and/or amount of toner 35 remaining in the cartridge 30. Therefore a new ‘rolling average’
is created in the EEC 80. With regard to host notification, however, 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.

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 before it begins determining the home or start position of the
wheel, since the ehgine could be stopped in, for instance, tﬁe 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 the portion of the program for finding the
startthome window 54. As previously discﬁssed, the starthome window 54 is wider than the

stop window 55 or for that matter, any other slot or window on the encoder wheel 31.

‘Find the home window first
' This loop runs on motor "increments”

HomeFound = False

while (! HomeFound)

If (found the start of a Wi_ndow) Then
WindowWidth = 0
While (not at the-end of Window) {increment WindowWidth}
If (WindowWidth > MINIMUM_HOME_WIDTH
AND WindowWidth < MAXIMUM_HOME_WIDTH) Then

HomeFound = True

LE9-96-031
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determning a quantity of toner.in the cartridge, and another aspect of the
invention is directed to a cartridge having an encoded plate, wherein the
encoded plate includes coding representing presel ected cartridge

i nformati on. Such coding preferably includes a plurality of coding

i ndi cators, such as for exanple, openings, w ndows, notches, or reflective
areas, fornmed in and/or on the encoded plate. Still another aspect of the

i nventionEndiflirected to a reader for reading the coding indicators of the
encoded pl ate. . One nethod of determ ning the quantity of toner in
t he cartﬁhﬁﬁghﬂﬁ the invention includes the steps of determining a
rotational position of the drive nechanism determning a relative position
of the encoded plate; and neasuring the | ag between the rotational position

of said dri velnnhe HssveaBoriftin,| MoneFoatd’ i€ sét FAISE arneloop ¥Subi uniil e Wiléw or
encoded pl at e. O her features and advantages of the invention may
be det ershatnwitith roents ithe donditionysof 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 widths, for
identification; and then indicate that the ‘home window’ 54 has been found when those
conditions are met.
10 |
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
startthome window 54 and of course that the window width is acceptable. This occurs in logic
blocks or steps 62, 63 and 64 in Fig. 8A. If this condition is not met, then the configuration
15 information should be taken again. If this check passes, then there is no need to continue to
look at the cbnﬁguration information until a cover closed or power on cycle occurs. This guérds
against the potential conditions wherein the engine misidentifies the start/home window 54 and

thus mis-characterizes the cartridge 30.

20 Prior to discussing the pseudo-code for ‘Reading the Wheel’, it may be helpful to recall
that a portion of the encoder wheel's 31 revolution is close enough to constant velocity to allow
that section to be used and read almost as a "windowed bar code". With reference to Fig. 7, that
is the section of the wheel 31 from the trailing edge of the start/home window 54 to the trailing
edge of the stop window 55 including the slots or windows 0-6. This is preferably in the

235 section of the encoder wheel 31 in which the paddle 34 is not impinging upon or in the toner 35
in the sump 33. Passage of this section over the optical sensor 31a creates a serial bit stream
which is decoded toigat_her read-only information about the cartridge. The information
contained in this section may comprise information that is essential to the operation of the
machine with that particular EP cartridge, or “nice to know” information. The information may

30 be divided, for example into two or more different classifications. One may be cartridge ‘build’
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and detailed descri ption of the invention that follows.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic side
el evational view illustrating the paper path in a typi cal _
el ectrophot ographic machine, in the illustrated instance a printer, and

~showi ng a replacenent supply EP cartridge, constructed in accordance with
the present invention, and the manner of insertion thereof into the
machi ne; specific, i.e., iffofmationl ﬁrhﬁhfﬁﬁ%f'tcﬁftﬂd ehbar g By, | foh&Ttyps] ffiot
el evat i-orll)al1 lV| ew of the cartridge 111 ust ra%eegil %n E%gcﬁf%n% rem veg ?(r)om
t he machéanduetor (BIC) drum type, and is pefSonpliz8d whemthercagtidgy ia byilp eiesgthertwhich wiagw of

the interjor_.driven parts,of fhe EP cartridge . .
© aliow for a num| ep oE‘ unique Icartn ge classes” wh%ch may be personalized before cartridge

shipment, depending, for example, upon the OEM destination. The latter classification may,
5 for example inhibit the use of cartridges from vendors where it is felt that the cartridge will give
inferior print, may have some safety concemn, or damage the machine in some way.
Alternatively, if the machine is supplied as an OEM 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

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

The ‘Find Home’ code determines the start/home window 54 and measures the distance
corresponding to the trailing edge of each window 0-6 from the trailing edge of the window 54.

This acquisition continues until the engine detects the stop window 55 (which is designed to

15 have a greater circumferential width then the data windows 0-6 but less than the start/home
window 54). Using a few integer mﬁltiplications, the state of each bit in the byte read is set

using the recorded distance of each window 0-6 from the trailing edge of the home window 54.

The portion of the program for reading the encoder wheel, in pseudo-code, is as follows:

20

‘Find Home’ (see above)
- * Gather distances for all of the data window
* This loop runs on motor "increments"
Finished = False
25 WindowNumber = 0
Cumulativngunt =0
while (!Finished)-
CumulativeCount = CumulativeCount + 1
If (the start of a window is found) Then
30 WindowWidth = 0
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illustrated in Figs. 1 and 2, including the encoder wheel and its relative
position with regard to the drive nechanismfor the cartridge interior
driven parts; Fig. 4 is an enlarged fragnentary perspective view
of the agitator/paddle drive for the toner sunp, and illustrating a portion
of the torque sensitive coupling between the drive ~gear and the driven
shaft for the agitator/paddle;

-7 -
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While (not at the end of Window)
increment WindowWidth
increment CumlilativeCount
End While
If (WindowWidth > Minimum Stop window Width
AND WindowWidth < Maximum Stop Window Width
AND CumulativeCount > Minimum Stop Position
AND CumulativeCount < Maximum Stop Position)Then
' we must ensure that the stop window is really what we found
Finished = True
StopDistanceFromHome = CumulativeCount
Else
DistanceFromHome(WindowNumber) =CumulativeCount
WindowNumber = WindowNumber + 1
End If' .check for stop window
End If 'check for start of window
End While

' Now translate measurements into physical bits

DataValue =0 '

* First divide the number of samples taken by 9

BitDistance = StopDistanceFromHome / 9

For I = 0 To WindowNumber - 1

' BitNumber = DistanceFromHome(I) / BitDistance
‘What is being determined is the bit number corresponding to the
' measure;nent by rounding up DistanceFromHome(I)/BitDistance.
If (DistanceFromHome(I) - (BitDistance * BitNumber)) * 2 > BitDistance) Then

BitNumber = BitNumber + 1

/
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Fig. SAis a fragmentary view simlar to Fig. 4, except illustrating

anot her portion of the torque sensitive coupling for coupling the driven
shaft for the agitator/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 shaft;
Fig. 6 is asinplified electrical diagramfor the machine of Fig. 1, and
illustrati rEmd e principal parts of the electrical circuit; Fig. 7
is an enlarged side elevational view of the encoder wheel enployed in -
accordance wth the present invention, and viewed fromthe sane side as
shown in Fig nd from.the oppas side as shown in Fig. 3;

Fig. 8Ais a'l?fﬁaé’t%lw%VﬂvealrﬂSslﬁF@MET)i Bimmberi-iy t he code necessary
for mac hNth “Wikdow number

5 DataValue = -DataValue ¢ invert result since windows are logic 0's

The program depicted above in pseudo code for reading the wheel is quite straight
forward. Thus in logic step 63, (Fig. 8A) where the motor increments are recorded for each data
bit, and stop bit trailing edge, as was discussed with regard to Fig. 7 that the distances D1 - D7

10 between the trailing edges of windows or slots 0 through 6, are equally spaced. (i.e., D7-D6 =
some constant “K”, D5-D4 = constant “K” etc.) The trailing edge of the stop window 55 is
also a distance of twice “K” from the trailing edge of slot 6. While the distance from the trailing
edge of stop window 55 to its leading edge (i.e., the window 55 width) is equal to one ‘bit’
distance or “K” from the leading edge, this width may be any convenient distance as long as its

15 width is > than the width of the slots 0-6 and < the width of the start/home 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” between the windows
(trailing edge of the start/home window 54 to the trailing edge of the stop window 55) which

20  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 61 will

once again initiate the code for finding the home position, as in block 61 and described above.

25 In logic block or step 65, the next logical step in the program i;«s to go to the Data
Encoding Algorithm portion of the program. In the pseudo code set forth 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.

30 A reading of distance D8/9 will give the spacing between the data slots or windows 0-6.
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up, and the reading of information coded on the encoder wheel; Fig.
8B is a second portion of the flow chart of Fig. 8A illustrating the
measurenent of toner level in the toner sunp; Fig. 9 is a graphica
di splay of the torque curves for three different toner levels within the
sunp, and at various positions of the toner paddle relative to top dead
center or the hone position of the encoder wheel; Fig. 10 is a

eel _w th novel aratus for blocking off

Cel oot oc THFSHES, e ciineh Ao doF Tinden tho faiisa; Hge oheloassoetil e, b iaws GK Bitdge
L o o i¥Ring) and therefdre Gl inticite thity sV P RENS clrlelVe At 908 e diflcBleBuarion
on the erscl@)ﬂ@ﬂOONoeﬁ‘lthalm@lct ils inverted; 1 emarlt Nuftict €ae flmhﬁ)ﬁﬂer found erobifdi@rupSeinp;
down, as the case may be dependent upon such factors as paddle mass, rotational speed etc. In
5  certain instances, this may mean rounding up with a reading above .2 and rounding down with a

reading below .2. For example, 6.3 would be rounded to 7, while 7.15 would be rounded to a 7.

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
10 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 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.
15 '
Tuming now to Fig. 8B, as the encoder wheel 31 rotates, the paddle 34 enters 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
20 numbers, S200, S215 and S230 are subtracted from thé baseline of what the numbers would 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
25 remaining in the toner supply reservoir or sump 33. Figure 9 illustrates this relationship. In
Fig. 9, torque is set in inch-ounces on the ordinate and degrees of rotation of the paddle 34 on

-

the abscissa. : -

Referring briefly to Fig. 9, several characteristics of this data stand out as indicating the

30 amount of toner remaining. The first one is the peak magnitude of the torque. For example,
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Fi g. 12 is a sectional view of an encoder wheel and a schematic
representation of an alternative Hall effect reader/sensor of the

i-nventi on; Fig. 13 is a sectional view of an encoder wheel and a
schematic representation of an alternative reflective reader/sensor of the
I nvention; - 8-

with 30 grams of toner 35 remaining in the sump 33, the torque is close to 2 inch-ounces, while
at 150 grams the torque approximates 4 inch-ounces and at 270 grams the torque approximates
8 inch-ounces. The second characteristic is that the location of the peak of the torque curve |
does not move very much as the amount of toner changes. This suggests that measuring the

5 torque near the location where the peak should occur could provide a measure of remaining
toner. That is why, as shown in Fig. 7, the trailing edge of slot “a”, (distance D9) is 200° from
DO; the trailing edge of slot “b” (distance D10) is 215° from D0 and the trailing edge of slot “c”
(distance D11) is 230° from D0. Another obvious indicator is the location of the onset of the
torque load. Yet a third indicator is the area under the torque curves.

10 |

Another way of looking at this process is that while the angular distance measurements

of D9, D10 and D11 are known, the number of increments the motor has to turn 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”.

15 The delay is then cbmpared 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 rolling average sum. This is shown in logic step 75. As illustrated in logic block
76, thé toner 35 level in the sump 33 may then be determined from a look up table
precalculated and stored in the ROM 80a associated with the EEC 80 in accordance with the

20 new rolling average.

In logic block 77, the oldest data point is subtracted from the rolling average sum and
then the rolling average sum is reported for use back to logic block 61 (Find Home position). If
the toner level changed from the last measurement, as in compare logic block 78, this condition

25 may be reported to the local RIP processor 90 and/or the host machine, e.g., a personal
computer as indicated.in logic block 79.

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

30 order to reduce inventory, and in accordance with another feature of the invention, the problem
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Fi g. 14 is a fragnentary side el evational view of a portion of the encoder

wheel of Fig. 12 and taken along line 13-13 of Fig. 12; Fig. 15 is
a fragnmentary side el evational view of an encoder wheel with a cam surface
i mpl enentation and a cam fol |l ower reader/sensor nmechanism and Fig.

16 is a fragnentary side el evational view of an encoder wheel with a cam
surface inplenentation and an alternative cam foll ower reader/sensor

nmechani sf quickly and accurately applymg sdefraRudidl tg}:h&gorﬁ_ﬂfar& ﬁﬁz%;él\fﬁ EVGRLAMENTS

Turning now to the draw ngs, "and particularly Fig. a’laser
printer Tcwostanaes of dimited spaceyr ikprowvided.tDuet tocthe close apacmgvcffrthe slots 0-6 in the

|IIustrated her ei .1 sho sghe S|de eI evational view of the
printer f I‘”Ll?g?ln%\'l’ ian&e’tcﬂte Py Fﬁpgr@g'ﬁ L] (P4t is employed to selectively
cover pre-selected slots depending on how the decal is cut or stamped. Very accurate
s  positioning of the decal 96 is achieved by use of 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 encoder
10 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 apertures,
ie, 58, 59 or 56, 57. A tool 100 has a pair of pins 97, 98 projecting therefrom and
15 corresponding to the spacing of one of the pairs of apertures, whereby when the apertures in the
decal are mated with the projecting pins of the tool, the projecting pins 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

20  contact with the surface of the wheel.

. If the pins 97 and 98 are spaced equal to the spacing between apertures 56 and 57, the
decal cannot, oncé on the tool 100, be placed covering slots associated with the incorrect
apertures 58 and 59. The opposite condition is also true. Accordingly, two such tools 100 with

35 different pin 97, 98 spacing may be provided to insure proper placement of the correct decal for
the proper slot coverage. Alternatively, a single tool 100 with an extra hole for receipt of a

transferred pin to pm\;idejhe correct spacing, may be provided.

This method of selective bit blocking is preferred because the process is done at the end

30 . of the manufacturing line where less than all of the wheel 31 may be exposed. Use of this tool
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and including a replacenent supply el ectrophotographic (EP) cartridge 30,
constructed in accordance with the present invention. As illustrated, the
rachi ne 10 includes a casing or housing | 0Oa which supports at |east one
medi a supply tray 12, which by way of a picker arm 13, feeds cut sheets of
print receiving nedia 12a (e.g., paper) into the nedia path 11, past the
print engine which forns in the present instance part of the cartridge 30,

and through {he, pachine 10. A transporjy notor drive assenbly 15 (Fig..3)
af f ords i(ﬂ)ewagi ﬂ@sa?eeqeérﬁwamseaﬁmﬁ ¢ ARETRIEKI 0284 19 HiFcfmeadrd é@@k&%%
ni ps of [ﬂﬁ,g, ' - into a nedia receiving output tray 26. .
I n accordarice é\;\nﬁigtfh§§ %ﬁgﬁ%gﬁ%ﬁand referring nowto Figs. 1 & 2, the

cartridge 30 includes an encoder wheel 31 adapted for coaction, when the

cartridge 30 is nested in its home position within the machine 10, w th an
encoder wheel Figankidy - d1E arediractedia refinementsiia thevmethod oof sheswventionglepistedria

machi ne 10 inf or I @0 concernin artridge aracteristi.cs,includi
Cont i hui Hes i 8 TR; bk RARSREE TRl Rinarmels T imetiny Rt Kt ity
toner repRidy M8 intidelbdlof Mftakas il IodstRnBTHhOStop WASRIVESS Eot stipy Bif)i Jeshown in
characteristics, such as for exanple, cartridge type or size, toner _
capaci t yFigt dh#&rintcpmparigendp dign8idicadditiondl stepst 168k 1641 and 162, tate presemt), whenein
epcoder further logic associated with step 161 is depicted in Fig. 11C and further logic associated with
step 162 is depicted in Fig. 11D. Furthermore, shown in Fig. 11B in comparison to Fig. 8B, and
10  continuing into Fig. 11E, is a presently more preferred manner of determining, with somewhat
greater accuracy, the amount of toner remaining in the sump (toner level) regardless of the
speed of rotation of the paddle 34 and associated encoded plate, or encoder wheel, 31. In the
following discussion, functional steps depicted in Figs. 11A-11E which are common, or
substantially similar, to those functional steps of Figs. 8A and 8B will bear the same element

15 numerals, and the detail of those common steps will not be repeated below.

As shown in Figs. 8A and 8B, the steps associated with reading of the preselected
cartridge characteristics and the steps associated with determining the toner level in sump 33 are
performed in parallel. With respect to Fig. 11A and 11B, however, as shown at step 160, such

20 parallel processing continues until the decoding of the preselected cartridge characteristics is
successful, and thereafter, only the steps associated with determining the toner level in sump 33
(steps 66 and 67 of Fig. 11A, and the steps of Figs. 11 B and 11E) are performed. | Such
preselected cartridge characteristics may include, for example, initial cartridge capacity, toner
type, PC drum type, qualified or unqualified as an OEM type cartridge, etc. One skilled in the

25 art will recognize that such parallel processing may be achieved in a variety of ways, such as for
example, by interleaving the program steps of the parallel paths within a single processor or by

using a separate proces\smkfor each path.

Referring now to 11A, after machine 10 is started up, or after the printer cover has been
30 opened and later closed, the variable identified as a “Rolling Average” is reset at step 60. The
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wheel 31 is nmounted, in the illustrated i nstance on one end 32a of —a—shaft+

32, which shaft is coaxially nounted for rotation wthi %i&h%&ld”rﬁﬁfii‘% .

toner supply sunp 33. Mounted on the shaft 32 for synchr
t he encoder wheel 31, extending radially fromthe shaft 3 ﬂ

-9 -

resetting of the Rolling Average occurs prior to executing the steps associated with reading the
coding representing preselected cartridge characteristic from wheel 31, i.e., steps 61, 62, 160,
63, 161, 64, 65, and 162, and prior to determining the amount of toner remaining in sump 33 of

cartridge 30 beginning at step 66, and continuing into Figs. 11B and 11E.

In order for either the preselected cartridge characteristics steps or the toner level
determining steps to operate properly, the ."home Iﬁosition“ of the wheel 31 must first be found,
as at step 61. The previous discussion concerning the encoder wheel 31 and the reading thereof |
to determine the home position of wheel 31 is equally applicable to the refinements depicted in

10 Figs 11A-11E. Moreover, the pseudo code for “Reading the Wheel”, discussed above is equally
applicable for reading the encoder wheel, except that the portion of the code relating to the

window width may be simplified, as follows:

If (WindowWidth > Minimum Stop window Width
15 AND CumulativeCount < Maximum Stop Position)Then
' we must ensure that the stop window is really what we found
Finished = True |

At step 62, the counting of increments of shaft rotation of the drive motor begins at the

20 position associated with the trailing edge of start/home window 54. Thereafter, at step 160, a

check is made as to whether the coding representing preselected cartridge characteristics was

successfully decoded. If this preselected cartridge characteristics coding was not successfully

decoded, then the parallel processing of the preselected cartridge characteristics and the

- determination of tonerllevel continues; if so, however, such parallel processing ends, and only
25 those steps associated with determining the toner level in cartridge 30 are pérformed.

During the dec:)ding of the preselected cartridge characteristics of wheel 31, at step 63,
the number of motor iﬁctements from the trailing edge of the start window 54 to each of the
data bit windows 0-6 and stop window 55, respectively, are recorded. Thereafter the steps of

30 Fig. 11C are performed.
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axially along the sunp 33 is a toner agitator or paddle 34. The toner 35

| evel for a cartridge (dependi ng upon capacity) is generally as shown
extending from approxi mately the 9:00 position and then counter clockw se
to the 3:00 position. As the paddle 34 rotates counter clockw se in the
direction of the arrow 34a, toner tends to be noved over the sill 33a of
the sunp 33. (The paddle 34 is conventionally provided wth | arge openi ngs

34b, Fig 3, tg V. g i

Coner 35.) ns TRELRAAE  FUCTIC R oAb RIS ot B G 16510 et RS clobd Bl D BiG7
sill 33ahavedbepn %ﬂlhbmhehmeahdmwindam andcthe st3p wikdive br biD 58I B 65, thenatesnown
manner vmth a devel oper roll 37 and then a photo conductive (PC) drum 38

~whi ch i 6} i§ reiexequied andshe home pﬂ%taorapmnytp agpin founda idisyiestin deteet andrdstemmineon

h d.th h d
Retorri Fije mP s Qe sbRbcl B iRl Pt b SLANS of Bid S Bl Whekt o
not ors 15g, raiehsdlbec%ufeoayoaxedvﬂeerm& éaush@oﬂhs sERDf td'detedd CitHér' & Baksitidir RS

15b to prOV|de mul tiple and
open to closed state or wce—versa, bounce may occur. If the bounce duration is very small, it

will be rejected as a window (slot), otherwise it may pass and be considered a valid window. In
such a scenario, certain cartridges may appear to have more bit windows than physically
possible. After each bit window is detected, the number of bit windows detected from the
10 previous home detection is compared to a maximum value and if too many windows have been

detected, then the code returns to the steps for finding the home state via path 194.

Another condition that can occur which makes a further check desirable is when the
sensor signal transitions from one state to the other and immediately back to the original state,
15 resulting in the indication of a detection of an additional, or redundant, window. A test for such
a condition is performed at step 166. As shown in Fig. 7, and as has already been discussed, bit
or slot distances on the wheel are known and mapped. The identiﬁcatioﬂ of what appears to be
two bits or slots in the same region on wheel 31 is identified as an error in reading the
preselected cartridge characteristics for that particular revolution of wheel 31, and results in a
20  return to re-execute of step 61 of Fig. 11A via path 194. |

- Referring again to Fig. 11C, step 167 is performed so as to assure that the code bits 0-6
are not mistaken for the stop bits. Thus, at step 167 the number of motor increments counted is
compared to a predefined maximum number of such increments associated with the distance

25  between the trailing edge of home window 54 and the trailing edge of stob window 55. If the
number of motor increments is not less than the predefined maximum number, then via return
loop 194, step 61 of :f*ig 11A is re-entered and this loop continues until a correct reading is
achieved, or until an error code indicates a fatal error to the machine operator. If the number of
motor increments is equal to or greater than the predetermined maximum number, then step 168

30  is executed, wherein it is determined whether the measured window or slot width is greater than
-
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differing drive rotations to, for exanple, the PC drum 38 and a drive train
40 for the developer roll 37, the toner adder roll 36 and thraugh a

vari abl e torque arrangenent, to one end 32b of the shaft 32. The drive
notor 15a may be of any convenient type, e.g., a stepping notor or in the
preferred enbodi nent a brushless DC notor. While any of several types of
notors may be enpl oyed for the drive, including stepping notors, a

b hi DC. not i S i b f.t.h i Labilit freith | |
of fact o PRLTLyo% iR APty BehBeR 03 o Bl Porpeit Lad e 288 Bt heang
finite i BRHIFRAGW 59 widi IegrRMEr Bhn HRIITWikdow With, theh EcHeBIRARALE 2256169 o O
a predeterm ned di stance nreasurenent, which wll be referred to as an

i ncr enentletemhine rwhetizer the 'duration @ mostomn atcrengents) nift closuee of ithes réaderdsensorpipiang
not or in_the

) . The drive train.4Q, which. rese i nst ance for
part of fwificient @wtheef H§rements teaggca& A (k2 mgéléfswmﬁpg% 35 Nersus @Pﬁaé&{m ngﬁ’

coupl ed e ; : | : 4 i up| ed
o  Dhe s St gVl EPRTIY s oered s A RUTR cfRuloeRind Rl b om0 &
r educt i othegeensthdOclosure ofl (he s@nsor das hotnadcurted for agsufficidit petiod af time) then oope

fully explained belowwith reference to Figs., 5.& 6, the drive ?ear 41 is
coupl ed 184 {ineiscagaincentered andhlogic step $hismghagain initiated. In the event that the closure

of the sensor has occurred for a sufficient period of time, then step 65 of Fig. 11 A is executed.

10 To further insure accurate reading of the encoder wheel 31, spring 44 is preloaded to a
known torque value. Preferably, this preload value is as small as possible to allow for accurate
reading of low levels of toner in sump 33. The preload may be achieved by, for example,
providing an adjustable tab stop in place of either or both tabs 51 and 52 of Fig. 4. Such an
adjustable tab stop can be, for example, a rotatable eccentric stop.

15

Step 65 .is directed to the actual decoding of the preselected cartridge characteristic
coding of encoder wheel 31, the details of which are more fully described with respect the steps
of Fig. 11D, which constitute step 162 of Fig. 11A. In the pseudo code set forth above, this
starts with the REM statement ‘““Now translate measurements into physical bits”, and the

20  discussion conceming distances and rounding applies. In table 170 of Fig. 11D, which may be

' referred to as a ‘loop table’, logic is utilized in a loop for each reading D1-D7 of the code wheel
31 (see Fig. 7), and takes into account the roimding discussed heretofore. Note that the “code
registered” is the code which would be read at each of the respective bit positions corresponding
to windows or slots 0-6, wherein a “1” represents an open slot at the respective bit position. The

25 final code is a result of ANDing each column of bits in the seven “code registered” entries. For
example, if none of Ehe slots or windows is covered, then the final code reading will be
1111111; if slot 0 (Fig, 7) is covered, then the reading will be 1111110; and, if slot 2 is also
covered, then the reading will be 1111010. Of course, such binary representations may be

“l 2

inverted such that a “1” represents a covered slot, rather than a “0”.

30
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varlable torque sensitive coupling.

- 10- In Fig. 3, the gear 41 is shown as |nclud|ng an attached
web or flange 42 connected to a collar 43 which acts as a bearing
permtting, absent restraint, free novenent of the gear 41 and

The code read from the loop table 170 is then interpreted by a look up table at logic step

171 and the interpreted code is then sent to the EEC 80 in logic step 172. By a logical

comparison, if the code is the same as that which is stored in NVRAM in EEC 80, as indicated

in step 173, no further reading of the code is necessary and the decoding of the preselected

s  cartridge characteristic coding of encoded plate, or wheel, 31 is ended until the next occurrence

of machine start-up or machine cover cycling. To decréase decode time, after the same code has

been read consecutively twice, this code is stored in the NVRAM (logic step 175) for future

comparisons and the steps for decoding the codiﬁg representing the preselected cartridge

characteristic information is ended. In the event that the code has not been read twice, a counter

10 is set with a “1", and as shown in logic step 174, the path via line 194 (Fig. 11A) is entered for
re-reading the code beginning at step 61 of Fig. 11A.

Once the decoding of the preselected cartridge characteristic coding is completed, the
logic at step 160 then ignores further preselected cartridge characteristic code reading of wheel
s 31, and the method tumns to solely reading the delay bits “a”, “b”, and “c”, as discussed
hereinafter relative to Fig. 11B, in determining the amount, or level, of toner m sump 33 of
cartridge 30. In the presently preferred configuration of the encoder wheel 31, the trailing edge
of slot “a”, (angular distance D9) is 182° from DO; the trailing edge of slot “b” (angular distance

D10) is 197° from DO and the trailing edge of slot “c” (angular distance D11) is 212° from DO0.

20 |

 Referring again to Fig. 11A, the explanation for the logic steps 66 and 67 is the same as
set forth heretofore and will not be repeated here. However, in further explanation, when
reverse motion is detected a counter counts the number of back increments or steps and that
same number is applied or subtracted as the motion is reversed to forward so that the count is
25 resumed when the wheel begins its forward motion again. For example, in a single page print
job, the encoder wheel\ will stop before a full revolution is compiete. The machine will run the
transport motor in reverse for a short distance after each stop in order to relieve pressure in the
gear train. As set forth above, this permits, if desired, cartridge removal and/or replacement.

Without correction, this could induce a considerable error in measurement of toner level. To

/
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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 half of the coupling
i ncludes a coiled torsion spring 44, one |leg 44a of which is secured to the
web 42 of the gear 41, the other |leg 44b of which is free standing.
Turning now to Fig. 5A, the other half (driven half ) of the coupling is

To this end, an arbqor 45 haying a_keyed central

il lustrated therej.n.

openi ng 38"0&%&’5 é‘liuﬁvntéﬁl amgpnt,of sxress mptenpulses weunted duiing the teckuprandIesag pre he
shaft 324 ' b medsaik St andi ng, an inset draw ng
IS provi é%&ﬁgfgﬁﬁggﬂy%@g}ge nggait?m{?frl%}égr (531?‘&'45 I s shown. The arbor 45
i ncludes radially extending ear portions 47a, 47b, the extended term nal
ends of which overlay the flange 48 associated with the web 42 of the gear

41. The rear flymingpowie Kigs diBaascagbeenysxplained:hersoforpwits seferencg. togiiy 8B, as

Tob. | R sk b B Bragsr faddfeoss SRBE e ds i Sulth %7 AfaseFouu Rirblonde vt
r emai ni ngefarehde t@rFi%fSB,hHe aigalir distanc@PGFE09,HIoAAd 1 Mare Kdwa! add e $0abe df

Al'so attached to the rear of the back surface 45a of the arbor 45 is a clip
50 whi chngreagiysotonincremsatsgequireid g reacly D416 and Bé 1 épknowg. 4Phe motor, via torsion

spring 44, rotates paddle 34 and encoder wheel 31. As paddle 34 moves through toner 35,
however, a paddle-to-toner resistance is incurred, which results in a torsioning of torsion spring
10 44, since the motor is essentially rotating at a constant rate. Thus, the actual number of motor
increments required to reach each of the respective locations D9, D10, and D11 is greater during
a load condition when paddle 34 engages an amount of toner than when a lesser amount or no
toner is engaged. This difference in the distance the motor has to travel (rotational increments)
to obtain a reaﬂing at window “a”, then “b” and then “c” corfesponds to a level of toner in sump

15 33.

~ As described ébove relative to logic step 62 (Fig. 11A), the motor increments are

counted. The motor increments are then recorded as S200, S215 and S230 in steps 68a, 68b and

68c (Fig. 11B) at the trailing edges of slots “a”, “b”, and “c”, respectively, of the wheel 31, and

20 subtracted from the baseline of what the numbers would be absent toner 35 in the sump 33, at
steps 69a, 69b, and 69c, respectively. These numbers are directly indicative of the lag due to
resistance of the toner in sump 33, with the paddle 34 in three different positions (a, b, and c) in

the sump. Thus, this lag or delay is determined and shown in steps 69a - 69c, respectively. As

has been previously stated, there is a correlation between load torque on the toner paddle 34 and

25 the amount of toner 35 remaining in the toner supply reservoir or sump 33.. (See Fig. 9 and the

discussion relating thereto.)

~

-

At steps 70 and 71, the respective baseline normalized delays are compared, and one of
the three delays is selected for use in determining the toner level of cartridge 30 at the then

3  current printer operating speed in pages per minute (ppm) at steps 72, 73' or 74'. As shown in
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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 turn keyed to the shaft 32 nounted for rotation in and
t hrough the sunp 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

r ot at es,
ar bor 45
rotate

the end 44b of the spring presses against the catch 50 in the

” P B ot SRR 70, fhe PPl By Lo e sl e G el Sk
added r ey SaRBGE nSOHERSr thiln tHE OF AehdliZed aé@il @msnm{ben&ﬂﬁiiiw&fa @206 is ©

w nd up thereby causing the encoder wheel

o lag the rotational

of the géess thdn oBtegpal &1 nemohlized rdelayt @216 theheatf stepgd it 8is pdeteratinedo whether

wi ndi ng or e>i
sunp 33 M8M4

g,44. ln instances where the

lczg &%ﬁ@&&iiﬁséﬁ%&e&@h@ﬁw rdelpy @238 dise, then, thenormalizedy e

ecause of

position

the sfopge ;l@gﬁs f}f’l us&B Rt ifY tymex%@ag%@ggﬁé @ﬁ@ﬁ@ﬁ&afild@@;&&e iReddl e

shaft 32 to

relative to the gear Ive traln

t he resi detemination: Qldreativelyaq aiarithum normalized delay figure can be used in the toner level

15

20

25

calculation. _ |

Preferably, the normalized delay selected in the toner level determination is sent to an
equation for calculating the toner level mass (in grams of toner) at a particular machine speed in
pages per minute (ppm). The equation to determine, at different ppm printing speeds, the

mass in grams of toner remaining in the cartridge is the linear equation: y = mx +b where:

m = slope measured in grams/pulse (or increments);
b =y axis intercept, or offset, where x = 0 grams; and

X = average number of pulses, or increments.

The values for variables m and b are essentially constants with respect to various printing
speeds. These values may be determined empirically, or calculated or determined based upon
assumptions. For example, the following table represents the values for variables m and b,

assuming 10.80 motor pulses per degree of encoder wheel rotation.

- $ppm 12 ppm 18 ppm 24 ppm
m b m b m b m b
18 55 19 52 21 48 23 45

Using the above table, for example, for an 8 ppm operating speed, the equation above
becomes: y= 0.18x+55. Accordingly, if x=100, then it is determined that 73 grams of toner

remain in sump 33.

LTI
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the toner 35 as the paddle 34 attenpts to nove through the sunp 33. The
nore resistance encountered because of toner against the paddle 34, the
greater the lag. As shall be described in nore detail hereinafter, the
difference in distance traveled by the gear 41 (really the notor 15a) and
t he encoder wheel 31, as the paddle 34 traverses the sunp 33 counter

cl ockwi se fromthe 9:00 position (see Fig. 2,) to about the 5:00 position,

I's a measure fihalB¥enioGHd AP Rith3single speed machine, i.c., one that runs at a single speed
of rotation of the drum, a rolling average of the delays measured permits calculating toner
level, in grams, from the outcome of that average. Under those limited circumstances, the
toner level in the sump 33 may then be determined from a look up table precalculated and

s  stored in the ROM 80a associated with the EEC 80 in accordance with the new rolling
average. Many printers, however, are capable of multiple resolutions which may require
different motor speeds, e.g., 300 dpi (dots per inch), 600 dpi, 1200 dpi, etc., which means that
this manner of détermining the amount of toner left in the cartridge would be accurate for
only one speed. Moreover, delay is a function of both paddle velocity and toner level. In the

10 instance where a printing job requires alternate printing at 600 and 1200 dpi, the machine
runs at a different speed for each of these resolutions, and the toner level measurement is
difficult to determine by the rolling average method because the rolling average contains
delays measured at all of those speeds. To account for this, the rolling average is taken of a
velocity independent parameter, ie., grams. The equation given above converts the

15 measurements of maximum delays immediately to grams, as in logic step 76'. The rolling
average is then taken of grams, a speed independent parameter, and therefore velocity

changes will not affect the toner level measurement. This is shown in logic step 75"

Following step 75°, the steps of Fig. 11 E are performed in preparing to report a toner

20 level or toner low indication, for example, to the EP machine and/or an attached computer.
At step 176, the first value of the rolling average from logic step 75' is stored. Subsequent
values are -stored as AVG2 for comparison to MINAVG. In decision step 177, the value for
the rolling average (AVG2) is comparéd to the previous value MINAVG. If AVG2 is not less
than MINAVG, (which would be the normal situation), AVG2 is cleared in logic step 179,
25 and AVG2 is reset with the next value of the rolling average. If “the comparison is
affirmative, then a further test is performed at step 178 to determme whether the difference
between the two readmgs is logical. If the difference is less than 30 (grams), then the reading
is considered logical. If, on the other hand, the difference is greater than or equal to 30, then
the reading is discarded as being noise and once again logic block 179 is entered for c_]eafing

30 AVG2 and resetting it with the next value of the rolling average. If the comparison value is
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remains in the sunp 33, and therefore how many pages may yet be printed by
the EP machine or printer 10 before the cartridge 30 is |ow on toner. This
measur enent technique will be explained nore fully with regard to finding
t he honme position of the encoder wheel 31 and reading the wheel.

Turning now to Fig. 6 which is a sinplified electrical ditagramfor the
machine 10, illustrating the principal parts of the electrical circuit

t her eof h | oys 0Ccessor ' - proces arry

boar do. deeare 90 o e 28 S NIPAGIEGE gt o ASRELAr S T80 b Ben it
"Rast er {l7gag § r I | P

respect |1vel y)a l%gﬁﬁgﬁggln\%ﬁgﬁglﬁngﬁé glra gl((:lggslglrﬁs%ée éi;/&?ﬁ%:rgﬁﬁ rgriet?rig)fgg

and ot halesisablo ta addrnrst:sled‘aetontcal\/ﬁNANGhsthdsl fos \examplec arspaie dacton (8B dfohr d.

The EEC 80, as.s in Fi g , controls machine functions, generally

t hr ough 5By 8 &S Wﬁtaéﬁ‘?@d ;lﬂ the ROM 80a on the card and in conjunction

vmthslts on- board processor. For exanple, on the machine, the | aser
pri nthead 82; the notor transport assenbly 15; the high voltage power

suppl y 83 ande st of Wriee held3a thd setip 3Bdifontferidye G0acaacvady. Sthiaed tonet he
EEC 80 when the cover is opened; the
quantity, measured in grams for a full cartridge, is approximately 400 grams. A user would
prefer to know how much is left for use in the machine, e.g., is the sump 33 is half full, 3/4
full, or 1/8 full, and this is achieved at step 182. The result of step 181, i.e., MINAVG + 3
10 grams, is looked up in the ROM 80a of the EEC card 80 (see Fig. 6). Moreover, as shown in
logic step 182, if the toner level increases (as it occasionally does due to noise and unless the
cartridge has been replaced since the last measurement), this reading is ignored and the
previous toner level is posted as the current level. At step 79°, the ROM output returns a
sump level to the local machine processor for a direct reading on a printer display, or it sends

15 the reading to the host computer.

Thereafter, the process returns to step 77° of Fig. 11B, in which the oldest delay value
from the five held in generating the rolling average is removed. At step 78’, the process then
delays X steps, or increments, after the first toner levél slot before searching for the “home

20 position”, i.e, before returning to step 61 of Fig. 11A. The number of steps, X, is chosen to
ensure that the third toner levei slot has passed the sensor. Thereafter, steps 62, 160, 66, of
Fig. 11A are completed, and the steps of Figs. 11B, and 11E for determining the toner level in
sump 33 of cartridge 30 are repeated.

25 One skilled in the art will recognize that an encoded plate, such a.s encoder wheel 31,
may be fabricated, for example, by forming slots, or openings, in a material. Such a material
is preferably disk-shaped;-and may, for example, be made of plastic or metal. Although the
disk-shaped. design is preferred, other shapes may be used without departing from the spirit of
the invention.
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Encoder Wieel Sensor 3la which reads the code on the encoder wheel 31

I nform ng the EEC 80 needed cartridge informati on and gi vi ng conti nui ng
data concerning the toner supply in the sunp 33 of the EP cartridge 30; a
di splay 81 which indicates various machine conditions to the operator,

under control of the RI P when the machine is operating but capable of being
controll ed by the EEC during manufacturing, the display being useful for

di spl ayi ng ufacturing.test conditions even when,the RIP is naqt

el | ed. OPtEh 3p AR, it T f S edize A Yo ety of ot Tuiefrer ot anc
the MPTaRAP@hteright of WieknafVely2itlell! With! b 2krfifipAnd ShateriAONtHOhiMHoRY itt e EEC
80. O her” shared functions, e.9g., the Fuser senbly 86 and the Low Vol tage
Power Sopmemphiedatimt gho\endedert 3 coglld ben fabricatedp fore exampled fiogh @wirawsparent

i ncl udes bussing and pawer, |ineg) which permts commyni cation petween the
RIP 90 g}%pqs ayipg agqp?zggg]demsat@& )thereon whlpcﬁ defines the codlnng, such as for example,

5 by defining the edges of each window, and in which the coating does not effectively transfer

light impinging on its surface.

Figs. 12-16 show further illustrative embodiments of an encoded wheel corresponding
generally to encoder wheel 31 depicted in Figs. 1- 3, and 7. For example, and referring first
10 to Fig. 12, the encoder wheel 31 may be replaced by an identically slotted wheel 131
composed of a ferromagnetic material. The reader/sensor 131a, in this instance, may include
an alternate energy source such as a magnet 132 and the receptor or receiver may comprise a
magnetic field sensor, such as a Hall effect device, 133 in place of the optical encoder wheel
reader /sensor 31a. In operation, the ferromagnetic material of the encoder wheel 131 blocks
15 the magnetic flux emanating from the permanent magnet 132 except where there are slots 135
in the wheel 131. Either the Hall effect device 133 or the magnet 132 may be attached to one

of or both the printer 10 or cartridge 30. |

In another example, and referring now to Figs. 13 and 14, an encoder wheel 231 may

20 be employed in association with another reader/sensor 231a. In this embodiment, in lieu of
slots or windows in the wheel, such as in encoder wheels 31 and 131, such slots or windows

are replaced with reflective material 235. In this scheme, the encoder wheel reader/sensor
231a includes a light source 232 and light sensor or receiver 233 which is activated as the
encoder wheel rotates and the light from the l{ght source is reflected from the reflective

35 material 235. In comparing the windows or slots of the encoder wheel 3.1 and the reflective
' material 235 of wheel 231, it should be noted that the Start/Home window 54 in Fig. 7
corresponds to the Start/Home window (reflective material) 154 in Figs. 13 and 14, while the
information slots 0 and 1 of the .encoder wheel 31 in Fig. 7, correspond to the reflective
material 235 at 0' and 1' of Fig. 14. Preferably, the wheel 231 should be made of a non-

30 reflective material to avoid scattered or erroneous readings by the optical reader 233. An
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- 12 - peri pherals. The Interconnect card 88 may be connected to other
peri pheral s through a communi cations interface 89 which'is available for
ctonnection to a network 91, non-volatile nmenory 92 (e.g., Hard drive), and
of course connection to a host 93, e.g., a conputer such as a personal
computer and the |ike. The RIP primarily functions to receive the
i nformation to be printed fromthe netmnrk or host and converts the sane to

par al | cRpORe 0 i o o vt A8 rndlehsar 51 €5de i Bl omere P T,

convent jhaR{tddér wheel, simplifying machine and toner cartridge design.

The design of an encoder wheel 331 in Figs. 15 and 16 may be similar, employing a
s cam follower actuated reader/sensor 331a. In these embodiments, the encoder wheel 331
includes a circumferentially extending cam surface 340 on the periphery of the encoder
wheel, wherein the periphery acts as cam lobes 341 with appropriate cam recesses or
depressions 342. In comparing the windows or slots of the encoder wheel 31 and the cam
recesses or depressions 342, it should be noted that the Start/Home window. 54 in Fig. 7
10 corresponds to the Start/Home recess 354 in Figs. 15 and 16, while the information slots 0
and 1 of the encoder wheel 31 in Fig. 7, correspond to the cam recesses 342 at 0” and 1” of

Fig. 15 and 16.

The cam followers 360 and 370 of Figs. 15 and 16, respectively, may take multiple

15 forms, each cooperating with a reader/sensor 331a. The reader/sensor may take many forms,
for example a micro-switch which signals, upon actuation, a change of state; or it may be
similar to the reader/sensor 3la or 131a, except that the cam followers act to interrupt the

energy source and receptor or receiver associated with their own reader/sensor 33 1a.

20 In the embodiment of Fig. 15, the cam follower 360 is formed as a bar or arm 361
pivoted on a shaft 362, which in turn is attached, for example, to an appropriate portion of the
cartridge 30. Thus, arm 361 acts in pressing engagement with the cam surface 341 due to the
action of biasing spring 365. As shown, the biasing extension spring 365 is connected to one
end 363 of the bar or arm 361 and anchored at its other end, prefe_rably, to cartridge 30. The

25 cam engaging terminal end of the arm or bar may include a roller 366 to reduce sliding
friction. The opposite or energy interrupter end 364 of the bar or arm 361 is appropriately

located for reciprocatio?x about the pivot 362.

In the embodiment of Fig. 16, the cam follower 370 takes the form of a reciprocating

30 bar 371 having a centrally located, cam follower throw limiter slot 372, with locating and
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they may be positioned on or as part of the card. Prior to

di scussing, via the programmng flow chart, the operation of the machine in
accordance with the-invention, the structure of the novel encoder wheel 31
shoul d be described. To this end, and referring nowto Fig. 7, the encoder
wheel 31 is preferably disk shaped and conprises a keyed central opening
31b for receipt by |ike shaped end 32a of the shaft 32. The wheel i ncludes

several slots of..w thergin which are positioned preferably with
respect SHigeping iﬂz‘t W@F‘Fﬁ’e& RERNEINESECIPFasAtion, (as pse thegravy a1X); afithebaron.

= " oo o ) : t 6200, uel e
Lo PO S6R g BHrRP R 919 o590, ) AR IEIEE S BT, 5,
34a.) Tenrgagenehtcagiihst thesahesmiace 341 .y Tolengdte pospel fSIlRAnd lof tiRPfolleder 3TR AL er
(TDC) with respect to the wheel 3| (and thus the su The position of

. 33). :
the encBHENEGXENSIOnSPEBE 377 biases thesallen 396 af| tbh&)ﬂyggh@gamtafbnédtatmg {chm
machj ne_ s .a -di SC ' rReses....abbgned with DO in the
i ot g ffen 2 iR I 13, BYIBOKIG bal a7 LB b grorgy Psyminger
portion 378 for reciprocation into and out of the path between the energy source and receptor

of the reader/sensor 331a.

Thus, the present invention provides a simple yet effective method and apparatus for

10 transmitting to a host computer or machine of a type employing toner, information concerning
the characteristics of an EP cartridge. Such information can include continuing data relating to

the amount of toner left in the cartridge during machine operation and/or preselected cartridge
characteristic information. Still further, the present invention provides a simplified, but
effective, method and means for changing the initial information concerning the cartridge,

15 which means and method is accurdte enough and simple enough to allow for either in field

alterations or end of manufacturing coding of the EP cartridge.

Although the invention has been described with respect to preferred embodiments, those
skilled in the art will recognize that changes may be made in form and in detail without
20 departing from the spirit and scope of the following claims. |

¢
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Because the paddle 34 is generally out of contact with the toner in the
sunp, fromthe 3:00 position to the 9:00 position (counter clockw se
rotation as shown by arrow 34a), and the shaft velocity may be assuned to
be fairly uniformwhen the paddl e noves.fromat |east the 12:00 (TDC)

position to the 9:00 position, informatggsan concerni ng the—eartri-dge 30 is

preferably encoded on the wheel between 6:00 and approxi.mlat |y . the 9:00
position. To this end, the wheel 31 is provided with radi d
equal |y spaced apart, slots or w ndo 0-6, the trailing E ’ are
| ocated with respect to DO and | abel &-ﬂ@l -D7 respectivel yM
slots

1. A cartridge for an electrophotographic machine, comprising:

a sump for carrying an agitator rotatably mounted in said sump for engagement
with a toner;

an encoded device coupled to a first end of said agitator;

a torque sensitive coupling connected to a second end of said agitator, which
is connectable to a drive mechanism of said machine; |

said encoded device having coding means representing cartridge characteristic
information;

wherein said coding means comprises a plurality of coding indicators and

wherein said plurality of coding indicators comprise a plurality of notches.

2. A cartridge for an electrophotographic machine, comprising: _

a sump for carrying an agitifor rotatably mounted in said sump for
engagement with a toner;

an encoded device coupled to a first end of said agitator;

a torque sensitive coupling connected to a second end of said agitator, which
is connectable to a drive mechanism qf said machine;

said encoded device having co'diﬁg means representing cartridge characteristic
information;

wherein said coding means compfises a plurality of coding indicators; and

wherein said plurality of coding indicators comprise a plurality of reflective

areas.

3. A cartridge for an electrophotographic machine, comprising:
a sump\for carrying a quantity 6f toher;
a toner agitator mounted in said sump; and
a single encoded plate rotating in relation to said toner agitator, said encoded
plate including coding means for determining a quantity of toner in said cartridge;

wherein said coding means comprises a plurality of coding indicators; and

N O O




- 13 - —0-6 represents an information or data bit position which may be

sel ectively or nore decals 96, in a manner to be nore
fully explalﬁrB Shéthid Beclk £%ath reference to Fig. 10. Suffice at this
poi nt that a I ertures 56-59 are located along an arc with the
same radius b | data sl otggar wi ndows 0-6. Note that the
spaci ng bet ween apertures 56 and 57 is less than the spacing between
apertures 58 and 59 - The coded data represented by conbi nati ons of

covered, not-cover ot icate to fhe 80 nec ar nf ornpt i on
as to the EP cart r‘Y %‘nl ﬂﬁt@&}ngda‘g‘a%‘f’{%ﬁm’cpaﬁ%? PF"&’%@W QflPQF E’oelaldr encode
unqual i fied 3ggg@an CEM type cartridge, or such other information that is

ei ther desirable or

4. A cartridge for an electrophotographic machine, comprising:
a sump for carrying a quantity of toner;
a toner agitator mounted in said sump; and
a single encoded plate rotating in relation to said toner agitator, said encoded
plate including coding means for determining a quantity of toner in said cartridge;
wherein said coding means comprises a plurality of coding indicators; and
wherein said coding indicatox_'sﬂébmprise a plurality of reflective areas on at

least one surface of said encoded plate.

5. A cartridge for an imaging apparatus, the improvement comprising;
an encoded plate having coding means representing preselected cartridge
characteristic information; and o
wherein said coding means comprise a plurality of reflective areas on at least

one surface of said encoded plate.

6. A replaceable cartridge for an e_lectroi;ho'toéraphic machine, said cartridge comprising:

a sump for carrying a quantity of toner;

an agitator mounted for rotation into, through and out of engagement with
toner carried within said sump;

an encoded plate coupled to said agitator, said encoded plate being positioned
for mating coaction with an encoded plate reader and said encoded plate including
-code indicating means configured for representing cartridge characteristic information;

a torqu;, sensitive coupling connected at a first end to said agitator and having
a second end for connection to a drive mechanism in said machine, which when said
cartridge is installed in said machine, effects rotation of said agitator and encoded
plate; and |

said encoded plate reader comprising a magnetic field sensor and a magnet

AR D




necessary for correct machi ne operation. Adjacent slot—6-is-a-stop—-wndew

55 which has a width equal to the distance between the trailing edges of

adj acent slots or w ndows ,e.g., Dl= (D2-D1, = D3-D2 eflhisSheetHasB acgd

wi ndow 55. Note that the stop window 55 is al so spaced f Lﬁﬁl ng

edge of slot 6 a distance equal to thesgtop w ndow wi dt t he
di stance D8 - D7 = twice the window 55 width while the wi ndow wi dt h’ of

wi ndow 55 is greater than the width of the slots 0-6. Adj acent

slot 0, fromapproximately the 5:00 to the 6:00 position is a start/hone
wi ndow 54. Thepaeedsapartforeeogivirgostidencodediplricthergbetwoenpdisl angodasd plategeadeny

ot her wi ndow of Lthi i ' e it is easier to

det erm ne the%ggg LE%@?#%ECS agﬁ&%%%gxmg?égpdﬂé%ﬁﬁe&g@eghgst presentation to
t he encoder wheel sensor 3 la. The reason for this will be better
under st ood when di scussing_the programrng flow charts of Fi_.g. 8A and 8B.

I n order7+to phdeplaceablerartridgs fonan eJectrophptographicanachine, said p@gl&e COMPISHZs der
wheel 31

a sump for carrying a quantity of toner;

an agitator mounted for rotation into, through and out of engagement with
toner carried within said sump;

an encoded plate coupled to said agitator, said encoded plate being positioned
for mating coaction with an encoded plate reader and said encoded plate including

code indicating means configured for representing cartridge characteristic information,;

a torque sensitive coupling connected at a first end to said agitator and having
a second end for connectiori to a drive mechanism in said machine, which when said
cariridge is installed in said machine, effects rotation of said agitator and encoded
plate; and o

wherein said code indicating means comprises a plurality of reflective surfaces,
and said encoded plate reader comprises'a light source and a light sensor for detecting

light reflected from said reflective surfaces.

8. A replaceable cartridge for an electrophotographic machine, said cartridge comprising:

a sump for carrying a quantity of toner;

an agitator mounted for rotation into, through and out of engagement with
toner carried within said sump;

an encoded plate coupled to said agitator, said encoded plate being positioned
for mating coaction with an encoded plate reader and said encoded plate including
code indicating means configured for representing cartridge characteristic information;

a torque sensitive coupling connected at a first end to said agitator and having
a second end for connection to a drive mechanism in said machine, which .when said
cartridge is installed in said machine, effects rotation of said agiiator and encoded
plate; '
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rIeI ative to the transport notor 15a position (counted increfents)5—three
additional slots or wndows "a", "b" and "c" are provided at D% Qs nndRe laced
D11 respectively. The trailing edge of slot "a", ( angular d
200[err] fromDO; the trailing edge of slot "b" (angular dist JlJ I
215[err] fromDO and the trailing edge3gt slot "c" (angular d
is 230[err] fromDO. FromFig. 7 it may be seen that when the slot "a
passes the sensor 3la at DO, the paddle 34 will have already passed bottom
dead center (6:00 position) b 0. (200[err] - 180[err]) .. wi ndow or _sl ot
- 14 - ( Wherein said code ?ndlcagmg eans]comprlses[ a plllgahty of cam surfaces
formed in said encoded plate and arranged to impart a digital representation of
information concerning said cartridge; and
wherein said reader comprises a cam follower in pressing engagement with
said cam surfaces, and a means associated with said cam follower to convey said

information to said machine.

¢
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"b" by 35[err] (215[err] - 180[err]), and slot "c" by 50[err] (230[err] -
180[err]). The significance of the placement of the slots "a", "b" and "c"
will be nore fully explained, hereinafter, with respect to Fig. 9.
Referring now to Figs 8A and 8B which shows respectively a programm ng and
functional flow chart illustrating the code necessary for machine start up,
and the reading of.informati on coded on the encoder wheel, including the
measurenent of toner 35 level in the toner sunp 33. At the outset, it is
well that it be understood that there is no reliance on or neasurenent of
the speed of the machine, as it diffABSTRAEEendi ng upon the operation (i.e.,
resol uti n . t e
required for | ook up under gross or extrene speed change conditions.

Accordi ngly, rather thag@ﬂfﬁ Iﬁ%mmﬁ ?ﬁ%rrﬂ) r each of several

speeds to obtain di f&ﬁk éE%le}ZEB LEC'I'ROPHOTOaC%Alil’%llC coul d

OUTPUT DEVICE

A cartridge for an electrophotographic machine having a sump for carrying an agitator.
rotatably mounted in the sump for engagement with a toner; an encoded device coupled to a
first end of the agitator; and a torque sensitive coupling connected to a second end of the
agitator which is connectable to a drive mechanism of the machine. The encoded device

5 includes coding means representing cartridge characteristic information.

v
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be conpared to determ ne the anmount of toner left, what is read instead is
the angul ar 'distance' traversed by the encoder wheel 31 referenced to the
angul ar distance traveled by the notor, and then conparing the difference
bet ween the two angul ar nmeasurenents to a normor base-line to determ ne
the amount of toner 35 left in the sunp 33. By observation, it can be seen
that the distance that the encoder wheel travels between start or hone (DO)
and "a", "b", "c" is always the sane. So what is being neasured is the

di stance 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 | ag. I n essence, and perhaps an easier way for the reader to

under stand what is being neasured, is that the angul ar displacenment of the
paddle 34 is being neasured with respect to the angul ar displacenent of the
gear 41 (gear train 40 as part of transport notor assenbly 15). As

di scussed bel ow, the greatest nunber (lag nunber) indicates the paddle
position which gives the highest torque (the nost resistance). This nunber

i ndi cates which | ook up table in ROM shoul d be enpl oyed and gi ves a neasure
of how nuch--toner-.35 is left in the sunp 33 of the cartridge 30.

26
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Referring first to Fig. 8A, after machine 10 start up or the cover has been
opened and | ater closed, the Rolling Average is reset, as shown in |ogic
bl ock 60. Sinply stated, 'n'" (e.g., 5 or 6) 'sanpl e neasurenents are

exam ned and the average of themis stored and the code on the encoder

wheel 31 of the cartridge 30 is read, conpared to what was there before,
- 15 -

and t hen
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stored. The reason for doing this is that if a user replaces an EP
cartridge since the | ast power on or machine 10 startup, there may be a
different toner type, toner level etc. in the new sunp. Accordingly, so as
not torely on the old data, new data is secured which includes new
cartridge data and/or anount of toner 35 remaining in the cartridge 30.
Therefore a new 'rolling average' is created in the EEC 80. Wth regard to
host notification, however, the old data would be reported because the
great majority of time when the machine is started up or the cover is
cl osed once opened, a new gaktridge wll not have been installed, and
reliance may usual |y be pl aFg8 upon the previous information. The
next Iogical{§tep [ A\ e Home position' of the encoder wheel
31. In order™ 8| or cartridge characteristics
algorithns to 3 one position" of the wheel 31 nust
first be found® PMeSs \*,80‘¢through sensor 3l a nust see the
start of a wi ndg t A S, ning the hone or start position
f n I W& stopped in, for instance, the stop
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actual [y noves that the measured "total wi ndow w dth" could appear to be
the start / home wi ndow 54. Below is set forth in pseudo code the portion
of the programfor finding the start/honme w ndow 54. As previously

di scussed, the start/home wi ndow 54 is wi der than the stop w ndow 55 or for
that matter, any other slot or w ndow on the encoder wheel 31.

"Find the honme w ndow first "This loop runs on notor "increnents"”
HoneFound = Fal se while (! HoneFound) |If (found the start of a

W ndow) Then W ndowN dth = 0 , Wiile (not at the end of W ndow)
{increment W ndowWw dt h} If (WndowNdth > M N MUM HOVE_ W DTH
AND W ndowW dt h < MAXI MUM HOMVE_W DTH) Then HonmeFound = True

Fig. 4
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End if End Wil e

- 16 -
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In the above al gorithm ' HonmeFound'

| ess than maxi num then

" HoneFound' will

is set false and a loop is run until
t he wi ndow or sl ot vmdth meets the conditions of greater than m ni mum but

So the algorithmin essence is articulating:

w ndow wi th predeterm ned m ni mum and maxi num wi dt hs,
and then indicate that the

conditions are net.

it

be set true and the | oop is ended.

see the wi ndow, conpare the

for identification;

"honme wi ndow 54 has been found when those

To ensure that the algorithmfound hone

it checks to ensure that

properly, after identifies the stop wi ndow 55,
the position of the stop window 55 is within reason with respect to the
start/hone wi ndow 54 and of course that the window width is acceptable.
This occurs in |ogic blocks or steps 62, 63 and 64 ipn Fig. 8A 1f this

condition is not ng confi cu[jge EHattledtf d on shoul g Mp f’%?aut
hen thdr gyl s no need to continue E]o at

again. If this chee
t he configuration infor until 3 gd or poweg.ongcy
occurs. This guards agai pst the potenti Q{ COndl tijons vvhere?ﬁ he ei%i I’.lg
msidentifies the start/hone wi ndow 54 and4 3
92 91\
) network
hard
(drive Transport
a3 v Motor Assy
H\ t Communications - 15
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thus m s-characterizes the cartridge 30.

pseudo-code for 'Reading the Wieel', it may be hel pful to recall that a
portion of the encoder wheel's 31 revolution is close enough to constant
velocity to allow that section to be used and read al nost as a "w ndowed
bar code". Wth reference to Fig. 7, that is the section of the wheel 31
fromthe trailing edge of the start/hone window 54 to the tailing edge of
the stop wi ndow 55 including the slots or windows 0-6. This is preferably
in the section of the encoder wheel 31 in which the paddle 34 is not

i mpi ngi ng upon or in the toner 35 in the sunp 33. Passage of this section

Prior to discussing the

over the optical sensor 3la creates a #érim Pt streamwhich is decoded to
gat her read-only information about the|cartrijdge. The information contained
in this section may conprise informatin { is essential to the operation
of the machine with that particular EP|caftridge, or "nice to know'
information. The information may be diVided, for exanple into two or nore
different classifications. One may be dartridge 'build
Lt B DY - T il
Rt {10
”t"',"',' "l " D11 :A
e /" Stop Window / X
" I‘ ,’ 55 . . I"
R Data Bits 0-6 b _
S Selectively covered " -
N to set value LA |
_:'.1"-:: L 58 31b A
P AT _59
R B B Data bits and Stop 34a
11D - - Window used for
e &d 200 -cartridge
VAL et XSS configuration
. “ \—"| e e ! oy 57
\ ! \ ‘\h‘D7 —’y S . :
UV NRps L f F N ; 0
[y ‘\\‘ \“ \‘\ :\"F: 05 "l i \
‘\ \‘\ “ “ ““\"K D4 l’ ¥ B 3
“‘: o “:::5::“:“:{33.'{92 <—DA1 .
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1
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-17 - 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 nmay allow for a nunber of

uni que "cartridge classes" which may be personalized before cartridge

shi pment, depending, for exanple, upon the OEM destination. The |atter
classification may, for exanple inhibit the use of cartridges fromvendors
where it is felt that the cartridge will give

Machine Startup, . 60
or cover open »1 ResetRolling Average |~
& then closed
\ 61
2 Find Home position
,83 l . /_--sz
Record increments to data <——\- Start counting motor incre-
bits and stop bt trailing edge ments at 0 degrees; start bit
v slot trailing edge
N°‘1 Check for comect position N\

of stop window. Correct? 64

Go to Data Encoding
Algorithm

’I

/67
Count the number of increments
that the machine backs up after
the stop, and subtract those
increments from the count.

Does machine stop during

Paddle rotation?

[

® Fig. 8A ThisShetHs Boen el
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inferior print, may have sone safety concern, or damage the nmachine in sone
way. Alternatively, if the machine is supplied as an CEM unit to a vendor
for his own | ogo, the cartridges may be coded so that his | ogo cartridge is
that which is acceptable to the machine. The sel ective codi ng by bl ocking
of the windows may be perfornmed via a stick-on-decal operation which wll
be nore fully explained with reference to Fig. 10. The ' Find Hone'
code determnes the start/honme w ndow 54 and neasures the distance

corresponding to the trailing edge of each wi ndow 0-6 fromthe trailing
edge of t i ndow 54. \S acqui sition continues until the engine detects
the stop grdow 55 (whi I's designed to have a greater circunferenti al

width then the data wi ndpws 0-6 but | ess than the start/hone w ndow 53%
Using a fewlinteger nult /Gﬂatlons the statp-8§each bit in the byré® ead
di

Is set using the record stance of each ndow 0-6 fromthe traifling
edge of the|Hg g,t,,{ng Pr 09| RéEordPMotbFinéterents. e
ncéreme >
encoder whel Stﬁﬁ%ﬁf@e&b%} *?’@gtaﬁﬁw lgreees(sm 5) > Start to 230 degrees(S230)
i
69a 69b 69c
/ NI} y

Subtract (5200} from Subtract (S215) from Subtract (S230) from

Baseline at 200 Baseline at 215 Baseline at 230

Store Delay Store Delay ' Store Delay

|

Delay @ 215 > Delay @ 230

73
Sum delay . Sum delay Sum delay
to Rolling Avg. to Rolling Avg. to Rolling Avg.
l \ 4 - Y.
78
L /75 i |/t;6 toner level
Calculate a new look up toner level in the change from
average from table for the correspondmg ‘ p
rolling avg. sum rolling average ast reading
- 79—
’ 77
X Report toner level
Subtract oldest data to local processor
<€ point from the rolling
average sum
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"Find Honme' (see above) Gat her distances for all of the data w ndow
"This loop runs on notor "increnents"” Fi ni shed = Fal se

W ndowNunber =0 Cumul ativeCount = 0 whi l e (! Fini shed)
Cunul ati veCount = Cunul ativeCount + 1 If (the start of a wi ndow is found)
Then W ndowN dth = 0

8 270 grams
S
|
R=
)
s
=1
kS
N——
0 Degrees from TDC 360

Fig. 9

_— N _ /1
T Fig. 10



~ - 18 - Wil e (not at the end of W ndow) “increment W ndoww dt h
I ncrenment Cunul ati veCount End Wil e - If (WndowWNdth > M ni num
_Stop wi ndow Wdth AND W ndowW dt h < Maxi mum St op W ndow W dt h

Rosat Rolling Average ~ 60

e

> Find Home position

| s

< { Start counting motor incre-
- | | ments at 0 degrees; start bit
slot trailing edge

Record increments to data
bits and stop bit trailing edgo

Dcc‘xss of 160
Preselecred .H-\-i&y
CMﬂd’enst{;u
Check for correct stop RN Sucemsfil? -
window. Correct? 64 NO -~ _ _ ~yes
e - e
: < 86 7
Go to Data Encoding
m For -
Decoding Presclected
Cartridge Chavactenstics
/61
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.

¢
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AND Cunul ati veCount > M ni mum St op Position AND Cunul ati veCount <

Maxi mum St op Position) Then we nust ensure that the stop wi ndow is
real ly what we-found Fi ni shed = True St opDi st anceFr onHone
= Cumul at i veCount El se Di st anceFr ontHorre( W ndowNunber)

=Cunul at i veCount - W ndowNunber = W ndowNunmber + 1 End If '
check for wi ndow End If 'check for start of wi ndow End Wile " Now
transl ate @uren\ents ' physi cal bits DataValue = 0 'First divide the
nunber of s | es taken 9

/333 | / 68b | / 68c

Record Motor increments. Record Motor increments. Record Motor increments,
Start to 200 degrees(5200) > Start to 216 degrees(S216) —>Start to 230 degrees(S230)
]
69a 63b, 69¢
e N -
Subtract (S200) from Subtract (S216) from Subtract (5230) from
Baseline at 2 Basoline at 216 Baseline at 230
Store Delay Store Delay Store Delay

Delay @ 216 > Delay @ 230

JALER
Send del 00 : Send delay @216 | | Send delay @230
to?quaﬁo:y » to equation fo?2 o equation for
current operating current operating | | current operating
speed ) speed speed
Y : 1 L 2 Y
l L™ /76'
calculate toner level gtamsof
& delay. ; (rollinaavu) /
g { ¥
Ve Ve [ _
. Rewove OWest Delay
Wait x steps after first From Froe held Fov
‘_
m&wgrshgtm?bn " Rolling  Aversqe

Fig. 118 T



< Bit Di stance = StopDi stanceFrontone / 9 For.l = 0 To WndowNunber- 1

Bi t Nunmber = Di stanceFronHone(1)/BitDi stance "What is being determ ned

.i.s.the bit nunber corresponding to the ' measur enent by roundi ng up
Di st anceFrontone( 1)/ Bi t Di st ance. If ((Di stanceFronmHone(l) - (BitDistance
* BitNunber)) * 2 > BitDi stance) Then Bi t Number = BitNunber + 1

@ | | T 185

Yes Have
more than 7 bits been
_seen?

194

r No
166

- Have
redundant wim_iows been
dmcud?

Yes

) No
167

Is the
no. of increments counted<
ax. home to stop?

~Yes
_ 168

Is measured slot
or window width >minimum

width?

No

)84

s Yes

169

' Has Sensor
been closed > than stop

- width ?

Yes

’f

) @

Fig.11C
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"End | f Dat aVal ue = DataValue + 1 (SH FTLEFI) BitNumber- 1 Next'

W ndow nunber Dat aVal ue = -DataVal ue invert result since windows are |ogic
0's The program depi cted above in pseudo code for reading the
wheel is quite straight forward. Thus in logic step 63, (Fig. 8A) where the
nmotor increnments are recordeqgfor each data bit, and stop bit trailing
edge, as was di scussed w d_,)ard to Fig. 7 that the distances D - D7
between the trailing edgf wi ndows or slots O through 6, are equally

spaced. (i.e., D7-D6 =
forr 17 CodeRoglsured | 170
0.2DTUDB L2 114410 1T
1.2<D2*9D8<2.2 1111101 : Look u
22<D3%9D8<3.2 1111011 » code togd
3.2<D4*9D8 <42 1110111 from table
42<D5%9/D8 <62 1101111
52<DESDB<B2 1011111 | L
6.2<DT™9D8<7.2 0111111 172
Sendcodeto |
EEC 80 (Fig. 6)
NVRAM for future | En
- comparisons b:m:

Tl - Fig. 11D



- some constant "K', D5-D4 = constant "K' etc.) The trailing edge of the stop
w ndow 55 is also a distance of twice "K' fromthe trailing edge of slot 6.
While the distance fromthe trailing edge of stop window 55 to its | eading
edge (i.e., the window 55 width) is'equal to one "bit' distance or "K' from
the | eading edge, this width may be any conveni ent distance as long as its
width is > than the width of the slots 0-6 and < the width of the
start/honme w ndow 54. Thus the line of pseudo code above ' First divide the
nunber of sanp taken by 9 ', (fromthe trailing edge of the start/ hone

wi ndow or sl ot means that there are 7 bits from D1 through D7, plus two
nore through D8 T andfTHErerore g ve s Sspaci g K DErTWeen]t he

wi ndows (trailing edge of the start/home wi ndow 54 to the trailing edge of
t he stop w ndow B5) ich may be conpared to , what this distance i$ sugsed

Qo |t1 i ndows 0-6 and b _wd ndow
i dent i gi ed coslsgAWVGY" by

to be, and jn tMi_o¥oner |nsuretha
55 have bensmoﬁtsmalmf he st op
the techni g Ilmavm i hed, t e REsbt AVG2 withi noxt

step 61 wil | r fimdtng the “hoalge ofdsw rolling, [as
in block 6 mww@su b=d above ﬁA ogi ¢ bl ock olfaverage 65, the
next | ogica A‘éﬁzeplnth programlsto go to the Data

Yes : A
176 N |

178
Is No
(MINAVG - AVG2) <391 >e

Yos\ e 180
Set MINAVG=AVG2

l - 18
Add scale factor

to MINAVG
SF =3 grams

l 1

Look up scaled lowest average of
grams in table to determine curvent
toner level. Toner level can only
decrease. If an increase is determined,
ignore and post previous level as
current level.

Re
'rm low to local
processor or
computer

prere— > Fig. 11E
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Encodi ng Al gorithm portion of the program In the pseudo code set forth
above, this starts with the"REM statenent "Now transl ate neasurenents into
physical bits"'. Now, assune 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
t her et hrough. Suppose all data bit slots t 6 and the stop wi ndow 55 are
-~ covered. A reading of distance D8/9 w | vg1the spaci ng between the data
slots or w ndows 0-6. -

20 -
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Therefore, the distance to slot D7, i.e., the trailing edge of slot 6, wll
be 7 tines "K' (bit spacing) and therefore will indicate that it is bit 7
that is emissive and that the bit representation is 1000000, or if the
logic is inverted, 0111111. Notice that the nunber found is rounded up or
down, as the case may be dependent upon such factors as. paddl e nass,
rotational speed etc. In certain instances, this may nean rounding up with
a readi ng above .2 and rounding down with a reading below .2. For exanple,

6.3 would be rounded to 7, while 7.15 would be rounded to a 7. In
| ogic step 66 the questlon i s-askee: Does the machine stop during paddle
rotation?" If it does, g1c step 67 iS¥Qitiated. The reason for this is

that if the paddle is s1opped especially wken in the portion of the sunp
33 containing a quanjfty of t oner 35, in ordéy_ to el ease the torsion on
the spring 44 the ndtor 15a is backed up several /increnents. This wll

al l ow renmoval , and/or replacenent, if desired, & the EP cartridge 30. This
| ogic step allows,for decrenenting the nunber ot)@n bs "backed up" fromthe
i ncrement al couny of nmbtor increments .

| ——
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whi ch was started in logic block 62. T@;&Wﬁgﬁ%ﬁv ) (Fg’&TE’BB 5§,

t he ‘encoder wheel 31 rotates, the paddl e 34 ehtifssengionsmersdal. ith paged-2.
33. As described above relative to |ogic step| 62 itkesmt:arzhey domesed
counted. The notor increments are then recor dpdgsashod) 32351 ahdo $a36d ) |n
| ogi c step 68a, 68b and 68c at the trailihg e %&hﬁtl ot:pafed .= "tb"pagedhd..
"c" respectively of the wheel 31. These nunbefs, S200, S215 and S are
subtracted fromthe baseline of what the nunbgr u

in the sunp 33, (or any other selected norrn ﬁA’i’E éﬁl.gr@gﬁ?. ety

i ndi cative of the lag due MPLIRLEFUNCHONE ERWHEEL FOR, o sunp, with the
paddl e 34 in three dif GARTRIDGESUTILIZED INMANELECURQPHGTOGRARHIChown i n | ogi c
steps 69a - 69c respectively. As hasQurevrDevioE been stated, there is a
correlatiop_between | gad torque on the toner paddle 34 and t he amunt of
toner 35 remaining in the toner supply reservoir or sunp 33. Figure 9
illustrates this relationship. In Fig. 9, torque is set ininch-ounces on
the ordinate and degrees of rotation of the paddle 34 on the abscissa.

A portion of the disclosure of this patent document contains material which is subject to
copyright protection. The copyright 'owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the Patent and
Trademark Office patent file or records, but otherwise reserves all copyright rights whatsoever.

BACKGROUND OF THE INVENTION
i e Inventi
The present invention relates to Electrophotographic (EP) machines and more
particularly relates to methods and apparatus associated with replaceable supply cartridges for

such machines wherein information concerning the cartridge is provided to the machine to
promote correct and efficient operation thereof.

Description of Related 4

‘Many Electrophotographic output device (e.g., laser printers, copiers, fax machines etc.)

. manufacturers such as Lexmark International, Inc., have traditionally required information

about the EP cartridge to be available to the output device such that the control of the machme
can be altered to yleld the best print quahty and long&st cartndge hfe

* The art is replete with devices or entry methods to inform the EP machine about specific

EP cartridge characteristics. For éxample, U.S. Patent 5,208,631 issued on May 4, 1993,

 discloses a technique to identify colorimetric properties of toner contained within a cartridge in

a reproduction machine by imbedﬂing in 2 PROM within the cartridge specific coordinates of a

color coordinate system for mapping color data.

‘Thie is the replacement sheet

9 3 FEB 1938



L

Referring briefly to Fig. 9, several characteristics of this data stand out
as indicating the anount of toner remaining. The first one is the peak
magni tude of the torque. For exanple,

- 21 - 2

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 a conductive strip mounted on the
cartridge for mating with contacts in the machine when the lid or cover is closed. The sensor is
a iwo position switch which tells the user the type of print cartridge which has been loaded into
the printer. While this method is effective, the amount of information that can be provided to

the machine is limited.

In still other prior art, such as in US Patent 5,365,312 issued on Nov. 15, 1994, a
memory chip containing information about the current fill status or other status data is retained.
The depleted status of print medium is supplied By counting consumption empirically. The
average of how much toner is required for toning a charge fmage is multipﬁed 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 alternatively, the character density which can change dramatically due to font

selection. Therefore at best, the consumption count lacks accuracy.

The literature suggests several methods for detecting toner level in a laser printer. Most
of these methods detect a low toner condition or whether toner is 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 phofo sensor. Toner blocks the beam until its level drops below a preset height.

Another common method measures the effect of toner on a rotating aéitator or toner
paddle which stirs and moves the toner over a sill to present it to a toner adder roll, then
developer roll and ultxmately the PC Drum The paddle's axis of rotation is horizontal. As it
proceeds through it's full 360 degree rotation the paddle enters and exits the toner supply.
Between the point where the paddle contacts the toner surface and the point where it exits the
toner, the toner resists the motion of the péddle and produces a torque load on the paddle shaft.
Low toner is detected by either 1) detecting if the torque load caused by the presence of toner is

This is the replacement sheet

9 3 FER 1998

Dater



o
<

with 30 grans of toner 35 remaining in the sunp 33, the torque is close to
2. inch-ounces, while at 150 grans the torque approximtes 4 inch-ounces and
at 270 grans the torque approxi mates 8 i nch-ounces. The second
characteristic is that the location of the peak of the torque curve does
not nove very nuch as the ampunt of tome3 -changes. This suggests that
measuring the torque near the | ocation where the peak should occur could
provi de a nmeasure of remmining toner. That is why, as shown in Fig. 7, the
trailing edge of slot "a", (distance D9) is 200[err] from DO, the trailing
edge of slhslow p'givenitbreshold attn fixed paddiesloeatiomop) datscting-if thexsurfage of thectorsr is

slot "c" (idistance, Dl Is 230[err] from DO. Anot her obvious indicator is
t he Ioc'at'ibSLP B 65%

Yot ?ﬁqehe et of the torque load. Yet a third indicator is the
area under the torque curves. Anot her way of |ooking at this '

process is that while the angular distance nmeasurenents of D9, D10 and D11
are known, the Ineithermethod thereisandriving\membensupplying drivetorque to ardgiven member he

1St kel D BRSBTS e o

compared dreapsafe et bR mehbE o ioa hdeHSenty of Fth SRLEn aooh oy,
defined manner. For the first method 1) above, with no load applied to the paddle, both
members rotate together. However, when loaded the paddle lags the driving member by an
angular distance that increases with increasing load. In the second method 2), the unloaded
paddle leads the rotation of the dnvmg member, under the force of a spring or gravity. When
loaded (i.e., the paddle contacts the surface of the toner), the driving and driven members come
back into alignment and rotate together. By measuring the relative rotational displacement of
the driving and driven members (a.k.a. phase difference) at an appropriate place in the paddle's

rotation, the presence of toner can be sensed.

In the prior art, this relative displacemént is sensed by measuring the phase difference of
two disks. The first disk is rigidly attached 0 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 is how much they overlap, indicatés the phase relationship of the disks and
therefore the phase of the driving and driven members. |

Various art showing the above methods and variations are set forth below.

In U.S. Patent 4,003,258, issued on Jan. 18,1977 to Ricdh Co,, is discloéed the use of _
two disks to measure toner paddle location relative to the paddle drive shaft. When the paddle
reaches the top of its rotation the coupling between péddle and drive shaft allows the paddle to
free fall under the force of gravity until it comes to rest on the toner surface or at the bottom of
its rotation. Toner low is detected if the angle through which the paddle falls is greater than 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. )
' Tnis is the replacement sheet
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| ogic steps 72, 73 or 74 to the rolling average sum Thereafter a new
average calculation is made fromthe rolling average sum This is shown in
logic step 75. As illustrated in logic block 76, the toner 35 level in the
sunp 33 may then be determ ned froma | ook up table precal cul ated and
stored in the ROM 80a associated with theét EEC 80 in accordance with the new
rolling average. In logic block 77, the ol dest data point is
subtracted fromthe rolling average sumand then the rolling average sumis
reported for use back to logic block 61 (Find Home position). If the toner
| evel changed fromthe | ast nmeasurenent, as in conpare logic block 78, this
condi ti on nmay bia U.SpBatems$,216,468 cissusd 40 ORI Elepm(fms.zgne QDI%PgdiSdpsozibed Asystem

machi ne, e.g., a personal conputer i ndi cated _i.n | pgi c. bl oc 9. -
Codi ng- of ¥zt 8 ek fonne o tishsio 45 e ptaSF partign pf e s orape oad
above, Dby gDyl daddleS CAR GhstsbiRG S noledShAhR tPpdofsystent ICRather Be¥cribes a system
custom zation flor an OEM vendée, and in
similar to the Patent 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 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., is described a
system that does not use the paddle directly to measure toner, but instead uses the motion 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 low toner position. If the "float” spends
a substantial amount of time in the low toner position the device signals low toner. Although
the patent implies that the amount of toner in the reservoir can be measured, the description
indicates that it behaves in a very non-linear, almost binary way to merely detect a toner low
state.

U.S. Patent 4,989,754, issued dn Feb. 5, 1991 to Xerox Corp., differs from the others in |
that there is no internal paddle to agitate or deliver toner. Instead the whole toner reservoir
rotates about a horizontal axis. As the toner inside rotates with the reservoir it drags a rotatable
lever along with it. When the toner level becomes low, the iever, no longer displaced from its
home position by the movemeni of the toner, returns to its home position under the force of

gravity. 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 toner tank is full. It employs a float that
gets pushed upward by waste toner fed into the tank from the bottom. The float activates a

. switch when it reaches the top of the tank.

This is the replacement sheet
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or der _td reduce inventory, and in accordance with another feature of the
invention, the problem _ : -
22 - of quickly and accurately applying such a decal to the correct
area of the wheel 31, even under circunstances of |limted space, is
provi ded. Due to the close spacing of th&-slots 0-6 in the
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 toner at a fixed level. The .
patent describes a simple timing method for ignoring the effect of the sensor cleaning

 mechanism on the sensor output.

U.s. Patent 5,349,377, issued on Sept. 20, 1994 to Xerox Corp. discloses an algorithm
for calculating toner usage and hence amount of toner remaining in the reservoir by counting -
black pixels and weighting them for toner usage based on pixels per unit area in the pixel's
neighborhood. This is unlike the inventive method and apparatus discldsed hereinafter.

SUMMARY OF THE INVENT!ON

The present invention is related to apparatus and method for representing cartridge
- characteristic information by an encoded device, and for reading such information from the
encoded device. |

One aspect of the invention is directed to a cartridge for an electrophotographic
machine, including a sump for carrying an agitator rotatably mounted in the sump for
engagement with a toner; an encoded device coupled to a first end of the agitator; and a torque
sensitive coupling conneéted to a second end of the agitator, which is E.onnectable to a drive
mechanism in the machine. The encoded device includes coding means representing cartridge
characteristic information. Such coding means may include coding readable to indicate a
compdnent of a resistance to agitator movement through a portion of said sump having toner
therein to give an indication of an amount of toner remaining in said sump. The component of
resistance Irepresentative of the amount of toner remaining in the sump is determined by the lag
between a travel of the drive mechanism in relation to a travel of the encoded device. Also,
such coding means may include, altematively or in addition to the coding readable for
indicating an amount of toner, a coding representing preselected cartridge characteristic

information.

Another aspect of the invention is directed to a cartridge having a single encoded plate
rotating in relation to an agitator, wherein the single encoded plate includes coding for
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encoder. wheel 31, a pre-cut, preferably adhesive backed decal 96 is

enpl oyed to selectively cover pre-selected slots depending on how the decal
is cut or stanped. Very accurate positioning of the decal 96 is achieved by
use of alignment pins in conjunction with an alignment tool 100. Because
anot her decal can be placed on anot her ém on of the wheel, the spacing of
the alignnment hol es 56-59 on the encoder wheel 31 Is different in each

region. this.e ey |y sed are.twn alr
of “aper t ur eSetrrminifg a el F 1S i Crmiie ol SHBINRY St Qb ibefiian'®
apertures of Hdtridge hd\in 7@&& Erfcodéd 15& Whkreih tﬁ@éﬁﬁée@ﬂﬁf&m@lu&ése@ﬂﬁfg repredentifg
than the apertures 56 57 of the o her of the pairs. Referring nowto Fig.
10, a decal pro®lécteds tartridge anfqrmaww Sach| coding preferalily tineluddsoz plarality of cadisg .
to cover the,s |Ilfustratf: t he dec# 96 h pace art ap tu(ries
t her ei n cor'Pg'é’%BﬁdiSﬁ%‘ o) qgng(aglpeeﬁgctﬂggq,g\ng °vé§pé‘f’ F%sorrp ef?éeas’s TGFc 48,
57. A tool JHafet@sthe eRédded Hlatk) rsan%th%ﬁﬂ.éy Sichhl el BREXE a reader for
correspondi ng to the spacing of one of t pairs of apertures, whereby when
t he aper t urreadingithelcedilg iudicators ofithe encodeed platehe proj ecting pins of the tool,
the projecting pins of the tool may be mated with the one pair of apertures
I n the encoder wheel or disk to thereby accurately position the

One method of determining the quantity of toner in the cartridge _of the invention
includes the steps of determining a rotational position of the drive mechanism; d_étennining a
relative position of the encoded plate; and measuring the lag between the rotational position of

said drive mechanism and the relative rotational position of said encoded plate.

Other features and advantages of the invention may be determined from the drawings
‘and detailed description of the invention that follows.

_BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side elevational view illustrating the paper path in a typical
electrophotographic machine, in the illustrated instance a printer, and showing a replacement
supply EP cartridge, constructed in accordance with the present 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;

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;

Fig. 4 is an enlarged fragmentary perspective view of the agitator/paddle drive for the
toner sump, and illustrating a portion of the torque sensitive coupling between the drive gear
and the driven shaft for the agitator/paddle; '
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decal over the selected slot in the disk. The decal 96 is installed on the
tool with the adhesive side facing away fromthe tool. The tool 100 is then
pushed until the decal 96 makes firmcontact with the surface of the wheel.
If the pins 97 and 98 are spaced equal to the spacing between apertures 56
and 57, the decal cannot, once on the tedl- 100, be placed covering slots
associated with the incorrect aperturesS 58 and 59. The opposite condition
is also true. Accordingly, two such tools 100 with different pin 97, 98
spaci ng may be %('ovi ded to insure proper placenment of the correct decal for
t he proper sl ot Figo94risgdragmentary-view sisilar toFig Acgxeentdidustrating another portiop of the

be. pr ovi defpriue senditv o et Sliofind' s aRYGR SR, for p BeifoedbR; updheLRe
because t hgyliagasSthé Uride Rar tank Fg S 5H dépi&i‘menﬁﬂé&@%wr?m&ﬁﬂﬁom RGHRSS

than all of the wheel 31 may be exposed. Use of this too
 sensitive coupling, and that portion which connects to the agitator/paddle shaft;

Fig. 6 is a simplified electrical diagram for the machine of Fig. 1, and illustrating the
principal parts of the electrical circuit; :

Fig. 7 is an enlarged side elevational view of the encoder wheel employed in accordance
with the present invention, and viewed from the same side as shown in Fig. 2, and from the

opposite side as shown in Fig. 3;

Fig. 8A is a first portion of a flow chart illustrating the code necessary for machine start

up, arid the reading of information codgd on the encoder wheel;

Fig. 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 within
the sump, and at varion_ls positions of the toner paddie relative to top dead center or the home

position of the encoder wheel;

Fig. 10 is a perspective view of an encoder wheel with novel apparatus for blocking off

selected slots in the encoder wheel for éoding the wheel with EP cartridge information.

Figs. 11A-11E represent in flow chart form an alternative method for machine start up,
the reading of information coded on the encoder wheel and the measurement of toner level in

the toner sump;

Fig. 12 is a sectional view of an encoder wheel and a schematic representation of an

alternative Hall effect reader/sensor of the invention;

Fig. 13 is a sectional view of an encoder wheel and a schematic representation of an
alternative reflective reader/sensor of the invention;
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- 23 - 100 with _differi ng spaced apart pins allows the operator to get
to the encoder wheel 31 easily and prevents m spl acenent of the decal.

-8-

T

Fig. 14isa ﬁagmentéry side elevational view of a portion of the encoder wheel of Fig.
12 and taken along line 13-13 of Fig. 12; '

Fig. 15 is a fragmentary side elevational view of an encoder wheel with a cam surface

implementation and a cam follower reader/sensor mechanism; and

. Fig. 16 is a fragmentary side elevational view of an encoder wheel with a cam surface

implementation and an alternative cam follower reader/sensor mechanism.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

Turning now to the drawings, and particularly Fig. 1 thereof, a laser printer 10
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 recéiving media path 11
and including a replacement supply electrc')photographic (EP) cartridge 30, constructed in
accordance with the preseﬁt invention. As illustrated, the machine 10 includes a casing or
housing 10a which supports at least one media supply tfay 12, which by way of a picker arm 13,
feeds cut sheets of print receiving media 12a (e.g., paper) into the media path 11, past the print
engine which forms in the present instt;ncé part of the cartridge 30, and. through the machine 10.
A transport motor drive assembly 15 (Fig. 3) affords the driving action for feeding the media
through and between the nips of pinch roller pairs 16 - 23 into a media receiving output tray 26.

‘In accordance with the invention, and referring now to Figs. 1 & 2, the 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 concerning cartridge characteristics including
continuing data (while the machine is running) concerning the amount of toher remaihing
within the cartridge and/or preselected cartridge characteristics, such as for example, cartridge
type or size, toner capacity, fqner 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 mounted for rotation within a c.ylindrical toner supply sump 33. Mounted on the shaft
32 for synchrpnous rotation with the encoder wheel 31, extending radially from the shaft 32 and
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Figs. 11A - |1E are.directed to refinements in the nethod of the invention
depicted in Figs. 8A and 8B. Such refinenents include, for exanple,

i mprovenents in the code to further reduce the incidence of mstakes in

| ocation of the stop window 55 (or stop bit). As shown in Fig. 11A in
conparison to Fig. 8A, additional steps -%0, 161, and 162, are present,
wherein further |logic associated with step 161 is depicted in Fig. 11C and
further logic associated with step 162 is depicted in Fig. 11D
Furthernmore, shown in Fig. 11B in conparison to Fig. 8B, and continuing
into Fig. - 11E, is a presently nore preferred manner of determining, with
somewhat greater accuracy, the anount of toner remaining in the sunp (toner
| evel ) regardl ess of the speed of rotation of the paddle 34 and'associated

et o iy ong RO 1053 ol pighAL 2810 et o861 o ot
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bear the sane_elenent nunerals, and the detail of those conmon steps will
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sump 33. (The paddle 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 presented to a toner adder roll 36, which interacts in a

'known manner with a developer roll 37 and then a photo conductive (PC) drum 38 which is in
the media path 11 for applying text and graphical information to the print receiving media 12a
presented thereto m the media path 11. -

Referring now to Fig. 3, the motor trénsp_ort assembly 15 includes a drive motor 15a,
which is coupled through suitable gearing ahd 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 drive motor 15a may be of any convenient type, e.g., a stepping motor or in the
preferred embodiment a brushless DC mbtor. While axiy of several types of motors may be
employed 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 of mbvement of the motor shaft. The feedback accounts for a
predetermined distance measurement, which will be referred to as an increment rather than a

‘step’ 50 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, includes
driven gear 40a, which is directly coupled to the developer roll 37, and through an idler gear
40b is coupled to the toner adder roll 36 by gear 40c. Gear 40c in turn through suitable
reduction gears 40d and 40e drives final drive gear 41. 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 torque sensitive coupling.
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performed in parallel. Wth respect to Fig. 11A and 11B, however, as shown
at step 160, such parallel processing continues until the decoding of the
presel ected cartridge characteristics is successful, and thereafter, only
the steps associated with determ ning the toner level in sunp 33 (steps 66
and 67 of Fig. 11A, and the steps of Figtl-11 B and 11E) are perforned.
Such presel ected cartridge characteristics may include, for exanple,
initial cartridge capacity, toner type, PC drumtype, qualified or
unqualified as an OEMtype cartridge, etc. One skilled in the art wll
recogni ze that such parallel processing may be achieved in a variety of

ways, such as f of FipX3/thé Bear'®! it SHowr fau¢IGdIng G attiched #8b of filxigedf2 dohiffected to a
parallel paths wthin a Single processor or by using a separate processor

for each psoltar 43 which acts st bearing pemmittingoabien, resiraint; pyament of the gearAliand
OB o 21 G Aol B cSR15h o BB NERE R R Bi TE, £ 28 itor e
. variable torque sensitive coupling is'mounted on the web 42 of the gear 41. To this end, the
driving half of the coupling includes a coiled torsion spring 44, one leg 44a of which is secured

to the web 42 of the gear 41, the other leg 44b of which is free standing.

Turning- now to Fig. SA, the other half (driven half ) of the coupling is illustrated
therein. To this end, an arbor 45 having a keyed central opening 46 dimensioned for receiving .
the keyed (flat) shaft end 32b of the shaft 32, is depicted therein. For ease of understanding, an
inset deing is provided wherein the reverse side of the arbor 45 is shown. The arbor 45
includes radially extending ear portions 47a, 47b, the extended terminal ends of which overlay
the flange 48 associated with the web 42 of the gear 41. The rear 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 452 of the arbor 45 is a clip 50 which grasps the free standing leg 44b 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 turn keyéd to
the shaft 32 mounted for rotation in and through 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 sﬁaft 32 to rotate . When the paddle first engages the toner
35 in the sump 33, the added resistance causes an increase in torsion and the spring 44 tends to
wind up thereby causing the encoder whéel 31 to lag the rotational position of the gear 41.

~ Stops 51 and 52 mounted on the flange 48 prevent over winding or excessive stressing of the -
spring 44. In instances where thé sump 33 is at the full design level. of tbﬁer 35, the ears 47a,
47b engage the stops 52 and 51 respectively. The spring 44 therefore allows the paddle shaft 32

to lag relative to the gear 41 and the drive train 40 because of the resistance encountered against
: ' This is-the replacement sheet
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-24 - resetting of the Rolling Average occurs prior to executing the
st:eps associated with reading the coding representing preselected cartridge
characteristic fromwheel 31, i.e., steps 61, 62, 160, 63, 161, 64, 65, and
162, and prior to déterm ning the anount .of toner remaining in sunp 33 of
cartridge 30 beginning at step 66, and cddtdinuing into Figs. 11B and 11E.

Gr————

the toner 35 as the paddle 34 attempts to move 'thfough the sump 33. The more resistancé
encountered because of toner against the paddle 34, the greater the lag. As 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 paddie 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 the sump 33, and therefore how many pages méy yet be printed by the EP machine
or printer 10 before the cartridge 30 is low on toner. This measurement techni_que will be
explained more fully with regard to finding the home position of the encoder wheel 31 and
reading the wheel.

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) carrying boards 80 and 90, respectively labeled “Engine
Electronics Card™ and “Raster Image Processor Electronics Card” (hereinafter called EEC and
RIP respectively). As is conventional with processors, théy inclade memory, /O and other
accouterments associated with émall system computers on a board. The EEC 80, as shown in
Fig. 6, controls machine functions, genérally through programs contained in the ROM 80a on
the card and in conjunction with its on-board processor. For example, on the machine, the laser
printhead 82; the motor tiansport assembly 15; the high voltage power supply 83 and a cover
switch 83a which indicates a change of state to the EEC 80 when the cover is opened; the
Encoder Wheel Sensor 31a which reads the code on the encoder wheel 31 informing the EEC
80 needed cartridge information and giving continuing data concerning the toner supply in the
sump 33 of the EP cartridge 30; a display 81 which indicates various machine conditions to the
operétor, under control of the RIP when the machine is operating but capable of being
controlled by the EEC during manufacturing, the display being useful for displaying
manufacturing test conditions even when the RIP is not installed. Other functions such as the
Erase or quench lamp 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 bussing
and power lines) which pennité communication between the RIP 90 and the EEC 80, and other
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In order for either the preselected cartridge characteristics steps or the
toner |level determning steps to operate properly, the "honme position" of

t he wheel 31 nust first be found, as at step 61. The previous discussion
concerning the encoder wheel 31 and the reading thereof to determ ne the N
home position of wheel 31 is equally appiZitable to the refinenents depicted
in Figs 11. A-11E. Mreover, the pseudo code for "Reading the Weel",

di scussed above is equally applicable for reading the encoder wheel, except
that the portion of the code relating to the window wi dth may be '

simplified, as follows: I f (W ndowW dth > M ni num St op w ndow
Wdth . AND Curul ati veCount <_Maxi num St op: Posi ti,on) Then
"we nust ePefipheralsyaiThe Hategqoaae%qq%c&#i@asf bg| qopnestes, ta,pther, perpherdls Hirough a

Fi ni shed = s atio : ' | Ofor
rotation ch‘c;lﬁtﬁﬁgmaa}tlm\% 1%&{&3%!-: ?egllﬂlﬁggg ta%%]ﬁlgfa%?%ﬂﬁcﬁ%n td% nERFORE 91 Chortidthtiie
memory 92 (e.g., Hard drive), and of course connection to a host 93, e.g., a computer such asa

personal computer and the like.

The RIP pdmaﬁly functions to receive the information to be pn'nted 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 separable from the RIP card 90, conventionally
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 wheel 31 should be described.
To this end, and referring now to Fig. 7, the encoder wheel 31 is preferably disk shaped and
comprises a keyed central opening 31b for receipt 'by like shaped end 32a of the shaft 32. The
wheel includes several slots or windows therein which are positioned preferably with respect to
a start datum line labeled DO, for purposes of identification. From a “clock face” view, DO
resides at 6:00, along the trailing edge of a start/home window 54 of the wheel 31. (Note the
direction of rotation arrow 34a.) The paddle 34 is schematically shown positioned at top-dead-
center (TDC) with respect to the wheel 31(and thus the sump 33). The poéition of the encoder
wheel sensor 31a , although stationary and attached .to the machine, is aésumed, for discussion
purposes, aligned with DO in the drawing and positioned substantially as shown schematically
in Fig. 1. '

- Because the paddle 34 is generally out of contact with the toner in the sump, from the
3:00 position to the 9:00 posit_ion (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 concerning the cartridge 30 is preferably
encoded on the wheel between 6:00 and approximately the 9:00 position. To this end, the 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 D0 and labeled D1-D7 respectively. Each of the slots .
| | This is the replacement sheet

Date: Z'jrrp 4t



position associated with the trailing edge of start/home w ndow 54.
Thereafter, at step 160, a check is nade as to whether the coding
representing presel ected cartridge characteristics was successfully
decoded. If this preselected cartridge characteristics codi ng was not
successfully decoded, then the parallerlérocessing of the presel ected
cartridge characteristics and the determ nation of toner |evel continues;
i f so, however, such parallel processing ends, and only those steps
associated with determning the toner level in cartridge 30 are perforned.
During the decoding of the preselected cartridge characteristics of wheel
31, at step 63, the nunber of notor increnents fromthe trailing edge of
the start wi ndow 54 tgo each of the data bit w ndows 0-6 and stop w ndow 55,

respect i ved-§ repsessnts an infownationos data ditnositine whichaybe gelegtively covared ashyraneded.
more decals 96, in a manner to be more fully explained hereinafter with refei'ence to Fig. 10.
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.

The coded data represented by combinations of covered, not-covered slots 0-6 indicate
to the EEC 80 necessary information as to the EP cam-i_dge initial capacity, toner type, qualified
or unqualiﬁed: as an OEM type cartridge, or such other information that is either desirable or
necessary for correct machine operation. Adjacent slot 6 is a stop window 55 which has a width
equal to the distance between the trailing edges of adjacent slots or windows ,e.g., D1= (DZ-DI,
= D3-D2 etc.)= the width of window 55. Note that the stop window 55 is also spaced from the
trailing edge of slot 6 a distance equal to the stop window width 55. That 'is, the distance D8 -
D7 = twice the window 55 width while the winddw 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 starthome
window 54. The start/home window 54 is deliberately made larger than any other' window
width. Because of this width difference, it is easier to detemﬁne 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. |

In order to provide information to the EEC 80 as td the lag of the encoder wheel 31
relative to the transport motor 15a position (counted increménts), three additional slots or
windows “a”, “b” and “c” are provided at D9, D10 and D11 respectively. The trailing edge of
slot “a”, ( angular distance D9) is 200° from DO; the trailing edge of slot “b” (angular distance |
D10) is 215° from DO and the trailing edge of slot “c” (angular distance D11) is 230° from DO.
From Fig. 7 it may be seen that when the slpt “a” passes the sensor 31a at Db, the paddle 34 will
have already passed bottom dead center (6:00 position) by 20°, (200° - 180°); window or slot
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- 25 - Turning nowto Fig. 1 C, a check is nmade at step 165 to
determine if nore than 7 bits have been seen between the hone w ndow 54 and
the stop window or bit 55. If yes, then step 61 is re-executed and the hone
position is once again found. This test to detect and determ ne the
presence or absence of an excess of a frd#t-e nunber of slots or bits on the .
encoder wheel 31 is preferred because @S the wheel rotates, causing the
sensor to detect either a transition fromopen to closed state or _

vi ce-versa, bounce may occur. If the bounce duration is very small, it wll
be rejected as a window (slot), otherwise it may pass and be considered a

valid w ndag 350 (2150 - 180°), and siot “c” by 50° (230° - 180°). The significance of the placement

of the slots “a”, “b” and “c” will be more fully explained, hereinafter, with respect to Fig. 9.

Referring now to Figs 8A and 8B which shows respectively a programming and
functional flow chart illustrating the code necessary for machine start up, and the reading of
information coded onthe encoder wheel, including the measurement of toner 35 level in the
toner sump 33. At the outset, it is well that it be understood that there is no reliance on or
measurement of the speed of the machine, as it differs depending upon the dperation (i.e.,
resolution; toner type; color etc.) even though a different table may be required for look up
under gross or extreme speed change cenditions. - 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 31 referenced to the angular distance traveled by the motor, and .
then comparing the difference between the two angular measurements to a norm or 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 (D0) and “a”, “b”, “c” is always
the same. So what is 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 paddie 34 'is being meesured with respect to
the angular displacement of the gear 41 (gear train 40 as part of trimsport 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. |

Referring first to Fig. 8A, after machine 10 start up or the cover has been opeﬁed and
. later closed, the Rolling Average is reset, as shown in logic block 60. Simply stated, ‘n’ (e.g., 5
or 6) sample measurements are examined and the average of them is stored and the code on the

encoder wheel 31 of the eamidge 30 is read, compared to what was there before, and then
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such a scenario, certain cartridges nmay appear to have nore bit w ndows

t han physically possible. After each bit wi ndow i's detected, the nunber of
bit w ndows detected fromthe previous home detection is conpared to a
maxi nrum val ue and if too many w ndows have been detected, then the code
returns to the steps for finding the hor® state via path 194.

Anot her condition that can occur which nakes a further check desirable is
when the sensor signal transitions fromone state to the other and

i mredi ately back to the original state, resulting in the indication of a

detection of an additional , _or (.e_dund@nt, wi ndow. A test .for 'such a
condi tion sterederFhereasan dor doingthiscis that\sf a;mwnlaﬂ:efathP‘cmdgt sincetthe last pasvaty

been di scussed sl ot di stan kn nmapped.
The i dent 1 97 Soinacine, 0 ftp, ditsEies 58§ et donit fpe,fones 167 &, 3 e B S5
region on whgslin ?lé/ 5ad tiR 1] tely Gl thRDlPdats e da'td“is%é‘c%?éd\ghxbﬁ'ﬁacﬁfd%ﬁéﬁe g
cartridge charactéristics for” that particular revolution of wheel 31, a
resul t s i ndata amd/oramdunt oftopers}Suemaimingsindle citridge 50.9Theréfdred nevpérblimg%erage
is created in the EEC 80. With regard to host notification, however, 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.

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 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 tb be the start / home
window 54. Below is set forth in pseudo code the pbrtion of the program for finding the
starthome window 54. As previously discussed, the startthome window 54 is wider than the

stop window 55 or for that matter, any other slot or window on the encoder wheel 31.

‘Find the home window first
' This loop runs on motor "increments"
HomeFound = False |
while (! HomeFound)
If (found the start of a Window) Then

WindowWidth =0
While (not at the end of Window) {iilcrement WindowWidth}

If (WindowWidth > MINIMUM_HOME_WIDTH

AND WindowWidth < MAXIMUM_HOME_WIDTH) Then
HomeFound = True
This is the replacement sheet
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Referring again to Fig. 11C, step 167 is perforned so as to assure that the
code bits 0-6 are not m staken for the stop bits. Thus, at step 167 the
nunber of notor increments counted is conpared to a predefined maxi mum
nunber of such increments associated with the distance between the trailing
edge of honme window 54 and the trailing-&lge of stop window 55. If the
nunber of notor increnments is not |ess than the predefined maxi num nunber,
then via return | oop 194, step 61 of Fig. 11A is re-entered and this | oop
continues until a correct reading is achieved, or until an error code
indicates a fatal error to the nmachi-ne operator. |If the nunber of notor -

i ncrenments iEmndifual to or greater than the predeterm ned naxi mum nunber
then step 168 is executed, wherein it is determ ned whether the neasured

wi ndow or FindiWhiléth i s greater than '

In the above algorithm, ‘HomeFouhd’ 1s set false arid a loop is run until the 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 aniéulating:
see the window; compare the window with predetermined minimum and maximum widths, for
identification; and then indicate that | the ‘home window’ 54 has been found when those

conditions are 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 width is acceptable. This occurs in logic
blocks or steps 62, 63 and 64 in Fig. 8A. If 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. This guards
against the potential conditions whercin the engine misidentifies the start/home window 54 and
thus mis-characterizes the cartridge 30. |

Prior to discussing the pseudo-code for ‘Reading the Wheel’, it may be helpful to recall
that a portion of the encoder wheel's 31 revolution is close enough to constant velocity to allow
that section to be used and read almost as a "windowed bar code”. With reference to Fig. 7, that
is the section of the wheel 31 from the trailing edge of the start/home window 54 to the trailing
edge of the stop window 55 including the slots or windows 0-6. This is preferably in the
section of the encoder wheel 31 in which the paddle 34 is not impinging upon or in the toner 35
in the sump 33. Passage of this section over the optical sensor 31a creates a serial bit stream
which is decoded to gather read-only information about the cartridge. The information. -
contained in this section may comprise information that is essential to the operation of the
‘machine with 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’
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- 26 - -the nininum stop width. If not, then step 63 is re-entered via
path 184. In the event that the stop window 55 width is greater than the
sl ot window wi dth, then a check is nade at step 169 to .deterni ne whet her
the duration (in notor increnments) of closure of the reader/sensor is a
sufficient nunber of increnents to indichte a reading of stop w ndow 55
versus the last bit read, for exanple, slot 6. |If slot 6 is covered, the
di stance or closure readi ng will be even longer. In the event that closure
of the sensor has not occurred for a sufficient period of time, then | oop
184 line is again entered and logic step 63 is once again initiated. In the
event t hat speifics lies Linformbtiérh evhichn idicates scacteidge sizd, tomer @apacity, wnentypee phow
of tinme, then step 65 of Fig. 11 A is executed.

. conductor PPC) drum type, and is personalized when the cartridge is built, the other which may
allow for a number of unique “cartridge classes” which may be personalized before cartridge
shipment, depending, for example, upoh 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 pfint, may have some safety concemn, or damage the machine in some way.
Altematively, if the machi_ne is.supplied as an OEM 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

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

The ‘Find Home’ code determines the start/home window 54 and measures the dist’ance
corresponding to the trailing edge of each window 0-6 from the trailing edge of the window 54.
This acquisition continues until the engine detects the stop window 55 (which is designed to
have a greater circumferential width then the data windows 0-6 but less than the start/home
window 54). Using a few integer mﬁltiplications, the state of each bit in the byte read is set
using the recorded distance of each window 0-6 from the trailing edge of the home window 54.

The portion of the progfam for reading the encoder wheel, in pseudo-code, is as follows:

‘Find Home’ (see above)
.* Gather distances for all of the data window
' This loop runs on motor "increments”
" Finished = False
WindowNumber =0
CumulativeCount = 0
while (Finished) -
CumulativeCount = CumulativeCount + 1
If (the start of a window is found) Then |

WindowWidth = 0
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To further insure accurate reading of the encoder wheel 31, spring 44 is
prel oaded to a known torque value. Preferably, this preload value is as
smal|l as possible to allow for accurate reading of |ow levels of toner in
sunp 33. The preload may be achi eved by, for exanple, providing an

adj ustabl e tab stop in place of either ol8both tabs 51 and 52 of Fig. 4.
Such an adjustable tab stop can be, for exanple, a rotatable eccentric
st op. Step 65 is directed to the actual decodi ng of the
presel-ected cartridge characteristic coding of encoder wheel 31, the
details of which are nore fully described with respect the steps of Fig.
11D, which constitute step 162 of Fig. 11A. In the pseudo code set forth

above, this stawiilefnbtat the eRBWf Windowynt "Now translate nmeasurements into
physi cal bits", and the di scussion concerning di stances and roundi ng

applies. In taliheremeot WindowWidtld, whi ch nay be referred to as a 'l oop
table', logic is util iéed in.a loop for each reading D1-D7 of the code

wheel 31 (see #iperement CymplativeCount: o ccount the roundi ng di scussed :
her et of or e. NOtEﬁ:dtmtiet he "code regi stered” is the code which would be read
at each of the respec&ive bit positions correspondi ng

If (WindowWidth > Minimum Stop window Width

AND WindowWidth < Maximum Stop Window Width
AND CumulativeCount > Minimum Stop Position
AND CumulativeCount < Maximum Stop Position)Then |
' we must ensure that the stop window is really what we found
Finished = True | |
StopDistanceFromHome = CumulativeCount

Else

| DistanceFromHome(WihdowNumber) =CumulativeCount

WindowNumber = WindowNumber + 1 ..

End If’ check for stop window |
End If *check for start of window
End While '

' Now translate measurements into physical bits
DataValue =0
* First divide the number of samples taken by 9
BitDistance = StopDistanceFromHoine / 9
For I = 0 To WindowNumber - 1
BitNumber = DistanceFromHome(T) / BitDistance .
‘What is being determined is the bit number corresponding to the
' measurement by rounding up'DistanceFromHome(l)/BitDisténce. |
If ((DistanceFromHome(I) - (BitDistance * BitNumber)) * 2 > BitDistance) Then
BitNumber = BitNumber +1 |
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to windows or slots 0-6, wherein a "1" represents an open slot at the
respective bit position. The final code is$ a result of AND ng each col um
of bits in the seven "code registered" entries. For. exanple, if none of the
slots or windows is covered, then the final code reading will be 1111111,
if slot 0 (Fig. 7) is covered, then the-i8ading will be 1111110; and, .if
slot 2 is also covered, then the readinmg-wti be 1111010. O course, such
bi nary representations may be inverted such that a "1" represents a covered
slot, rather than a "0".
-27 -

End If

DataValue = DataValue + 1 (SHIFTLEFT) BitNumber -1
~ Next " Window number o -

DataValue = -DataValue ¢ invert resuit since windows are logic 0's

The program depicted above in 'pseudocodé for reading the wheel is quite straight
forward. Thus in logic step 63, (Fig. 8A) where the motor increments are recorded for each data
bit, and stop bit trailing edge, as was discussed with regard to Fig. 7 that the distances D1 - D7
between the trailing edges of windows or slots O'through 6, are equally spaced. (i.e., D7-D6 =
some constant “K”, D5-D4 = constant “K” etc.) The trailing edge of the stop window 55 is

" also a distance of twice “K” from the trailing edge of slot 6. While the distance from the trailing
edge of stop window 55 to its leading edge (i.e., the window 55 width) is equal to one ‘bit’
distance or “K” from the leading edge, this width may 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” between the windows
(trailing 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 S5 is not identified
. correctly by the technique just described, then a branch from logic step 64 to logic step 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 néxt logical step in the program is to go to the Data
Encoding Algorithm portion of the program. In the pseudo code set forth 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 slots or windows 0-6.
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The code read fromthe |loop table 170 is then interpreted by a | ook up
table at logic step 171 and the interpreted code is then sent to the EEC 80
in logic step 172. By a |logical conparison, if the code is the sanme as that
which is stored in NVRAMin EEC 80, as indicated in step 173, -no further
readi ng of the code is necessary and the2@ecodi ng of the presel ected
cartridge characteristic coding of encoded—ptate, or wheel, 31 is ended
until the next occurrence of machine start-up or machi ne cover cycling. To
decrease decode tinme, after the sane code has been read consecutively
twice, this code is stored in the NVRAM (|l ogic step 175) for future

o1 o6l cot oTnesiors. i, Bisiss 4 sl 04 . e GRHAR 08 PE SBh B 1 1 FiBes v (bit
“shown' 1 1 SR BErCRE Bl RSkalehétie is B B! € plBiv® G el b tprcs iR
r e- r eadi ngist1060@08; or if¢igs logicrig imnal, 6p1 A1 10Nokicg that thé.number found is rounded up or

' . down, as the case may be dependent upon such factors as paddle mass, rotational speed etc. In

certain instances, this may mean rounding up with a reading above .2 and rounding down with a

reading below .2. For example, 6.3 would be rounded to 7, while 7.15 would be rounded to a 7.

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 ﬁofﬁoh 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 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.

Turning now to Fig. 8B, as the encoder wheel 31 rotates, the paddle 34 enters 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 SZOO, S215 and S230, in logic step 68a,
68b and 68c at the trailing edges of slots “é”,_“b”, and “c” respectively of the wheel 31. These
numbers, S200, S215 and S230 are subtracted from the baseline of what the numbers would be
absent toner 35 in the sump 33, (or axiy 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 torqﬁe on the toner paddle 34 and the amount of toner 35
remaining in the toner supply reservoir or sump 33. Figure 9 illustrates this relationship. In
Fig. 9, torque is set in inch-ounces on the ordinate and degrees of rotation of the paddle 34 on

the abscissa.

Referring briefly to Fig. 9, several characteris_tics of this data stand out as indicating the
amount of toner remaining. The first one is the peak magnitude of the torque. For example,
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Once the decoding of the preselected cartridge characteristic coding is
conpleted, the logic at step 160 then ignores further preselected cartridge
characteristic code reading of wheel 31, and the method turns to solely
reading the delay bits "a", "b", and "c", as discussed hereinafter relative
to Fig. 11B, in determ ning the-anDunt,-iﬁ-level, of toner in sunp 33 of
cartridge 30. In-the presently preferred conTiguration of the encoder wheel
31, the trailing edge of slot "a", (angular distance D9) is 182[err] from
DO; the trailing edge of slot "b" (angular distance DI10) is 197[err] from
DO and the trailing edge of slot "c" (angular distance D11) is 212[err]

from DO.  with 30 graniS®f €riet 89 rédiainihgtin tie ﬂmtplIBAtheR&qu@isn:ll@B% ? anchioancds/while
| ogic steps 66 and 67 is the sane as set forth heretofore and will not be

r epeat ed- rasrl&0 graowecthe torqueapproximates 4 imah-ouncescand ahR et grampcthe torgus: approximates
det ect ed t ts t er,. of i A

e nunbe MOy i el oAERERC s BAChe IRSHATSE e, Bk MR s bt
so that thgegabiold vérgHididas e Aokt SMRAér dhBAEeRS THid sif ft fRhduPig the

again. For exanple, in"a single page print job, the encoder wheel w Il stop
before a ftatque mearotha tiocation svheonthlecpeak shiondd st couldyprovide anmeasyre of remaining

‘toner. That is why, as shown in Fig. 7, the trailing edge of slot “a”, (distance D9} is 200° from

DO; the trailing edge of slot “b” (distance D10) is 215° from DO and the trailing edge of slot “c”
(distance D11) is 230° from DO. Another obvious indicator is the location of the onset of the

torque load. Yet a third indicétor is the area under the torque curves.

Another way of looking at this Iprocess is that whilé the angular distance measurements

- of D9, D10 and D11 are known, the number of increments the motor has to turn 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 é reading at window “a”, then “b” and then *c”.
The 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 rolling average sum. This is shown in logic stép 75. As illustrated in logic block
76, the toner 35 level in the sump 33 may then be determihed from a look up table
precalculated and stored in the ROM 80a associated with the EEC 80 in accordance with the

new rolling average.

" In logic block 77, the oldest data point is subtracted from the rolling average sum and
then the rolling average sum is reported for use back to logic block 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 host machine, e.g., a personal

computer as indicated in logic block 79.

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
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transport notor in reverse for a short distance after each stop in order to
relieve pressure in the gear train. As set forth above, this permts, if
desired, cartridge renoval and/or replacenent. Wthout correction, this
coul d |nduce a consi derabl e error in _rreaés2urerrent of toner level. To

- 28 - - -22-

of quickly and accurately applying such a decal to the correct area of the wheel 31, even under
circumstances of limited space, ié provided. Due to the close spacing of the slots 0-6 in the
.en_coder 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 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 encoder
wheel or disk, adjacent the slots, the apertures of one of the pairs 58, 59 being spaced apart a
greater distance than the apertdrés 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 apertures,
i.e., 58, 59 or 56, 57. A tool 100 has a pair of pins 97, 98 projecting therefrom and
corresponding to the sﬁacing of one of the pairs of apertures, whereby when the apertures in the
decal are mated with the projecting pins of the tool, the projecting pins 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 decai 96 makes firm
contact with the surface of the wheel.

If the 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 éovering slots associated with the incorrect
apertureé 58 and 59. 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 slot coverage. Altematively, 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 whee! 31 may be exposed. Use of this tool
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account for this, the anmount of excess ot or pul ses counted during the
backup and restart are filtered out of the delay counts neasured for toner

| evel sensi ng. - Turning now to Fig. 11B, as has been expl ai ned
heretofore with reference to Fig 8B, as encoder wheel 31 rotates, paddle 34
enters toner 35 in sunp 33. As set forch&eretofore with reference to Fi g.
8B, the angul ar distances of ‘D9, D10 and DIT are known, and the nunber of
no-load notor increnments required to reach D9, D10 and D11 is known. The
motor, via torsion spring 44, rotates paddl e 34 and encoder wheel 31. As
paddl e 34 noves through toner 35, however, a paddle- ‘to-toner resistance is

nour e 168 b M B o B b B3 By
of motor i fd RevetsmisBRbém& of he'de@th each of the respective |ocations D9,
D10, and D11 is greater during a | oad condition when paddl e 34 engages an

anount of toner than when a Iesser am)unt or no toner is engaged. Thi S
difference in t sta th s to tr tional inc et.s)
to obtain a rea ﬁ \%ﬁ&ﬁ/\&' °“l?ntsdﬂ Wgﬁmﬁ ?%W@g e@

level of tPRET8A Gnd EB'P Such reﬁnements mclude, for example, improvements in the code to further

reduce the incidence of mistakes in location of the stop window 55 (or stop bit). As shown in
Fig. .l 1A in comparison to Fig. 8A, additional steps 160, 161, and 162, are present, wherein

- further logic associated with step 161 is depicted in Fig. 11C and further logic associated with
step 162 is depicted in Fig. 11D. Furthermore, shown in Fig. 11B in comparison to Fig. 8B, and
continuing into Fig. 11E, is a presently more preferred manner of determining, with somewhat
greater accuracy, the amount of toner remaining in the sump (toner level) regardless of the

| speed of rotation of the paddle 34 and associated encoded plate, or encoder wheel, 31. In the
following discussion, functional steps depicted in Figs. 11A-11E which are common, or
substantially similar, to those functional steps of Flgs 8A and 8B will bear the same element
numerals, and the detail of those common steps will not be repeated below.

As shown in Figs. 8A and 8B, the steps associated with reading of the preselected
cartridge characteristics and the steps associated with determining the toner level in sump 33 are
performed in parallel. With respect to Fig. 11A and 11B, however, as shown at step 160, such
parallel processing continues until the decoding of fhe preselected cartridge characteristics is
successful, and thereafter, only the steps associated with determining the toner level in sump 33
(steps 66 and 67 of Fig. 11A, and the steps of Figs. 11 B and 11E) are performed. Such

| preselected cartridge characteristics may include, for example, initial cartridge capacity, toner
type, PC drum type, qualified or unqualified as an OEM type cartridge, etc. One skilled in the
art will recognize that such parallel processing may be achieved in a variety of ways, such as for
example, by interleaving. the program steps of the paralle]l paths within a single processor or by

using a separate processor for each path.

Referring now to 11A, after machine 10 is started up, or after the printer cover has been

opened and later closed, the variable identified as a “Rolling Average” is reset at step 60. The
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33. As described above relative to logic step 62 (Fig. 11A), the
nmotor increnents are counted. The notor increnents are then recorded as
S200, S215 and S230 in steps 68a, 68b and 68c (Fig. 11B) at the trailing
edges of slots "a", "b", and "c", respectively, of the wheel 31, and
subtracted fromthe ‘baseline of what the24onbers woul d be absent toner 35
in the sunp 33, at steps 69a, 69b, and 69c, respectively. These nunbers are
directly indicative of the lag due to resistance of the toner in sunp 33,
with the paddle 34 in three different positions (a, b, and c) in the sunp.
Thus, this lag or delay is determ ned and shomn in steps 69a - 69c,

| oad ¢ or quEseing AERE ST RGeSt P i Seehi Bo ool aBplingt %@g@%ﬁ%ﬁﬁe”
the toner éé&?xﬁ’%kp&%éﬁiﬁg%résd&teﬂmnage cKa&‘?erEtlQﬁ'o& aheel 3916l seps6i, @2, 160,
relating there At steps 70 and 71, the respectlve asel i he

normal i z ed631ell6ély6;4 &b candol62 pangkprics tol determinibg the amount of toner remaining in sump 33 of
cartridge 30 beginning at step 66, and continuing into Figs. 11B and 11E.

In order for either the preselected cartridge characteristics steps or the toner level
determining steps to operate properly, the "home position" of the wheel 31 must first be found,

. as at step 61. The previous discussion concerning the encoder wheel 31 and the reading thereof
to determine the home position of wheel 31 is equally applicable to the refinements depicted in |
Figs 11A-11E. Moreover, the pseudo code for “Reading the Wheel”, discussed above is. equally
applicable for reading the encoder wheel, exéept that the portion of the code relating to the
window width may be simplified, as follows:

If (WindowWidth > Minimum Stop window Width
AND CumulativeCount < Maximum Stop Position)Then
'we mﬁst ensure that the Stop window is really what we found
Finished = True

At step 62, the counting of increments of shaft rotation of the dri§e motor begins at the
position associated with the trailing edge of starthome window 54. Thereafter, at step 160, a
check is made as to whether the coding representing preselected cartridge characteristics was
successfully decoded. If this preselected cartridge characteristics coding was not successfully
decoded, then the parallel processing of the preselected cartridge characteristics and the
determination of toner level continues; if so, however, such parallel processing gnds, and only

those steps associated with determining the toner level in cartridge 30 are performed.

During the decoding of the preselected carlridgé characteristics of wheel 31, at step 63,
the number of motor increments from the trailing edge of the start window 54 to each of the
| data bit windows 0-6 and stop window 55, respectxvely, are recorded. Thereafter the steps of

Fig. 11C are performed.
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the three delays is selected for use in deternining the toner |evel of -
cartridge 30 at the then current.printer operating speed in pages per
m nute (ppm at steps 72", 73" or 74'. As shown in

- 29_
-25-

Turning now to Fig. 11C, a check is made at step 165 to determine if more than 7 bits
have been seen between the home window 54 and the stop window or bit 55. If yes, then step
61 is re-executed and the home position is once again found. This test to detect and determine
the presence or absence of an excess of a finite number of slots or bits on the encoder wheel 31
is preferred because as the wheel rotates, causing the sensor to detect either a transition from
open to closed state or vice-versa, bounce inay occur. If the bounce duration is very small, it
will be rejected as a window (slot), otherwise it may pass and be considered a valid window. In
such a scenario, certain cartridges may appear to have more bit windows than physically
possible. After each bit window is detected, the number of bit windows detected from the
previous home detection is compared to a maximum value and if too many windows have been

detected, then the code returns to the steps for finding the home state via path 194.

Another condition that can occur which makes a further check desirable is when the
sensor signal transitions from one state to the other and hnmediateiy back to the original state,
resulting in the indication of a detection of an additional, or redundant, window. A test for such
a condition is performed at step 166. As shown in Fig. 7, and as has already been discussed, bit
or slot distances on the wheel are known and mapped. The identification of what appears to be
two bits or slots in the same region on wheel 31 is identified as an exror in reading the
preselected cartridge characteristics for that particular revolution of wheel 31, and results in a
return to re-execute of step 61 of Fig. 11A via path 194.

Referring again to Fig. 11C, step 167 is performed so as to assure that the code bits 0-6
are not mistaken for the stop bité. Thus, at step 167 the number of motor increments counted is
compared to a predefined maximum number of such increments associated with the distance |
between the trailing edge of home window 54 and the trailing edge of stop window 55. If the
number of motor increments is not less than the predeﬁxied maximum number, then via retum
loop 194, step 61 of Fig. 11A is re-entered and this loop continues until a correct reading is

- achieved, or until an error code indicates a fatail error to the machine operator. If the number of
motor increments is equal to or greater than the predetermined maximum number, then step 168
is executed, wherein it is detenhined Whether the measured window or slot width is greater than
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Fig. 11B at step 70, the nornalized delay @00 will be used to calculate
the toner level unless its value is not greater than that of normalized
del ay @15. If the normalized delay @00 is | ess than or equal to

normal i zed del ay @15, then at step 71 it is deternined whether nornalized
delay @15 is greater than nornalized de¥ay @30. If so, then the

normal i zed delay @15 is used, and if ‘not, Then nornalized delay @30 is
used in the toner |evel deter m nation. Alternativel y, a maxi mum normal i zed
delay figure can be used in the toner- | evel calculation. - Preferably,

the normalized delay selected in the toner level determination-is sent to
an equation for calculating the toner IeveI nmass (| n grams of toner) at a

L o B, B e B, SR B
remaining g, Wﬁd&@ﬁ WdiR%s groattdtfiad the SRt wﬁ%@tdvﬁﬂx, tﬁén 2 diikck'1s 48 &Estep 169 to

.determine whether the duratlon (in motor increments) of closure of the.reader/sensor is a

sufficient number of increments to indicate a reading of stop window 55 versus the last bit read,
for example, slot 6. - If slot 6 is covered, the distance or clospre" reading will be even longer. In
the event that closure of the sénsor has not occurred for a sufficient period of time, then loop
184 line is again entered and logic step 63 is once again initiated. In the event that the closure
of the sensor has occurred for a sufficient period of time, then step 65 of Fig. 11 A is executed.

~ To further insure accurate reading of the encoder wheel 31, spring 44 is preloaded to a
known tofque value. Preferably, this preload value is as small as possible to allow for accurate
reading of low levels of toner in sump 33. The preload may be achieved by, for example,
providing an adjustable tab stop in place of either or both tabs 51 and 52 of Fig. 4. Such an
adjustable tab stop can be, for example, a rotatable eccentric stop.

Step 65 is directed to the actual decoding of the preselected cartridge characteristic
| coding of éncoder wheel 31, the details of which are more fully d&scribed with respect the steps
of Fig. 11D, which constitute.step 162 of Fig. 11A. In the pseudo code set forth above, this
starts with the REM statement ““Now translate measurements into physical bits”, and the
discussion concerning distances and rounding applies. In table 170 of Fig. 11D, which may be
referred to as a ‘loop table’, logic is utilized ina loop for each reading D1-D7 of the code wheel
31 (see Fig. 7), and takes into account the rounding discuésed heretofore. Note that the “code
registered” is the code which would be read at each of the respective bit positions corresponding
to windows or slots 0-6, wherein a “1” represents an opexi slot at the respective bit position. The
final code is a result of ANDing each column of bits in the seven “code registered” entries. For
example, if none of the slots or windows is covered, then the final code reading will be.
1111111; if slot 0 (Fig. 7) is covered, then the reading will be 1111110;_and; if slot 2 is also
covered, then the reading will be 1111010. Of course, such binary representations may be

inverted such that a “1” represents a covered slot, rather than a “0”.
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m = sl ope neasured in grans/pul se (or increnments); b =y axis

I ntercept, orroffset, where x = 0 grans; and ' X = average nunber of.
pul ses, or increnents. The values for variables mand b are essentially .
constants with respect to various printing speeds. These val ues may be
deternmined enpirically, or calcul ated or2Meterm ned based upon assunptions.
For exanple, the followi ng table represents the values for variables m and
b, assumi ng 10.80 notor pul ses per degree of encoder wheel rotation.

8 ppm ' 12 ppm 18 ppm - 24 ppm m

b ' m b m b m b 18 55

19 52 21 48 23 45 '
The code read from the loop table 170 is then interpreted by a look up table at logic step

171 and the interpreted code is then sent to the EEC 80 in logic step 172. By a logical |
comparison, if the code is the same as that which is stored in NVRAM in EEC 80, as indicated
in step 173, no further reading of the code is necessary and the decoding of the preselected
cartridge characteﬁstic coding of encoded plate, or wheel, 31 is ended until the next occurrence
of machine start-up or machine cover cycling. To decrease decode time, after the same code has.
been read consecutively twice, this code is stored in the NVRAM (logic step 175) for future
comparisons and the steps for decoding the coding represenﬁng the preselected cartridge
characteristic information is ended. | In the event that the code has not been read twice, a counter
is set with a “1", and as shown in logic step 174, the path via line 194 (Fig. 11A) is entered for
re-reading the code beginning at step 61 of Fig. 11A. '

Once the decoding of the preselected cartridge characteristic coding is completed, the
logic at step 160 then ignores further preselected cartridge characteristic code reading of wheel
31, and the method tums to solely réading the delay bits “a”, “b”, and “c”, as discussed
hereinafter relative to Fig. IIB, in determining the amount, or level, of toner in sump 33 of
cartridge 30. In the presently preferred configuration of the encoder wheel 3 1, the trailing edge |
of slot “a”, (angular distance D9) is 182° from DO; the trailing edge of slot “b” (angular distance
D10) is 197° from DO and the trailing edge of slot “c” (angular distance D11) is 212° from DO.

Referring again to Fig. 11A, the explanation for the logic steps 66 and 67 is the same as
set forth heretofore and will not be repeated here. However, in further explanation, when
reverse motion is detected a counter counts the number of back increments or steps and that
same number is applied or subtracted as the motion is reversed to forward so that the count is
resumed when the wheel begins its forward motion again. For example, in a single page print
job, the encoder wheel will stop before a full revolution is compiete. The machine will run the
transport motor in reverse for a short distance after each stop in order to relieve pressure in the
gear train. As set forth above, this permits, if desired, cartridge removal and/or replacement.

Without correction, this could induce a considerable error in measurement of toner level. To

'Thié is the replacement sheet

73 FE 188

‘Dato:



Using the above table, for exanple, for an 8 ppm oper ating speed, the
equati on above becones: y= 0.18x+55. Accordingly, if x=100, then it is
determned that 73 grams of toner renmain in sunp 33.

30 It has been found that with a single speed nachi ne, i.e., one
that runs at a single speed - -28 -

account for this, the amount of excess motor pulses counted dﬁﬁng the backup and restart are

filtered out of the delay counts measured for toner level sensing.

Turning now to Fig. 11B, as has been explained heretofore with reference to Fig 8B, as
encoder wheel 31 rotates, paddle 34 enters toner 35 in sump 33. As set forth heretofore with
reference to Fig. 8B, the angular distances of D9, D10 and D11 are known, and the number of
no-load motor increments required to reach D9, D10 and D11 is known. -The motor, via torsion
spring 44, rotates paddle 34 and eﬁcoder wheel 31. As paddie 34 moves through toner 35,
however, a paddle-to-toner resistance is incurred, which results in a torsiohing of torsion spring
44, since the motor is essentially rotating at a constant rate. Thus, the actual number of motor

| increments required to reach each of the respective locations D9, D10, and D11 is greater during
a load condition when paddle 34 engages an amount of toner than when a lesser amount or no
toner is engaged. This difference in the distance the motor has to travel (rotatibnal increments)
to obtain a reading at window “a”, then “b” and then “c” corf&sponds'to a level of tonér in sump
33.

As described above relative to logic step 62 (Fig. 11A), the motor increments are
counted. The motor increments are then recorded as SZOO S215 and S230 in steps 68a, 68band
68c (Fig. 11B) at the trailing edges of slots “a”, “b”, and “c”, respectively, of the wheel 31, and
subtracted from the baseline of what the numbers would be absent toner 35 in the sump 33, at
steps 69a, 69b, and 69c, respectively. These numbers are directly indicative of the lag due to
resistance of the toner in sump 33, with the paddle 34 in three different positions (a, b, aﬁd ¢)in
the sump. Thus, this lag or delay is determined and shown in steps 69a - 69¢, respectively. As
has been previously stated, there is a correlation between load torque on the toner paddle 34 and
the amount of toner 35 remaining in the toner supply reservoir or sump 33.. (See F ig. 9 and the

discussion relating thereto.)

At steps 70 and 71, the respective baseline normalized delays are compared, and one of
the three delays is selected for use in determining the toner level of cartridge 30 at the then

current printer operating speed in pages per minute (ppm) at steps 72', 73' or 74'. As shown in
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of rotation of the drum a rolling average of the del ays neasured permts
cal cul ating toner level, in grans, fromthe outcone of that average. Under-
those limted circunstances, the toner level in the sunp.33 nmay then be
determ ned froma | ook up table precal culated and stored in the ROM 80a
associated with the EEC 80 in accordance2®i-th the new rol ling average. Many
printers, however, are capable of nmultTpre resolutions.which may require

di fferent notor speeds, e.g., 300 dpi (dots per inch), 600 dpi, 1200 dpi,
etc., which neans that this manner of determ ning the anmount of toner |eft
in the cartridge would be accurate for only one speed. Mreover, delay is a
function of both paddle velocity and toner level. In the instance where a
printing job requires alternate printing at 600 and 1200 dpi, the nachi ne
runs at a different speed for each of these resolutions, and the toner

| evel measurenent is difficult to determne by the rolling average nethod

b t he. Li i . ' fs
opeata: ToTig AR 4e8 /6y P ofifiliz8l Aoy A IAITHATMES 5 Bl i odeh RVEH unless
i ndependenis Ralna EhQ gredterathan GapOErormAlizededeiayt @205.01F the robmalized delag @200 ise

measur enments of maxi num del ays imediately to grans, as jn logic, step 76'.
The rol | i nlgssithanage equalt toenormakized éda)gr@aié, thew % e Héjeﬁbéﬁdkgﬁ'mmflaw\ww,

and therefore vel pcity g es will not affect en v, Ent .

This is shBemalized 8;% @f@ggﬁea% QborriilE8 deltave@ﬁ_?& it 56 thidn TRARMNENE]
delay @215 is used, and if not, then normalized delay @230 is used in the toner level
determination. Alternatively, a maximum normalized delay figure can be used in the toner level

calculation.
Preferably, the normalized delay selected in the toner level determination is sent to an
equation for calculating the toner level mass (in grams of toner) at a particular machine speed in
- pages per minute (ppm). The equation to determine, at different ppm printing speeds, the

mass in grams of toner remaining in the cartridge is the linear equation: y = mx +b where:

m = slope measured in grams/pulse (or increments);
‘b =y axis intercept, or offset, where x = 0 grams; and

X = average number of pulses, or increments.

The values for variables m and b are essentially constants with respect to various pﬁnting
speeds. These values may be determined empirically, or calculated or determined based upon
assumptions. For example, the following table represents the values for variables m and b,

assuming 10.80 motor pulses per degree of encoder wheel rotation.

8 ppm 12 ppm : 18 ppm 24 ppm
m b m b | m b m b
A8 55 19 52 21 43 23 45

Using the above table, for example, for an 8 ppm operating speed, the equation above
becomes: y= 0.18x+55, Accordingly, if x=100, then it is determined that 73 grams of toner

remain in sump 33. :
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Following step 75", the steps of Fig. 11 E are perforned in preparing to
report a toner |evel or toner |owindication, for exanple, to the EP

machi ne and/or an attached conputer. At step 176, the first value of the -
rolling average fromlogic step 75 is stored. Subsequent values are stored
as AV@ for conparison to MNAVG |n dec3&ion step 177, the value for the
rolling average (AV®X) is conpared to the previous value MNAVG |f AV&X is
not | ess than M NAVG (which would be the normal situation), AV& is '
cleared in logic step 179, and AV&X is reset with the next value of the

rol ling average r
performed at st gé'l" %l}%&[eﬁﬁ%g %&ﬁeq g\%?lgéaérea% hlx@'f lf%a:}gir%éga tb év\!/ggns"%ﬁégqé od
readi ngs i &f togtichedf ﬂlbfdrﬁxhﬁadbﬂifng ravefage iof theedelayshmBasifed( permig )calcubuting ttbser
reading i s considered Ioglcal on the other hand, the difference is

greater t higvelpin gams, fiom e - outeeme of that ayerngey Usnder those limited singumpignoes the

RTINS el TR Ul SR Ok YR B AGTR 8
stored in the ROM 80a associated with the EEC 80 in accordance with the new rolling

average. Many printers, however, are capable of multiple resolutions which may require

}E()

different motor speeds, e.g., 300 dpi (dots per inch), 600 dpi, 1200 dpi, etc., which means that
this manner of determining the amount of toner left in the cartridge would be accurate for
only one speed. Moreover, delay is a function of both paddle Velocity and toner level. In the
instance where a printing job requires alternate printing at 600 and 1200 dpi, the machine
runs at a different speed for each of these resolutiéns, and the toner level measurement is
dlfﬁcult to determme by the rolling average method because the rolling average contains
delays measured at all of those speeds. To account for this, the rolling average is taken of a
velocity independent parameter, i.e.,, grams. The equation given above converts the
measurements of maximum delays immediately to grams, as in logic step 76'. The rolling
average is then taken of grams, .a speed independent parameter, and therefore velocity

changes will not affect the toner level measurement. This is shown in logic step 75'.

Following step 75°, the steps of Fig. 1'1 E are performed in preparing to report a toner
level or toner low indication, for example, to the EP machine and/or an attached computer.
At step 176, the first value of the roiling average from logic stép 75' is stored. Subsequent
values are stored as AVG2 for coxﬁparison'to MINAVG. In decision step 177, the value for
the rolling averége (AVG2)is com'pafed to the previous value MINAVG. If AVG2 is not less
than MINAVG, (which would be the normal situation), AVG2 is cleared in logic step 179,
and AVG2 is reset with the next value of the rolling average. If the comparison is
affirmative, then a further test is performed at step 178 to determine whether the difference
between the two readings is logical. If the difference is less than 30 (grams), then the reading
is considered logical. If, on the other han'd, the difference is greater than or equal to 30, then '.
the reading is discarded as being noise and once again logic block 179 is entered for clearing

AVG2 and resetting it with the next value of the rolling average. If the comparison value is
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31 . less than 30 at step 178, then MNAVG is set equal to AV at step
180 and sent to steps 179 and 181 in parallel. Depending upon the nachine,
it has been discovered that. it nay be desirable to add a scale factor to
M NAVG such as for exanple, a scale factor (SF) of 3 granms, as is shown at
step 181. ' 31 | |

less than 30 at step 178, then MINAVG is set equal to AVG?2 at step 180 and sent to steps
179 and 181 in parallel. Depending upon the machine, it has been discovered that it may be
desirable to add a scale factor to MINAVG, such as for example, a scale factor (SF) of 3
grams, as is shown at step 181. |

The amount of toner held in the sﬁmp 33 of a cartridge 30 can vary. Standard toner
quantity, measured in grams for a full cart_ridge, is approﬁcimately 400 grams ‘A user would

~ prefer to know how much is léﬁ for use in the machine, e.g., is the sump 33 is half full, 3/4
full, or 1/8 full, and this is achieved at step 182, .The' result of step 181, i.e., MINAVG + 3
grams, is looked up in the ROM 80a of the EEC card 80 (see Fig. 6). Moreover, as shown in
logic step 182, if the toner level increases (as it occasionally does due to noise and uhless the
cartridge has been replaced since the last measurement), this reading is ignored and the
previous toner level is posted as the current level. At step 79°, the ROM output returns a
sump level to the local machine processor for a direct reading on a printer display, or it sends

the reading to the host computer.

Thereafter, the process returns to step 77’ of Fig. 11B, in which the oldest delay value
from the five held in generating the rolling average is removed. At step 78’, the process then
delays X steps, or increments, after the first toner level slot before searching for the “home
position”, i.e, before returning to step 61 of Fig. 11A. The number of steps, X, is chosen to
ensure that the thifd toner level _slot has passed the sensor. Thereafter, steps 62, 160, 66, of
Fig. 11A are completed, and the stepé of Figs. 11B, and 1 1E for determining the toner level in
sump 33 of cartridge 30 are repeated. | |

One skilled in the art will recognize that an encoded plate, such as encoder wheel 31,
- may be fabricated, for example, by forming slots, or openings, in a material. Such a material
is preferably disk-shaped, and may, for example, be made of plastic or metal. Althdﬁgh the
disk-shaped. design is preferred, other shapes may. be used without departing from the spirit of

. the invention. | '
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The amount of toner held in the sunp 33 of a cartridge 30 can vary.
Standard toner quantity, neasured in grans for a full cartridge, is
approxi mately 400 grans. A user would prefer to know how nmuch is left for
use in the nmachine; e.g., is the sunp 33 is half full, 3/4 full, or 1/8
full, and this is achieved at step 182. 32he result of step 181, i-e.,

M NAVG + 3 granms, is |ooked up in the*ROwW80a of the EEC card 80 (see Fig.
6). Moreover, as shown in logic step 182, if the toner |evel increases (as
it occasionally does due to noise and unless the cartridge has been

repl aced since the | ast neasurenment), this reading is ignored and the
previ ous toner Adsopbné skifled iretheaast wilk recogmize) that heewindows soreglots gmay bp drer@f
output returns a sunp |eyel

to.the | opcal, machi ne processor for a direct .
T ﬁadi n? onany gpatgrialy or; alterpatively, Slle‘ge‘ﬁ’d‘% & M@Jg‘?tng“’?%' ‘he?%o@[dﬂ&oé‘rrp‘&tlér .
Thereafter C t 7 g - ¥nC :
ol dest del g@/&t\g/@? @Eaegf g%%t{ifgmf:%{a :ﬂeﬁé}ﬂ&? nbéggar?gﬁ?atg?’ngortlﬁg mrﬁ(l)fll ?ﬁg gvtgdrﬁg%%eli“s
renmoved. AmaSériaphaving atdoating depusited thereon which defines the coding, such as for example,
by defining the edges of each window, and in which the coating does not effectively transfer

light impinging on its surface.

Figs. 12-16 show further illustrative embodiments of an encoded wheel corresponding
generally to encoder wheel 31 depicted in _Figs. 1- 3, and 7. For example, and referring first
to Fig; 12, the encoder wheel 31 may be replaced by an identically slotted wheel 131
composed of a ferromagnetic material. The reader/sensor 131a, in this instance, may include
an alternate energy source such as a magnet 132 and the receptor oi' receiver may comprise a
magnetic field sensor, such as a Hall effect device, 133 in place of the optical encoder wheel
reader /sensor 31a. In operation, the ferromagnetic material of the encoder wheel 131 blocks
the magnetic flux emanating from the permanent magnet 132 except where there are slots 135
in the wheel 131. Either the Hall effect device 133 or the magnet 132 may be attached to one
of or both the printer 10 or cartridge 30.

In another example, and referring now to Figs. 13 and 14, an encoder wheel 231 may
be employed in association with another reader/sensor 231a. In this embodiment, in iieu of
slots or windows in the wheel, such as in encoder wheels 31 and 131, such slots or windows

- are replaced with reflective material 235. Iﬁ this scheme, the encoder wheel reader/sensor
231a includes a light source 232 and light sensor or receiver 233 which is activated as the
encoder wheel rotates and the light from the light source is reflected from the reflective
material 235. In comparing the windows or slots of the encoder wheel 31 and the reflective
material 235 of wheel 231, it should be noted that the Start/Home window 54 in Fig. 7
corresponds to the Start/Home window (reflective materiél) 154 in Figs. 13 and 14, while the
information slots 0 and 1 of the encoder wheel 31 in Fig. 7, correspond to the reflective
material 235 at 0’ and 1' of Fig. 14. Preferably, the wheel 231 should be made of a non-

reflective material to avoid scattered or erroneous readings by the optical reader 233. An

This is the raplacement shest

Dato: 23 CER 908



del ays X steps, or increnents, after the first. toner |evel slot before
searching for the "hone position", i.e, before returning to step 61 of Fig.
11 A The nunber of steps, X, is chosen to ensure that the third toner

| evel sl.ot has passed the sensor. Thereafter, steps 62, 160, 66, of Fig.
11A are conpleted, and the steps of -Figs s3311B, and 11E for determ ning the
toner level in sunp 33 of cartridge 30 are repeated One skilled
inthe art will recognize that an encoded plate, such as encoder wheel 31,
may be fabricated, for exanple, by forming slots, or openings, in a
material. Such a material is preferably disk- shaped and may, for exanple,

be made Ofad%ﬁé%é 6f s 178 ear stﬁdoﬂaﬁrggéeiﬂﬁt {8 Gedlietkens PP tﬁ%&'b@'bnlys?lﬂe)&ﬁé §6¢ 8¢

ot her shapes na parting fromthe spirit of
i nvent i on.the encoder wheel, sxmphfymg machine and toner cartridge design.

The design of an encoder wheel 331 in Flgs 15 and 16 may bé similar, employing a
cam follower actuated reader/sensor 331a. In' these embodiments, the encoder wheel 331
includes a circumferentially extending cam surface 340 on the periphery of the encoder
wheel, wherein the periphery acts as cam lobes 341 with appropriate cam recesses or
depressions 342. In comparing the windows or slots of the encoder wheel 31 and the cam
recesses or depressions 342, it should be noted that the Start/Home window 54 in Fig. 7
corresponds to the Start/Home recess 354 in Figs. 15 énd 16, while the information slots 0
and 1 of the encoder wheel 31 in Fig. 7, correspond to the cam recesses 342 at 0” and 1” of
Fig. 15 and 16.

The cam followers 360 and 370 of Figs. 15 and 16, respectively, may take multiple
forms, each cooperating with a reader/seneor 331a. The reader/sensor may take many forms,
for example a micro-switch which signals, upon actuation, a change of state; or it may be
similar to the rea&ér/sensor 31a or 131a, except that the cam followers act to interrupt the

energy source and receptor or receiver associated with their own reader/sensor 33 1a.

In the embodiment of Fig. 15, the cam follower 360 is formed as a bar or arm 361
pivoted on a shaft 362, which in turn is attached, for example, to an appropriate portion of the
cartridge 30. Thus, arm 361 acts in préssi_ng engagement with the cam surface 341 due to the
action of biasing spring 365. As shown, the biasing extension spring 365 is connected to one
end 363 of the bar or arm 361 and anchored at its other end, preferably, to cartridge 30. The
cam engaging terminal end of the arm or bar may include a roller 366 to reduce sliding
friction. The opposite or energy interrupter end 364 of the bar or arm 361 is appropriately

. located for reciprocation about the pivot 362.

In the embodiment of Fig. 16, the cam follower 3_70 takes. the form of a reciprocating
bar 371 having a centrally located, cam follower throw limiter slot 372, with locating and
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32 Al so, one skilled in the art wll recognize that the w ndows,
or slots, may be free of any material, or alternatively, filled with a
transparent material. 1In addition, it is contenplated that the encoder 31
could be fabricated, for exanple, froma ‘transparent nmaterial having a
coating deposited thereon whi ch defines ¥nhe coding, such as for exanple, by
defining the edges of each wi ndow, and™TTWhfch the coating does not
effectively transfer light inpinging on its surface. -

guide pins 373 and 374 therein for permitting reciprocation (as per the arrow 379) of the bar
371. As shown, one terminal end 375 of the bar 371, may include a rbller 376 for pressing
engagement against the cam surface 341. To ensure proper following of the followef 370, a
biasing extension spring 377 biases the roller 376 of the bar 371 against the rotating cam
surface. As in the embodiment of Fig. 15, the follower bar 371 includes an energy interrupter
portion 378 for reciprocation into and out of the path between the energy source and receptor

. of the reac_ier/sensor 331a.

Thus, the present invention prov1des a simple yet effective method and apparatus for
transmitting to a host computer or machine of 2 type employmg toner, information concerning
the characteristics of an EP cartridge. Such xnfonnatxon can include continuing data relating to
the amount of toner left in the cartridge during machine operation and/or preselected cartridge
characteristic information. Still further, the. present invention provides a simplified, but
effective, method and means for changmg the initial information conceming the cartridge,
which means and method is accurdte enough and simple enough to allow for either in field
alterations or end of manufacturing coding of the EP cartridge.

Although the invention has been described with respect to preferred embodiments, those
skilled in the art will recognize that changes may be made in form and in detail without
departing from the spirit and scope of the following claims.
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Figs. 12-16 show further illustrative enbodi nents of an encoded wheel
correspondi ng generally to encoder wheel 31 depicted in Figs. 1- 3, and 7.
For exanple, and referring first to Fig. 12, the encoder wheel 31 nay be
replaced by an identically slotted wheel 131 conposed of a ferromagnetic
material. The reader/sensor 13la, in thi835instance, may include an
alternate energy source such as a nmagnet 132 and the receptor or receiver
may conprise a magnetic field sensor, such as a Hall effect device, 133 in
pl ace of the optical encoder wheel reader /sensor 3la. In operation, the
ferromagnetic material of the encoder wheel 131 bl ocks the magnetic flux
emanating fromthe permanent magnet IJ3igggcept where there are slots 135 in
the wheel 131. Either the Hall effect device 133 or the magnet 132 may be

attached to one of or both the printer 10 or cartridge 30. In
anot her exarrp eferrin w t o, Fi 13 and .14, an encoder wheel 231
may be ‘?%é%' ?%%Pg?‘f’ﬁmah’& e&&gpf'é@gsor 23la. In this

enbodirrent in | i gl et
wheel s 31 and 131 uf ﬁ?h Smﬁ%?ﬁmg%aﬁowmﬁﬁommsﬁ@ﬁmﬁme gRRARAET

with a toner; _
an encoded device coupled to a first end of said agitator;
a torque sensitive coupling cbnnected to a second end of séid agitator, which
is connectable to a drive mechanism of said machine;
said encoded device having coding means representing cartridge characteristic
" information; ' |
wherein said coding means cdmprises a plurality of coding indicators and

wherein said plurality of coding indicators comprise a plurality of notches.

2. A cartridge for an electrophotographic inabhine, éqmprising:

a sump for carrying an agitafor rotatably mounted in said sump for
engagement with a toner; |

an eﬁcodq:d device coupled to a first end of said agitator;

a torque sensitive coupling connected to a second end of said agitator, which
is connectable to a drive mechanism of said machine;

said encoded device having codmg means representing cartndge characteristic
information; _

wherein said coding means comprises a plurality of coding indicators; and

wherein said plurality of coding indicators comprise a plurality of reflective

areas.

3. A cartridge for an electrophotographic machine, ‘comprising:
a sump for carrying a quantity of toner;
~ a toner agitator mounted in said sump; and
a single encoded plate rotating in relation to said toner agitator, said encoded
plate including coding means for determining a quantity of toner in said cartridge;

wherein said coding means comprises a plurality of coding indicators; and -

T — TS i the replacement sheer
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are replaced with reflective material 235. In this scheme, the encoder

wheel reader/sensor 231 a includes a |light source 232 and |ight sensor or
recei ver 233 which is activated as the encoder wheel rotates and the |ight
fromthe light source is reflected fromthe reflective material 235. In
conmparing the windows or slots of the enddder wheel 31 and the reflective
materi al 235 of wheel 231, it should be noted that the Start/Hone w ndow 54
in Fig. 7 corresponds to the Start/Hone w ndow (reflective material) 154 in
Figs. 13 and 14, while the information slots O and 1 of the encoder wheel
31 in Fig. 7, correspond to the reflective material 235 at 0' and 1' of

Fig. 14. Preferabl whefeisaih86ding HitlicabRy tompiise Pataradity 8f Astbhes'ift S4id ehéoted

material to avoid scattered or erroneous readings by the optical reader
233. An plate. ' :

4. A cartridge for an electrophotographic machine, comprising:
' a sump for carrying a quantity of toner;

a toner agitator mounted in said sump; and

a single encoded plate rotating in relation to said toner agitator, said encoded
plate including coding means for determining a quantity of toner m said cartridge;

 wherein said coding me'anS comprises a plurality of coding indicators; and

wherein said coding indicators comprise a plurality of reflective areas on at

least one surface of said encoded plate. o

5. A cartridge for an imaging apparatus, the improvement comprising;
an encoded plate having' coding means representing preselected cartridge
characteristic information; and | |
wherein said coding means comprise a plurality of reflective areas on at least
one surface of said encoded plate.

6. A replaceable cartridge for an electrophotographic machine, said cartridge comprising:
"a sump for carrying a quantity of toner; o |
an agitétor mounted for rotation into, through and oﬁt of engagement with
toner carried within said sump; | |
an encoded plate coupled to said agitator, said encoded plate being positioned
- for mating coaction with an encoded plaié reader and said encoded plate including _
code indicating means configured for représenting cartridge charactéri_stic informatidn;

a torque sensitive coupling connected at a first end to said agitétor and having
a second end for connection to a drive méchanism in said machine, which when said
cartridge is installed in said machine, effects rotation of said agitator and encoded
plate; and

said encoded plate reader comprising a magnetic field sensor and a magnet
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33 advantage of this type of structure is that the reader/sensor 23l a
need be only on one side of the encoder wheel, sinplifying nmachi ne and
toner cartridge design. _ The design of an encoder wheel 331 in
Figs. 15 and 16 may be simlar, enploying a camfoll ower actuated
reader/sensor 33la. In these enbodi nent37 the encoder wheel 331 includes a
circunferentially extending camsurface 340 on the periphery of the encoder
wheel , wherein the periphery acts as cam | obes 341 with appropriate cam
recesses or. depressions 342. In conparing the windows or slots of the
encoder wheel 31 and the camrecesses or depressions 342, it should be

noted that tRpacedapirt Fsreceiving eaidedcdded fplage thérebetween, said encoded plate reader
detecting the presence and absence of said plurality of openings.

7. A replaceable cartridgb for an electrophotographic machine, said cartridge comprising:
a sump for carrying a qu'antity of toner; -
an agitator mounted for rotation into, through and out of engagement with
toner carried within said sump;
an encoded plate coupled to said agitator, said encoded plate being positioned
for mating coaction with an encoded plate reader and said encoded plate including.

code indicating means configured for representing cartridge characteristic infbrmation;

a torque sensitive coupling connected at a first end to said agitator and having
a second end for connection to a drive mechanism in said machine, which when said
cartridge is installed in said machine, effects rotation of said agitator and encoded
plate; and _

wherein said code in_dicatihg means comprises a plurality of reflective surfaces,
and said encoded plate reader comprises a light source and a light sensor for detecting
light reflected from said reflective surfaces. "

8. | A replaceable cartridge for an electrophotographic machine, said cartridge comprising:
| a sump for carrying a quantity of toner;
an agitator mounted for rotation irito, thrpugh and out of engagement with
toner carried within said sump; |
an encoded plate coupled to said agitator, said encoded plate being positioned
for mating coaction with an encoded plate reader and said encoded i)late including

code indicating means configured for representing cartridge characteristic information;

a torque sensitive coupling connected at a first end to said agitator and' having
a second end for connection to a drive 'méchanism in said machine, .which' when said
cartridge is installed in said machine, effects rotation of said agitator and encoded
plate;
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corresponds to the Start/Hone recess 354 in Figs. 15 and 16, while the
information slots O and 1 of the encoder wheel 31 in Fig. 7, correspond to
the camrecesses 342 at 0" and 1" of Fig. 15 and 16. The cam
followers 360 and 370 of Figs. 15 and 16, respectively, nmay take nultiple
forms, each cooperating with a reader/s@ﬁSor 33l a. The reader/sensor may
take many forns, for exanple a mcro-switch which signals, upon actuation
a change of state; or it may be simlar to the reader/sensor 3la or 13la,
except that the camfollowers act to interrupt the energy source and

receptor or receiver associated with their own reader/sensor 33la.

In the enbodi nrent of, Fig. 15, Q f O i ggi’mgf

arm 361 pivoted on Eh"srﬁg‘f faléﬁapﬁﬁ%nﬁl%% qlébq.gf% gcénle : 8?%gélanp aec,egto
an appropri at 91;10%&& iiRnsaRf ehdtRled lite | diideardshged htoSimparta figital ctepresentaticrs of ng
engagenment with the camsurface 341 due to the action of biasing spring
365. As shown, information cPRRgrRing s#idicorTidgs:iang 365 i s connected to one

wherein said reader comprises a cam follower in pressing engagement with
said cam surfaces, and a means associated with said cam follower to convey said

information to said machine.

IO v 5 0 copiacomen sneer
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end 363 of the bar or arm 361 and anchored at its other end, preferably, to
cartridge 30. The cam engaging term nal end of the armor bar may include a
roller 366 to reduce sliding friction. The opposite or energy interrupter
end 364 of the bar or arm 361 is appropriately |located for reciprocation
about the pivot 362. In the enbodi nent of Fig. 16, the cam
follower 370 takes the formof a reciprocating bar 371 having a centrally

| ocated, camfollower throw limter slot 372, with | ocating and

ABSTRACT

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

A cartridge for an electrophotographic machine having a sump for carrying an agitatoi-
rotatably mounted in the sump for engagement with a toner; an encoded device coupled to a
first end of the agitator; and a tofque sensitive coupling connected to a second end of the
agitator which is connectable to a drive mechanism of the machine. The encoded device

- includes coding means representing cartridge characteristic information.

Figure 1
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34 gui de pins 373 and 374 therein for permtting reciprocation (as
per the arrow 379) of the bar 371. As shown, one term nal -end 375 of the
bar 371, may include a roller 376 for pressing engagenent against the cam
surface 341. To ensure proper follow ng of the follower 370, a biasing

ext ensi on spring 377 biases the roller 346  of the bar 371 against the
rotating camsurface. As in the enbodinment of Fig. 15, the follower bar 371
includes an energy interrupter portion 378 for reciprocation into and out
of the path between the energy source and receptor of the reader/sensor
33la. - ' ' o
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Thus, the present invention provides a sinple yet effective nmethod and
apparatus for transmtting to a host conputer or nmachine of a type

enpl oyi ng toner, information concerning the characteristics of an EP
cartridge. Such information can include continuing data relating to the
amount of toner left in the cartridge duimg machine operation and/ or
presel ected cartridge characteristic imformation. Still further, the
present invention provides a sinplified, but effective, nethod and neans
for changing the initial information concerning the cartridge, which neans
and nethod is accurate enough and sinple enough to allow for either in
field alterations or end of manufacturing coding of the EP cartridge.

Al t hough the invention has been described with respect to preferred
enbodi ments, those skilled in the art will recognize that changes may be
made in formand in detail wthout departing fromthe spirit and scope of
the follow ng clains. : :

This is the replacement sheet
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cartridge for an el ectrophotographi c machine, conprising: .
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a sunp for cafrying an agitator rotatably nmounted in said sunp for

engagenent wth a toner; . - an encoded device coupled to
a.first end of said agitator; : a torque sensitive coupling

connected to a second end of said agitator, which I s connectable to
a drive -nechani sm of said nachi ne; -&- sai d encoded devi ce having

codi ng neans representing cartridge chlaracteristic I nformati on;
wherein said coding neans conprises a plurality of coding indicators and
wherein said plurality of coding indicators conprise a plurality of

not ches. 2. A cartridge for an el ectrophot ographi c nachine,

conpri si ng: a sunp for carrying an agitator rotatably nounted
in said sunp for engagenent wi-th a toner; : an encoded
device coupled to a first end of said agitator; ' : a torque

sensitive coupling connected to a second end of said agitator, which

”
-
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i s connectable to a drive mechani smof said nmachine; sai d
encoded devi ce having codi ng neans representing cartridge characteristic

i'nformation; wherein said coding neans conprises a plurality
of  coding indicators; and wherein said plurality of coding

i ndi cators conprise a plurality of refledtive ar eas. 3.

cartridge for an el ectrophotographi c machi ne, conpri si ng: a
sunp for carrying a quantity of toner; a toner agitator
mounted in said sunp; and a single encoded plate rotating in
relation to said toner agitator, &aid encoded . pl ate includi ng coding

f toner in said cartridge;

neans for determning a quantit
ﬁgbf codi ng indicators; and
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- 36 - wherein said coding indicators conprise a

plurality of notches in said encoded plate. . 4, Acartridge for
an el ectrophot ographi ¢ machi ne, conprising: :
. 6.
— | , — 82
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a sunp for carrying a quantity of toner;
nmounted in said sunp; and a
telation to said toner agitator, said enco
means for determning a quantity of toner
wherein said codi ng means conprises a plir

wherein said coding indicators conpriSé a prurality of

at | east one surface of said encode
an i magi ng apparatus, the inprovement conp
pl ate havi ng codi ng neans representing pre
characteristic information; and

se

: a toner agitator
singl e encoded plate rotating in
ded pl ate i ncludi ng codi ng
in said cartridge; '
ality of coding indicators; and-
reflective areas on

A cartridge for
an encoded

d plate. 5.
rising;
| ected cartridge

_ 'WSérein sai d codi ng neans
conprise a plurality of reflective areas jonjat ast one surface of
sai d encoded pl ate. —’//, .
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6. A fepl aceabl e cartridge for an .electrophotographi c machi ne, said

cartridge conprising: . a sunp for carrying a quantity of
t oner; an agitator nounted for rotation into, through and out
.of engagenent with toner carried within said sunp; an

encoded plate coupled to said agitator,-§aid encoded pl ate being positioned
for mating coaction with an encoded pl ate reader and sai d encoded pl ate
including code indicating neans configured for representing
cartridge characteristic information, _ ~a torque sensitive
coupling connected at a first end to said agitator and having a
second end for connection to a drive nechanismin said nmachi ne, whi.ch when
sai d cartridgeds_jnstalled in said machi ne, effects rotation of
sai d agitator ang and sai d encoded

od
pl ate reader co rﬁg? %g% ﬁ&?ﬁ&m@’l\%&e”ﬁ}“e‘°

yetic fielg
or cover open

& then closed

' . ¥ 61
4 i > Find Home position |

Record increments to data [ Start counti tor L

. Y- : | unting motor incre-
bits and stop bit trailing edge | ments at 0 degrees; start bit
X Y | slot trailing edge

9~ [ Check for correct position N

of stop window. Correct? 64
™ Yes

Go to Data Encoding
Algorithm

65

/67
Count the number of increments
that the machine hacks up after
the stop, and subtract those
increments from the count. -

Does machine stop during

Paddle rotation?
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37 spaced apart for receiving said encoded pl ate therebetween,
sai d encoded pl ate reader detecting the presence and absence of said
plurality of openings. 7. A repl aceabl e cartridge for an

el ectrophot ogr aphi ¢ machi ne, said cartridge conpri sing:

®

A

68a

L

/ 68b

Record Motor increments.

> Record Motor increments. 5

/ 68c

Record Motor increments.

| Start to 200 degrees{S200) Start to 215 degrees(S215) Start to 230 degrees(S230)
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e AR’ yd
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~
Sum delay Sum delay Sum delay
to Rolling Avg. to Rolling Avg. to Rolling Avg.
y y Y
78
vy A1 T8

toner level
change from

Calculate a new {:gr ‘;P tg:ler level in ﬂ:’q
average from e for the corresponding A
rolling avg. sum - | rolling average last reading

77 b
: Y [ Report toner level
Subtract oldest data to local processor
~¢ point from the ralling
average sum

Fig. 8B
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a sunp for carrying a quantity of toner;
t hrough and out of engagenent with
an encoded plate coupled to said agitator,

for rotation into,
within said sunp;
- said encoded plate being p03|t|oned

encoded pl ate reader and said encoded pt#e incl uding

I ndi cati ng neans configured for
i nf or mati on;
first end to said agltator and havi-ng
a drive mechanismi

an agi tator nounted
toner carried

for mati ng coaction with an

code

representing cartridge characteristic
a torque sensitive coupling connected at a

a second end for connection to

[sa_d_mm_u‘mch when said cartridge is
installed in said Chi ne, effects rotggagn of sajd &agitator gand encoded
pl ate; and - wherein said i ng means cpnprises a
plurality of reflect|ve surfaces, and S d coded pl ate reader
conprises a |ight pgoprce and a |ight sensor f ting, | i ght
reflected from sait'u refl ective surfaces.

R=
®
-
O
| W
o
h .
—— 30 grams
0 Degrees from TDC 360

Fig. 9
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8. A repl aceabl e cartridge for an eIectrophbtographic_néchine, sai d

cartridge conpri sing: -a sunp for carrying a quantity of
toner; . an agitator nmounted for rotation into, through and out
of engagenment with- toner carried within said sunp; an

.encoded plate coupled to said agitator;ldai d encoded pl ate being positioned
for mating coaction with an encoded plate reader and said encoded plate

i ncl udi ng code indicating nmeans configured for representing
cartridge characteristic information; : ~ a torque sensitive
coupling connected at a-flst end to said agitator and having a
second end for connetyi 0. Ndrive mechaalsm.in.saig Ri ne, whi ch when
said cartrifdge 8Q at'i on of
said agitator and
K $ >/ Find Home position |~ 6
. _ </53.' | /’62
| Record increments to data Y
. ot 4nitt |} { Start counting motor incre-
bits and stop bit trailing edge ments at 0 degrees; start bit
slot trailing edge
Du::\!. of ' 160
. Preselecred “Cartridye
' . Chlrdc.'hnsf;c ~
Check for correct stop RN - Suceessful? _ -
window. Correct? 64 NO  ~ _ _ - yes
< 66
GotoData Eneoging
: of
DC&O‘(ns clected
Cavtridge Chavacteristics
66
7 .
Count the number of ncrements Does machine stop during
that the machine backs up after '
the stop, and subtract those Paddle rotation?
increments from the count.
,No
A
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38 wherein said code indicating nmeans conprises a plurality of
cam surfaces fornmed in said encoded plate and arranged to inpart a digital
representation of information. concérnlng said cartridge; and wherein
sai d reader conprises a camfollower in pressing engagenment with said cam
surfaces, and a nmeans associated with sd2d camfollower to convey said

/mf /m:. _/m

Record Motor increments. | .| Record Motor increments. Record Motor increments.
Start to 200 degrees(S200) Start to 215 degrees(S216) ——>{Start to 230 degrees(S230}
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“information to sai d nmachi ne.

Yes

. Have
more than 7 bits been
seen?

Is the '
no. of increments counted<
ax. home fo stop?
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168
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or window width >minimum
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‘been closed > than stop
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®

Fig. 11C

)84

This is the replacement sheet

Date:

2 3 fFB 1998



4.

-

Then

Loop;
for f= 17 Code Regismod |- 170

0.2¢D1*9/D8 <1.2
1.2<D2*9/D8 <2.2
2.2<D3"9/D8 <3.2
3.2<D4"9/D8 <4.2
4.2<D5"9ID8 <6.2
5.2<D6"3/D8 <6.2
6.2<D7*9/D8 <7.2

1141110
1111101
1111011

»

1110114
1101414
1011444
0111111

PR

Look up
. code read
from table

\

Sendoodeto |~ 112

EEC 80 Fig.6)

Store Code read twice in
NVRAM for future

~ Fig. 11D
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