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PRINTER AND PRINTER HEAD CONTROL METHOD THEREOF

BACKXGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a printer and printer
head control method and relates in particular to a printer
.and printer head control method in ink jet printers for
expressing various types of print tones by controlling the
diluted ink with dilution £luid. This invention reduces
irregularities in the guantity of ink supplied to the
dispensing nozzle opening occurring in the related art and
can ﬁglivg;nhigh quality printing by regulating the number
ofpuiéestocontrolthequantityofdilutionfluidfordiluting
the ink.

Description of Related A?t

Methods have been proposed in the related art for
expressing various types of print tones in ink jet printers
by controlling the quantity of ink dilution with dilution
fluid.

A drawing of the cross section of one head for this type
of ink ﬁet printer along with the peripheral structure is shown
in Fig. 8. In this drawing, a head 2 of an ink jet printer
1 is comprised of a nozzle plate 4, piezoelectric elements

SK and 5I constituting the drive element, and an oscillator



plate 3 in an inner plate P.

Here, the inner plate P is formed for instance of plastic
by injection molding and constitutes the walls of this head
2. The oscillator plate 3 is formed by a resilient plate shaped
member such as a metallic plate. The nozzle plate 4 is formed
by a plate shaped member such as metal plate forming a
water-repellent coating on the surface.

The head 2 is supplied with dilution fluid X and ink
I from the respective tanks by way of the supply paths LI and
LK through the inner plate P. Buffer tanks 6I and 6K az:;e formed
at the base of these supply paths LI and LK and the head 2
stores the ink I and dilution fluid K supplied from the supply
paths LI and LK, into these buffer tanks 6I and 6K.

The head 2 also supplies the ink I and dilutiomn flul_tl.:.‘Ld
Kstored in thebuffer tanks 6 and 6K to the respective pressure
chambers 8T and 8K by way of the supply paths 7I and 7K formed
in the nozzle plate 4.

The pressure chambers 8I and 8K are each formed adjoining
the wall 9 and enclosed by the oscillator plate 3 and the nozzle
plate 4. The piezoelectric elements 5I and 5K are respectively
installed on the oscillator plate 3 for the pressure chambers
8T and 8K by way of the épecified plates 10I and 10K. The drive
action of the piezoelectric elements SI and 5K are configured

to apply contact pressure to the oscillator plate 3 so changes
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can bemade in the pressure applied to the ink I and the dilution
fluid XK held inside the pressure chambers 8I and 8K.

The nozzle plate 4 for the pressure chamber 8K on the
dilution fluid side, is formed with a through hole extending
towards the object for printiﬁg, and in contact with the
pressure chamber 8I (ink side) andwall 9. Thedispensingnozzle
11 is comprised by this through hole. This dispensing nozzle
11 is formed in a circular shape in the nozzle plate 4 as shown
by the symbol A in the enlarged figure.

A through hole is formed extending diagonallf towards
the dispensing nozzle 11 side in the nozzle plate 4 on the
ink side of the pressure chamber 8I. A fixed flow nozzle 12
is comprised by this through hole. This fixed flow noezle 12
is formed by drilling a hole in a crescent shaee in the nozzle
plate 4 so as to separate the spray hole 12a by a specified
distancer fromthe dispensinghole 11Aof thedispensingnozzle
11.

In this way, the ink side piezoelectric element 5I is
driven in the head 2 as shown in Fig. 9 and the ink I is pressed
outfromthefixedflownozz;elz,andsuppliedtothedispensing
outlet 11A of dispensing nozzle 11. The dilution fluid side
piezoelectric element 5K is driven to make the dilution £luid
XK fly outwards from the dispensing nozzle 11, and along with

diluting the ink I supplied from the dispensing outlet 11A



of nozzle 11, the diluted ink I is made to fly towards the
object for printing. In the head 2 at this time, the quantity
of ink I supplied to the dispensing nozzle 11 side is regulated
by driving the ink side piezoelectric element SI, and variocus
print tones can be expressed iﬁ the printing, by adjusting
the concentration of the ink I £lying towards the object fof
printing.

The head controller 16 in Fig. 8, generates the
piezoelectric element 5I and 5K drive signals SI and SK
according toprint tonedata Dl output fromthe host controller.

The head controller 16 maintains the dilution ink drive
signa_}_ 8K at a fixed voltage V1K {(Fig. 10B), and at a specified
periodfll(forinstanceasondcrosecondperiod)andgenerates
an ink drive signal SI {(Fig. 10A) to lower the print tone from
the specified voltage V1I to a voltage V2I. The controller
16 in this way, emits from the fixed flownozzle 12, a quantity
of ink determined by the difference in electrical potential
AV between voltage V1I and voltage V2I, and supplies the ink
to the dispensing outlet 1lla of dispensing nozzle 11.

Next, with the ink drive control signal SI maintained
at voltage V21, the head controller 16 suddenly lowers the
drive sighal SK {for instance in a period (T1K) of 12
microseconds). The dilution fluid X is in this way made to

fly outward from the dispensing nozzle 11, and along with
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diluting the ink I supplied to dispensing outlact lla of
dispensing nozzle 11, the diluted ink I is made to £ly towards
the object for printing.

After the ink drive signal SI and dilution fluid drive
signal SK have been maintained at the lowered voltage for an
interval {for instance a period of 50 microseconds) between
specified time T2I and T2K, the head controller 16 raises the
voltage back to the original wvoltage V1I and V1K for a
sufficiently long time T3I and T3K {for instance a period of
100 microseconds) versus the lowered voltage time,-and a
printing cycle for one dot is in this way completed.

In an ink jet printer 1, multiheads are comprised of
a plurality of heads of a structure configured so that a
plurality of dots are simultaneously printed in parallel by
this ﬁultihead to deliver improved printing speed.

However, in an ink jet printer that dilutes the ink with
dilution fluid in this way, a problem arises in that
irregularities occur in the quantity of ink supplied to the
dispensing nozzle 11.

In other words, the ink I pushed out from the fixed flow
nozzle 12 is conveyed along the surface of the nozzle plate
4 and supplied to the dispensing nozzle 11. The gquantity of
ink supplied to this dispensing nozzle 11 varies according

to the interval r of the nozzles, and the wettability (water
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repellency) of the nozzle plate 4 between the nozzles, etc.
The dampness of the nozzle plate 4 may vary, causing
fluctuations in printing quality during deot printing.

Therefore, irregularities occur during printing of dots
in these types of ink jet printers for the above-mentioned
reasons and the reproduction of print tones (reproduction of
printing concentration} is inadequate.

Further, the nozzle plate 4 in the dispensing nozzle
11 and the fixed flow nozzle 12 must be finely machined, and
irregularities or variations are unavoidable in such type of
machining. Therefore, irregularities in the interval r of the
nozzles for each head occur igrthe_multihead, making
irregularities or variations uﬁavoidable in the quantity of
ink flying out from thé;heads. When irregularities in ink
quantity occur in the heads in this way, stripes occur in the
dot printing due to the same print tone being produced by each
head, so that a drastic decline in print quality occurs.

In terms of the ink quantity supplied to the dispensing
nozzle 11 to print one print tone, the thinner the printing
concentration {the weaker the printer contrast), or in other
words, as less ink is supplied to the dispensing nozzle 11,
the effect of irregularities becomes greater. The greater the
effect of irregularities, the weaker the reproduction of the

print tone becomes, and effects such as stripes become more



obvious so that the quality of the printing drastically

deteriorates.

SUMMARY OF THE INVENTION

In view of the above problems with the related art, this
invention has the object of providing a printer and printer
head control method to reduce irregularities that occur in
the related art and deliver high quality printing in the ink
quantity supplied to the dispensing nozzle in jet printers
that dilute the printing ink with dilution fluid.

In order to achieve the above objects, the printer and
printer control method of this invention according to claim
1 through claim 6, regulates the ink quantity by controlling
the number of drive signal pulses.

To further achieve the above objects, the printer and
printer control method of this invention according to claim
1 through claim 6, controls the number of pulges in the drive
signal to supply ink droplets.with few irregularities or
variations so that irregularities in ink gquantity due to
variations in nozzle interval r and irregularities in ink

quantity due changes in dampness are reduced.

. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is signal waveforms showing the drive signal of
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the drive signal of the piezoelectric element for the ink,
in the ink jet printer of the embodiment of the invention.
| Fig. 2A and Fig. 2B are signal timing waveforms showing
the basic waveform of the drive pulses of Fig. 1A through Fig.
1H.

Fig. 3 is an oblique view showing the movement of the
ink according to the basic waveforms of Fig. 2A and Fig. 2B,

Fig. 4A and Fig. 4B are signal waveforms showing the
relation of the dilution f£luid drive signal with the drive
signals of Fig. 1A through Fig. 1H.

Fig. 5 is a graph showing characteristic curves from
results of the drive signals of FiﬁiflA-ghrough Fig. 1H.

Fig. 6 is a table showing'drive"fesults from the drive
signals of Fig. 1A through FiéL 1H compared with the related
art.

Fig. 7 is an elevational view showing the head for the
ink jet printer of another embodiment.

Fig. 8 is a cross sectional view showing the ink jet
printer.

Fig. 9 is an oblique view showing the movement of the
ink by the drive method of the related art.

Fig.” 10A and Fig. 10B are signal waveforms showing the

drive signal by means of the drive method of the related art.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereafter, the embodiments of this invention are
described in detail while referring to the accompanying
drawings.

FPig. 2 is signal timing waveform drawing showing the
basic waveforms of the drive signal for driving the ink
piezoelectric element 5I in the ink jet printer of this
embodiment. The ink piezoelectric element 5I in the ink jet
printer of this embodiment is driven by combining these basic
pulses and the dilution fluid element 5K is also
correspondingly driven.

IE.the-;nk jet printer of this embodiment, except for
the diff“erent structure of the head controller for these drive
%;ignals, the structure is otherwise identical to the ink jet
printer 1 described in Fig. 8. Components different from the
structure of Fig. 8 are shown with reference numerals in
parentheses in the same figure and the following description
utilizes Fig. B. Descriptions of sections identical to the
ink jet printer 1 are omitted.

The.basic waveform, as shown here in Fig. 3, supplies
drops of ink I to the dispensing outlet 11A of the dispensing
nozzlell so thesignal level changeswithin short time periods,
and has a pulse waveform with a fixed amplitude. This basic

pulse further has a small drop basic waveform Sis for supplying
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ink I in small drops, and also a large drop basic waveform
SiL for supplying ink I in large drops, in proportion to the
small drop basic waveform SiS. A drive signal §i is formed
for the piezoelectric element 5I in this embodiment, by
combining the small drop basic waveform SiS and the large drop
basic waveform SiL, according to the ink supply quantity
determined by the print tone. In Fig. 2, the numeral below
the waveform indicates the time for each period in
microseconds.

After these basic waveforms SiS and SilL first deliver
approximately half of the ink quantity for dispensing outlet
11A to the pr;assure chamber 8I, the ink I is supplied in dro_p:_s-_
to the dispensing outlet 11A, and the remaining half of th;
ink is next supplied to the pressure chamber SI. M&;t of the
ink from the buffer tank 6I is therefore not supplied all at
once, so that irregularities in the quantity of ink drops being
supplied can be reduced.

The signal levels of the basic waveforms SiS and SiL
are first raised (for instance in a period of 2 microseconds)
s0 that the volume of'the pressure chamber 8I is increased,
and afterwards the signal level lowered so that the volume
in the pressure chamber 8I can be lowered and the ink I can
be pushed out of the fixed flow nozzle 12. Finally, the signal

level is raised to the original signal level so the volume



in the pressure chamber 8I c¢an increase.

After the signal levels of the basic waveforms 5iS and
SiL are raised, a fixed signal level is maintained for a
specified time period {for instance 2 microseconds) until the
signal levels start to fall. The residual vibrations in the
piezoelectric element can thérefore be suppressed over a
sufficiently wide actual range in the ink jet printer 21, and
ink meniscus variations in the spray hole can be stabilized
so that irregularities in the quantity of ink drops being
supplied can be reduced.

Also, the signal levels of the basic waveforms SiS and
SiL are lowered, a fixed signal level is maintained for a
specifiedtimeperiod(forinstance:Zmicro;econds)untilthe
signal levels start to rise. In thé;ink jet printer 21, after
the ink I is reliably supplied to the dispensing outlet 11A
of dispensing nozzle 11, the voltage of the pressure chamber
8I canbe sufficiently stabilized, and the pressure in pressure
chamber 8I lowered so that irregularities in the quantity of
ink drops being supplied can be reduced.

The large drop basic wavgform SiL is set so that the
amplitude becomes larger and the period that the signal level
is low, becomes larger compared to the small drop basicwaveform
SiS (for instance 4 microseconds for the small drop basic

waveform S$isS, and 9 microseconds for the large drop basic
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waveform SiL), and that large drops of ink I (compared to the
small drops) can be supplied.

In this embodiment, print tone data D1 for eight print
tones including a print tone having dots with no ink adhering,
are input to the head controller 26. The head controller 26
combines the basic waveforms SiS and SiL and generates the
drive signal Si of the plezoelectric element 5I according to
this print tone data D1 as shown in Fig. 1.

The head controller 26 in other words, maintains the
ink and dilution fluid drive signals Si and Sk at a £ixed signal
level {(Fig. 1lA) at a first print tone having dots with no ink
ﬁiﬁheriggf In contrast, in a continuing second print tone, a
p;ezoelectric element 5I is driven by a drive signal 8i2
utilizing only one of the small drop basic waveforms Sis (Fig.
1B) . Ina thirdprint tone, apiezoelectricelement 5I is driven
by a drive signal Si3 utilizing only one of the large drop
basic waveforms SiL {(Fig. 1C).

In a continuing fourth print tone, a drive signal Sid¢
{Fig. 1D) is generated by a continuous three small drop basic
wévéforms Sis, and in a fifth continuing print tone, a drive
signal Si5 is generated {Fig. 1E) by a continuous three large
drop basi¢ waveforms SiL.

In a sixth continuing print tone, a drive signal Sié6

is generated (Fig. 1F) by a continuocus five small drop basic
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waveforms SiS. In a seventh continuing print tone, a drive
signal Si7 is generated (Fig. 1G) by a continuous five small
drop basic waveforms SiS. In the eighth print tone having the
greatest ink concentration, after a continuous three small
drop basic waveforms SiS, adrive signal Si8 is generated (Fig.
1H) per a continuous three large drop basic waveforms SiL.

In this way, the ink quantity supplied to the dispensing
outlet 11A of dispensing nozzle 1 is increased in the head
controller 26 according to the print tone.

Inthis embodiment, theinkejectprinter2lisconfigured
to regulate the quantity of ink supplied to the dispensing
nozzle 11 according to the number of pulses in the drive signal
Si. By also at this time, using two pulses having different
amplitudes, the guantity of ink is regulated by controlling
the amplitude of the pulses, as well as the number of pulses.

By forming drive signals Si in this way, the head
controller 26, after allotting the large drop basic waveforms
SiL, maintains the drive signal Si signal level at a fixed
signal level fora fixedperiodT (for instance, 5microseconds)
and then allots the basic waveforms SiS and SilL. Thus, even
when the ink I is supplied by repetitive basic waveforms SiS
and SiL ix this way, the head controller 26 can prevent most
of the ink quantity from being supplied from the buffer tank

6I at one time, so that irregularities in the gquantity of ink
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drops being supplied can be reduced.

Besides generating the ink drive signal S§i, the head
controller 26, as shown in Fig. 4, gradually raises the signal
level of the dilution fluid drive signal Sk , when a time t1l1
has elapsed (Figs. 4A and 4B) within a specified time (for
instance 13 microseconds) from the time point t0 at which the
ink I initially starts to be pushed out by the ink drive signal
Si. The head controller 26 in this way supplies the ink I to
the dispensing outlet 11A of dispensing nozzle 11 (See
reference symbol B of Fig. 8), while pulling the meniscus of
the ink I into the pressure chamber 8K through the dispensing
nozzle 11, so the ipk_l_\vw-ill_ g-o‘t spill in dispensing outlet
11A of dispensing nozzl—e 11. Further, the dilution fluid K
from the buffer:j'.:tank 6K is fed beforehand, effectively
utilizing the time period that ink I is supplied to the
dispensing outlet 11A of dispensing nozzle 11.

When a sufficient amount of time {in this embodiment,
a time t2 at which 140 microseconds has elapsed from time point

t0) for the head controller 26 to supply the ink I by utilizing

‘the basic pulses has elapsed, the rise of the dilution £1luid

drive signal Sk is stopped, and after holding the drive signal
Sk signal ‘level at a fixed value for a specified period (for
example, 10 microseconds), the signal level is lowered and

the dilution fluid R emitted. The head controller 26 in this



way, alongwithdiluting the ink I supplied from the dispensing
outlet 11Abyutilizingthedilutionfluid K, causes thediluted
ink to f£ly towards the object for printing.

The head controller 26 1s configured to print by
increasing the concentratibn of ink according to the print
tone. Along with the ink I and concentration, the amount of
consumed dilution £luid K, and thg.total amount of ink and
dilution £luid consumed are shown in Fig. 5. Irregularities
were measured by u;ilizing the 32 dispensing nozzle and as
shown in Fig. 6, a remarkable reduction in irreguiarities was
verified compared to the related art. Fig. 6 shows results
from measuring the second print tone of the signal pulse of
Fig. 1B.

Further in this embodiment, the ink piezoelectric
element 5I, the oscillator plate 3, the pressure chamber 8I
and the head controller 26 comprise the ink supply device for
supplying the ink A at an ink quantity determined by the print
tone, to the dispensing outlet 11A of dispensing nozzle 11.
Also in this embodiment, the ink piezoelectric element 5K,
the oscillator ﬁlate 3, the pressure chamber 8K and the head
controcller 26 comprise the dilution fluid drive device for
making theé ink I diluted by the dilution filuid K, fly towards
the object for printing.

When the ink I tank in the ink jet printer 21 (Fig. 8)
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is £illed, the ink I supplied from this tank by way of the
supplypaghLI,isstoredinthebuffertankGIandalsosupplied
to the pressure chamber 8I. In the same way, when the dilution
fluid K tank is filled, the dilution fluid K is supplied from
this tank by way of i:hé supply path LX, is stored in the buffer
tank 6I and also supplied to the pressure chamber 8X.

When printing starts in the ink jet printer 21 set in
this way, a head 22 supported to face towards the object for
printing, repetitively scans along the surface of the object
for printing. Ink I is supplied from the fixed flow nozzle
12 to the dispensing outlet 11A of dispensing nozzle 11 in
the head 22 of the ink jet printer at this g%me,-ana the ink
Iisdilutedbythedilutionfluiszuppliedfr§ﬁthedispensing
nozzle 11. This diluted ink I is fugkher made to f£ly along
with the dilution fluid K, towards the object for printing.
In this way, printing tasks such as making the ink I adhere
in sequential dot shapes in the desired characters on the object
for printing are performed.

In the head 22, to print a dot at this time, the ink
piezoelectric element 5I is repetitively driven by the basic
waveforms SiS and SilL, according to print tone data D1 input
to the head controller 26. Therefore, in the head 22, the ink
I stored in the buffer tank 6I is supplied at intervals to

the pressure chamber 8I by way of the supply path 7I. Also,
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theinkIheldinthepressurechamber8I issuppliedatintervals
to the dispensing outlet 11A of dispensing nozzle 11 by way
of the fixed flow nozzle 12.

The head 22 at this time, varies the signal level within
a short period, and also varies the volume within chamber 81
by repetitively driving the ink piezoelectric element SI with
basic waveforms SiS and SiL constituted by pulses of a fixed
amplitude, so that the ink I is supplied in drops to the
dispensing outlet 11A of dispensing nozzle 11. The
irregularities in the ink I can in this way, be remarkably
reduced compared to themethodof the relatedart forcollecting
and _s_}:zp_plyfi_ng the required amount of ink. In other words,
suppléing the ink in drops reduces by a corresponding amount,
the contact surface of the ink with the surface of the nozzle
plate 4, compared to the method for collecting and supplying
the required amount of ink all at one time, so that
irregularities in the quantity of ink due to variatioms in
the dampness of the nozzle plate 4 can be reduced. The print
tones can therefore be reproduced V{ith better quality (See
Fig. 6).

Also, after these types of ink drops are sent from the
fixed flownozzle 12, thedrops areseparated fromthe remaining
ink I in the fixed flow nozzle 12 and moved to the dispensing

nozzle llby themovement energy imparted when sent. Incontrast,
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in the method of the related art for collecting and sending
the required amount all at one time, the ink I from the spray
hole 12a of the fixed £low nozzle 12 elongates in a belt shape
and is supplied to the dispensing ocutlet 11A of dispensing
nozzle 11. This ink I is supplied to the dispensing nozzle
11 not only by the movement energy when sent from the fixed
flow nozzle 12, but also by suction force of the dispensing
outlet 11A (for instance, the capillary action phenomenon of
dispensing nozzle 11) etc.

In this way, compared to the related art, irregularities
in the quantity of ink can be remarkably reduced in this
embodiment, evenwhen variationsor irregularities are prese;_;xl__.t_
in the distance r between the dispensing nozzle 11 and the
fixed flow nozzle 12, and stripes/noise occurring f:;fom solid
printing with multiheads in a printer due to irregularities
in the ink quantity of each head can be prevented.

Further, a remarkable improvement in printing quality
can thus be obtained in this embodiment compared to the related
art.

Alsointhis embodiment, rather than just onebasicpulse,
a large drop basic waveform SiL to make large changes in the
signal level, and a small drop basic waveform SiS to make
comparatively small changes in the signal level, are both

combined together to drive the ink piezoelectric element SI.
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The ink jet printer 21 can in this way'expreés many print tones
with a small number of pulses compared to the case of just
repetitively issuing one basic pulse. The time required to
supply the ink I is therefore shortened by a corresponding
amount, and the time required to print one dot can therefore
be shortened. |

After raising the amplitude of the signal level
approximately one-half in the basic pulse, by lowering the
signal level to emit the ink, and next raising the amplitude
approximately one-half, restoring the signal level.to the
original signal level, the residual oscillation in the
piezoelectric elemgn@lgan-bg;suppressed, and changes in the
meniscus can be stabili;ed. Further, changes in the meniscus
can also be stagilized by providing a fixed period repeating
the basic pulse. Irregularities in the ink quantity of the
drops can in this way be reduced and consequently
irregularities in the quantity of the ink diluted by the
dilution £fluid can also be reduced.

Byalso,maintainingthesignallevelofthedrivesignal
at a fixed signal level, within a fixed period between the
period with the rise in signal level, and the period of the
lowering o¢f the signal level, changes in the volume of the
pressure chamber 8I canbe stabilizedwithinasufficient range.

Irregularities in the ink quantityof thedrops are thus reduced



and as a result, irregularities in the quantity of the ink
diluted by the dilution fluid can also be reduced.

However, when the ink I is supplied at iﬁtervals from
the fixed flow nozzle 12, much time is required for supplying
ink I to the dispensing nozzle 11 compared to the method of
the related art. Therefore, just as in the related art, after
ink I is supplied to the dispensing nozzle 11 and driven to
the dispensing nozzle 11 side (See Fig. 10), the period for
attachment of ink droplets to the paper becomes longer by a
corresponding amount, and time is therefore required for
continuous printing of dots. Therefore, in the ink jet printer
21, while continuously supplying ink I at intervals from the
fixed flow nozzle 12, preparations are made for emitting the
dilution £luid K from the dispensing nozzle 11 in the period
that the ink I is supplied to the dispensing nozzle 11, by
driving {Fig. 4B) the piezoelectric element 5K from the time
point tl to the time point t2, to increase the volume of the
pressure chamber 8K on the dispensing nozzle 11 side. Further,
when the supplyof ink I tothedispensingnozzlell is finished,
the dilution f£fluid k is emitted in the final 10 microseconds
of a specified period (Fig. 4B) and the ink droplets are made
to fly out to the ﬁaper.

Also, by driving the piezoelectric element 5K so that

the volume on the dispensing nozzle 11 side of the pressure



chamber 8K becomes larger, while supplyingink I £rom the £ixed
flow nozzle 12, the ink I supplied to the dispensing ocutlet
1lAofdispensingnozzlell issuctioned into the vacuumchamber
8X without collecting as drops in the dispensing outlet 11A.
By repetitively supplying the ink I to the dispensing nozzle
11 in this way, the ink drops can be moved from the fixed flow
nozzle 12 to the dispensingnozzle 11 under the same conditions
as when the supplyof inkdrops first starts, andirregularities
in ink quantity of the small drops and large drops can be
decreased. |

In the invention as described above, the quantity of
ink supplied to the dispénsi_ng _Qgtl.et_-;lA of dispensing nozzle
11 is regulated by controlling “the number of pulses in the
drive signal so that irre;ularities in quantity of ink supplied
to thedispensingnozzle are reduced, andhighgqualityprinting
results can be obtained compared to the related art.

Also, besides the number of pulses, the quantity of ink
can be regulated by controlling the amplitude of the pulses
so that many print tones can be reproduced with a small number
of pquses. The time regquired to supply the ink I can therefore
be reduced by a corresponding amount, and the time required
to print one dot can be shortened.

Further, after the signal level of the .drive signal in

a direction increasing the volume of the pressure chamber has
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been changed, by changing the signal level of the drive signal
inadirection that reduces the volume of the pressure chamber,
and next changing the signal level of the drive sigmnal in a
direction increasing the volume of the pressure chamber, the
irregularitiesintheinkquantityoftheéfopscaﬁbedecreased,
and as a conseqguence, irregularities in the quantity of the
ink diluted by the dilution £1luild can be reduced.

The above embodiment described an example having one
fixed flow nozzle installed for one dispensing nozzle however
this invention is not limited to this example, and as shown
in Pig. 7, a plurality of fixed flow nozzles may be installed
for one dispensing nozzle. In such a case, yellow, c¢yan or
magenta ink may be allotted for instance to each f£ixed flow
nozzle to constitute a color printer mechanism. Instead of
this color printer mechanism, the same color may be allotted
to each nozzle to significantly shorten the time required for
ink supply. Also, the diameter of each nozzle may be varied
so that print tones canbe reproducedwithevenhigherprecision.
A combination of the above schemes may also be implemented.

In the above embodiment an example was described for
driving the piezoelectric elements with a combination of two
basic pulées, however this invention is not limited to this
example, and the piezoelectric elements may be driven by just

one basic pulse as required, or the piezoelectric element may
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be driven by a combination of three or more basic pulses.

In the above embodiment an example was also described
forrespective inkquantities of approximatelyone-half before
and after emitting the ink from the buffer tank and supplying
it to the pressure chamber, however this invention is not
limited to this example, and ink may be collectively supplied
to the pressure chamber when irregularities in the quantity
of ink can be sufficiently reduced.

In the above embodiment, an example was also described
for maintaining the drive signal at a fixed signal level for
a specified period when switching the signal level of the drive
signal, however this invention is not limited ;g.thi’s’_example,
and maintaining the drive level at a fixed si;;nal level may
be omitted when irregularities in the-:flquantity of ink can be
sufficiently reduced.

Also in the above embodiment, the dilution £fluid was
supplied from the buffer tank to thepressure chamberutilizing
the period that ink was.supplied to the dispen_sing outlet of
the dispensing nozzle, however this invention is not limited
to this example, and after the dilution £fluid is emitted, it
may be supplied from the buffer tank to the pressure chamber,
when a sufficient printing time can be maintained.

Further in the above embodiment, the emitting of ink

and dilution fluid fromthenozzleby driving thepiezoelectric
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element was described however this invention is not limited
to this example, and a wide variety of methods such as thermal
methods to locally heat this type of fluid and make air bubbles,
and then emit this typeof fluidby employing these air bubbles,

oremitting the ink {(or fluid) byvariouskindsofdriveelements

may be employed.
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What Is Claimed Is:

1. Aprinter regulating the quantityof inkdilutedwith
a specified dilution fluid and expressing print tones,
comprising:

a drive device to emit said dilution fluid from a
dispensing outlet and dilute said ink supplied from said
dispensing outlet with said dilution fluid and to also make
saidinkdilutedwithsaiddilution £luid fly towards theobject
for printing; and

an ink supply device to supply to said dispensing outlet,
a quantity of ink according to said print tone, and

wherein said ink supply device has a drive elem__gnt‘ driven
by a drive signal having a specified number of puises.

2. A printer according to claim 1, %herein said ink
supply device has:

a pressure chamber for holding said ink; and

a fixed f£low nozzle extending towards said dispensing
outlet from said pressure chamber,

wherein said drive element is a piezoelectric element
for varying the volume of saia pressure chamber according to
salid drive signal.

3. A printer according to claim 1, wherein said ink
supply device regulates the quantity of said ink by controlling

the number of said pulses and the amplitude of said pulses.
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4. Aprinter according toclaim 3 wherein, in the signal

»

waveform of said printer, after the signal level changes in
a direction increasing the volume of said pressure chamber,
the signal level changes in a direction decreasing the volume
of said pressure chamber, and the signal level next changes
in adirection increasing the volume of said pressure chamber.

5. A printer according to claim 1, wherein said ink
supply device has a plurality of ink supply holes adjacent
to said dispensing outlets, and said ink is supplied from the
ink supbly holes to said dispensing outlets.

6. A printer head control method for regulating the

- quantity -of ink diluted with a specified dilution fluid and

exéressing print tones, wherein said printer head control
method drives a drive element by means of drive signal having
a specified number of pulses and supplies to a specified
dispensing outlet a quantity of ink according to said print
tone, and along with diluting said ink supplied from said
dispensing outlet with said dilution fluid by emitting said
dilution fluid from said dispensing outlet, also makes said
diluted ink fly towards the object for printing.

7. A printer head control method according to claim 6,
wherein s4id drive element is a piezoelectric element.

8. A printer head control method according to claim 7,

wherein saidmethodhasapluralityof ink supply holes adjacent
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