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Backaground Art
Conventidnally. ‘automatic ink-jet printhead pen
servicing, e.g. spitting and wiping, has been performed
at predefined intervals such as ends of pages. Pen
servicing is performed at a throughput premium
because it takes the printer temporarily out of service,
even if only for a second or two. Such defined interval
servicing unnecessarily penalises throughput in cases
9 where the inkis relatively sparse, since the pen typically
does not require wiping or spitting at the end of a page
the printing of which involves relatively few firings of the
pen'sinkjet
JP-A-4080041 describes controlling the intervals
between cleaning operations on an ink-jet printhead by
counting the number of ink drops discharged and moni-
toring the temperature of the printhead. The operation
interval is shortened when the printhead temperature is
high and increased when the printhead temperature is
low. | |



| nké-j et printer output density--i.e. t he percentage of a surface area on a
printed page that contains ink-- affects tine-averaged power demand on the
printer's power supply. Power supply design nmust acconmopdate power
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The various pens of muiti-pen ink-jet printers typi-
cally would have different servicing requirements. For
example, a tri-color pen might require more frequent
wiping in arder to minimize intra-pen ink (inter-color)
contamination, whereas a monochrome (black calor)
‘pen would require less frequent wiping because there is’
| no possibility of intra-pen ink contamination. Black and

- colored inks, the depositing and drying characteristics

of which are different because of their different formula-
tions, also would have different wiping, spitting and.
other servicing requirements. With the advent of muilti-
pen ink-jet printers that include monochrome and muiti-
color pens, the pen servicing requirements of the printer
become more complex, as the different pen types
require different servicing intervals.

Moreover, color ink-jet printing presents specnal tim-

ing problems because proper mixing of the primitive
color, i.e. magenta, cyan and yellow, inks for high quality
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The present invention relates to a methcd as
defined in Claim 1.

‘The invented automatic pen servicing method and
apparatus represents a solution to the problem of deter-
mining appropriate servicing intervals for plural-pen ink-
jet printers. Automatic pen-servicing and print rate-con-
trolling method and apparatus are described for time-
averaged power management and for determining
appropriate servicing intervals for plural-pen ink-jet
printers. The preferred method invalves counting the |
number of drops of ink that are fired from each of plural
pens in the printer's printhead carriage and optionally
calculating each pen's firing rate such that printer
throughput can be controlled to limit time-averaged
power and such that pen servicing frequency can be
based upon the need for such servicing rather than
upan prior simplistic assumptions. The counts are easily
maintained in memory connected, for example, with the
printer's micracontroller, as are parameters that-the
microcontroller uses to determine appropriate drop
count-based apportunities for pen servicing that take



printer's mcrocontroller, as are paraneters that the mcrocontroller uses
to determ ne appropriate drop count-based opportunities for pen servicing

t hat take 4 the printer off-line only as
often as necessary. The pre- ferred apgaratus includes a drop counter, a
service sta- tion for wping and spitting plural pens within a carriage and
a contr¢ller responsive to the drop counter to con- trol the printing rate
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| These and additional objects and advantages of the

present invention will be mare readily understood aftera
o consideration of the drawing and the detailed descrip-

tion of the preferred embodiment.

1

Brief Description of the Drawings -

The drawing is a schematic: block diagram of the
invented apparatus in its preferred embaodiment.

Detailed Description of the Preferred Embaodiments and -
Best Mode of Carrying Qut the Invention

w The included drawing illustrates the invented appa-
ratus for time-averaged power management and auto-
matic servicing of plural pens in an ink-jet printer in
schematic block diagram form at 10. Apparatus 10 pref-
erably includes one or mare drop counter(s) 12 far
determining the number of ink drops being fired or
ejected from each pen of a printer's carriage 14, a serv-
ice station 16 including at least a wiper for wiping (and
preferably also a spittaon for spitting and perhaps also a
vacuum pump far priming) each pen, and a controlier 18
respansive ta drop counter 12 for maving carriage 14




ejected fromeach pen of a printer's carriage 14, a serv- ice station 1 6
i ncluding at least a wiper for wiping (and preferably also a spittoon for
spitting and perhaps al so a vacuum punp for prim ng) each pen, and a
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an ink jet] fcoumters-12, controller 18 and timer 22 constitute a part
~ ~ of the ink-jet printer's electronics 28, which preferably
are implemented in a custom large-scale integrated
(LSI) semiconductor device such as an application-spe-
cific integrated circuit (ASIC).

Preferably, each of drop counters 12 is imple-
mented in hardware, aithough within the spirit of the
invention it may be implemented in firmware or soft-
ware. The pen firing rate, or ink drop ejection rate, to
which each drop counter 12 is responsive can be as
high as approximately 250 kHz; so, a software or
firmware implementation would require a dedicated, rel-
atively high-speed microprocessor. it will be appreci-
‘ated that drop counters 12 do not actually count ink
drops, but instead count instances of an ink jet firing sig-
nal produced, for example, by microprocessor 20 in
response to print commands from a printer driver such
as a host computer or fiie server (not shown). Thus,
invented apparatus 10 avoids the added compiexity and
weight--and the attendant cost--of a physical ink drap
7’| detector.
| Those skilled in the arts will appreciate that micro-
processor 20, responsive to drop counters 12 and timer




nal produced, for exanple, by mcroprocessor 20 in response to print
commands froma printer driver such as a host conputer or file server (not
shown). Thus, invented apparatus 10 avoids the added conplexity and
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Pl ri calll Ve $EUASNE 18"St0re twd ‘G “Counts-and two pen firing
rates representative of the ink drop demands being

placed on all nozzles within each pen of the ink-et

printer. Of course, any number of drop counts and cor-

responding firing rates may be determined and stored

for usein automatic tlme-averaged power management

and pen servzcmg in accordance with the invention.

Optionally, contrailer 18 may include a comparator,
e.g. a logical comparator (not shown) implemented in -
-microprocessor 20, for comparing the number of ink
.drops fired to predicted pen life criteria. Such criterig
\~  |-may be empirically determined. and would represent
| average pen life for a pen of the type(s) used in print-
head carriage 14. Also optionally, apparatus 10.-further
may include an audio, visual or other indicator 30
respansive to controller 18 for indicating a low-ink con-
dition of ane or more pens, as determined By counting
the number of drops fired therefrom and based upon
such comparison. In this way, an ink-et printer could
| annunciate to its user when one ar mare pens is nearly
exhausted of ink, based upon measured usage data
and predicted evaporation rate, average drop size and




average pen |life for a pen of the type(s) used in print- head carriage 14.
Al so optionally, apparatus 10 further nmay include an audi o, visual or other
i ndi cator 30 responsive to controller 18 for indicating a | owink con-
_dition of one or nore pens, as determiged by counting the nunber of drops
fired therefromand based upon such conparison. In this way, an ink-jet
printer qould annunciate to its user when one or nore pens is nearly
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= Apparatus 10 may be understood to be capable
automatically of managing time-averaged power deliv-
ered to electranics 28 of an ink-jet printer. Apparatus 10
includes a power supply 32 characterized as having a
predefined time-averaged power delivery capability, e.g.
the power to sustain continuous printing at a print den-
sity of 50% of salid biack or colored ink within the print-
able surface area of a printed page. This is because
apparatus 10 includes one or more drap counters 12 for
determining_the number of ink drops being fired from
., | worresponding pens of a printer's carriage and controller
18 including microprocessar 20 responsive therato for
contralling the printing rate via control of carriage motor
drive circuit 26 connected with printhead carriage 14.
Such control is performed in such manner that the
rated, predefined time-averaged power delivery capabil-
ity of power supply 32 is not exceeded.

In other words, microprocessor 20 straightforwardly
is programmed to control the average rate at which car-
riage drive motor 26 makes successive printhead car-
riage 14 passes, thereby limiting the average printing
rate or throughput so that the rated power available from




determ ni ng, the nunber of ink drops being fired from correspondi ng pens of
a printer's carriage and controller 18 including m croprocessor 20
responsi ve thereto for controlling the printing rate via control of
carriage notor drive circuit 26 connectggd with printhead carriage 14. Such
control is performed in such manner that the rated, predefined
tine-averdged power delivery capabil- ity of power supply 32 is not
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N\ pens within printhead carriage 14 not to exceed the pre-
defined, stored time-averaged power level or threshold.
Those skilled in the arts will appreciate that, while car-
riage motor drive and ink jet firing currents are not the
only power demands on power supply 32, they account
for most of the variable load, as has been determmed by

thermal analysis of ink-jet printers.

The preferred pen servicing and power manage-
ment methods of the invention now may be understood,
by reference to the preferred apparatus described and

‘illustrated herein. Preferably pen servicing includes
o counting the number of drops fired, i.e. the number of
-ink jet firings, from a pen to preduce a count and, based
thereon, automatically servicing such pen when the first
count exceeds a predefined number. It will be appreci-
ated that the predefined number may be a minimum
such as zero where drop counters 12 are down
counters preset to a maximum number of drops or fir-
ings. It will be appreciated that, alternatively, the prede-
fined number may be a maximum such as 800,000 or
2,620,000 where drop counters 12 are up counters that
B are reset to zero. These and other aiternative counting
methaods are within the scope of the invention.
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In accordance with the preferred method of the
invention, pen servicing is performed mid-page (and,
consequently, at the end of a printed line) if and when a
predefined biack or color drop count has been
exceeded, as it has been determined that this mini-
mizes low-quality printing that otherwise might resuit

- fromink clogging or leakage in and around the pen's ori-
fices or nozzles or the surrounding surfaces. In the case
of a multi-calor pen, such also minimizes low-quality
printing that otherwise might result from intra-pen ink

" flow and color contamination. Of course, it may be nec-

" essary in variable-density print situations to service the
pens more or less often to achieve a desired high
throughput yet without compromising print quality. The
invented apparatus and method achieve this demand-
based servicing goal on what might be referred to as a
“pay-as-you-go” basis.

In accordance with the preferred method of the
invention, pen servicing is performed as follows. if a
drop count exceeds the predefined first count (e.g.

800.000 color drops or 2,620,000 black drops mid-page



I nvention, pen servicing is performed m d-page (and, consequently, at the
end of a printed line) if and when a predefined black or color drop count
has been exceeded, as it has been determ ned that this mni- mzes
Iom#quallty printing that otherw se n1ﬂ9t result fromink clogging or

| eakage in and around the pen's ori- fiCes or nozzles or the surroundlng
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= the servicing requirement was based upon a color drop
count threshold being exceeded, then servicing
includes spitting the color pen more times than the black
pen. This is why preferably there are individual drop

- counters 12 for the individual pens within printhead car-
riage 14. If no pen's drop count exceeds the predefined
mid-page or end-of-page threshoids, then no pen serv-
icing takes place on the given page of printout. (Of
course, other servicing irrespective of drop counts may
take place, e.g. at printer power up, during the first and

Y last pages of each print job and when the user replaces

| a pen or otherwise manually invokes pen servicing.) |

it will be appreciated that servicing is performed, in

accordance with the preferred method, when the count

exceeds a predefined number, e.g. 800,000 or

2,620,000 drops, mid-page, or when the count exceeds

a predefined percentage, e.g. 25-30%, thereof at the

end of a page. This avoids unnecessarily frequent pen

servicing, yet maintains overall print quality of each and

every page. Moreover, it favors servicing between

pages, thereby least impacting throughput and avoiding




mere tinmes than the col or pen.

Al so, nost preferably, if the servicing

requi rement was based upon a color drop count threshold being exceeded,
then servicing includes spitting the color pen nore tines than the bl ack

pen. This is why preferably there areqiqndi vi dual drop counters 12 for the
I ndi viduaj] pens within printhead car- riage 14. If no pen's drop count
exceeds tphe predefined m d-page or end-of-page thresholds, then no pen
servi o no|  r PESGIRRRY NGHE, @mﬁfepﬁ&wb@ o 01, il Shisker bower
‘oo aces b pon i fm"sﬁgﬁmm m ?QLLS;E%?&" a‘rﬂgﬂ?ﬁﬁéﬁwsxl |
be appr ec{ at withhatpeatarthat includ étﬂ[a | pens:of iﬁﬁfent types,
R E TR e e o e
innecesea | %m;";'ﬁm"@‘* e  peimbet ot Srdps fradotrom hepiral ity
of each apd R&@Sy @@ useplural; SQ&'\){ﬁ WEIST@1Pe SRIMCING dSs,
Visible, b dRSdERTS Wﬁiwhﬂ@dfa?‘efﬁeé’&*?uwﬁeemﬁ#ézﬁr@éh&“' ny
e g SRoRaing predefined count forthat penyperioreirebrcnt
t%g nunbér ' oﬁ@@ﬁg tﬁ@e’éﬂ“f@mgﬁ M gﬁ y‘-ﬁ?’ﬁ%ﬁ&%&ﬁbli@ﬁ( c@agntgs and-
wherein serviggi@p piuPsl mqnmﬁa@smmé tHe plutlpenseprade-corre-
Y fined numbers of times based upon which of the plural
counts exceeds a corresponding predefined count, as
described above.
it will be appreciated that servicing also may
include pen priming, e.g. by the use of a vacuum pump
connected to the pen’'s cap. Other maintenance or fail-
ure recovery steps also may be taken during servicing,
based in whole or part on drop counts as defined
herein. For example, the method may include indicating
to the user via indicator 30 when one or more counts
produced by drop counters 12 exceeds a threshald
Y, number predetermined to be indicative of a low-ink con-

dition of the corresponding pen.

The preferred time-averaged power management
method now may be understoad to include counting the
number of ink drops fired from a pen over a defined time
interval to produce a count and, based thereon, auto-
matically rate controlling printing when such count over
such interval exceeds a predefined number. Such may

include calculating an ink drop firing rate based upon



spondi ng predefined count for that pen type.
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More pref- erably the invented
automatically servicing such plural pens includes spitting the

s prede- fined nunbers of tinmes based upon which of the plural
eeds a corresponding predefimped count, as described above.

appreci ated that servicing also may include pen primng, e.g. by
gyt LoDRIM v stk tirtid hﬁté?@af WiterEbie 'suehnEgf@nce or
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~ head carriage passes, i.e. selectively delaying or paus-
ing between printed lines by a variable amount of time
based at least in part on the measured drop count and
the derived, e.g. calculated, firing rate for each pen in
printhead carriage 14.

Industrial Applicability

It may be seen that the invented method and appa-
ratus for automatic time-averaged power management
and plural-pen printhead servicing of ink-jet printers
adapt themselves in real time to actual printer usage,
and do not unnecessarily penalize throughput in varied
printer applications. The savings include lower cost of
the printer's power supply and the benefits include
extended useful life of the printhead, e.g. pens and.car-
riage motor, and the service station, e.g. wipers. Still,
high print quality is not compromised, but instead is
maintained, because printhead service frequency is
based upon actual ink delivery demands placed on the
ink-jet printer. The drop count or pen firing rate basis for

pen servicing and time-averaged power management
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;; principles and preferred enbodinent, it will be apparent to those skilled
= 1n the art that other changes in formand detail nmay be made therein
< wit hout departing fromthe scope of the invention as defined in the

. appended cl ai ns. 11¢ lic Claims 1. A pen

. servicing nethod for use in an ink-jet printer, said nmet hod conpri sing
the stepsyof: counting (12) drops fired fromthe pen since
| ast serv]|ced to produce an ink drop ejection count ; upon
conpl eti np Biintiqg of a page, conparing (20) said ink drop
ej ecti on Fokt@tAID prede- fined nunber, and servicing (16,24) the
pen and resetting the ink drop ejection count upon
conpletinp printing of a page where said ink drop ejection count

has not ypt {reac i ici ' i imk-pét prinder,
pr edefi nefl 1 ppﬁ)felﬂl ?Sryéﬁxg%gowggﬁg%fggy%gnngﬁ er; %eﬁdp

servi cing|the pesaédjmetandrmmprisin e steps Ofiection count where
the ink dfop ejection count reaches said predefined nunber. 2. A
met hod ac¢ording to claim1, wherein said servic- ing includes w ping

the pen. 3. A methoaepifig | 12) Hrops firee Frarrithecpen-since
last serviced to produce an ink drop &jection
count; |

upon-completing printing of a page, comparing
U (20) said ink drop ejection count to a prede-
fined number, and servicing (16,24) the pen
and resetting the ink drop ejection count upen
completing printing of a2 page where said ink
drop ejection count has not yet reached said
predefined number, but is within a predefined
finite range of said predefined number; and
servicing the pen and resetting the ink drop
ejection count where the ink drop ejection
count reaches said predefined number.

2. A method according to claim 1, wherein said servig-
ing includes wiping the pen.

3. Amethod according to ctaim 1, wherein said servic-
ing includes spitting the pen. -

4. A method accarding ta claim 1, wherein said servic-
ing includes priming the pen. |




.-ing includes spitting the pen. 4. A method according to claim1, wherein

claim 1
count

-sai d servic- I ng includes primng the pen.

1.1d 5. A nethod according to claim1 in which the printer i ncl udes
plural pens of different types, wherein } d counting (12) is of the
nunber of drops fired from the plural pens to produce plural counts and
wherein slaid servicing (16,24) is perfornmed when any of the counts
exceeds al correspondi ng prede- fined nunber. 6. A nmethod according to
claim6. Wherein said servic- ing includes spitting the plural pens

pr edefi ned nunber of tinmes based upon which of the plural counts
exceéds

aﬂf}orﬁefspqﬁﬂmeth@deapmrdm?mtmiamyAma:vgorciactrmehdpnmter
coens inGludes muralipens of differant types, WHerein said

exceeds IR

counting (12) is of the number of drops fired from
the plural pens to produce plural counts and
wherein said servicing (16,24) is performed when

any of the counts exceeds a corresponding prede-
fined number.

A methcd according to claim 6, wherein said servic-
ing includes spitting the plural pens predefined
number of times based upon which of the piural

counts. exceeds a corresponding predefined

number.

A method according to claim 1 which - further
includes indicating (30) to the user when the count
exceeds a predefined number.



