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RESIDUAL RECORDING MATERIAL AMOUNT DETECTOR FOR A PRINTER

The invention relates to a residual recording material

amount detector suitable for use in a page printer.
With an apparatus for forming patterns on a recording

sheet by'causing toner to adhers to a latent electrostatic
image formed on a-photorecep;or &rum, a tank'containihg the
toner is accommodated.<inside a frame, and therefore the amount
of residual éoner cannot be visibly checked from the outside.
T§-overcome this problem, a built-in sensor serving as a toner
detecting device is usually arranged in. the toner tank. In
such a residual toner amount detecting system, uniform
distribution of the toner inside the tank is often disturbed,
which imposes the problem that the toner cannot be replaced in
the maﬁner of a cartridge, in addition to the problem that the
detection accuracy is low.

To overcome this problem, residual recording material
amount detectors for a page printer are proposed in Unexamined
Japanese Patent Publications Nos. 224363/1983 and 208777/1985.
These detectors are characterized as counting individual dot-

forming image signals and multiplying such signals by a
predetermined value. Accorxding to these detectors, since the

total number of recorded dots is counted, the detection
accuracy is successfully improved and the toner related members
can be provided with a cartridge.

ﬁowefer, according to these detectors, the fact that

the toner consumption per dot is calculated in advance, and
_—
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;lnage formed on a phot oreceptor drun1 a tank conta|n1ng the tgner: kg
dcéonpodatied inside a frgpe, and therefore the anoiiit’ ofER esi‘dual® tonert
cannot be visibly checke&fromthe outside. To overcome this problem a
built-in sensor serving as a toner detecting device is usually arranged in
the toner tank. In such a residual toner anount detec;a B% Et uq%fo'm

di stribution of the-toner inside thetank is-often di : ses
the problemthat the toner cannot be replaced in the fHef nrfriige,
in“addition to the problemthat the détection accuracy is |OML

UM
__b:

that the toner consumption is multiplied by an integrated
number of printed dots leads to the problem that the amount of
the residual toner is detected in error depending on the kind
of data to be printed.

It is the object of the present invention to provide a
residual recording material amount detector which avoids the
above mentioned drawbacks. This object is solved by a detector
according to independent claims 1,6,12, and by a method

" according to independent claim 14. Further advantageous

&l
"

features, aspects and details of the invention are evident from
the dependent claims, the description and the drawings. The
claims are to be understood as a first non-limiting approach to
define the invention in general terms.

The printer, in which the residual recording material
amount detector of the present invention may be used, prints
patterns on a recording sheet by .formlng a latent
electrostatic image on a photoreceptor drum using a light beam
modulated by print data and causing toner, which is the
recording material, to electrostatically adhere to the latent
electrostatic image.

According to one aspect of the invention, there is
provided a novel residual recording material amount detector
allowing the +toner consumption to be detected correctly
irrespective of the kind of print data.

According to another aspect, the present invention further
provides a residual recording material amount detector for a
printer, preferably a laser printer, which includes a
continuous dot number detecting device for counting a number of
continuous signals for modulating a printing action, preferably
a video signal for modulating a laser light source, a toner
consumption data storage device for storing a toner consumption
per number of continuous dbts, and an integrated toner
consumption storage device implemented by a nonvolatile memory
for storing an integrated value of toner consumptions at the
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-To. over,conme this problem reshdual -recor di ng -mat-er.i al-. rarpunt. detect@rs for:. R
a- page printer are propogad in Unex- am ned Japanese Pa t° Publ i¢ations™ - 7
Nos&. 224363/ 1983 and 208%77/1985. These detectors are chz racterlzed as

counting individual dot-form ng inmage signals and nul tipl h al s
by:a predeterm ned val ue. According to these detectoHSHHSSMEET&hsInn%al
nunber--of recorded dots is counted, the detection acquracyRERAAEDcessfll |y

|nproved and the toner related nenbers can be provided wih a cartridge.
time of forming a series of dots calculated by the continuous

dot number detecting device and the toner consumption data
storage device. .

| Incaseélaserprinterisusedwhenprintjngisstérted.thecmtjmity

5 ofpulseslgnalsﬂ;atmanatealaserhghtswmelsgudgedanaﬂe

' numbexr ?f contlnuous dots is counted. Based on the count, data
relating to the relationship between the number of continuous
dots sto:ed in advance and the tcnexr consumptien is xread, and
the amounts of toner consumed by forming a series of dots are

10 sequentially integrated.

In the accompanying drawings;
Fig. 1 is a block diagram showing a residual toner
amount detector, which is an embodiment Qf the présent
15 invention;
Fig. 2 is a diagram showing an example of a laser
printer to which the present invention is applied;
Fig. 3 is an exemplary relationship between the number
of continuous dots and the toner consumption per dot at the
20 time such number of contiﬁﬁous dots are printed;
Fig. 4 is a flowchart shov;ving an operation of the
residual toner amount detector of Fig. 1;
Fig. 5 is a diagram illustrating an exemplary print
sample referred to for measuring and calculating a toner

25 consumption;
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However, according to these detectors, the fact t hat- the toner. consunrptlgn
per det is cal culated m@vance and that the toner ¢on tionis -7
mul tiplied by an integrat nunber of printed dots |eads 0 the probl em
that the anpbunt of the residual toner is detectedHr N“‘r gependi-f on t he:
kind of data to be printed. From US-A-4 974 024 an'%% HAP BEEN

control ling dispensing of markimg particles into & dev«ﬂEr?HAFEpnm t ik known.
In said apparatus the quantity of marking particles requi red to produce the
copy of an originalFigpcufents i & pdiagedmd illustrating the frequency of

continuous dots for forming a character pattern;

Fié. 7 is a perspective view showing an exemplary
developing unit of a page printer;

5 : Fig. 8 is a diagram showing a relationship between the
print duty and the printable number of sheets;

Fig. 9 is a block diagra.m showing a residual toner
amount detectox,. which is another embodiment of the present
invention; ' |

10 Fig. 10 is a block diagram showing a residual toner
amount detector, which is still another embodiment of the
present invention; and |

Fig. 11 is a block diagram- showing a residual toner

amount dc_atector, which is still another embodiment of the

15 " present invention.

Details of the present invention will hereunder be

described with reference to embodiments shown in the drawings.

Fig. 2 shows an example of a page printer to which the

20 present invention is applied. 1In Fig. 2, reference numeral 1
designates a photoreceptor drum. Around the photoreceptor drum

1 are a developing roller 2, a transfer unit 3, an eraser 4, a
cha'rging unit 5, a waste toner tank 6, and a toner tank 7.
Members relating to the toner, i.e., the photoreceptor drum 1,

25 the developing roller 2, the waste toner tank 6, and the toner
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thereto

"A further.
perform ng proper suppleﬁéﬁtatlon by measuring the light*
| aser beamis described in US-A-4 626 096. It is the object of the present

|on and

appar g&ys for controlllng’toner COHSU

invention to provide a residual recording materi By ot gLs 88EQr| which-
avoi ds the above fenti onéd” drawbacks. This objeci 1s s@pvgOedY a detector

according to independent claims 1 or 12 and by

10

15

20

25

tank 7 are formed into a cartrxdge 9 while put in the same
container 8.

Beéween the developing roller 2 and the chaxging unit
5 is a window 10 transmitting a laser beam. A bea; scannedlby
a rotating polygon mirror 11 is injected through an F8 lens 12
to form a latent electrostatic image on the photoreceptor drum
1. Reference numeral 13 designates a light-emitting device
such as a semiconductor laser element. The light-emitting
device is turned on and off by a pulse signal from a laser
drive circuit 14 that receives an lnput of print data from a
print data output device (descrlbed later). _

Between the transfer unit 3 and the photoreceptor drum
1 runs a sheet path. A recording shéet is introduced into the
sheet path from a sheet feed cassette 15 by sheet feed rollers
16 and 17, is subjected to a.transfer process so that a toner
image on the photoreceptor drum 1 is transferred therebn, and
is then delivered to a fixing unit 18.

Reference numeral 20 designates a residual toner amount
detector that is a feature of the present invention. The
residual toner amount detector receives print data from the
laser drive circuit 14 and a bias signal from a developing bias
setting circuit 21.

Reference numeral Zﬁ designates a toner replenish
detector. Since the toner tank 7 is a part of the
photoreceptor drum cartridge 9 in which the toner tank 7 is

integrated with the photoreceptor drum 1 in this embodiment,
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nethod .according to i ndependent- cl ai ms. 14 or .15, .Further advant. age@qs_,
tedt ures,’ aspects and d s of the invention are évid from the -
dependent clainms, the de§¢ription and the draw ngs. The pr| nter, i.n which
the residual recording material amount detector [OF E@Eﬁq-qg@gnﬁggm\ention
may be used, prints patterns on-a Yecordi ng shedt % erncm; a_l atlent

el ectrostatic i mage on a photoreceptor drum usi —+rght—eamodul ated by’

print dat gﬁl?% crcrge,‘&gﬁ%fe&?%l? hcmjtll.é:%]te%:f 394 eé:é)é.{jérpgd r’@ée‘;&%uttg signal

el ectrost
upon replacement of the photoreceptor drum 1. In the case

where toner' is replenished in the form of a toner cartridge 9

that contains toner in a tank container, it may be so designed
5 that the toner replenish detector 22 outputs. a signal upon

replacement of the tonexr cartridge 9. A replenish end

instruction switch may be arranged on a panel, so that a user

can reset the toner replenish §detector 22 after the toner

replenish operation has been completed. Various other device
10 may be arré.nged in this way.

Fig. 1 shows an example of the above-described residual
toner amount detector 20. This detector includes: a continuous
dot number detecting device 30 for detecting the number of
continuous dots to be printed upon reception of a signal from

15 " the laser drive circuit 14; a toner consumption daté storage
device 31 for storing the relationship data between the number
of continuous dots and the toner consumption per dot at the
time of printing such number of continuous dots, and for
reading out the toner consumption per dot in accordance with

20 the number of continuous dots; a multiplying device 33 for
obtaining a product of the toner ccnsumption per dot .,.nd the
number of continuous dots, or such product taking into account
a coefficient applied from a coefficient setting device 32 if
necessary; an adding device 34 for obtaining a sum of data

25 stored in an integrated toner consumption storage device 35 and

data from the multiplying device 33 and storing the sum in the
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el ectrqstatic inmage. According to one aspect of the invention, -there .is:
pr:ovi ded a novel resi duaf=y ecording materi al anount det-@&Ror allomnng t'he
t ofler consunption to be détected correctly |rrespect|ve t he ki nd of
print data. According to another aspect, the pr€SgQ % ﬁkg%@ENurther
provi des a residual recording material anount dét QEEB prlnter,
preferably a | aser printer, "which includes a coh nuuuo got—mntmbe
detectlng device for counting a nunber

integrated toner'consumptzon storage device; and the integrated

toner consumption storage device 35 implemented by a
nonvolatilé memory that is reset by a signal from a reset
device 36.

5 As shown in.Fig. 3, the toner consumption data storage
device 31 is divided into two areas: én area I in which the
toner consumption per dof increases with increasing number of
continuous dots (the number of continuous dots belonging to the
area I being 1 to 12) and an area II in which the toner

10 consumption per dot stays almost constant irrespective of the
number of continuous dots (the number of continuous dots
belonging to the area II being 12 or mcre).- The area I stéres
a toner consumption per number of dots and the area II stores
a representative value, e.g., an average toner consumption per

15 ° dot for the continuous dots 12 to 40.

An operation of the thus constructed residual toner
amount detector 20 will be described with reference to a
flowchart shown in Fig. 4.

Upon input of print data from a host (Step A), bit map

20 data corresponding thereto is developed in a graphic mémory.
Upon end of a predetermined development, the bit map data is
converted into a serial signal and output to the laser drive
circuit 14. As a result, the laser light source 13 emits light

when a video signal goes high and is turned off when the video

25 = signal goes low.
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of. conti nuous signals for nDduLating.a printing acti.on, % eferably a: V|deo

sirgnal- for nodul ating a er light source, a toner-con
st orage devi ce for storl a toner consunption per number” of contlnuous

dots, and an inte- grated tonerconsunption storaj ted by a
nonvol atile menory for storing an integrated val (@HSY SHEFTCHAS BREY tlons at
the time of forming a series of-dots cal cul ated by t heREEBACERIonS

nunber detecting device and the toner consunption data storage deV|ce.

Therefore, the tong eROSYERL! PInGaNcHEsI6186504163R1°G bt T ARPEL | ¥

residual toner amount detector 20. Since this is an initial

data input, the continuous dot number detecting device 30 is
first reset (Step B), and then counts the number of laser turn

"5 on signals while dots are continuously generated (Steps C, D).

- When the laser turn on signal disappears after a series of dot
generating operations that have been ended in such a manner, the

continuous dot number detecting device 30 stopéiﬁbunting- The
amount of a toner consumption per - dot consumed by the

10 generation of a series of dots is read out from the toner
consumption storage device 31. A calculated product of the
toner consumption per dot and the number of dots counted by the
continuous dot nuﬁber detecting device 30 is applied to the
adding device 34.

15 ’ The adding device 34 adds.the amount of the toner
consumed by generﬁting a series of dots to the past consumption
data stored in the integrated toner consumption storage device
35, and updates the integrated toner consumption storage device
35 by storing the sum therein again (Step E). This process is

20 repeated every time dots are ?rinted, so that the toner
consumption is integrated (Step G).

On the other hand, when the wvalue in the integrated
toner consumption storage device 35 has reached a preset
reference value (Step F), a toner cartridge replacement

25 instruction is given to an informing device 40. When the

cartridge 9 is replaced in accordance with the instruction, a
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of the.kind of data to be inprinted. In case a laser printer is used when
printing is started, the ntinuity of pulse signals. thg&nodul ate a‘iasér™
|l i ght source is Judged ant the nunber of continuous dots=s counted. Based
on the count, data relating to the relationship bety p— 7] of
continuous dots stored in advance and the toner d‘hﬂ%g ffg%‘“ﬁlﬂéﬁga , and
t he anounts of toner consuned by form ng a seri es—of—dots—are—segtrential |y
[ nt egr at ed.

signal is applied from the toner replen:.sh detector 22 to reset

the integrated toner consumption storage device 35, so that th_e
integrated ‘toner consumption data is ieroed.

Accuracy in calculating the toner consumption with the

5 thus constructed residual toner amount detector 20 is
evaluated. The results are as shown in Tables 1 and 2.

In the evaluation ,- five print samples, an exemplary one

ofs,which is shown in Fig. 5, are used. Each print sample is

formed by printing 1000 lines, each line having a length N (N

10 being 1, 3, 6, 20, and 1000 dots). The measured value is

obtained by dividing an increment in weight by the total number

of dots in each sample. Other values are calculated values.

'~ Table 1
15 Number of dots N 1 3 6 20 1000
Measured values 3.18 10.7 25.3 54.0 55.0
Present invention 3.18 11.3 22.6 55.4 55.4
20 .
Conventional method 4.95 14.9 29.7 49.5 49.5
(Unit: 107%g)
As is apparent from Table 1, the calculated values
25 obtained by the method of <the present invention are
substantially the same as the measured values, whereas the
calculated values obtained by the conventional method, in which
the average toner consumption pef dot is multiplied by the
———
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Accor dj ng

fesi dudl- anount of a reqiﬁdlng mat erial for a printer céEprlses ‘t he™
& 6]

follomnng

t he nunber of printing signals while dots to be Fﬁ 7Rdts ted
continuously; (b).reading out an anount of a ton @Uﬁ%ﬁﬁk@éD r| dot

consuned- by the generation of a series of dots;

10

15

20

25

to a further aspect of the invention a nethod for detectip

steps: (a) de ting the nunber of continuous ts by countlng

total number of dots, contain relatively large error. In fact,
as shown in Table 2, the residual toner amount detector 20 of
the present invention exhibits about 10% error at the maximum
and a few percent or less error on the average, whereas the
conventional method exhibits 55% error at the maximum and 10%

or more error on the average.

Table 2
Number of dots N 1 3 6 20 1000
Present invention 0 +5.0 -10.7 +2.6 +0.7

Conventional method +55 +39.0 +17.3 -8.3 -<=10.0.

(Unit: %)

Particularly, with respect to patterns such as text
data made up of combinations of short seéments, those including
segments consisting of B dots or less account for 80% of the
total as shown in Fig. 6. Therefore, the accuracy in the area
for the small number of dots greatly affects .the accuracy in
calculating the total toner consumption. It is for this reason
that the present invention is far better in calculation
accuracy than the conventional method.

By the way, the toner consumption is directly affected
by the density of an image to be formed, and the dens;ty is
affected by the secular change of the photoreceptor drum and

the developing bias. To avoid these influences, the

- 10 -

This Sheet Has Been Replaced




(c). calculatlng a product of said toner consunption-per-dot and. sai.d. nunber

of ‘continuous dots; (d)

egrating said toner consunptif8® by repeating

said steps (a),(b) and (cj every tinme dots are printed, (e) i nstructing

repl acenent of a toner cartridge when said integrated taner cons
reached a preset reference val ue; and

10

15

20

25

THIS SHEET HAS BEEN
REPLACED

" ) .
coefficient setting device 32 is additionally provided to the

multiplying device 33. By applying data from the deveioping
bias setting circuit 21 to the coefficient setting device 32,

an increment or decrement in toner consumption attributable to

density is automatically set. Further, by periodically.

applying the rate of secular change of the photoreceptor drum
1, or by applying data to be consumed due to stained texture,

the toner consumption can'e calculated more correctly.

While it is the integrated toner consumptions that are

calculated in this embodiment, it is apparent that the same
advantage can be obtained by sequentially subtracting the
amount of toner consumed by printing f£rom the totzl amount of

toner supplied to the toner cartridge.

While the consumption per dot is detected in 'this_-

embodiment, it is apparent that the same ad&antage can be
obtained by integrating the toner consumption for the total
number of continuous dots. That is, in the area I in which the
toner consumption per dot depends largely on the number of
continuous dots, the total toner consumption for the number of
continuous dots is used as data, whereas in the area II in
which the toner consumption per dot does not depend on the
number of-continuous dots, a representative value of the toner
consumption per dot is stored. The readout data are added up
without further processing for area I, whereas the readout data

are added up after multiplied by the number of dots for area

II.

_—
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(f)_ resetting a value of. said integrated toner consy ti.on when sai d_.
toner cartridge is repl ggad According to a preferred e i-ment’ of the %
i mventive method, the prf hter is a laser printer and the' printing S|gnals

) . R .. [TTHIS SHEET HAS REEN
' B REPLACED

< . N -

While a monochromatic laser printer has been taken as
an example in the’ above embodiment, it is apparent that the
same advantage can be obtained by applying the present

- invention to a graphic printer that forms digital image using
5 color toners. In this casé, the residual toner amount detector
20 may be arranged per color signal.

The toner consumption per number of dots is stored as
i data for the area I in which the consumption depends largely on
the number of continuous dots in the above embodiment. If i:cre
10 areas, e.g., 3 or more areas are provided to allow a
representative value per area to be stored as data, then the
residual toner amount d_etector'zo can be implemented by a small

mémory. | |
While the relationship bétween the number .of continuous
15 " dots and the toner consumption is calculated based on data
stored in dictionary form in this embodiment, it is apparent
that the same 'advantage can be obtained by expressing the

relationship in function form.

By the way, the tank 7 assembled in the cartridge 9
20 (Fig. 1) is mounted on a rotating shaft 50 as shown in Fig. 7.
Toner is electrically charged while stirred at all times during
p:inting by a stirring blade 51 whose end is in slidable
contact with the inner circumferential surface of the tank 7,
and supplied to the developing roller 2 irrespective of the
25 residual. To avoid unnecessary friction between the stirring

blade 51 and the inner circumferential surface of the tank,
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are laser turn on signals.. In the acconpanying drawings; Fig. 11is a.

bl ockdi agram showi ng a rg&%j dual toneranountdetector, mhM@@ i s an enbod'ﬁbnt
of 'the present invention“Fig. 2 is a di agram showi ng an’exanpl e of a laser
printer to which the present invention is applied; Fig. 3 is an exenplary
retationshi p between the nunber of cont| nuous dots and [t BgsTRRER Has BEon |

consunpti on per dOt at’ - REPLACED
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ribs 52 are arranged on the inner circumferential surface at a

predetermined interval in tﬁe axial direction, the ribs
extending in the radial direction.

According to such a construction, the destruction of

5 the toner by the friction between the inner circumferential

surface of the tank and the stirring blade 51 can be prevented

as much as possible. On the other hand, the toner having

entered into spaces 53 provided by the ribs 52 igm;olidified

while gradually pressed in association with the rotation of the

10 stirring blade 51, thereby imposing the éroblem that the amount.
of toner to be supplied for devéloping while maintaining the
form of powder is substantially reduced. As shown in Fig. 8,
ideally, the printable number of sheets is inversely
proportional to the print duty (as shown by a line a).

15" ° However, if the duty is low, the printable number of sheets
becomes smaller than that shown by the line A (as showﬁ by a
line B). This means _that printing.is impossible with the
toner having run out although the amount of residual toner is
nominally sufficient for printing.

20 Fig. 9 shows an embodiment that can take care of the
problem to be caused by printing large amounts of low print
duty data. In Fig. 9, reference numeral 60 designates an
invalid toner amount calcﬁlating device, which calculates the
amount of toner compressed and solidified in the spaces between

25 the ribs 52 in response to the number of printed sheets from a

counter 61 for counting the number of printed sheets. That is,
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the tine such nunber of continuous dots are printed; Fig. _4 is a flowhagt
shomﬁng an operation of e residual toner anmpunt detectéﬁacﬁ Fig.1; Flg*
is'a dlagran1|llustrat|ng n exenplary print sanple referfed to for
measuring and cal culating a toner con- sunption; Fig. 6 is a dlagram
Il fustrating the frequency of contlnuous dots for for .iﬁéSEEQQQLﬂﬁﬁ@EN
pattern; ; . . REPLACED

- % . .

‘the amount of toner that has been solidified by the stirring
blade 51 and can therefore no longer be used for developing is
in a predetermined ratio to one pass of the stirring blade 51,
_e.g., several tens mg/pass. . Therefore, by mnltiélying this
5 ratio by a product of the integrated number of printed.sheets
in the countei 61 and the size of 2 coxding sheet, i.2., the
effective operation time of the developing unlt, such amount of
toner can be calculated.
Reference numerals 62, 63 respectively designate a
10 first comparison device and a second comparison device, each of
which compares data from the integrated toner consumption
storage device 35 and the invalid toner amount calculating
device 60 with a preset alarm reference, and outputs a signal
when the data coincides with the alarm refetence._ These
15 "~ signals are applied to an OR circuit 64 to operate an alarm
device 65. |
In this embodiment, the residual toner amount defector
20 calculates the toner consumption every time print data is
output from the host, and the invalid toner amount calculating
20 device 60 calculates, upon reception of the integrated number
of printed sheets from the counter 61, the amount of toner that
cannot be used due to having been compressed and solidified
inside the tank. These data are fed to the first comparison
device 62 and the second comparison device 63, and compaxed

25 with the alarm reference.
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Fig.. 7.|s a perspectlve V|em15homnng an exenpl-ary devel oping unit of a page
printer; Fig. 8 is a di agfam showi ng a rel-ationship~ betméEh the print duty
and the printable nunber‘ﬁ sheets; Fig. 9 is a block di &§r am showi ng a
resi dual toner anount detector, whi ch is another embodi ment of the pr esent
i nvention; Fig. 10 is a block diagram show ng a residu - ANt -
det ector, “whi ch i §'stitl "another enbodi nent of the - I Hﬂg%ﬁ;;;gg;Bth

‘ Under the condition‘that the toner still remains in
such an aqpunt as to allow printing of several hundreds of
sheets although the residual toner is decfeased to an extremely

.small amount as the integrated number of printed sheets is

5 increased 'in this way, a relatively large amount of toner is
compressed énd solidified on the inner peripheral surface of

the tank. Aa a result, the data from the invalid toner amount
calculating device 60 reaches the alarm reference,.thereby
causing the alarm device 65 to intervene to give an alamm

10 urging the user to replenish toner.

This system can give a toner shortage alarm without
fail irrespective of differences between the integrated toner
consumption or the residual toner data on a display 66 and the
valid residual toner amount, such differences tending to be

15 '. found often in printing low print duty data in large amounts.

In the above-described embodiment, the amount of
unusable solidified toner is calculated by multiplying the
ratio by the integrated number of printed sheets. If the ratio
is practically constant irrespective of the integrated numSer

20 of printed sheets, then it is apparent that the same aavantage
can be obtained by giving an alarm when the number of printed
sheets coincides with the alarm reference by directly inputting
the number of printed sheets to the second comparison device as
shown in Fig. 10.

25 - Fig. 11 shows a third embodiment of the present

invention. This embodiment is characterized as applying data
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present, invention; and Fig. 11 is a block di agram show.ng 2 resi. dual-- tener
dnount det ector, whi ch |§"35t| |1~ anot her enmbodi ment- of "t resent " :
i nvention. Details of th&resent invention will hereunder be descri bed
with reference to enbodi nents shown in the drawings. Fig. 2 shows an
exanpl e of a page printer to which,the present inventiopThus §ET BAs sBEBN
Fi'g. "2 reference 'nuneral "REPLACED

in the invalid toner amount“calculating device 60 and data in

the integrated toner consumption storage device 35 to an adding

device 70 ‘and outputting data in the adding device 70 to a

display alarm device 71. According to this embodiment, the

5 toner consumption data on display corresponds to the toner
shortage alarm. |

As described above, the present invention is

characterized as including: a continuous:dot number detecting

device that counts the number of cqntinuous video signals for

10 modulating a laser light source; a toner consﬁmption data

storage device for storing a toner consumption per number of

continuous dots; and an integrated toner consumption _st.o:'cage

device implemented by a nonvolatile memory for s*l::.oring an

integraf:ed value of toner cons_uinptions at the time of :Eo;rming

15 " a series of dots calculated by the.continuous dof number

detecting device and the toner consumption data storage device..

Therefore, the toner consumption can be detected correctly

irrespective of the kind of data to be printed.
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1-designates a photoreceptor drum Around the photoreceptor druml are a
developing roller 2. a tgmpsfer unit 3. an eraser 4, a qﬁ?rging'unit*55~a
waste toner tank 6, and &4 oner tank 7. Menbers relating“o the toner,

i.e.

o 3

The method according to the present invention for detecting a

the photoreceptor drum1, the developing roller 2. the waste toner

tank 6, and the toner tank 7 are forned into a cartri dg : h
same container 8. Between the devel oping roller -2 and thgﬂﬁ%ﬁéﬁl‘& glﬁFFN5

is a window 10 transmtting a | aser beam A beam scanne

A

residual amount of a recording material for a printer comprises

the following steps:

(a) detecting the number of continuous dots by counting the

(b)

(c)

(d)

(e)

(£)

number of printing signals while dots to be printed are
generated continuously;

reading out an amount of a toner consumption per dot
consumed by the generation of a series of dots;

calculating a product of said toner consumption per dot and
said number of continuous dots; :

integrating said toner consumption by repeating said steps
(2),(b) and (c) every time dots are printed;

instructing replacement of a toner cartridge when said
integrated toner consumption has reached a preset reference
value; and

resetting a value of said integrated toner consumption when
said toner cartridge is replaced. '

According to a preferred embodiment of the inventive method,
the printer is a laser printer and the printing signals are
laser turn on signals.

- l6a -

e
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by a rotating polygon mirror 11 is injected through an FQ lens 12 to! forutas:;g
| atent electrostatic | on the phot oreceptor drum 1. ®f er ence” nuier al” &+
13’ des ntttlng devi ce such as a sentconductor | aser
elenen I ﬂ h I ﬂﬂttlng device is turned on and off by a pul se signa
froma uit 14 that receives an input of print data froma
print data output devi ce (described l'ater). Between the ﬂam%SHEEMHASBEE&nE

t he photoreceptor drum11 runs a sheet path A recordi ng pheet REPLAGEP oduce

i nto "
gLA;Mﬁ

1. A residual recording material amount detector -(20) for a
5 printer comprising:

a continuous dot number detecting means (30) for counting
a number of continuous dots to be printed;

10 a toner consumption data storage means (31) for storing a %*
toner consumption per number of said continuous dots; and

an integrated toner consumption storage means (35) for
" storing an integrated value of toner consumptions at the
15 time of forming a series of dots calculated by said
continuous dot number detecting means (30) and said toner
consumption data storage means (31). |

2. The residual recording material amount detector (20) of
20 Claim 1, wherein said toner consumption data storage
means (31) divides said number of continuous dots into at
least two levels, and then said toner consumption data
storage means (31) stores toner consumptions in
accordance with said respective levels.
25 '

3. The residual recording material amount detector (20) of
Claim 1 or 2, further comprising a multiplying means (33)
for obtaining a product of said toner consumption per dot
and said number of said continuous dots.

30 '

4. The residual recording material amount detector (20) of
Claim 3, further comprising an adding means (34) for
obtaining a sum of data stored in said integrated toner
consumption storage means (35) and data obtained from

35 said multiplying means (33), wherein said sum obtained by
-
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eet feed cassette 15 by sheet feed rollers 16 and

the sheerjmﬂ+r+femfa—sh
Jﬂﬂlﬁmﬂmmum &'FI»Sfer process so that a toner i ge on the -~
phbtor t¥ansf err ed thereon, and is then* eI|vered to a

fixing unit® 18. Ref&rehce numeral 20 deS|gnates a residual Umcl‘%u
detector that
anpount detector receives print data fromthe | aser drive ci
from a devel opi ng bias setting circuit 21

bi as signa

10

15

20

25

30

35

6.

N

Is a feature of the presenty i nvention. The T ésl

b Y

said adding means (34) is stored in said integrated toner
consumption storage means (35) again.

+

The residual recording material amount detector of Claim

3 or 4, further comprising a coefficient setting means

(32) for setting a variable rate of the toner consumption
affected by a density of an image to be formed, wherein
said multiplying means (33) obtains a product of said
toner consumption per dot and said number of said
continuous dots¥:using a coefficient applied from said
coefficient setting means (32).

A residual recording material amount detector (20) for a
printer comprising:

a continuous dot number detecting means (30) for counting

- a number of continuous signals for modulating'a printing

action;

a toner consumption data storage means (31) for storing a
toner consumption per number of continuous dots;

an integrated toner consumption storage means (35) for
storing an integrated value of toner consumptions at the
time of forming a series of dots calculated by said
continuous dot number detecting means (30) and said toner
consumption data storage means (31);

a printed sheet'detecting means for counting a number of
printed sheets, and for outputting a signal when a value
calculated from said number of printed sheets reaches a
preset value; and

an alarm signal generating means for generating an alarm
signal on in accordance with said signal output from said
printed sheet detecting means and said integrated value

This Sheet Has Been Replaced
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Reference—nuneral 22 designates a toner replenish -detector. Since-the toner.:. -.:
ta 5.5& G part of the piptoreceptor drumcartridge 9 igywhich Fhe“tOnéﬁ~hW"ft
tan ®d wit i+ he photoreceptor drum1 in th¥% enbodi nent, the

ton “ ,ﬁm tector 22 is designed to output a signal u _

of or drum1l. In the case:¥Mere toner is repl%ﬁﬂﬁ&éHEEhHﬂﬁ@EEN
formof a toner cartridge 9 that contains toner-in a tank coftai neREPLACERny
be so designed that the toner replenish detector 22 outputs a signal upon
repl acenent of the toner cartridge 9. " replenish end in- '

stored in said integrated toner consumption storage means

(35).

7. The residual recording material amount detector (20)

5 according to Claim 6, wherein the printer is a laser

printer and the continuous dot number detecting means

counts a number of continuous video signals for
modulating a laser light source.

10 8. The residual recording material amount detector (20) of
Claim 6 or 7, wherein said printed sheet detecting means
comprises a counter (61) for counting said number of-
printed sheets. '

15 9. The residual recording material amount detector (20) of
one of Claims 6 to 8, wherein said printed sheet
detecting means comprises an invalid toner amount
‘calculating device (60)'for multiplying a predetermined
ratio by a product of said number of printed sheets and

20 an effective operation time of a developing unit of said
laser printer. '

10. The residual recording material amount detector (20) of
one of Claims 6 to 9, wherein said alarm signal
25 generating means comprises a first comparison device (62)
for comparing said signal from said printed sheet
detecting means with a preset alarm reference and a
second comparison device (63) for comparing said
integrated value from said integrated toner consumption
30 storage means (35) with a preset alarm reference, and
said alarm signal generating means generates said alarm
signal by logically summing signals from said first and

second comparison device (62,63).

35 11. The residual recording material amount detector of one of
Claims 6 to 10, wherein said alarm signal generating

R O A0
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structhm,§¥n h nay be arranged on a panel, so that a user can resegt-the .

t oner é@ﬂﬂﬁdZQ after the toner replenish oqﬁﬁatlon ‘has been1
conplete ‘devi ce may be arranged in this way. Fig. 1 shows
an exanpl descrlbed resi dual toner amount detector 20. This

det ect or |ncludes a continuous dot nunbey detecting devicq BQsTYHEET HAS BLEN
detecting“the nunber of continuous dots to be printed upon jrecepREph@&D a
signal fromthe |laser drive circuit 14; -a toner consunption data Storage

device 31 for storing the relatlonshlp dat a
means generates said alarm signal by adding said signal

output from said printed sheet detecting means to said
integréted value stored in said integrated toner
consumption storage means (35).

12. A residual recording material amount detector (20) for a
printer comprising:

a continuous dot number detecting means (30) for counting
10 a number of continuous dots to be printed;%*

a toner consumption data storage means (31) for storing a
toner consumption per number of said continuous dots; and

15 a toner consumption storage means (35) for sequentially
subtracting a value of toner consumptions at the time of
forming a series of dots calculated by said continuous
dot number detecting means (30) and said toner
consumption data storage means (31) from the preset total

20 amount of toner supplied to a toner cartridge.

13. The residual recording material amount detector (20) for
a printer according to one of Claims 1 to 6 or 8 to 12,
wherein the printer is a laser printer.
25 |
14. A method for detecting a residual amount of a recording
material for a printer comprising the steps of:

(2a) detecting the number of continuous dots by counting
30 the number of printing signals while  dots to be
printed are generated continuously;

(b) reading out an amount of a toner consumption per dot
consumed by the generation of a series of dots;
35

—_—

Ay

UABENUTZER\WTI'S6053CL.DOC



-betmeen t he nunber of contlnuous .dots and the toner congynption per-.dot at.
t he ’fhlsrﬁéleftbﬁ nunber of continuous dots, ar% or readi ng out

t he t i Jdot in accordance with the nurber of continuous
dot s; deV|ce 33 for obtaining a product of t toner .
consunptlon per dot and the nunmber of comtinuous dots, or SUETHISEHEHEENGAS BEEN
taking into account a coefficient applied froma CoefTiCTé t _set REPIAGEBVi ce
32.if necessary;, an adding device 34 for obtaining a sumof data stored In
an I nt egrated toner consunption storage device 35 and data fromthe

(c) calculating a product of said toner consumption per

dot and said number of continuous dots;

(d) integrating said toner consumption by repeating said
5 steps (a), (b) and (c) every time dots are printed;

(e) instructing replacement of a toner cartridge when
said integrated toner consumption has reached a
preset reference value; and

Foe

10
' (f) resetting a value of said integrated toner
. consumption when said toner cartridge is replaced.
15. The method according to Claim 14, wherein the printe; is
15 a laser printer and the printing signals are laser turn

on signals.

[
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nul tiplying device 33 and stofing the sumin the integrated toner
consunption storage devig®, and the integrated toner cog&ynpti on storage

bty o

device 35.inpl enented by$& nonvol atile nenory that is resét by a signal

storage device 31 is divided into two argas: an area | In

froma reset device 36. As shown in Fig. 3, the toner cons ; -dats; éé@&'
PR T e

<

10

15

ACED'

|

*
ABSTRACT

A residual recording material amount detector (20) for a
printer is provided with a continuous dot number detecting
device (30) for counting a number of continuous signals for
modulating a printing action, a toner consumption data
storage device (31) for storing a toner consumption per
number of continuous dots, and an integratéd toner
consumption storage device (35) implemented by a nonvolatile
memory for storing an integrated value of toner consumptions
at the time of forming a series of dots calculated by the
continuous dot number detecting device (30) and the toner
consumption data storage device (31). According to the
residual recording material amount detector (20) for " the
printer of the present invention, the toner consumption can

be detected correctly irrespecﬁive of the kind of data to be

printed.
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contlsmm MQN N of contii-ntots dot's be--'1-6ng to 't he" al'eal _'
beu*nqumemypwmrar 11 in whichdhe tqner ‘consunption per dot s @ L
al nos$6@%#sERNt irrespective of bh& mudber Qf2 continuous dots (the nunber

of * conti nuous’ dots bel onging to % e:.@r&a ll;’l;ﬁal ng 12 or

.3 toner consu tl .an. perd€ot . i ncr.eases W th increask n@um&)er of:
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mre:) The area | stores_a‘toner consunption per ngnbes of dots and:t
Be -11%stores a represer};t;atlve val ue; e.g., an averagegyner consunp
per‘‘dot for the continuctid¥ dots 12 to 40. An operation of” the thus

constructed residual toner anount detector 20 will be described wth ‘

reference to a flow chart shown in Fig. 4. Upon input of pr ifnfyid aHaET Has BEEN
host- (Step A),. bit nap ‘data cortespondi ng theret 0 s_(devel op F N RERUASER c
frefrory. _ < 'S

L3

,\9}33_),-;
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Ypan--end of a predet er ni ned. devel opnent, the bit map dat
B serialvsignal and outpgl®to the laser drive ¢ircui't 1 _
| aker |ight source 13 entt’s |'i ght when a video sanal go€s high and is
turned of f when the video signal goes low At the é?ne tine, QHh T EE00AS BEEN
signal is applied to the residual toner anount ﬂ?te&tor 20. g nce g%#@AbED
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@n.signals while dots are continuously gemerated (Steps C D). Wen gha::
Faser- turn on signal digggpears after a series of dot ‘ggprating-operggipns
t hat --have_been ended i n *§dch a manner, the continuous dot nunber detec oy
devi ce 30 ¥t ops coug{a

tf ng: The anmount of a toner consunption per dot
conhsuned '3[1 gen tion of a series of dots is read out .-fromthe toner
consunptiont- age ‘fevice 31. A cal caolated product of the t¢rg T
consunption per dot and the nunmber of dots counted by the COﬁI?ﬁAagfgpia@g BELN
nunber detecting device 30 is applied'to the adding device 34- _

g1RT (C D)
A
st printiagel >N
Y
()
reget |
. | ¢C) N
Mhkela | <K > | |
(D) Jii (E) tead oA | dortee of \
n Crevnent [ . ] _ ongy consunPlien
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$er|es bf s to the PaER consunp- tion data stored ine |ntegrat
t oner- consu ragé‘ﬁeV|ce 35, and updates the.inté&
consunption?s evice 35 by storing the sumtherein again (Step
Thi s process |s repeat ed every tine dots are printed, so that_the toner
consunption is integrated (SLe.p_G)___Ch_r_h.e_n.T_h.e_L_.ha.n.d,.. when _ t|n®HISs$HEETI HAS BEEN l
the integrated toner consungtion storage device 35 hag reachgd a pREBACED .
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peferencevalue (Step F), atoner cartridge.repl-acenent..instruction.-is given - . .-
t'a- an- 1 nforni-ng devi ce 48y When the cartridge 9 is 'replgd in 'accor-'d"&écg’

wi th-the igstruction, a sfgnal is applied fromthe toner fepl eni sh det (T

22 to reseﬁ\ he tegrated toner consunption storage device 35, so _that the

I ntegrated tbﬁer onsunption data i.s zeroed. Accuracy in cal cUl agisrgisi:ingiAS BEEN

toner consunption with the thus constructed residuat toner anmjunt dJdREBCACED

20,is evaluated. The results are as shown imp Tables 1 and 2. -
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naxinuh1and 10% or nDre error on the average. Table 2 N Rﬁfﬂkﬁa A —
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.RESIDUAL RECORDING MATERIAL AMOUNT DETECTOR FOR A_ PRINTER -

The invention relates to a residual recording material

amount detector suitable for use in a page printer.
With an apparatus for forming patterns on a recording

sheet by causing toner to adhers to a latent electrostatic
image formed on a-photoreceptor drum, a tank containing the
toner is accommodated inside a frame, and therefore the amount
- of residuai coner cannot be visibly checked from the outside.
.To overcome this problem, a built-in sensor serving as a toner
detecting device is usually a;ranged in the toner tank. 1In
such a residual .toner amount detecting sYstem, uniform
.distribution of the toner inside the tank is often disturbed,
ﬁhich imposes the problem that the toner cannot be replaced in
the manner of a cartridge, in addition to the problem that the
detection accuracy is low.

To overcome this problem, residual_recording material
amouat detectors for a page printer are proposed in Unexamined
Japanese Patent Publications Nos. 224363/1983 and 208777/1985.
These detectors are characterlzed as counting individual dot-

formlng image signals and multiplying such signals by a
predetermlned value. According to these detectors, since the

total number of xecorded dots is counted, the detection
accuracy is successfully mproved and the toner related members
can be provided with a cartridge.

. Howefer, according to these detectors, the fact that

'the toner consumption per dot is calculated in advance, and

o
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(Unit: % Particularly, with respect to patterns such ai*ﬁﬁﬁ\(}%‘ﬂ WAEET U

of conbi nations of short segnents, those including I
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that the toner consumption is multiplied by an integrated
number of printed dots leads to the problem that the amount of
the residual toner is detected in error depending on the kind
of data to be printed. _

It is the object of the present invention to provide a
residual recording material amount detector which avoids the
above mentioned drawbacks. This object is solved by a detector
according to independent claims 1,6,12, and by a method
according to independent claim 14. Further advantageous
features, aspects and details of the invention are evident from
the dependent claims, the description and the drawings. The
claims are to be understood as a first non-limiting approach to
define the invention in general terms. '

The printer, in which the residual recording material
amount detector of the present invention may be used, prints
patterns on a recording sheet by forming a latent
electrostatic image on a photoreceptor drum using a light beam
modulated by print data and causing toner, which is the
recording material, to electrostatically adhere to the latent
electrostatic image.

- According to one aspect of the invention, there is
provided a novel residual recording material amount detector
allowing the toner consumption to be detected correctly
irrespective of the kind of print data.

According to another aspect, the present invention further
prévides a residual recording material amount detector for a
printer, preferably a laser printer, which includes a
continuous dot number detecting device for counting a number of
continuous signals for modulating a printing action, preferably
a video signal for modulating a laser light source, a toner
consumption data storage device for storing a toner consumption
per number of continuous dots, and an integrated toner
consumption storage device implemented by a nonvolatile memory
for stbring an integrated value of toner consumptions at the

I —
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REPLACEMENT SHEET - 4 - segnents consisting of 8 dots o REPLACEMDTUSHEE by
80% of the total as shown in Fig. 6. Therefore the accufafy T7n the are
the small nunber of [dutis sekgRkY mERefts the accuracy i talculort fmet h
total toner consunpfion. gepiaggbor thfs reason that thejp esent | nventi
is far better in calcurarromaccuracy than the conventi pn

time of forming a series of dots calculated by the continuous
dot number detecting device and the toner consumption data
storage device. |

In case a laser printer is used when printing is started, the continuity
of pulse signals that modulate a laser light source is judged and the
number of continuous dots is counted. Based on the count, data
relating to the relationship between the number of continuous
dots stored in advance and the tcner consumption is read, and

the amounts of toner consumed by forming a series of dots are

sequentially integrated.

In the accompanying drawings;

Fig. 1 is a block diagram showing a residual toner
amount detector, which is an embodiment Qf the present
invention;

Fig. 2 is a diagram showing an example of a laser
printer to which the present invention is applied;

Fig. 3 is an exemplary relationship between the number
of continuous dots and the toner consumption per dot at the
time such number of continﬁous dots are printed;

Fig. 4 is a flowchart shov;ving an opefation of the
‘residual toner amount detector of Fig. 1;

Fig. 5 is a diagram illustrating an exemplary érint
sample referred to for measuring and calculating a toner

consumption;
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By the way, the toner consunption is directly affected by,
image to be forned, and #:he density is affected by the pébul ar chan _
t he phot oreceptor . drum and t he devel opi ng bias. To avoi §i | h@&4 Qtﬁfﬂ Cces
the coefficient settiihgudesHrrT B Bsenddi tionally proviglefl to the -

mul ti'plyi ng device 33 By ®pplAacsm datd fromthe devel oping bias setting
circuit 21 to the coeffTcrent setting device 32, an inclenent or—decreqrent

in toner consunptigp attrsibutabl g,to densi ¥ ﬁ t.orra caII set. Furt
by periodically appt§rnd t i€ r&t &3¥6ET8Tut arPEhaf éngf HeSHt 8
drum continuous dots for forming a character pattern;

Fig. 7 is a perspective view showing an exemplary
developing unit of a page -printer}

Fig. 8 is a diagram showing a relationship bstween the
print duty and the printable number of sheets;

Fig. 9 is a block diagram showing a residual toner
amount detector,  which is another embodiment of the present
invention;

| Fig. 10 is a block diagram showing a residual toner
amount detector, which is still anotherl embodiment of the
present invention; and

Fig. 11 is a block diagram showing a residual toner

amount detector, which is still énother embodiment of the

present invention.

Details of the present invention will hereunder be
described with reference to e:nbodimeﬁts shown in the drawings.

Fig. 2 shows an example of a page printer to which the
present invention is applied. 1In Fig. 2, reference numeral 1
designates a photoreceptor drum. Around the photofecepto; drum
1l are a developing roller 2, a transfer unit 3, an eraser 4, a
charging uwnit 5, a waste toner tank 6, and a toner tank 7.
Members relating to the toner, i.e., the photoreceptor drum 1,

the de_veloping roller 2, the waste toner tank 6, and the toner

—_—
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1, or by applying data to be consuned due to stained t xBEﬁlé«CEMﬁQTt%@
consunption can be calculated nore correctly. Wile it The Integratéd
foner consunptions that are calculated in this enbodi nt %,g@Tap@&r ntl -
that the sanme advant agélls SHEBRHABtEEENed by sequenti al | ub ractlng th
amount of toner constined BRERACEPI ng f oMthe total a +OTTET
supplied to the toner cartridge. \Wile the consunption er dot I s detect

in this enbodinment, it is gparent that the sane advantageTan be
tank 7 are formed into a cartridge 9 while put in the same

container 8.

Between the developing roller 2 and the charging unit
5 is a window 10 transmitting a laser beam. A bea; scanned by
a rotating polygon mirror 1; is injected through an F8 lens 12
to form a latent electrostatic image on the photoreceptor drum
1. .Reference numeral 13 designates a light-emitting device
such as a semiconductor laser element. The light-emitting
device is turned on and off by a pulse signal from a laser
drive circuit 14 that recéives an input of print data from a
print data output device (déséribed-later);

Between the transfer unit 3 and the photoreceptor drum
1l runs a she;t path. A recording sheet is introduced into the
sheet path from a sheet feed cassette 15 by sheet feed rollers
16 and 17, is subjected to a transfer process so that a toner
image on the photoreceptor drum 1 is transferred thereon, and
is then delivered to a fixing unit 18.

Reference numeral 20 designates a residual toner amount
detector that is a feature of the present invention. The
residual toner amount detector receives print data frbm the
laser drive circuit 14 and a bias signal from a developing bias
setting circuit 21.

| Reference numeral 22 designates a toner replenish
detector. Since the toner tank 7 is a part of the
photoreceptor drum cartridge 9 in which the toner tank 7 is

integrated with the photoreceptor drum 1 in this embodiment,
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REPLACEMENT SHEET

obt ained by integrati ng the toner consunption for the totjalmumer—of

continuous dots. That isg¥=in the area' | in which the tor¥ jco §Pp§ﬂ4$@6per
dot depends | argely on t ie nunber of conti nuous dots, thqg tlot e _

consunption for the nynbiis SHEETGIAS BERNIS dots is used as {d
the area 11 in which tlhe t oREBPLAZERsunpt ilén per dot does
nunber of continuous dots, a representative value of the

per dot 'Sc 154 Ot Sk f@pié@ﬂ@ytdéleéat@fezmdﬂecawlghéa% buthHer apspgRa%I NY -

for area whereas the readout data are added up after being
upon replacement of the photoreceptor drum 1. In the case

where toner is replenished in the form of a toner cartridge 9
that contéins toner in a tank container, it may be so designed
that the toner replenish detector 22 outputs a signal upon
replacement of the toner cartridge 9. A revnlenish end
instruction switch may be arranged on a panel, so that aiuser
can reset the toner replenish detector 22 after the toner
replenish operation has been completed. Various other device
may be arranged in this way.

| Fig. 1 shows an example of the above-described residual
toner amount detector 20. This detector includes: a continuous
dot number detecting device 30 for detecting the numbe: of
continuous dots to be printed upon reception of a signal from
the laser drive circuit 14; a toner consumption data storage
device 31 for storing the relationship data between the number
of continuous dots and the toner consumption per dot at the
time of printing such number of continuous dots, and for
reading out the toner consumption per dot in accordance with
the number of continuous dots; a multiplying device 33 for
obtaining a product of the toner consumption per dect “nd the
number of continuous dots, or such product taking into account
a coefficient applied from a coefficient setting device 32 if
neceésary; an adding device 34 for obtaining a sum of data
stored in an integrated toner consumption storage device 35 and

data from the multiplying device 33 and storing the sum in the
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mul tiplied by the nunber of dots for area 11. Wile a nBEMMEHIi%*EE&

printer has been taken as an exanple in the above enbgdijnment, it is
apparent that the sanme advantage can be obtained by appllyipg OOF 199&s¢nt

i nvention to-a graphifCy Slﬁ, T HAREg PN e digital inmadelusing color téners.

In this case, the redidual &q@aﬁmunt detector 20 ngy

col or signal. The tortet L.Ullouuptlun pet nunber of dotqd is stored as data

for the area | in which the consunption depends
integrated toner consumption storage device; and the integrated

_ toner consumption storage device 35 implemented by a

nonvolatile memory that is reset by a signal from a reset

device 36.

As shown in Fig. 3, the toner consumption. data storage
device 31 is divided into two areas: an area I in which the
toner consumption per dot increases with increasing number of
continuous dots (the number of continuous dots belonging to the
area I being 1 to 12) and an area II in which the toner
consumption per dot stays almost constant irrespective of the
number of continuous dots (the number of continuous dots
belonging to the area II being 12 or more).. The area I storés
a toner consumption per number of dots and the area II stores

& representative value, e.g., an average toner consumption per
dot for the continuous dots 12 to 40.

An operation of the thus constructed reéidual toner

amount detector 20 will be described with reference to a
' flowchart shown in Fig. 4.

Upon input of print data from a host (Step A), bit map
data corresponding thereto is developed in a graphic memory.
Upon end of a predetermined develooment, the bit map data is
cbnverted into a serial signal and output to the laser drive
circuit 14. As a result, the laser light source 13 emits light

when a video signal goes high and is turned off when the video

signal goes low.
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|l argely on the nunber of continuous dots in the above
areas, e.g., 3 or nore areas are provided to allow a He

per'a}ea'to be stor _data, then the residual toner
can be inpl enent ed WPpyrras saEET HASBEEN. [ Wil e the rel at
nunber of continuoug dot SRERLACEDe .t ongr §onsgnption_is

~

data stored in dictionary formin this enbodi nent, it

same advant age can be obtai ned by expressing
At the same time, thls video signal is applied to the

cal cul at ed basedton

residual toner amount detector 20. Since this is an initial
data input, the continuous dot number detecting devicq 30 is
firs£ reset (Step B), and then counts the number of laser turn
on signals while dots are continuéusly generated (Steps C, D).
- When the laser turn on signal disappears after a series of dot
generating operations that have been ended in such a manner, the
continuous dot number detecting device 30 stop§ counting. The
amount of a toner consumption per dot consumed by the
generation of a series of dots is read out from the toner
consumption storage device 31. A calculated product of the
toner consumption per dot and the number of dots counted by the
continuous dot number detecting device 30 is applied to the
adding device 34. |

The adding device 34 adds the amount of the toner
consumed by generating a series of dots to the past consumption
data stored in the integrated toner consumptlon storage devxce
35, and updates the integrated toner consumption storage device
35 by storing the sum therein again (Step E). This process is
repeated every time dots ére printed, so that the “toner
consumption is integrated (Step G).

On the other hand, when the value in the integrated
toner consumption storage device 35 has reached a preset
reference value (Step F), a toner cartridge replacement
instruction is given to an informing device 40. When the

cartridge 9 is replaced in accordance with the instruction, a
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the relationship in function form By the way, the tank § BERIAGEMENT SHEERe
cartridge 9 (Fig. 1) is #bunted on a rotating shaft 50 agJgnown rn Fig. V.
Toner is electricall et deeen irred at all tines|dirigg get 19989} b
a stirring blade 51 i&‘é Eégiﬁédn sI it abl e contact wt 21|gnner |
circunferential surfaceof—thé—teartk—7afd supplied.to the '

roller 2 irrespective of the. reS|duaI To av0|d unnecessgry friction

bet ween the, stiyr.ing bl.ade and_t he i nner rc erentiat—surrace of the
t ank .Lgnai is % laied %%:om the toner rep engrsTL detector 22 to reset

-

the integrated toner consumption storage device 35, so that the
integrated toner cohsumption data is zeroed.

Accuracy in calculating the toner consumption with the
thus constructed residual toner amount detector 20 is
evaluated. The results are as shown in Tables 1 and 2.

| In the evaluation, five print samples, an exemplary one
of which is shown in Fig. 5, are used.  Each print sample is
formed by printing 1000 lines, eech line having a length N (N
being 1, 3, 6, 20, and 1000 dots). The measured value is
obtained by dividing an increment in weight by the total number

of dots in each sample. Other values are calculated values.

Table 1
Number of dots N 1 3 6 20 1000
Measured values 3.18 10.7 25.3 - 54.0 55.0
Present invention - 3.18 11.3 22.6 55.4 55.4

Conventional method 4.95 14.9 29.7 49.5 49.5
(Unit: 107%g)

As is apparent from Table 1, the calculated values
obtained by the method of the present invention are
substantially the same as the measured values + Whereas the
calculated values obtained by the conventional method, in which

the average toner consumption per dot is multiplied by the
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ribs 52 are arranged on the inner circunferential surfack REPLACEMENT SHEET

predeterm ned interval iggsthe axial direction, the ribs“g}fendrmg T N
-tadi al direction. cordi'ig to such a construction, the Heptru td ﬁ?f th
toner by the frict | diHI® SHEEEHASIBEENNher circunferenti al SU'fQEQ 5ﬁn é tFn .
and the stirring blade SRERLAGEDe pieyentld®d as nuch as popsthle _Qa-the— .
ot her hand, the toner having entered into spaces 53 prov ded by the ribs 5p .

s solidified yhilergragdeabiys Prastesih oraoN et} AhMd e TR R

as shown in Table 2, the residual toner amount detector 20 of

the present invention exhibits about 10% error at the maximum
and a few percent or less error on the average, whereas the
conventional method exhibits 55% error at the maximum and 10%

or more error on the average.

Table 2

Number of dots N 1 3 6 20 1000

Present invention 0 +5.0 -10.7 +2.6  +0.7

Conventional method - +55 +39.0 +17.3 -8.3 -=10.0

(Unit: %)

Particularlj, with"respect to patterns such as text
data made up of combinations of short segments, those including
segments consisting of 8 doﬁs or less account for 80% of the
total as shown in Fig. 6. Therefore, the accuracy in the area
for the small number of dots greatly affects .the accuracy in
calculating the total toner consumption. ‘It is for this reason
that the present invention is far better in calculation
accuracy than the conventional method.

By the way, the toner consumption is directly affected
by the density of an image to be formed and the denSLty is
affected by the secular change of the photbreceptor.drum and

the developing bias. To avoid these influences, the

_————'——‘-——'_——-_—___—_ )
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the stirring blade 51, thereby inposing the problemthat
toner to be supplied for devel opi ng while main- taining
s substantially reduced. As shown in Fig. 8, ideally, t

of sheets is inversel BEET ARdIgeER [ he print duty (a
A). However, if the d t'IgﬁiQERLF@wCEb he pr|¥#k abl e nunber of
smal | er than t hat sho as shown by a lin

that printing is inpossible with the toner having run ou

.twLAﬁWE\NT SHEET
h

B) . Tth means

although the
amount of EgskdyalehengettingOdealde) 31ifd Wit fcHa DIy pid¥ided to the

multiplying device 33. By applying data from the deveioping

bias setting circuit 21 to the coefficient setting device 32,
an increment or decrement in toner consumption attributable to
density is automatically' set. Further, by periodically
applying the rate of secular change of the photoreceptor drum
1, or by applying data to be consumed due to stained texture,
the toner consumption can be calculated more coriectly.

While it is the integrated toner consumptions that are
calculated in this embodiment, it is apparent that the same-
advaﬁtage can be obtained by sequentially subtracting the
amount of toner consumed by printing from the total_amcunf of
" toner supplied to the toner cartridge.

While the consumption per dot is detected in this
embodiment, it is apparent that the same advantage can be
obtained by integrating the toner consumption for the total
number of continuous dots. That is, in the area I in which the
toner consumption per dot depends largely on the number of
continuous dots, the total toper'consumption for the number of
continuous dots is used as.data, whereas in the area II in
which the toner consumption per dot does not depend on the
number of continuous dots, a representative value of the toner
consumption per dot is stored. The readout data are added up
without further processing for area I, whereas the readout data

are added up after multiplied by the number of dots for area

II.
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Fig. 9 shows an enbodi nent that can take care of the rq-‘lyp NEEMENIESHEEE d
by printing | arge anounts'of low print duty data. In ) <

humer al 60 desi gnates an invalid toner anpunt cal cul at no deV| %'ﬁég h
cal cul ates the anount N w..é.. esged and solidifipd]i %4 es

between the ribs 52 in¥$§ss ﬁg )
counter 61 for countik )ri nt ed sheets hat 1Is, the anoung

of toner that has been solidified by the stirring bl ade-5. and G-
therefore no | onges Pre UseHlohBEREEHELIR! N8 skt iDrihtL IRl L K AE 0 LRLE kO

one pass of
an example in the above embodiment, it is apparent that the

" same advantage can be obtained by applying the present
invention to a graphic printer that forms digital image using
color toners.- Ih_this case, the residual toner emount detector
20 may be arranged per color signal. |

The toner consﬁmption per number of dots is stored as
data for the area I in which the consumption depends largely on
the number of continuous dots in tiie above embodiment. zf more

areas, e.g., 3 or more areas are provided to allow a
representative value per area to be stored as data, then the
residual toner amount detectorlzo can be implemented by a small
memory. |

While the relationship between the number-of continuous
dots and the toner consumption is calculated based.oﬁ deta
stored in dictionary form in this embodiment;aiéris-apparent
that the same.advantage can be obtained by expressing the

relationship in function form.

By the way, the tank 7 assembled in the cartridge 9
(Fig. 1) is mounted on a rotating shaft 50 as shown in Fig. 7.
Toner is electrically charged while stirred at all times during
prir_xting by a stirring blede 51 whose end is in slidable
contact with the inner circumferential surface of the tank 7,
and supplied to the developing roller 2 irrespective of the
residual. To avoid unnecessary friction between the stirring

blade 51 and the inner circumferential surface of the tank,
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the stirring blade 51, e.g., several tens ng/pass. Theref

|brREPLAGEMENT SHEET

mul tiplying this ratio by a product of the integrated nunpe of printed

T of a recording sheel,|i 264 001996
I?P i@szééfagggloplng uni't, such anoln of toner can

be cal cul ated. Refe - 6§3respectively des| ghete—a—frrst
conpari son device and a second conpari son device, each of}which conpares

data fromthe integrated toner consunption storage device 35 and the
invalid U Ys &P UHe arranged on the inner circumferential surface at a

Sheets in the count
effective operation

predetermined interval in the axial direction, the . ribs
extending in the radial direction.

According to such a construction, the déstruction of
the toner by the friction between the inner circumferential
surface of the tank and the stirring blade 51 can be prevented
as much.as possible. On the other hand, the toner having
entered into spaces 53 provided by the ribs 52 is solidified
while gradually pressed in association with the rotation of the
stirring blade 51, thereby imposing the problem that the amount
of toner to be supplied for developing while maintaining the
form of powder is substantially reduced. As shown in Fig. 8,
ideally, +the printable number of sheets is inversely
proportional to the print duty (as shown by a line a).
However, if the duty is low, the printable number of sheets
becomes smaller than that shown by the line A (as shown by a
line B). Thi§ means that printing is impossible with the
toner having run out although the amount of residual toner is

nominally suff1c1ent for printing.

Fig. 9 shows an embodiment that can take care of the
problem to be caused by printing large amounts of low print
duty data. In Fig. 9, ;eference numeral 60 désignates'an
invalid toner amount calculating device, which calculates the
amount of toner compressed and solidified in the spaces between
the ribs 52 in response to the number of printed sheets from a

counter 61 for counting the number of printed sheets. That is,
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calculating device 60 with a preset alarmreference, gn al
when t he dgta coincides with ?he al arm reference. Thesegﬁﬁgﬂgﬁﬁﬁg?§ﬁaggl'
to an ORcircuit 64 to operate an alarmdevice 65. In}jtHis enbodi ment | tthe
t oner amounTHoeSHEHTIAS Bemaljcul at es the toner] qon24nPCTAR96v4r |
time print data is Jout purebrares he hdst 14and the i'nvallid toner anount
cal cul ati ng devi ce 60 carcurates,;—upon reception of tHe Tnhniegrated nunbgr
of printed sheets fromthe counter 61, the anount or tloner that cannot be

r esi dual

used due to_, havi ng been. conpress

the amount of toner tgat has been solidified by the stirring
blade 51 and can therefore no longer be used for developing is
in a predetermined ratio to one pass of the stirring blade.51,-
e.g., several tens mg/pass. Therefore, by multiplying this
ratio by a product of the integrated number of printed sheets
in the countef 61 and the size of o recording sheet, i.2., the
effective operation time of the developing unit, such amount éf
toner can be calculated.
| Reference numerals 62, 63 respectively designate a
first comparison device and a second comparison device, each of
which compares data from the integrated toner consumption
storagé device 35 and the invalid toner amount calculating
device 60 with a preset alarm reference, and outputs a signal
when the data coincides with the alarm reference. These
signals are applied to an OR circuit 64 to operate an alarm
device 65.
In this embodiment, the residual toner amount detector
20 calculates the toner consumption every time print data is
output from the host, and the invalid toner amount calculating
device 60 calculates, upon reception of the integrated number
of printed sheets from the counter 61, the amount of toner that
cannot be used due.to having been compressed and solidified
inside the tank. These data are fed to the first comparison

device 62 and the second comparison device 63, and compared

with the alarm reference.
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-5- and solidified inside the tank. These _data are_ | ed| t RepLACEMENB ISHEET
conpari son device 62 and the second conpari son device

2 4 OCT 1996

'THIS SHEET HAS BEEN | 15
REPLACED  *

Under the condition that the toner still reméins in
such an amount as to allow printing of several hundreds of
sheets although the residual toner is decreased to an extremely
small amount as the integrated number of printed sheets is
increased 'in this way, a relatively large amount of toner is
compressed and solidified on the inner periphefal surface of
the tank. Aa a result, the data from the invalid toner amount
calculating device 60 reaches the alarm reference, thereby
causing the alarm device 65 to intervene to give an alarm
urging the user to replenish toner.
| This system can give a toner shortage alarm without
fail irrespective of differences between the integrated toner
consumption or the residual toner data on a display 66 and the
valid_residual toner amount, such differences tending to be
found often in printing low piint duty data in large amounts.

In the above-described émbodiment, the amount of
unusable solidified ionéﬁ is calculated by multiplying the
ratio by the integrated number of printed sheets. If the ratio
is practically constant irrespective of the integrated numﬁer
of printed sheets, then it is apparent that the same advantage
can be obtained by giving an alarm when the number of printed
sheets coincides with the alarm reference by directly inputting
the number of printed sheets to the second comparison device as
shown in Fig. 10.

Fig. 11 shows a third embodiment of the present

invention. This embodiment is characterized as applying data
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63, and conpared with the alarmreference. Under the cbn
toner still remains in such an anobunt as to allow prinfifhg of se (13;@2
hundreds of sheets although the residual toner is decrtafe® 440G r
smal | anmount as the § muegseErdaAsigbey Jof printed sheet$ s increased |

this way, a relatively | argeLACERNt of] toher is conpregsed and solidifieii :
on the inner peripheral surtrace of the tank. Aa a resuli, the data—f+errt he
i nvalid toner gm)unt al cul ati ng device 60 reaches the_al armreference.

in the invalid toner amount calculating device 60 and data in

the integrated toner consumption storage device 35_ to an adding
device 70 and outputting data in the adding device 70 to a
display alarm device 71. According to this embodiment, the
toner consumption data on display corresponds to the. toner
shortage alarm.

As described - above, the present invention is
characterized as including: a continuous dot number detecting
device that counts the number of cc_:ntinuous video signals for
modulating a laser light source; a toner consumption data
storage device for storing a toner consumption per number of
continuous dots; and an integrated toner consumption storage
device implemented by a nonvolatile memq'ry for si';oring an
integrated value of toner consumj_:ﬁions at the_timé of forming
a series of dots calculated by the continuous dot number
detecting device and the toner consumption data storage device.
Therefore, the toner consﬁmption can be detected _correcfly

irrespective of the kind of data to be printed.
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the user to replenish toner. This system can give a ton

t hereby causing the alarm device 65 to intervene to gi vr_a.n._al.a.r.m-u-ug-iﬁﬁ-?%-]-l
r REMQCERENT 8
e

Wi thout fail i

consunption or the ges+ddal—t-oner—tata an a display 66 &ng t i _
resi dual toner armu'bt““%% To14Y BFENdes X&nding to be fdudd g&éﬁ*lﬂ%
printing | ow print |
enbodi ment, the amount of unusable solidified toner is dalculated by

multiplying the ratio

The

rrespective of differences between the inf

g

anmounts. |In the aljo

method according to the present invention for detecting a

residual amount of a recording material for a printer comprises

the

(a)

(b)

(c)

(d)

(e)

(£)

following steps:

detecting the number of continuous dots by counting the
number of printing signals while dots to be printed are

generated continuously;

reading out an amount of a toner consumption per dot
consumed by the generation of a series of dots;

calculating a product of said toner consumption per dot and
said number of continuous dots; '

integrating said toner consumption by repeating said steps
(2),(b) and (c) every time dots are printed;

instructing replacement of a toner cartridge when said
integrated toner consumption has reached a preset reference

value; and

resetting a value of said integrated toner consumption when
said toner cartridge is replaced.

According to a preferred embodiment of the inventive method,

the

printer is a laser printer and the printing signals are

laser turn on signals.
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by t he |ntegrated nunber of printed sheets. If the ratio is pf aL,LIL,aII’{
constant irrespective of the integrated nunber of printed sh eREPLACHMRN T {SHEET

is.apparent that th an be obtained by givin n_al arm when
the nunber of pri ntFa“Hégn%gg dgs yith the alarmrefere c ?’4‘@(‘5’?‘1‘9‘)6’
I nput T ng—the—npuabe v S t he second conpari evi ce as

shown ’"I"”#,” 11 shows a third enbodi ment of the pr s\,m
i nvent H (ﬁ, is characterized as applyi ng_datafl n

LATM

1. A residual recording material amount detector (20) for a

printer comprising:

a continuous dot number detecting means (30) for counting
a number of continuous dots to be printed; '

a toner consumption data storage means (31) for storing a
toner consumption per number of said continuous dots; and

an integrated toner consumption storage means (35) for
storing an integrated value of toner consumptions at the
time of forming a series of dots calculated by said
continuous dot number detecting means (30) and said toner

consumption data storage means (31).

2. The residual recording material amount detector (20) of
Claim 1, wherein said toner consumption data storage
‘means (31) divides said number ‘of continuous dots into at
least two levels, and then said toner consumption data
storage means (31) stores toner consumptions in

accordance with said respective levels.

3. The residual recording material amount detector (20) of
Claim 1 or 2, further comprising a mﬁltiplying means (33)
for obtaining a product of said toner consumption per dot
and said number of said continuous dots.

4. The residual recording material amount detector (20) of
Claim 3, further comprising an adding means (34) for
obtaining a sum of data stored in said integrated toner
consumption storage means (35) and data obtained from
said multiplying means (33), wherein said sum obtained by
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said adding means (34) is stored in said integrated toner

consumption storage means (35) again.

5. The residual recording material amount detector of Claim
3 or'4, further comprising a coefficient setting means
(32) for setting a variable rate of the toner consumption
affected by a density of an image to be formed, wherein
said multiplying means (33) obtains a product of said
toner consumption per dot and said number of said
continuous dots using a coefficient applied from said
coefficient setting means (32).

6. A residual recording material amount detector (20) for a

printer comprising:

a continuous dot number detecting means (30) for counting
a number of continuous signals for modulating a printing

action;

a toner consumption data storage means (31) for storing a
toner consumption per number of continuous dots;

an integrated toner consumption storage means (35) for
storing an integrated value of toner consumptions at the
time of forming a series of dots calculated by said
continuous dot number detecting means (30) and said toner
consumption data storage means (31);

a printed sheet detecting means for counting a number of
printed sheets, and for outputting a signal when a value
calculated from said number of printed sheets reaches a
preset value; and

an alarm signal generating means for generating an alarm
signal on in accordance with said signal output from said
printed sheet detecting means and said integrated value

This Sheet Has Been Replaced
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stored in said integrated toner consumption storage means
(35).

7. The residual recording material amount detector (20)
according to Claim 6, wherein the printer -is a laser
printer and the continuous dot number detecting means
counts a number of continuous video signals for

modulating a laser light source.

- 8. The residual recording material amount detector (20) of
Claim 6 or 7, wherein said printed sheet detecting means
-comprises a counter (61) for counting said number of
printed sheets.

9. The residual recording material amount detector (20) of
one of Claims 6 to 8, wherein said printed sheet _
detecting means comprises an invalid toner amount
calculating device (60) for multiplying a predetermined
ratio by a product of said number of printed sheets and
an effective operation time of a developing unit of said
laser printer.

10. The residual recording material amount detector (20) of
one of Claims 6 to 9, wherein said alarm signal
generating means comprises a first comparison device (62)

. for comparing said signal from said printed sheet
detecting means with a preset alarm reference and a
second comparison device (63) for comparing - said
integrated value from said integrated toner consumption
storage means (35) with a preset alarm reference, and
said alarm signal generating means generates said alarm
signal by logically summing signals from said first and
second comparison device (62,63).

11. The residual recording material amount detector of one of
Claims 6 to 10, wherein said alarm signal generating

heet Has Been Replaced
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the time of* férning al seri REPDACEDtS cafl cul ated by said conti jug

number detecting neans (30) and said TOrk consunption data stloage neans.

(31).

means generates said alarm signal by adding said signal
output from said printed sheet detecting means to said
integrated value stored in said integrated toner

consumption storage means (35).

12. A residual recording material amount detector (20) for a

13.

14.

printer comprising:

a continuous dot number detecting means (30) for counting
a number of continuous dots to be printed;

a toner consumption data storage means (31) for storing a
toner consumption per number of said continuous dots; and

a toner consumption storage means (35) for sequentially
subtracting a value of toner consumptions at the time of
forming a series of dots calculated by said continuous
dot number <detecting means (30) and said toner
consumption data storage means (31) from the preset total

amount of toner supplied to a toner cartridge.

The residual recording material amount detector (20) for
a printer according to one of Claims 1 to 6 or 8 to 12,

wherein the printer is a laser printer.

A method for detecting a residual amount of a recording

- material for a printer comprising the steps of:

(a) detecting the number of continuous dots by counting
the number of printing signals while dots to be

printed are generated continuously;

(b) reading out an amount of a toner consumption per dot

consumed by the generation of a series of dots;

This Sheet Has Been Replaced
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"1 recordl ng material anpbunt detector (20) of CI- iREPlACEMENTeiSHEET
con I ned g[ M

respective levels. 3. The residual recor28ng material amgunt e tor. (20)
of Caim1l or 2. further conprising a nultiplying neans (33) for obtaining

K

a product of said toner consunption per dot and said nunber of—sard
ntin
continuous dOt% c) calculating a product of said toner consumption per

dot and said number of continuous dots;

(d) integrating said toner consumption by repeating said
5 steps (a), (b) and (c) every time dots are printed;

(e) instructing replacement of a toner cartridge when
said integrated toner consumption has reached a

preset reference value; and

10
(f) resetting a value ©of said integrated toner
consumption when said toner cartridge is replaced.
15. The method according';o Claim 14, wherein the printer is
15 a laser printer and the printing signals are laser turn

on signals.
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The residual recording material amount detector of Claim3 of 4, further

ed from sai d

conprising a coefficient setting neans
- 23 -

RESIDUAL RECORDING MATERIAL AMOUNT DETECTOR FOR A PRINTER

ABSTRACT

A residual recording material amount detector (20) for a
printer is provided with a continuous dot number detecting
device (30) for counting a number of continuous signals for
modulating a printing action, a toner consumption data
storage device (31) for storing a toner consumption per
number of continuous dots, and an integrated toner
consumption storage device (35) implemented by a nonvolatile
memory for storing an integrated value of toner consumptions
at the time of forming a series of dots calculated by the
continuous dot number detecting device (30) and the toner
consumption data storage device (31). According to the
residual recording material amount detector (20) for the
printer of the present invention, the toner consumption can
be detected correctly irrespective of the kind of data to be

printed.
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(a).‘ detecting the nunber of continuous dots by counting the nu

ﬁ‘rlntlng signals while dots to be printed are generated contin
readi ng out an anount of a toner consunption per dot consuned

y
generation of a series of dots; (c) calcuylating a product of s

ofiSTy, (D)

i @ toner
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consunption per dot and said nunber of “cbnti nuous dots; (d) ir
sai d t oneResidugliRecodi ngyMatepdat |Anguma|DdtemmpsFt(ra)ﬂ mtn)ntand (c)

egrating
every tine

dots are B&Lmugg

The invention relates to a residual racording matarial amount detector suitable for use in a page printer.

With an apparatus for forming patterns on a recording sheet by causing toner to adhere to a latent electrostatic
image formed on a photoraceptor drum, a tank containing the tonar is accommodated inside a frame, and therefora
the amount of residual toner cannot be visibly checked from the outside. To overcome this problem, a built-in sensor
serving as a toner detecting device is usually arranged in the toner tank. In such a residual toner amount detecting
system, uniform distribution of the toner inside the tank is often disturbed, which imposes the problem that the toner
cannot be replaced in the manner of a cartridge, in addition to the problem that the detection accuracy is low.

To overcome this problem, residual recording material amount detectors for a page printer are proposed in Unex-
amined Japanese Patent Publications Nos. 224363/1983 and 208777/1985. Thase detectors are characterized as
counting individual dot-forming image signals and multiplying such signals by a predetermined value. According to
these detectors, since the total number of recorded dots is counted, the detection accuracy is successfully improved

and the toner related members can be provided with a cartridge.

However, according to these detectors, the fact that the toner consumption per dot is calculated in advance, and
that the toner consumpticn is multiplied by an integrated number of printed dots leads to the problem that the amount

of the residual toner is detected in error depending on the kind of data to be printed.

From US-A-4 974 024 an apparatus for controlling dispensing of marking particles into a developer unit is known.
In said apparatus the quantity of marking particles required to produce the copy of an original document is predicted
and the dispensing of said marking particles is controlled in response thereto. A further apparatus for controlling toner
consumption and performing proper supplementation by measuring the light emission time of a laser beam is described

in US-A-4 626 096.

It is the object of the present invention to 'provide a residual recording material amount detector which avoids the
above mentioned drawbacks. This object is solved by a detector according to independent claims 1 or 12, and by a
method according to independent claims 14 or 15. Further advantageous features, aspects and details of the invention

are evident from the dependent claims, the description and the drawings.

The printer, in which the residual recording material amount detector of the present invention may be used, prints
pattems on a recording sheet by forming a latent electrostatic image on a photoreceptor drum using a light beam
modulated by print data and causing toner, which is the recording material, to electrostatically adhere to the latent

alectrostatic image.

According to one aspect of the invention, there is provided a novel residual recording material amount detector

allowing the toner consumption to be detected correctly irrespective of the kind of print data.

According to another aspect, the present invention further provides a residual recording material amount detector
{for a printer, preferably a laser printer, which includes a continuous dot number detecting device for counting a number
of continuous signals for modulating a printing action, preferably a video signal for modulating a laser light source, a
toner consumption data storage device for storing a toner consumption per number of continuous dots, and an inte-
grated toner consumption storage device implemented by a nonvolatile memory for storing an integrated vaiue of toner
consumptions at the time of forming a series of dots calculated by the continuous dot number detecting device and
the toner consumption data storage device. Therefore, the toner consumption can be detected correctly irrespective

of the kind of data to be imprinted.

In case a laser printer is used when printing is started, the continuity of pulse signals that modulate a laser light
source is judged and the number of continuous dots is counted. Based on the count, data relating to the relationship
between the number of continuous dots stored in advance and the toner consumption is read, and the amounts of

toner consumed by forming a series of dots are sequantially integrated.

According to a further aspect of the invention a method for detecting a residual amount of a recording material for

a printer comprises the following steps:

(a) detecung the number of continuous dots by countmg the number of printing signals while dots to be printed are

generated contlnuously,
(b) reading out an amount of a toner consumnption per dot consumed by the generation of a series

(c) caleulating a product of said toner consumption per dot and said number of continuous dots;

of dots;

(d) integrating said toner consumption by repeating said steps (a),(b) and (c) every time dots are printed;

(9) mstructlng replacement of a toner cartridge when said integrated toner consumption has reached a preset

reference value; and



(e) instructing replacement of a toner cartridge when said §i REBEAGRNENT @HSET
sconsunpti on has reached a preset reference value: and (f) rjes -
of said integrated toner consunption when said toner cartrifdg Qszrﬂfﬁﬂ &egd.
15. A method for detecting a residual anmobunt of a recordin terral for a
printer conprising the steps of: (a) detgcting the nunber d¢f continuous
dots by counti ng“the nunmber, of printing signals while dots\ to be printed

{f) resetting a value of said iritagrated toner consumption when said tandr cartridge is

According to a preferred smbodiment of the inventive method, the pnnter is a laser printer and the prmtlng signals
are laser turn on signais.
In the accompanying drawings;

Fig. 1 is a block diagram showing a rasidual toner amount detector, which is an ambodiment of the present invention;
Fig. 2 is a diagram showing an example of a laser printer to which the present invention is applied,

Fig. 3 is an exemplary relationship between the numbaer of continuous dots and the toner consumption per dot at
the time such number of continuous dots are printed; '

Fig. 4 is a flowchart showing an operation of the residual toner amount detector of Fig. I;

Fig. 5 is a diagram illustrating an exemplary print sample referred to for measuring and calculating a toner con-
sumption;

Fig. 6 is a diagram illustrating the frequency of continuous dots for forming a character pattern;

Fig. 7 is a perspective view showing an exemplary developing unit of a page printer,

Fig. 8 is a diagram showing a relationship batween the print duty and the printable number of sheets;

Fig. 9 is a block diagram showing a residual toner amount detector, which is another embodiment of the present
invention;

Fig. 10 is a block diagram showing a residual toner amount detector, which is stifl ancther embodiment of the
present invention; and

Fig. 11 is a block diagram showing a residual toner amount detector, which is still ancther embodiment of the
present invention.

Details of the present invention will hereunder be described with reference to embodiments shown in the drawings. -

Fig. 2 shows an example of a page printer to which the present invention is applied. In Fig. 2, reference numeral
1 designates a photoreceptor drum. Around the photoreceptor drum 1 are a developing roller 2, a transter unit 3, an
eraser 4, acharging unit 5, a waste toner tank 6, and a toner tank 7. Members relating to the toner, i.e., the photoreceptor
drum 1, the developing roller 2, the waste toner tank 6, and the toner tank 7 are formed into a cartridge 9 while put in
the same container 8. _

Between the developing roller 2 and the charging unit 5 is a window 10 transmitting a laser beam. A beam scanned
by arotating polygon mirror 11 is injected through an Fé lens 12to form a latent electrostatic image on the photorecaptor
drum 1. Reference numeral 13 designates a light-smitting device such as a semiconductor laser element. The light-
emitting device is tumed on and off by a puise signal from a laser drive circuit 14 that receives an input of print data
from a print data output device (described later).

Between the transfer unit 3 and the photoraceptor drum 1 runs a sheet path. A racording sheet is introduced into
the sheet path from a sheet feed cassette 15 by sheet feed rollers 16 and 17, is subjected to a transfer process so that
a toner image on the photoreceptor drum 1 is transferred thereon, and is then delivered to a fixing unit 18. _

Reference numeral 20 designates a residual toner amount detector that is a feature of the present invention. The
residual toner amount detector receives print data from the laser drive circuit 14 and a bias sxgnal from a developmg
bias setting circuit 21.

Reference numeral 22 designates a toner replemsh detector. Since the tonertank 7 is a part of the photoreceptor
drum cartridge 9 in which the toner tank 7 is integrated with the photoreceptor drum 1 in this embodiment, the toner
repienish detector 22 is designed to output a signal upon replacement of the photoreceptor drum 1. In the case where
toner is replenished in the form of a toner cartridge 9 that contains toner in a tank container, it may be so designed
that the toner replenish detector 22 outputs a signal upon replacement of the toner cartridge 9. A replenish end in-
struction switch may be arranged on a panel, so that a user can reset the toner raplenish detector 22 after the toner
replenish operation has been compieted. Various other davice may be arranged in this way.

Fig. 1 shows an example of the above-described residual toner amount detactor 20. This detector includes: a
continuous dot number detecting device 30 for detecting the number of continuous dots to be printed upon reception
of a signal from the laser drive circuit 14; a toner consumption data storage device 31 for storing the relationship data
betwaen the number of continuous dots and the toner consumption per dot at the time of printing such number of
continuous dots, and for reading out the toner consumption per dot in accordance with the number of continuous dots;
a multiplying device 33 for obtaining a product of the toner consumption per dot and the number of continuous dots,
or such product taking into account a coefficient applied from a coefficient setting device 32 if necessary; an adding
device 34 for obtaining a sum of data stored in an integrated toner consumption storage device 35 and data from the
multiplying device 33 and storing the sum in the integrated toner consumption storage device; and the integrated toner
consumption storage device 35 implemented by a nonvolatile memory that is reset by a signal from a reset device 36.

As shown in Fig. 3, the toner consumption data storage device 31 is divided into two areas: an area | in which the



are generated continuously: (b) reading out an anount of a tWCEMENT SHEET
sconsunpti on per dot consuned by the generation of a seriesjoffdots——e}

cal cul ating a product of said toner consunption per dot an§l gai gE‘g&Fm--Pf
continuous dots; (d) sequentially subtracting a value of tpn¢r "consunpti on

by repeating said steps (a). (b) and (c) every tine dots afe prrmtet—~o
a preset total amount of toner supplied a3 & toner cartridpe;
toner consumption per dot increasds with increasing number of contmuous dots (the number of continuous =

longing to the area | being 1 to 12) and an area |l in which the toner consumption per dot stays almost constant
irrespective of the numbaer of continuous dots (the number of continuous dots belonging to the area | being 12 or
more), The area | stores a toner consumption per number of dots and the area I stores a representative value, a.g.,
an average toner consumption per dot for the continuous dots 12 to 40. .

An operation of the thus constructed residual toner amount dstactor 20 will be described with reference to a flow-
chart shown in Fig. 4.

Upon input of print data from a host (Step A), bit map data corresponding thereto is developed in a graphic memory.
Upon end of a predatarmined development, the bit map data is converted into a serial signal and output to the laser
drive circuit 14. As a result, the laser light source 13 emits light when a video signal goes high and is turned off when
the video signal goes low.

At the sama time, this video signal is applied to the residual toner amount detector 20. Since this is an initial data
input, the continuous dot number detecting device 30 is first reset (Step B), and then counts the number of laser tum
on signals while dots are continuously generated (Steps C, D). When the laser tum on signal disappears after a series
of dot generating operations that have been ended in such a manner, the continuous dot number detecting device 30
stops counting. The amount of a toner consumption per dot consumed by the generation of a series of dots is read out
from the toner consumption storage device 31. A caiculated product of the toner consumption per dot and the number
of dots counted by the continuous dot number detacting device 30 is applied to the adding device 34.

The adding device 34 adds the amount of the toner consumed by generating a series of dots to the past consump-
tion data stored in the integrated toner consumption storage device 35, and updates the integrated toner consumption
storage device 35 by storing the sum therein again (Step E). This process is repeated every time dots are printed, so
that the toner consumption is integrated (Step G).

On the other hand, when the value in the integrated toner consumption storage device 35 has reached a preset
reference value (Step F), atoner cartridge replacement instruction is given to an informing device 40. When the cartridge

‘- 8is replaced in accordance with the instruction, a signal is applied from the toner replenish detector 22 to reset the
integrated toner consumption storage device 35, so that the integrated toner consumption data is zeroed.

Accuracy in calculating the toner consumption with the thus constructed residual toner amount detector 20 is
evaluated. The results are as shown in Tables 1 and 2,

In the evaluation, five print samples, an exemplary one of which is shown in Fig. 5, are used. Each print sample
is formed by printing 1000 lines, each line having a length N (N being 1, 3, 6, 20, and 1000 dots). The measured value

is obtained by dividing an increment in weight by the total number of dots in each sample. Other values are calculated

v

values.
Table 1
Number of dots N 1 3 6 20 | 1000
Measured values 318 | 10.7 | 25.3 | 54.0 | 55.0
Presgent invention 31B| 11.3 | 226 | 554 | 55.4
Conventional method | 495 | 149 | 290.7 | 49.5 | 48.5
(Unit: 10-2g)

As is apparent from Table 1, the calculated values cbtained by the method of the present invention are substantially
the same as the measured values, whereas the calculated values obtained by the conventional methad, in which the
average toner consumption per dot is multiplied by the total number of dots, contain relatively large error. In fact, as
shown in Table 2, the residual toner amount detector 20 of the present invention exhibits about 10% error at the max-
imum and a few percent or less arror on the average, whereas the conventional method axhibits 55% error at the
maximum and 10% or more error on the average.

Table 2
Number of dots N 1 3 6 20 1000
Present invention 0] +5.0 -10.7 | +2.6 +0.7
Conventional method § +55 | +39.0 | +17.3 -8.3 -10.0
{Unit: %)

Particularly, with respect to patterns such as text data made up of combinations of short segments, those inciuding




(e) instructing replacenent of a toner cartridge when said shb %PA-@PEME[\Q;”%#EET
sconsunption has reached a preset reference value; and (f) repe t| ns éal ue
of said subtracted toner consunption when said toner cartridpe e@f

16. The method according to claim 14 or 15, wherein the printel.is. g laser
printer and the printing signals are ager turn on signals.

segments consisting of 8 dots or less account for 80% of the total as shown in Fig. 6. Theref
area for the small.number of dats greatly affects the accuracy in calculating the total toner consumption. It is for this
reason that the presant invention is far battar in calculation accuracy than thé conventional method.

By the way, the toner consumption is directly affected by the density of an image to be formed, and the densuy is
affacted by the secular change of the photoreceptor drum and the developing bias. To avoid these influences, the
coefficient setting device 32 is additionally provided to the multiplying device 33. By applying data from the developing
bias setting circuit 21 to the coefficient satting davice 32, an increment ar decreament in tonar consumption afttributable
to density is automatically set. Further, by periodically applying the rate of secular change of the photoreceptor drum
1, or by applying data to be consumed due to stained texture, the toner consumption can be calculated more correctly.

While it is the integrated toner consumptions that are calculated in this embodiment, it is apparent that the same
advantage can be obtained by sequentially subtracting the amount of toner consumed by printing from the total amount
of toner supplied to the toner cartridge.

While the consumption per dot is detected in this embodiment, it is apparent that the same advantage can be
obtained by integrating the toner consumption for the total number of continuous dots. That is, in the area | in which
the toner consumption per dot depends largely on the number of continuous dots, the total toner consumption for the
number of continuous dots is used as data, whereas in the area Il in which the toner consumption per dot does not
depend on the number of continuous dots, a representative value of the toner consumption per dot is stored. The
readout data are added up without further processing for area |, whereas the readout data are added up after being
multiplied by the number of dots for area il.

While a monochromatic iaser printer has been taken as an example in the above embodiment, itis apparent that
the same advantage can be obtained by applying the present invention to a graphic printer that forms digital image
using color toners. In this case, the residual toner amount detaector 20 may be arranged per color signal.

The toner consumpticn per number of dots is stored as data for the area | in which the consumption depends
largely on the number of continuous dots in the above embodiment. if more areas, e.g., 3 or more areas are provided
to allow a repraesentative value per area to be stored as data, then the residual toner amount detector 20 can be -
implemented by a small memory.

While the relationship between the number of cantinuous dots and the toner consumption is calculated based on
data stored in dictionary form in this embodiment, itis apparent thatthe same advantage can be obtained by expressing
the relationship in function form.

By the way, the tank 7 assembled in the cartndge 8 (Fig. 1) is mounted on a rotating shaft 50 as shown in Fig. 7.
Toner is electrically charged while stirred at all times during printing by a stirring blade 51 whose end is in slidable
contact with the inner circumferential surface of the tank 7, and supplied to the developing roller 2 irrespective of the
residual. To avoid unnecessary friction between the stirring blade 51 and the inner circumferential surface of the tank,
ribs 52 are arranged on the inner circumferential surface at a predetermined interval in the axial direction, the ribs
extending in the radial direction.

According to such a construction, the destruction of the toner by the friction between the inner circumferential
surface of the tank and the stirring blade 51 can be prevented as much as possible. On the other hand, the tener having
entered into spaces 53 provided by the ribs 52 is solidified while gradually pressed in association with the rotation of
the stirring blade 51, thereby imposing the problem that the amount of toner to be supplied for developing while main-
taining the form of powder is substantially reduced. As shown in Fig. 8, ideally, the printable number of shesets is
inversely proportional to the print duty (as shown by a line A). However, if the duty is low, the printable number of sheets
becomes smaller than that shown by the line A (as shown by a line B). This means that printing is impossible with the
toner having run out although the amount of residual toner is nominally sufficient for printing.

Fig. 9 shows an embodiment that can take care of the problem to be caused by printing farge amounts of low print
duty data. In Fig. 9, reference numeral 60 designates an invalid toner amount calculating device, which calculates the
amount of toner compressed and solidified in the spaces between the ribs 52 in response to the number of printed
sheets from a counter 81 for counting the number of printed sheets. That is, the amount of toner that has been solidified
by the stirring blade 51 and can therefore no longer be used for developing is in a predetermined ratio to one pass of
the stirring blade 51, e.g., several tens mg/pass. Therefore, by muitiplying this ratic by a product of the integrated
number of printed sheets in the counter 61 and the size of a racording sheet, i.e., the effective operation time of the
developing unit, such amount of toner can be calculated.

Reference numerals 62, 63 respectively designate a first comparison device and a second comparison dev:ce.
each of which compares data from the integrated toner consumption storage device 35 and the invalid toner amount
calculating device 60 with a preset alarm reference, and outputs a signal when the data coincides with the alarm
refarence. These signals are applied to an OR circuit 64 to operate an alarm device 65.

in this embodiment, the residual toner amount detector 20 calculates the toner consumption every time print data
is output from the host, and the invalid toner amount calculating device 60 calculates, upon raception of the integrated
number of printed sheaets from the counter 61, the amount or toner that cannot be used due to having been compressed
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and solidified inside the tank. These data are fod to the first comparison devuce 62 and the sacond comparison davice
63, and compared with the alarm refsrencas.

Under the condition that the taner still remains in such an amount as to allow printing of several hundrads of sheats
although the residual toner is decreased o an extramely small amount as the integrated number of printed shaets is
increased in this way, a relatively large amount of toner is compressed and solidified on the inner peripheral surface
of the tank. Aa a result, the data from the invalid toner amount calculating device 60 reaches the alarm reference,
theraby causing the alarm device 65 to intervane to give an alam urging the user to replenish toner.

This system can give a toner shortage alarm without fail irrespective of differences betwean the integrated toner
cansumption or the residual toner data on a display 66 and the valid residual toner amount, such differences tending
to be found often in printing low print duty data in large amounts.

In the above-described embodiment, the amount of unusable solidified toner is calculated by multiplying the ratio
by the integrated number of printed sheets. If the ratio is practically constant irrespective of the intagrated number of
printed sheets, then it is apparent that the same advantage can be cbtained by giving an alarm when the number of
printad sheets coincides with the alarm reference by dlrectly inputting the number of printed sheets to the second
comparison device as shown in Fig. 10.

Fig. 11 shows a third embodiment of the prasent invention. This embodiment is characterized as applying data in
the invalid toner amount calculating device 60 and data in the integrated toner consumption storage device 35 to an
adding device 70 and outputting data in the adding device 70 to a display alarm device 71. According to this embodi-
ment, the toner consumption data on display corresponds to the toner shortage alarm.

Claims
1. A residual recording material amount detector (20) for a printer comprising:
a continuous dot number detecting means (30) for counting a number of continuous dots to be printed;

a toner consumption data storage means (31) for storing a toner consumption per number of said continuous
dots; and

an integrated toner consumption storage means (35) for storing an integrated value of toner consumptions at
the time of forming a series of dots calculated by said continuous dot number detecting means (30) and said
toner consumption data storage means (31).

2. The residual recording material amount detector (20) of Claim 1, wherein said toner consumption data storage
means (31) divides said number of continuous dots into at least two levels, and then said toner consumption data
storage means (31) stores toner consumptions in accordance with said respective levels.

3. The residual recording material amount detector (20) of Claim 1 or 2, further comprising a multiplying means (33)
for obtaining a product of said tonar consumption per dot and said number of said continuous dots.

4. The residual recording material amount detector (20) of Claim 3, further comprising an adding means (34) for
obtaining a sum of data stored in said integrated toner consumption storage means (35) and data abtained from
said multiplying means (33), wherein said sum obtained by said adding means (34) is stored in said integrated
toner consumption storage means (35) again.

5. The residual recording material amount detactor of Claim 3 or 4, further comprising a coefficient setting means
(32) for setting a variable rate of the toner consumption affected by a density of an image to be formed, wherein
said multiplying means (33) obtains a product of said toner consumption per dot and said number of said continuous
dots usmg a coefficient applied from said coefficient setting means (32).

6. The residual racording material amount detector (20) of claim 1, further comprising:

a printed sheet detecting means (61) for counting a number of printed sheets, and for outputting a signal when
a value caiculated from said number of pn’nted sheets reaches a preset value; and

an alarm signal generating means (65,71) for generating an alarm signal on in accordance with said signal
output from said printed sheet detecting means and sald lntegrated value stored in said intagrated toner con-

| O |
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sumption storage means (35). . _ J

The residual recording matarial amount detector (20) according to Claim 6, wherein the printer is a laser printer
- and the continuous dot number detecting means counts a number of contmuous video signals for modulating a
laser light source.

8. The residual recording material amount detector (20} of Claim & or 7, wherein said printed sheet detecting means
comprises a counter (61) for counting said number of printed sheets.

. 9, The residual recording material amount detactor (20) of one of Claims 6 to 8, wherein said printed shest detecting
means comprises an invalid toner amount calculating device (60) for multiplying a predetarmined ratio by a product
of said number of printed sheets and an effective operation time of a daveloping unit of said laser printer.

10. The residual recording material amount detector (20) of ane of Claims 6 to 9, wherain said alarm signal generating
means comprises a first comparison device (62) for comparing said signal from said printed sheet detecting means
with a preset alarm reference and a second comparison device (63) for comparing said integrated value from said
integratad toner consumption storage means (35) with a preset alarm reference, and said alarm signal generating
means generates said alarm signal by logically summing signals from said first and second comparison device
(62.63). .

11. The residual recording material amount detector of one of Claims 6 to 10, wherein said alarm signal generating
means generates said alarm signal by adding said signal output from said printed shest detecting means to said
integrated value stored in said integrated toner consumption storage means (35).

12. A residual recording material amount detector (20) for a printer comprising:

a continuous dot number detecting means (30) for counting a number of continuous dots to be printed;

atoner consumptlen data storage means (31) for storing a toner consumption per number of said continuous
dots; and

a toner consumption storage means (35) for sequentially subtracting a value of toner consumptions at the
time of forming a series of dots calculated by said continuous dot number detecting means (30) and said toner
consumption data storage means (31) from the preset total amount of tener supplied to a toner cartridge.

13. The residual recording material amount detector (20) for a printer according to one of Claims 1to 6 or 8 1o 12,
wherein the printer is a laser printer. .

14. A method for detecting a residual amount of a recording material for a printer comprising the steps of:

(a) detecting the number of continuous dots by ceuntmg the number of printing signals while dots to be printed
are generated continuously;

(b) reading out an amount of a toner consumption per dot consumed by the generation of a series of dots;
(c) calcutating a product of said toner consumption per dot and said number of continuous dots;
(d) integrating said toner consumption by repeating said steps (a), (b) and (c) every time dots are printed;

(e) instructing replacement of a toner cartndge when said integrated toner consumption has reached a preset
reference value; and

(f) resetting a value of eaid integrated toner consumpfion when said toner cartridge is replaced.
15. A method for detecting a residual amount of a recording material for a printer comprising the steps of:

(a) detecting the number of continuous dots by counting the number of printing signals while dots to be printed
are generated continuously;

* [ L M H *
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(b) reading out an amaunt of a toner consumption per dot consumad by the generation of a sarias of dots;
(c) calculating a product of said toner consumption per dot and said number of continuous dots;

(d) sequentially subtracting a value of toner consumptions by repeating said steps (a), (b) and (c) every time
dots are printed, from a presat total amount «of toner supplied to a toner cartridge;

(e} instructing replacement of a toner canndge when said subtracted toner consumption has reached a preset
raelerance value; and

(t) resetting a value of said subtracted toner cansumption when said toner cartridge is replaced.

16. The method according to claim 14 or 15, wherein the printer is a laser printer and the printing signais are laser
turn on signals. .

A e



REPLACEMENT 'SHEET

[ 2]
€3

L

2 2 DEC

J0IA30

ININHOJNI

A AR R RN PR E R E LR ELEREEREL]

[F24
-3
ad

J01A30
JOVHOLS

4

oy

v

Preacncccscacuwew

NOILdHNSNOD
LEL]
031VHI3INI

J0IA30 13834

m LINJ¥ID
e i ] ONILL3S
ONILI3S ¢ : -
€™ | 13 0f, :
301A30 30IA30 | ¢
e £ 30V4015 VIVO ONI10313q |, i | L100UE
2 2 91 NOILaNnSNOO [T u3ghn 10q [  ALSC
010 |, —— anoL | | | snonwinoo | i |
ONIQ0V ONIATILLINN |, T
L m
9 '
ou‘\(\w A4

[ O/




| REPLACEMENT SHEET

2 2 DEC 1997

14

o~ :
LASER ORIVE N
CIRCUIT

RESIDUAL
TONER_ AMOUNT
DETECTOR

-

10-%
g0l
50{
401
30. L

P N
4

\

AMOUNT OF
TONER CONSUMPTION

2 4 4 4 -

15 10 15 20 25 30
NUMBER OF CONTINUOUS DOTS

sl



REPLACEMENT SHEET

2 2 BEC 1997
- 3 -
(starT )
@ Iy "
< START PRINTING 7 >—
) Y
B, ¢
RESET
© * N
& HIGH LEVEL SIGNAL 7 >
. €y .. |
o, 17
¥ READ OUT DATA OF
INCRENENT TONER_CONSUMPTION
INTEGRATE AMOUNT OF
TONER CONSUMPTTON
(F)y 1
N,/ RESIDUAL ANOUNT 2
~\\REFERENCE VALUE ?
), | (6) Ly .
ALARN < NOT PRINT DATA ? >—

' — Y



INTEGRATED RATE

" FIG 5

T

-

!
V

FIG. 6..

| N L N T S | [
T bl “

5 10
NUMBER OF CONTINUOUS DOTS

40

| REPLACEMENT SHEET

2 2 DEC #007




| REPLACEMENT SHEET

2 2 DEC 1997

PRINTABLE NUMBER OF SHEETS

PRINT DUTY



2 2 BEC 4047

| REPLACEMENT SHEET

301A30 30IA30 |
~1 NOSTYVAHOD f+—1 ONILYINDTVD INNOWY ¥31NA0D
N0D3S YINOL OLTYANI )
010 LINOY1Y [ oo™ 097 197
NHY TV YO [+ _ .
= ~ 391A30
59 g — NOSTHVAHOD fe
orl. 1SHI3
R R Rt ..:-n..-.n-uuw..:o..u..aonno..-.-.a.'.--nu.onu.:-nun-oa. _Nw
" m N{12) 6]
m ONTLL3S [ | ownlist
m e | NId0T3A30
: 4> IE 0 i _
| GE 301A30 30IA30 | !
m 2 e e 30vH0LS WV |, o | onridaiag | : f LIOMID
“ 301A30 2 2 7| Moriaunsiod T u3akinw Log [ gAY
AVISIA [e=>1 NOTLAHASNOD 1= ohtoav [*] oWIATdiLIN |, b
~ " 031YY93INT . | m
99 " : .
t | 301A30 1353y :
' ~-9¢ 'y
T 8\,\; a

6 Ol




—

REPLACEMENT SHEET

2 2 BEC 1a97

© 391M30 |
NOSIHVAHOD | .
aN0D3S .
PIA30 |, | LInou1D "l
WYV TV Yo
- =~ 301A30 .
59 ve NOSTUYJHOD fe
N 1SHI4
29
: 391/30
u ONILLIS fe
: IN31014430D
: 6™ I£y 0F)
VS INOLE VLT e
] B i | i T e
! 39IA30 |, IA0

AYI4SIO [o= zcﬁ_mzmwumw ] ONIOQY ONTATLLINK |,

o ] 03LVY93INI
' ]
v | 301A30 1353y Je
m g

oz 57 o

oo od

¥31NN0D

7
19 -

Iz,

1INJHID
ONILI3S
svig

INId0T13A30

[ Y

1IAMIY
JAIHC
43svi

7

~

1!

0L 94

1]
1
L]
]
]
1
[ ]
[}
'
13
]
1
]
]
'
v
]
]
[}
4




REPLACEMENT SHEET

2 2 DEC 1997

301A30
NYV IV
AVdSIOQ

~
il

’
)
[}
L]
]
L]
L}
)
1]
[}
)
1
L
)
1
L ]
1 ]
L
)
L]
]
L}
1
L
L}
L}
L}
]
L}
[}
]
]
s
L]
]
1
*
'
(]
(Y

| 30IA30
— ONTIVINOTYD INAORY e ¥3INN0D
| ¥3NOL OITVANT .
1IN0 ~ 18~
ONIQQY ey 09
4
oL
; ()
A0 ] oNILEs
ONILIZS e . a3
™ 15, €, :
g¢ 30IA30 DIA0 | ¢
L e e 30HOIS VIVO | o | w13t |, ¢ f LIOMID
301A30 2 N NOTLGNISNO [*17] wagwin og [+|  3ALHC
~| NOLIMIEN 1 akroav ] onravarLm |, P
03LVH93IN] :
30130 13534 s "
_ o€ F
.---..---.-.......--.-.-..-.o.m...\.(«\.......---........-....-.-.-..--.--...........-.-.--L 2

Ll O




3,

v

18 MAR 1998

-5 -

and solidified inside the tank. These data ara fad to the first comparison device 62 and the sacond comparison device
63, and comparad with the alarm relaranca. ) .

Under tha condition that the tonar still ramains in such an amount as to allow printing of several hundreds of sheets
although the residual toner is decreased to an extremely small amount as the intagrated number of printed sheels is
incraased in this way, a relatively large amount of toner is compressed and solidified on the inner peripheral surface
of the tank. Aa a result, the data from the invalid toner amount calculating device 60 reaches the alam referencs,
thereby causing the alarm device €5 to intervena to give an alamm urging the user to repienish toner.

This system can give a toner shortage alarm without fail irespective of differences between the integrated toner
consumption or the residual toner data on a display 65 and the valid residual toner amount, such differences tending
to be found often in printing low print duty data in large amounts. i

In the above-described embadiment, the amount of unusable solidified toner is calculated by multiplying the ratio
by the integrated number of printed shests. If the ratio is practically constant irrespective of the integrated number of
printed sheets, then it is apparent that the same advantage can be obtained by giving an alarm when the number of
printed sheets coincides with the alarm reference by directly inputting the number of printed sheets to the second
comparison device as shown in Fig. 10Q.

Fig. 11 shows a third embodiment of the present invention. This embodiment is characterized as applying data in
the invalid toner amount calculating device 60 and data in the integrated toner consumption storage device 35 to an
adding device 70 and outputting data in the adding device 70 to a display alarm device 71. According to this embodi-
ment, the toner consumption data on display corresponds to the toner shortage alam.
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Claims

1.

2

10.

A residual recording material amount detector (20) for a printer comprising:
a continuous dat number détec;ing means (30} for counting a number of continuous dots to be printed;

a toner consumption data storage means (31) for storing a toner consumption per number of said continuous
dots; and

an integrated toner consumption storage means (35) for storing an intagrated value of toner consumptions -at
the time of forming a series of dots calculated by said continuous dot number detecting means (20) and said
toner consumption data storage means (31).

The residual recording material amount detector (20) of Claim 1, wherein said toner consumption data'storage
means (31) divides said number of continuous dats into at least two levels, and then said toner consumption data
storage means (31) stores toner consumptions in accordance with said respective levels.

The n;sidual recording material amount detector (20) of Claim 1 or 2, further comprising a multiplying means (33)
for obtaining a pretiuct of said toner consumption per dot and said number of said continuous dots.

The residual recarding material amount detector (20) of Claim 3, further comprising an adding means (34) for |
obtaining a sum of data stored in said integrated toner consumption storage means (35) and data cbtained from
said multiplying means (33), wherein said sum obtained by said adding means (34) is stored in said integrated
toner consumption storage means (35) again.

The residual recording material amount detector of Claim 3 or 4, further comprising a cosfficient setting mean.s
(32) for setting a variable rate of the toner consumption atfected by a density of an image to be formed, whqrem
said multiplying means (33) obtains a product of said toner consumption per dot and said number of said continuous
dats using a coefficient applied from said coefficient setting means (32).

The residual recording material amount detector (20) of claim 1, further comprising:

a printed sheet detacting means (§1) for counting a number of printed sheets, and for outputting a signal when
a valua calcuiated from said number af printed sheels reaches a preset value; and

an alarm signal generating means (65.71) for generating an alarm signal on in accordance with said signal
output from said printed sheset datecting means and said integrated value stored in said integrated toner con-

sumption stdrage means (35).

The rasidual recarding material amount datector (20) according to Claim 6, wherain the printer is a laser printer
and the continuous dot numbaer detecting means counts a number of continuous video signals for modulating a
laser light source. ’

The residual recording material amount detector (20) of Claim 6 or 7, wherain said printed sheet detecting means
comprises a counter {61) for counting said number of printed sheets.

The residual recording material amount detector (20) of one of Claims 8 to 8, wherein said printed sheet detecting
means comprises an invalid toner amount calculating device (60) for multiplying a predetermined ratio by a product
of said number of printed sheets and an effective operation time of a developing unit of said laser printer.

The residual recording matarial amount detector (20) of one of Claims 6 to 9, wherein said alarm signal generating
means comprises a first comparison device (62) lor comparing said signal from said printed sheet detecting means
with a preset alarm reference and a second comparison device (63) for comparing said integrated value from said
integrated toner consumption storage means (35) with a preset alarm referencs, and said alarm signat genarating
means generates said alamm signal by lagically summing signals from said first and second comparison device
(62.63). _ .
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11. The residual recording material amount detector of one of Claims & to 10, wherein said alarm signal generating
means generates said alarm signal by adding said signal output from said printed sheet detecting means to said
integrated value stored in said integrated toner consumption storage means (35).

12. A residual recording material amount detegtor (20) for a printer comprising:

a continuous dot number detecting means (30) for counting a number of continuous dots to be printed;

a toner consumption data storage means (31) for storing a toner consumption per number of said continuous
dots; and

a loner consumption storage means (35) for sequentially subtracting a value of toner consumptions at the
time of forming a series of dots calculated by said continuous dot number detecting means (30) and said toner
consumption data storage means (31) from the preset total amount of toner supplied to a toner cartridge.

13. The residual recording material amount detector (20) for a printer accordmg to one of Claims 1 to 6 or8to 12,
wherem the printer is a laser printer.

14. A method for detecting a residual amount of a recording material for a printer comprising the steps of:

(a) detecting the number of continuous dats by counting the number of printing signals while dots to be printed
are generated continuously;

{b) reading out an amount of a toner consumption per dot consumed by the generation of a series of dots;
(c) caleulating a product of said toner consumption per dot and said number of continuous dots;
{d) integrating said toner consumption by repeating said steps (a), (b) and (c) every time dots are printed;

(e} instructing replacement of a toner cartridge when said integrated toner consumption has reached a preset
reference vailue; and

(f) resetting a value of said integratad toner consumption when said toner cartridge is replaced.
15. A method for detecting a residual amount of a recording material for a printer comprising the steps of:

(a) detecting the number of continuous dots by counting the number of printing signals while dots to be printed
ara generated continuausly;

{b) reading out an amount of a toner consumption per dot consumed by the generation of a serias of dots:
(c) caicutating a product of said toner cansumption per dot and said number of continucus dots;

(d) sequentially subtracting'a value of toner consumptions by repeating said steps {(a), (b) and (c') avery time
dots are printed, from a praset total amount of toner supplied to a toner cartridge;

(e} instructing replacement of a toner cartridge when said subtracted toner consumption has reached a preset
reference value; and

(f) resetting a value of said subtracted toner consumption when said toner cartridge is replaced,

18. The method according to claim 14 or 15, wherein the printer is a laser printer and the printing signals are laser
turn on signals,
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RESIDUAL RECORDING MATERIAL AMOUNT DETECTOR FOR A 'PRINTER

ABSTRACT

A residual recording material amount detector (20) for a
printer is provided with a continuous dot number detecting
device (30) for counting a number of continuous signals for
modulating a printing action, a toner consumption data
storage device (31) for storing a toner consumption per
number of continuous dots, and an integrated toner
consumption storage device (35) implemented by a nonvolatile
memory for storing an integrated wvalue of toner consumptions
at the time of forming a series of dots calculated by the
continuous dot number detecting device (30) and the toner
consumption data storage device (31). According to the
residual recording material amount detector (20) for the
printer of the present invention, the toner consumption can
be detected éorrectly irrespective of the kind of data to be
printed.

FIGURE 1



