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RACKGROUND OF THE INVENTION

Zield of the Invention

The invention relates to an ink jet printex ccnprihiﬁg
a plurality of ink jet recording heads moving in the width
direction of a recording sheet and ejacting ink of different
colors accoxrding to print data to print a color image, and an
ink jet recording apparatus in which a plurality of ink jet
recording heads are mounted on the same carriage for high
density printing, and more particularly to an ink managing
technique which is suitable for such a recording apparxatus.

Ragkaround Art

~ A conventional racording apparatus having an ink jet
recording head produces relatively low level noise during a
printing process, and can form small dots at high densities.
S8uch recording apparatus are therefore used in a wide variety
of printing processes, including color printing.

The above describad recoxding apparatus ejects ink
pressuriged in a pressurizing chamber from a noxzle in the form
of ink drops on a racording sheet, to form dots on the sheet.
In order to improve tha printing quality, it is necessary to
prevent ink from blurring on a recording shset. .In order to
achieve this, the proportion of an ink solvent is reduced to a
level as low as possible, or a material that is easily
evaporated is used as an ink solvent. Howevar, such
countaermeasures have drawbacks in that the ink solvent
evaporates through nozzle cpenings during the printing process
to increase the viscosity of the ink, and, even if a noszle
face is wsealad by a cap during a quiescent period, the
viscosity of the ink is still increased. These phenomena
inpede the ink ejection.

In oxder to solve these problemc, a configuration is
disclosad in, for example, Japanese Patent Publication (Kokal)
No. 8HO64-40,342, in which, when a predetermined period has
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Background Art A conventional recording apparatus having an ink jet
recordi ng head produces relatively |low |evel noise during a printing
process, and can formsnmall dots at high densities. Such recording
apparatus are therefore used in a wide variety of printing processes,
including color printing. The above described recording apparatus ejects

i nk pressurized in a pressurizing chanber froma nozzle in the formof ink

e R BBtk SRS, Gl Sl .
recor di ng shﬁék re a nonprinting region and ink is than
ejected from all nozzla openings,
' 8ince development of personal computars allows graphic
s processing to be executed in a relatively simple manner, a
printer which can cutput a hard copy of a color image displayed
on a screen is required. In view of the differences in ink
consumption and recording density between colors, and also the
prevention of discoloration during a quiescent period, color
10 ink jJet printers are configured so that two recording heads,
i.e., a recording head for black and white printing and a
roecording head for color printing, are mounted on a carriage.

When different kinds of ink are to be used as described
above, the drying indices of these inks are differxent from each

15 other. Accordingly, a technique is proposed in which the
period of an idle aejection and the ejection amount are
determined for each of the raecording heads, and, when each of
the peziods is completed, the corresponding recording head is
moved to a cap member 80 that the ink viscosities of the

20 recording heads are prevented from being increased (Japanese
Patent Publication (Kokal) No. Hei 2-217,256).

The conventiocnal apparatus are problematic in that,
when the times for starting an idle ejection of recording heads
are close to each other, the printing process must ba

25 intarrupted frequently, and the recording heads must be moved
80 as to opposse the respective cap members, wherxeby the
printing spead is reduced.

SUMMARY _OF THE INVENTION
The 4instant invention is intended to solva the
30 above-described problems. It is an object of the invention to
provide an ink jet recording apparatus which can efficiently
pravent increased viscosity and clogging of ink in a recoxding
head having plural nozszle opening trains for respectively
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achieve this, the proportion of an ink solvent is reduced to'a | evel as |ow
as possible, or a material that is easily evaporated is wused as an

" ink solvent. However, ..such count ernmeasures have . drawbacks in that the

I nk sol vent evapor at es through nozzl e openings during the printing process’
to increase the viscosity of the ink, and, even if a nozzle_facefis seal ed
by a cap during a quiescent period, the viscosity of theink is stil

{hose oy obl NGRS AEEEEIGY TRGRE! (G| il RRVLED. dAAREC (depfld C
Pat ent PublliﬁéﬂQQﬁo(Kokal)

In order to solve these problems, the apparatus of the

invention comprises: a plurality of ink jet recording haeads

5 which are arranged in a moving direction of a carriage at fixed

intervals; cap members which are disposed outside a printing

ragion and which seal thea ink 3jet recording heads,

respectively; timer means for detecting elapsed time durxing

which the ink jat recording heads conduct an idle ejection; and

16  control means for disposing an ink jet recording head for

ejecting ink having a lower drying index for a relatively long

time perlod among the ink jet recording heads, in the side of

the printing region, and when only an ink jet recording head

for ejecting ink having a higher drying index f£or a relatively

13 short time period ism to conduct an idle ejection, for locating

the ink jet recording head for ejecting ink having a higher

drying index in the printing region side of the cap mambars.

According to this configuration, the moving distance of the

carriage in the casa whore a nozsle opening train for ejecting

20 ink having a higher drying index is to conduat an idle ejection

can be shortened to a value as small as possible and the total
printing speed can be improved.

Fig. 1 il a perspective view lhowing the structure of

25 a printing machanism of an ink jet recording apparatus of the
invention.

Fig. 2 is a plan view of the capping devica.
FPig. 3 is a plan view showing an embodiment of the
capping devicae.

30 Fig. 4 is & front view showing the embodiment of the
capping devica in the state where the capping device abuts
against recording heads,

Fig. 5 is a diagram showing the state whare a sheet
feed and pump motor is coupled with a tube pump.
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No. SHO64-40, 342, in which, when a predeterm ned period has REPLACEMENT
SHEET 2 elapsed in a printi.ng process, a recording head is noved to an
ink receptacle located in a nonprinting region and ink is then ejected from
all nozzle openings. Since devel opnent of personal conputers alloms gr aphic
pr-ocessi ng to be executed in a relatlvely si-npl e manner, a- :

Fig. 6 iz a diag:au ;howing the structure of a
longitudinal section of the tube pump.

Fig. 7 is a diagram showing the structure of a cross
sectiocn of the tuba pump. |

5 Figs. 8(a) and 8(b) are diagrams showing the shapa of
slots formed in a driving wheel constituting a tube pump which
is a first tube pump.

Fig. 9 is a block diagram showing an embodiment of &
control device which controls the ink ejection restoring

10 operation in the apparatus,

Fig. 10 is a view diagrammatically showing data which
axe stored in idle ajection data storage means.

Pigs. 1ll(a) to Pig. 11(d) are waveform charts
raspectively showing an embodiment of a signal for driving the

15 recording heads in the idle ejection process.

Fig. 12 is a flowchart showing the operation of the
appaxatus in the printing process.

¥ig. 13 is a flowchart showing the operation of the
apparatus in the sheat supplying process.

20 Fig. 14 1s a flowchart showiag the opaeration of the
apparatus in the when waiting for print data.

Figs. 15(a) to Pig. 15(d) are diagrams respactively
showing the positional relatibnships batween first and sacond
recording heads and the first and second cap members.

25 Fig. 16 is a graph showing the ralationshib between the

idle ejection pariod and the number of ink drops to be ejected

~which {3 required for restoring the ink ejection ability of the
nozzle openings.

Fig. 17 is a diagram showing the relationship between

30 the :eaording heads and the cap members in the case where a
carxiage is moved to position 1.

Fig. 18 is a diagram showing the relationship between
the recording heads and the cap members in the case where the
carriage is moved to position 2.
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printer which can output a hard copy of a color inmage displayed on a screen
Is required. In view of the differences in ink .consunption and recording
density between colors, and al so the prevention of discoloration during a
gui escent peri od, color ink jet printers are conflgured so that two
~recording heads, i.e., a recording head for black and white printing. and a
recordi ng head for color printing, are nounted on a carrlage When

di fferent kinds of a [ d
i ndi ces of these |n32 arggd%g bsgﬁﬁﬁgfgn1eac ~Qﬁg ccorhpﬁg biftien
technique is FPBde?h%ﬁ' She Sasp K gﬁﬂ e
ej ection annutrrt!g; is aliqhtly moved from the state of Fig. 18 to the
outside of the printing region. _ :
3 'Fig. 20 is a diagram showing the state where two
recording heads are capped by cap members.

Fig. 21 is a diagram showing the state where the capped
recording heads are further moved to the outside of the
printing region and the communication between the cap membars

10 and the air is fnterrupted. ‘

Figs. 22(a) and 22(b) are diagrams xespectively
illustrating the flow of ink in first and second suction
processes.

Figs. 23(a) and 23(b) are diagrams respectively showing

13  other embodinments of the invention.

The 1nw0ntion will be d.lczibod in detall in
conjunction with {llustrated embodiments.
Fig. 1 diagrammatically shows a printing machaailm of

20 an ink jet recording apparatus of the invention. In the
fiqure, reference numeral 1 designates a carriage which is

.-~ #upported by a guide member 2 and coupled with a pulsse motor 23
through a timing balt 3 so as to ba reciprocally movable in a
direction parallel to a platen 5.

25 Recording heads having nozsle opening trains for
ejecting different types of ink containing ink solvents of
different evaporation rates are mounted on the carriage 1. In
the embodiment, a first ink jat recording head 7 having noszle
opening trains for ejecting black ink having a relatively high

30 drying index, and a second ink jet recording head 8 having
nozzle opening trains for ajecting colored inks (Fig. 4) are
mounted so as to be saparated by a fixed distance from each
other in the printing direction, i.e., the moving direction of
tha carriage 1. A black ink cartridge 9 and a colored ink
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determ ned for each of the recordi ng heads, and, when each of the periods
is conpleted, the corresponding recording head is noved to a cap nenber so
that the ink viscosities of the recording heads are prevented from bei ng
increased (Japanese Patent Publication (Kokai) No. Hei 2-217,256). The
conventional apparatus are problematic in that, when the tlnes for starting
an idle ejection of recording heads are cl ose to each other, the printing

process wsfeah.»%:%gger &upaed AdELL IWmiﬂ@%%hfnr%mﬁe?%%@: RS logoe

noved so as {0 O respective<cap nenbers r|nt|ng
speed is reG@@e6°°°=ding “heads 7 and 8, raspectiv01y- PP nq device

which seals the recording heads 7 and 8 is disposed outside the
printing region. _ _

[ When the recording heads 7 and 8 in this configuration
raceive a drive signal from a head driving circuit (not ahown)
through a flexible cable 11, the recording heads are supplied
with ink from the ink cartridges 9 and 10 and form black and
colored dota on a recording sheet € which is placed so as to

10 oppose the recording heads. ‘

Pig. 2 is a diagram showing an upper face in the
vicinity of the capping device. In the figure, the reference
numaral 20 deosignatas a sheet feed yoller. The sheet feed
roller 20 is coupled with a pulse motor 24, which is used for

13 feading a sheet and driving pumps, by a gear 22 which is fixed
to one end of a rotation shaft 21. The shest feed roller 20
feads the recording sheet 6 in synchronization with the
printing process.

In the figure, reference numeral 12 designates the

20 above-mentioned capping device. First and second cap nembexs
31 and 32 which are made of an elastic material and have a
cup-like shape are disposed on a slider 30. The slider 30 is
located in a manner so as to be interlocked with the movament
of the carriage 1, at eithexr of two positions, i.e., a capping

23 poaition where the capping device covers the faces of the two
vrecording heads 7 and 8 on which noszles are opened
(herainafter, such a face is referred to as "nossle opening
face"), and a noncapping position where the capping device is
separated from the nozzle opening faces. In the cap members 31

30 and 32, the opening area is selected so that the cap mambers
can hermetically seal tha respective recording heads 7 and 8
and surely receive ink drops ejected from the recording heads
7 and 8 in the state where the cap members are separated from
the respective heads.
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SUMVARY OF THE | NVENTI ON The instant invention is intended to solve the
above-described problens. It is an obj ect of t he i nvention to provide an
ink jet recording apparatus which can eff|C|entIy prevent increased
viscosity and clogging of ink in a recording head having plural nozzle
opening trains for respectively REPLACEMENT SHEET 3. S '

The f£irst and sacond cap members 31 and 32 are
respactively provided with suction ports 31la and 32a (Fig. 3)
which are connected to ends of tubes 33 and 34 constituting
parts of tube pumps 37 and 38, mo as to be subjacted to suction

S forces generated by the tube pumps.

The first and second tube pumps 37 and 38 are
selectively driven by the sheet faed and pump motor 24 through
a wheel train 40 to oconduct a suction operation. More
specifically, when the motor 24 is reversaly rotated, only the

10 firxst tube pump 37 conducts a suction operation, and, when tha
motor 24 1s forward rotated, only the second tube pump 38
conducts a suction operation. '

Figs. 3 and 4 show an embodiment of the above-~described
capping device 12, In the figuyres, reference numeral 30

15 designates the slider which ia disposed so that tha first and
second cap membars 31 and 32 are swingable about shafts 3lc and
32¢ in accordance with the distance between tha two recording
heads 7 and 8 mounted on tha carriage 1.

In the figures, reference numerals 41 and 42 designate

20 first and sacond guide piaces, each of which consists of two
subpleces that are disposed on both sides of the first and
second recording heads 7 and 8 mounted on tha carzziage 1, so as
to correspond to the widths of the heads. The first and second
gulde pieces are separated from each other by a distance so

25 that, whon the carriage 1 is set at a predetermined position,
they oppose the recording heads 7 and 8, respectively. At one
end portion of the slider 30 (the right end portion in the
figures), there is formed a flagpiece 45 which abuts against a
projection 44 protruding from the lowaxr end of the carxiage 1l

30 when tha carriage 1 is located at the position whare the first
and second cap membars 31 and 32 oppose the respactive firat
and second recording heads 7 and 8. An engaging plece 46 is
disposed at a position which is closer to the tip end than the
flagpiece 45, #0 as to make contact with and separate from a

33 guide mamber 47 fixed to a base 53,
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ejecting different types of ink having different drying indices. In order
to solve these problens, the apparatus of the invention conprises: a
plurality of ink jet recordi ng heads which are arranged in a noving
direction of a carriage at fixed intervals; cap nenbers which are dlsposed
outside a printing region and which seal the ink jet- recording
heads, respectively; tinmer nmeans for detectlng el apsed time during which

the ink jet recordi riehgataecCAembes € ddolighi¥esChi PRojaseicR Y| whEaS for
di sposi ng gfhee.mt@t scgga J19 3058k 9118hTR5 S, B e QY A4 hB R Y N
forms & fixed gap suitable £cr an idle ejection betwaen the
slider 30 and the lower ends of the recoxrding heads 7 and 8, a
L] flat face 47c which forms a position where the cap members 31
and 32 resilliently contact the recording heada 7 and 8, and a
slant face 47d extanding between the two flat faces.
A shaft 50 extending in a direction pexpendiculay to
the moving direction of the carriage 1 is disposed at the

10 cantar of the lower portion of the slider 30. Both ends of the
shaft 50 are locsely fitted into a lever 52. The lowex end of

' the laver is swingably attached te a shaft 54 of the base 33
through a slot 52a. An upper end of a coil spring 56 which is
slightly buckling toward the nonprinting region is attached to

13 the slider 30. The lower end of the coil spring 56 is fixed to
tha base 53, and inclined toward the printing region.

According to this configuration, during a noncapping
period, the slider 30 is urged toward the printing region by
the coil spring 56 while one end of the slider is restricted by

20 the lowest end of the slant face 47b of the guide member 47,
and the centar portion by the lever 52. This allows the cap
members 31 and 32 to be kapt at a position where a gap g can be
formed in a degree adequate for an idle ejection without making
the cap members contact the recording heads 7 and B.

25 The slider 30 has a valve unit 60 (Fig. 3) disposed at
a position in a side of a case 61. The valve unit 60 is
communicated with air release ports 31b and 32b formed in the
respective cap members 31 and 32. An operation rod 62
protrudes from the valve unit 60. When the slider 30 is moved

80 to the capping position, the aperation rod 62 resiliently abuts
against the case 61, whereby the valve unit 60 which is
normally openad is ¢losed so that the air release ports 31b and
32b are closed.

Figs. 5, 6 and 7 show an embodiment of the pump units
3s 13 (see Fig. 1). A driving wheel 72 of the pump 37 (see Fig.

.
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time period anong the ink jet recording heads, in the side of the printing
regi on, and when only an ink jet recording head for ejecting ink having a
. higher drying index for a relatively short tine period is to conduct an
~idle ejection, for locating the ink jet recording head for ejecting.ink
having a hi gher drying index in the printing region side of the cap
menbers. According to this configuration, the noving distance of the

ﬁar[1 l agg in3p a-caeepmrvﬂ.ea £Ré 3 ;ﬁ-@pglawﬂ 44 ahRobgh a?gﬂ@‘dlnﬁfhﬂkdmw ng a
Vefse " Lrafhd 1S3kl S 34 b i RER B i SR E R
are communicated with a waste ink tank (not shown) are
eove:ad by cover cases 73 and 74, respectively, so that the
5 outer side of sach tube is formed into a substantially circular
shape. Tha laner sides of the pump tubes 33 and 34 can be
resiliently pressed by rollers 85 and 86 (sea Figs. § and 7),
The two sets of rollers 85 and 86 are movably and
loosely fittad into slots formed in a train of driving wheels
10 72, 81, 82 and 83 which are fixed to the both ends of rotation
shafts 77 and 78. The rotation shafts 77 and 78 ara coupled
with each other through & connecting member 76. The slots are
describaed in greater detail balow.
Figs. 8(a) and 8(b) show an embodiment of the
13 above-mentioned guide slots 90 which are formed in the driving
wheels supporting the rollers 85 and 86, The guide slots 90
are formed as slots which extend in such a manner that the
distance between the slot and the center of the respective
driving wheel is gradvally changed. When the sheet feed and
20 punp motox 24 is reversaely rotated (arrow A), the shafts B5a of
the rollers 85 are moved along the respective slots 90 toward
the outer periphery.
In the first tuba pump 37, this causes the rollers 85
to be zxotated while pressing against the tuba 33, thereby
23 generating a suction force. When the motor 24 is forward
rotated (arrow B), tha shafts B5a of arxe moved toward the
center and the rollers B85 are separated from the tube 33 so
that the pump operation is diacontinued.
The second tube pump 38 is configured 8o as to operats
%0 in a manner that i{s the raeverse of the first tube pump 137.
Specifically, when the motor 24 is reversely rotated, tha
rollexs 86 are moved toward the center so that the pump
oporation is discontinued, and, when the motor 24 is forward
rotated, the rollars 86 are moved towaxrd the outer periphery so
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BRI EF DESCRI PTI ON OF THE DRAW NG FIGURES Fig. 1 is a perspective view

showi ng the structure of a pri.nting mechanismof an ink jet recording
apparatus of the invention. Fig. 2 is a plan view of the capping device.

Fig. 3 is a plan view showi ng an enbodi nent of the capping device. Fig. 4

Is a front view show ng.the enbodi nent of the capping device in the state
where the cappi ng device abuts against recording heads. Fig. 5 is a diagram’

showi ng t he & aie b dotatedN98lle pressing against the tube 34, thersby
genarating a suction force. _ _

In this way, the pump which is to geénerate a suotion
force can be selected by switching the rotation direction of

5  the motor 24. In the figures, reference numeral 92 designates
a roller pressing piece which is made of an elastic material
such as rubbar. When the driving wheel 72 is rotated, the
roller pressing piece 92 resiliently presses against the
rollers 83 sc that the rollers 85 are moved along the

19  respective aslots S0 to the position corresponding to the

: rotation direction of the motor.

Pig. 9 shows an embodiment of a control device. In tha
figure, reference numexal 100 deaignates an idle ejection
control means which receives a signal from a printing process

15 monitor means 101 to monitor the current poaltion of the
carriage 1. At the instant when a signal is output from first
to third timer means 102 to 104 and sheat supply and discharge
detection means 105, the idle ejection control means 100 reads
out data from an idle ejection data storage means 106, and

20 drives carriage contzol meana 107 and idle ejection drive
signal output means 108.

When the first ink jet recording head 7 conducta an
idle ejection during a printing process, the first timer means
102 is reset, and, when the second ink jet recording head 8
25 conducts an idle ejection, the second timer means 103 is raset.
| The first and second timer means measure the period which
elapses before tha next idle ejection is conducted. The third
tiner means 104 measures the wait period which starts when the
printing operation is ended and ends with the input of the next

30 printing data. :

As shown in Fig., 10, the idle ejaction data storage
means 106 stores: a period T between idle ejections of a
recording head in which the drying index of ink is relatively
high, or the first recording head 7 in the embodiment; the

35  number of ink drops to be ejected; a period T, between idle
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‘feed and punp notor is coupled with a tube punp. 4 Fig. 6 .is a diagram
showing the structure of a longitudinal section of the tube punp. Fig. 7
is a diagram showi ng the structure of a cross section of the tube punp.
Figs. 8(a) and 8(b) are diagrans show ng the shape of slots formed ina

dr| vi ng wheel constltutl ng a tube pump which -

ejoctionl of tha second ink jet recording head 8 in which the
drying index of ink is relativaly low; and the number of ink
drops to be ejected. |

The carriage control means 107 controls tha carriags

5 motor 23 in the following manner. When only the noszzle
openings in which the drying index of ink is relatively high,
i.e., the first recording head 7 in the embodiment, are to
conduct an idle ejection, the first recording hesad 7 is
poaitioned in a capping region which is located as close to the

10 printing region as possible, 1.e., at the second cap member 32
in the embodiment, When all the nozzle opening trains, i.e.,
both the £irst and second recording heads 7 and B in the
embodiment, are to conduct an idle ejection, the recozding
heads 7 and 8 are opposed to the cap members 31 and 32,

15 raspectively.

The idle ejection drive signal output meana 108
sslactively outputs drive signals including, for example, a
drive signal the level of which is gradually increased in the
sequence of V;, V;, V;, «~ with the lapse of time as shown in

20 Figs. 11(a) and (b), and a drive signal the driving timing of
which is gradually shortened in the seguence of T,, T;, Ty, «
with the lapse of time (Figs. 11{(c) and (d)).

In the case where an idle ejection is regularly
conducted at a relatively short period, such as an idle

25 @jection process during the printing step, the ink ejection
abjility of the noszlae opening trains can ba xestored by
supplying a drive signal similar to that used in the printing
stap. In the case where the recording heads arze left in the
capped state for a long time, however, the viscosity of ink in

30 the nozszle openings is increased to a vexry high value,

When a normal drive signal is applied in the latter
case, a vary high pressure is ganerated in a pressurigzing
chanmber potentially causing problems with a vibrating plate or
other components of the print heads. To eliminate this

33 problem, the driving oparation is conducted in such a mannex
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is afirst tube punp. Fig. 9 is a block diagram showi ng an enbodi nent of a
control device which . controls the ink ejection restoring operation in the
apparatus. Fig. 10 is a view diagrammatically showi ng data whi ch are stored
. inidle ejection data storage neans. .Figs. 11(a) to Fig. 11(d) are waveform
charts respectively show ng an enbodi nent of a-signal for driving t he
recording heads in theidle ejection process. Fig. 12 is a flowchart

showing the eRRE aldBrP¥ihd rARAGe2L s 1r1t1al 2y Pl 1R PEFSE to about
30 ¢ of the normal value and the period is slightly pxolonged
as reaquired, wheraby ink is caused to gradually ocoze out of tho
noxzle opanings for a relatively long period of time.

5 When the viscosity is then reduced to a lower dagree,
the recording heads are driven by a drive signal which is
higher in laeval and shortar in period than that used in the
nozﬁairprinting process, so that ink in the vicinity of the
no::la openings is ejected in a single step.

10 The operation of the thus configured apparatus will be
described with reference to the flowchart shown in Pig. 12.

When a print signal is supplied from a host computer
which is not shown (step A), the pulse motor 23 is driven to
move the carriage 1 to the printing region. At the same time,

13 the first and second timexr means 102 and 103 are set to start
the measurement of elapsed time (step B). When print data are
input under this state, the printing process is startad, and
black ink is ejected from the noszle openings of the first
recording head 7 and colored inks are ejacted from those of the

20 second recording head 8 (step C).

When the contents of the first timer means 102 reach
the perlod (2 seconds) which coincides with the longest one of
the idle ejection periods, the printing operation is stopped in
the course of printing one line, and the process jumps to stap

25 6. It is checked whether the longest idle ejection period (2
seconda in the embodiment) has elapsed or not (step E).

When the contants of the first timer means 102 reach
the shortest idle ejection pericd of 2 meconds (step D) during
the printing operation as described above, the idle ejection

30 control means 100 waits for a one-reciprocation printing end
signal from the printing process monitor means 101 (step F).
When one-reciprocation printing is completed (step F), bafore
the contents of the first timer means 102 reach the shortest
idle ejection period of 2 saconds and a predetermined period AT

35 of, for example, 1 s=mecond which 1is ©required for
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Fig. 13 is a flowhart showi ng the operation of the apparatus in the sheet
suppl ying process. Fig. 14 is a flowchart showing the operation of the
apparatus in the when waiting for print data. Figs. 15(a) to Fig. 15(d) are
di agranms respectively showi ng the positional relationships between first
and second recording heads and the first and second cap nenbers. Fig. 16is
a graph showing the relationship between the idle ejection period and the

nunber of i dhedrepiprocheicn optaitiNy O | Sustdivs '@dpeed fatep’ E)g 'tha i Nk
ejection abidyyly e9betitn HehtrS1%siHe' 430 Judges whether the peried T, of
the second timer means 103 exceeds the shortest idle ejection
period (6 seconds in the embodiment) stored in the idle
s sjection data storage means 106 or not (step G). In this case,
since the reciprocation printing is ondad at the instant when
the period of 2 seconds has elapsad after the start of the
printing, only a period of AT, has elapsad with the result that
only a pericd of 2.5 seconds has elapsed after the start of the
10  printing. Therefore, the first recording head 7 is moved by
the carriage control means 107 to position 1 (Pig. 15(c)) which
opposes the second cap member 32 located in the side of the
printing region ((step H).
As showm in Fig. 17, this causaes the first racoxding
18 head 7 to opposa the second cap member 32 which is the one
closest to the printing region, and the second recording head
8 to be situated at a position opposing neither one of the cap
members. The first recording head 7 which must be subjected to
an idle ejection can ba moved with a moving distance as short
20 as possible, to a position where an idle ajection can be
conducted. This improvaes the total printing speed,
Under this state, the idle ejection control means 100
reads out the period!n measured by the first timer means 102,
and reads out from the idle ejaction data storage means 10§ thae
5 number of ink drops to be ejected (10 drops in the embodiment)
which corresponds to the read out period (e.g., 2.5 seconds)
(stap I). The idle ejection control means controls the idle
ejaction drive signal output means 108 to ocutput a drive signal
g0 that all nozzle openings of the fixst recording head 7 eject
30 ink drops (step J). When 10 drops have been ejected, the
ejaection is stopped (step K).
Consequently, ink of the amount corresponding with the
drying degree of the nozzla openings is ejected, Even in a
nozzle opening which did not eject an ink drop in the printing
35 proceas, the increased viscosity of ink can ba surely
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Fig. 17 is a diagram showi ng the rel ati onship between the recordi ng heads

and the cap nenbers in the case where a carriage is noved to position 1. -
Fig. 18 is a diagram showi ng the rel ationship between the recordi ng heads
and the cap nenbers in the case where the carriiage is noved to position 2.
.5 Fig. 19 is a diagram show ng the rel ationshi p_between .

eliminated. Furthermore, as describe above, even after the
idles ejection period ended, ona-reciprocation printing is
completed and an idle ejection is then executed at a position
which 1s closest to the printing rsqion. Therefore, the

3 carriage 1 is not required to be uselessly moved so that the
total printing speed is improved.

In the case where the contents of tha first timer means
102 reach a period of (the shortest ejection periocd + AT)
during the period when one-reciprocation printing has not baeen

10 completed (step F), there may be & fault or the 1like,
Thersfoxe, the carziage is moved to position 2 to be subjectad
to the capping process (step T), and the apparatus then waits
the next inatruction. _

When the idle ejection is completed, the idle ejection

13 control means 100 resets only the first timex means 102 for
measuring the idle ejection period of the first recording head
? which has conducted the idle ejection, and controls the timer
means 80 as to reatart the time measuring operation (step L).

¥ig. 16 is a graph showing the relationships between

20 the idle ejection period and the numbar of ink drops to ba
ejected which is required for zrestoring the ink ejection
ability of nozgle openings.  As the period of the idle sjection
is made longer, the number of ink drops to ba idly ejected is

. zrapidly incxeased, "and numbers of ink drops required for

25  restoring the ink ejection ability are scattered, thereby
raducing the reliability of the operation of restoring the ink
@jaction ability. When an idle ejection is aexecuted
frequently, tharefore, ink consumption can be suppressed and
the ink ejection ability can be sursly restored with a high

30  reliability. "

- In the step where tha idle ejection of the first
recording head 7 is ended as described, print data remain to be
output hecause the idle ejection was conducted during the
printing process in the above-described example (step X).
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the recording heads and the cap nenbers in the case where the carriage is
slightly nmoved fromthe state of Fig. 18 to the outside of the printing
.region. Fig. 20 is a diagramshowi ng the state where two recordi ng heads
are capped by cap nmenberss Fig. 21 is a diagram showing the state where the
capped recording heads are further noved to the outside of the printing
regi on and the communication between the cap nenbers and the air is.

i nt er r upt ed Thiexgfordy (the aukrldgh) 1als Hoved A thes petating yregidisland i ng
the flow of gygkphBnbhhg!pAlithsi® 3" Lastifibd Oftep C).

When, in the next printing process, the contents of the

“first timer means 102 reach again the shortest idle ejection
L poriod (2 saconds) (stap D), tha process enters step G via
steaps B and F.

In the above—ducribed example, since the printing time
of the second =recording head B has already exceeded the
shortest idle ejection period (6 seconds) (step G), the idle

10 ejection control means 100 controls the carriage 1 mo as to ba
novaed to position 2 (Pig. 15(d)) (step N).

This causes the projection 44 disposed at the front end
of the carriage 1 to abut against the flagpiece 45 of the
slidex 30 as shown in Pig. 18, resulting in that the fizst and

13 second cap mambexrs 31 and 32 oppose the respective first and
second recording heads 7 and 8 of the carriage 1 while being
separated thexefrom by the fixed gap ¢.

Under this state, the idle ejection control means 100
reads out the period T, which has elapsad after the first

20 recording head 7 conducted the previocus idle ejection, from the
first timer means 102. The control maans reade out also the
pariod T; when the sacond timer means 103 counts up, from the
sacond timer means 103, and the numbexs of ink drops which are
respectively required for idle ejections of the first and

25 sacond'recondinq heads 7 and 8, from the idle ejection data
storage means 106 (step 0).

Specifically, 10 ink drops are allocatad to the
recording head 7 in which the pericd T,, for example, 2.5
seconds has elapsed after the previous idle ejection, and 15

30 ink drops are allocated to the second recording head 8 in which
the paxiod T,;, for example, 7 ssconds has elapsad.

The idla ejection drive signal output means 108 outputs
to the racording heads 7 and 8 drive signals for the numbsrs of
ink drops which are to be ejected by the rucordihq heads 7 and

35 8, so that all nozzle openings of the first and second
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- processes. Figs. 23(a) and 23(b) are diagrans respectively show ng ot her
enbodi nents of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The invention will be described in detail in conjunction with -
illustrated enmbodiments. Fig. 1 diagrammtically shows ‘a printing mechani sm
‘of an inkjet recording apparatus of the invention. In the figure,
reference nuneral 1 designates a carriage which is supported by a guide

menber 2 andeguit@ing WNealdsd TOWRE §0& fict 3LANT @xEbe 2(8&H NB) Del Wndnsq as to
be reciproca] léﬁe@%xﬁgn&l' ‘hhbar of ink drops are ejected, the idle
ejections are stopped (step Q). This enables the idle ejaction
of the recoxding head 8§ in which the drying index of ink is
L] relatively low and a long period is set for an idle ejection,
to be executad in accordance with an idle ejection of the
racording head 7 in which a relatively short pariod is set for
an idle ajection} Therefore, tha printing process is
interrupted a reduced number of time sao that the total printing
10 speed is improved.
' When the idle ejectiona are ended, the idle ejection
control means 100 resets both the first and second timer means
102 and 103, and then cauases the both means to start the time
measuring operation (stap R).
1s Next, the printing process is continued by repeating
the above-mentioned steps. Wwhen there remains no data to ba
printed (step ¥), the carriage 1 is moved to position 2 (step
8), and the capping proceas is then condncted (step T).
When the carriage 1 is fuxther moved toward the outexr
20 region (the right side in the figure) under the state whers the
carriaga 1 is situated at position 2 (Pig. 15(d)) oxr the
racoxding heads 7 and 8 respectivaly opposse the cap members 31
and 32, the carriage 1 applies a forcs to the flagpiece 45 of
the slider 30 via the projection 44 of the carriage 1, and the
25 lever 52 which is subjected to thae urging force of the coll
spring 56 that is slightly buckling at its upper portion in the
moving direction of the carriage 1 applies a resistance force
to the slider 30. Theraefore, the slider 30 inclines forward as
shown in Fig. 19 so that a force is exerted to 1ift up the rear
30 end of the slidexr 30 as indicted by an arrow D in the figure.
As a result, the rear portion of the slider 30 is
lifted up while the shaft 530 functions as the rotation fulcrum,
so that the second cap member 32 which is located at a more
rearward position than the shaft 30 (in the side of the
33 printing region) first abuts against the second recording head
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direction parallel to a platen 5. Recordi ng heads havi ng nozzl e opening
trains for ejecting different types of ink containing ink solvents of- ~
different evaporation rates are nounted on the carriage 1. In the

enbodi nent, a first ink jet recording head 7 having nozzl e opening trains
C for ejectlng black ink having a relatively high drying index, and a second
i nk jet recording head 8 havi ng nozzl e opening trains for eJectlng col ored

inks (Fig. 4y arg oS r Yo f om

each ot her |h the prlntlng d’recﬁlon i QQE 3?1&?3% t|on of %

carriage 1. SALESECRO ik & #ldgh8ix Q"‘HHF‘H-%MEH ’ the ‘slider 30 is
swingably attachad to the base 53 through the laver 52, the cap

member 32 is lifted up while being guided by the second

$ recoxding head 8 and then abuts against the second recorxding
head 8 at a position where the cap member can seal the head
(Pig. 20). |

When the carriage 1 is further moved toward the case

61, the foxrce of the coil apring 56 is overcome by the force
10  exerted by the carriage 1, and bagins to buckle so that the

aslider 30 is lifted up. This causes the portion of the slider

30 in the side of the case to be lifted up while maintaining

the state where the second cap member 32 is fitted over the

second recording head 8, with the result that the first cap
13 member 31 is fitted over the first recording head 7.

8ince the slider 30 swings with respect to the base 53
and the first and second cap membera 31 and 32 are somawhat
swingable with respect to the slider 30 and configured by an
wlastic membar, naturally, the cap members 31 and 32 are guided

20 by the edges of the recording heads 7 and 8 and then fitted
over the recording heads 7 and 8, respectively.

When the carriage 1 ie furthaer moved in this way, the
slider 30 is horizontally moved toward the case &1 while the
upper face of the slider is reatricted by tha recording heads

25 7 and B. Then, the operation rod 2 protruding from the front
end of the slider 30 abuts against the case 61 to ba pressed so
as to close the valve unit, whereby the air release ports 31b
and 32b of the cap maembexrs 31 and 32 are isolated from the air.
This prevents the vapors of the ink solvents retalned by ink

30 absorbers 31d and 32d from being scattered, so that the
vicinity of the nozzle openings are moistened by the vapors of
the ink solvents retained by ink absorbarxs 31d and 32d in the
vicinity of the noszle openings, whereby the noztle openings
ars surely praventad from being dried.

- 17 -
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6 cartridge 10 are detachably nounted in the upper portions of the
recordi ng heads 7 and 8, respectively. A capping device which seals the
recording heads 7 and 8 is disposed outside the pr|nt|ng regi on:: When the
~recording heads 7 and 8 in this configuration receive a drive signal froma
head driving circuit (not shown) through a erX|bIe cabl e 11, .the recording
heads are supplied - :

When the printing operation is stcppad by pressing a
pause button or tha like, the idle ejection control means 100
controls the carriage 1 to be moved to position 2 (step 8), and
the capping process is then conducted (atep T).

5 The operation which, after printing on one recording
sheet is completed, is to ba conducted on the next recording
sheet will be described with reference to the flowchart shown
in Pig. 13.

When a sheet discharga instruction is input (step A),

10 the idle ejection control means 100 controls the carriage 1 to
ba moved to position 2 (step B), so that the first and second
cap membars 31 and 32 oppose the respective firat and second
recording heads 7 and 8 while being separated therefrom by the
fixed gap ¢ (¥ig. 18). A predetarmined number of ink drops are

15 ejected from the recording heads 7 and 8 {(step C). When the
idle ejactions are ended, the sheet discharge procaess is
exacuted (step D).

In tha case where the next page is to be printed
thereafter, the idle ejection control means 100 controls the

20 recording heads 7 and 8 to idly ejact a predetermined number of
ink dropa (step F) bkefore the sheet supplying process is
conducted (step B). When the idle ejactions are eonded, a
preparatory operation for the sheet supply is executed (astap
G), and the xecoxding heads 7 and 8 again conduct the idle

25 ejection (step H). The recording shest is advanced so that the
beginning of the printing area opposes the recording heads
(step I), and the recording heads 7 and 8 idly eject a
predetarmined number of ink drops (step J). Tha first to thixd
timer means 102 to 104 are ressat, and then start the time

30 measuring operation (step X).

As described above, each time when the operation of
each step in the sheet discharging and supplying processes is
ended, a fixed number of ink drops are idly ejected to prevent
the viscosity of ink in the nozzle openings from increasing,

35 and the recording heads wait in 2 condition that the printing
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with ink fromthe ink cartridges 9 and 10 and form bl ack and col ored dots
on a recording sheet 6 which is placed so as to oppose the recordi ng heads.
Fig. 2 is a diagram showi ng an upper face in the vicinity of the capping
device. In the figure, the reference nuneral 20 designates a sheet feed

rol | er. The sheet -feed roller 20 is coupled with-a pul se notor 24, which
is used for feeding a sheet and driving punps, by a gear 22 which is fixed

to one end Grovess! eehOBeSBBAFted as WocAY thecinpak! 82 gPifecdsd NG
recordi ng S'I&%Et@d‘,”:.?w?%%”béé‘ﬂé’{‘m"“o%h Ehe Pnrql n hngagroc s%. 31 and
J2 is not required to be conducted. '
In the case where the next page is not to be printed
5 thereafter and hence the shest supply is not conducted (step
E), the first and second recording heads 7 and 8 idly eject a
predetermined number of ink drops (step L), and the capping
process is then conducted (step M).
In the embodiment described above, both tha first and
10 second recording heads 7 and 8 conduct the ildle ejection each
time when the sheet discharging process, the sheet supplying
process or the process of positioning the beginning of the
printing area is conducted. When the idle ejection period of
one of the recoxding heads, for example, the recorxding head 8
15 is longer than the period required for conducting each of tha
processes, the idle ejection operation of the recording head 8
may be omitted.
The operation conducted between the step of loading a
naw recording sheet and the start of the priating process will
20 be described with reference to the flowchart shown in Fig. 14.
In the case whore data exist for the next printing
process at the instant when the sheet supplying process is
ended (step A), the fatching of the data is startad (step B).
In the case whera the fatching of data suitable for
25 printing, e.g., data of one line is completed (step C) before
the mesasured period T, of the third timer means 104 which is
sat at the end of the immediately praceding sheet supplying
process (step K of FPig. 13) reaches the second reference (5
saconds in the embodiment) (step I), the idle ejection control
30 means 100 reads out in step D the measured periods T, and T; of
tha first and second timer means 102 and 103 which are
similarly set at the end of the immediately preceding shaet
supplying process (step X of Pig. 13), and determines the
numbers of ink idle ejections which are to be conducted by the
35  recording heads 7 and 8, from the data of the idle ejection

—19-

This Sheet Has Been Replaced |
“IIII" II“H "Il I II THIS SHEET Has pey




In the figure, reference nuneral 12 designates the above-nenti oned cappi.ng
device. First and second cap nenbers 31 and 32 which are nmade of an elastic
mat eri al and have a cup-like shape are disposed on a slider 30. The slider
30 is located in & manner .so as to be interlocked with the novenent of the
carriage 1, at either of two positions, i.e., a capping position where the
‘cappi ng devi ce covers the faces of the two recording heads 7 and 8 on which

soen v {ac AT AgESSMAR s Jutipre] e MpbSaLE]

separ at ed f% ﬁg #ﬂg %i%'sﬁ% ‘H’@’@ap bR Fespegtive cap
nembers 31 and 32 which opposa the recording heads (step F),

After the idle ejections, the timer means 102, 103 and

5 104 axe xoset, and the timer means 102 and 103 newly start the
time measuring operation (step G). Then the printing process
shown in the flowchart of Fig. 12 is started (step H). |

In contrast, in thae casa wvhere the measured period T,
of the third timer means 104 reaches the second reference (5

10 - -seconds in the embodiment) in the course of the process of
fetching data (atep I}, ths idle ejection control means 100
aontxrels the recording heads 7 and 8 to idly eject a
predetermined number of ink drops in the state where the
recording heads are opposad to the cap members 31 and 32,

15 respectively (stap J), rxesaets the first to third timer means
102 to 104 after the idlae ejactions (step X), and then conducts
the capping process (step L). The recording heads 7 and 8 wait
for the completion of the process of fetching data, while the
viscosity of ink in the vicinity of the nozzle openings is

20 prevented by the cap membera 31 and 32 from being increased
(step M). When the process of faetching data is completaed, the
racording heads 7 and 8 are separated from the cap members 31
and 32, the carriage 1 is moved to the printing region and tha
printing is then conducted (step H).

23 In the case where the sheet supplying process is ended
but there exists no print data (step A), the data input is
waited for without conducting the capping process until the
contents of the third timer means 104 reach the first reference
(5 saconds in tha embhodiment). When the first reference pariod

30 has elapsed, steps J and X described above ars conducted, the
capping process is conducted (step L), and the completion of
the process of fatching data is waited for (step M). In the
normal printing process, therefore, the printing operation can
be executad at a spead as rapid as possible while preventing

3% the viscosity of ink from being increased. In the casa where
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and 32, the opening area is sel ect ed so that the cap nenbers can -

hernetically seal

cap nenbers are separated fromthe respective heads. -~ 7 The first and
second cap nenbers 31 and 32 are respectlvely provided with suctlon ports
3la and 32a (Fig. 3) . :

10

13

30

graphic data oz tho like which require 2 prolonged data
transfer period are to be printed, the completion of the data

transfer can be waited for while ink consumption due to an idie

ejJection is prevanted from occurring.
| Preferably, the pumps' are operated so as to suck ink
before the capping process is staxted.

This will be described more specifically halow. At the
instant when the idle ejections are complatad, the ink ejected
to tha cap members 31 and 32 has not been absorbed completely
by the ink absorbers 31d and 32d, respectively, as shown in
Fig. 22(a) with respect to the cap membex 31. Thersefore, there
is a dangex that the ink which has once been ejected is
depositad on the nozsle opening faces. To prevent this, the
punp 37 is operated to suck an excess of ink. Irrespactive of
the state of a valve 45, i.e., whather the valve is opened oxr
closed, only ink in the vicinity of the suction port 3la which
is communicated with the pump 37 is selectively removed away,
and residual ink existing at a position remote from the suction
port 3la equally disperses In the ink absorber 31d. Therefore,
an excess of ink can be removed, and the ink absorber 31d can
hold an adequate amount of ink which can keep tha nozzle
openings moist in the capping procass.

When the cap membars 31 and 32 abut against the
recoxrding heads 7 and 8 and the pump 37 is then operated, ink
deposited between the valve 45 and the air release port 31b is
sucked cut because the valve 43 is opened under the state where
only the abutment between the members and the recording heads
is established, thexeby preventing fixation of the valve 45 due
to dried ink in the vicinity of the valve 43 from occurxring.

When the recaording heads 7 and 8 in the capped stata
are moved to- the right side in the figuras, the valve 45 is
opened. When the pump is operated under this state, therefore,
a nagative pressure is applied to the nossle openings so that
ink is forcibly ejected irrespactive of the increased degree of
the viscosity of ink in the vicinity of the nozzle openings.
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whi ch are connected to ends' of tubes 33 and 34 constituting parts of tube

punps 37 and 38,

tube punps. The first and second tube punps 37 and 38 are selectively
driven by the sheet feed and punp notor 24 through a . wheel train 40 to
conduct a suction operation. More specifically, when the notor 24 is
reversely rotated, only the first tube punp 37 conducts a suction
operation, and, V\heww-ﬁrm& tube
punp 38 conducts su%ti n eitlon d?i 'S'S ﬁ*& Kei"oodf

t he above- de§%‘?‘? ea owmivazd h“ b““ described
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It is a matter of course that, even in the case whera noule
openings of ‘recording heads are directed upward or
horizontally, the same effects can be attained by disposing the
caps so as to correspond to the arrangement of the recording
heads, i.e., to oppose the nozsle opening faces.

Although the ambodiment in which the invention is
applied to a color printer haz been described, it is a matter
of course that the sane effects can be attained evaen vwhen the
invention is applied to a printer in which two ink jet
recording heads ejecting drops of ink of the same color are
mounted on one carriage so as to imprave the recording density.

In the embodiment, the cap members which are
independent from each other are allocated to the xecording
heads, raspactively. It is a matter of coursa that the same
effects can be attained even when a single cap member which can
seal two rxecording heads is used.

In the embodiment, the recording heads which eject inks
respectively containing ink solvents of different evaporation
ratss are independently mounted. As shown in Pig. 23(a), a
single recording head may be configured by forming nozzle
trains 110 and 111 through which inks respectively containing
ink solvents of different evaporation rates are respectively
ejected, in the same subatrate 112. It is obvious to those
skilled in the art that the invention can be applied similarly
to a printer in which such a recording head is sealed by a
single cap member 113.

In this alternatjive, the nogzle train 110 for ejacting
ink having a higher drying index 110 may be disposed outside
the printing region. When only the nozzle train 110 is to
conduct an idle ejection, therefore, it is required to move
only the nossle train 110 so as to oppose the cap member 113 as
shown in Pig. 23(b).

e
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cappi ng device 12. In the figures, reference nuneral 30 designates the
slider which is disposed so that the first and- second cap- nenbers 31 and .- *'
32 are swi ngabl e about shafts 31c.and 32c in accordance with the dlstance_

bet ween the two recording heads 7 and-8 nmounted on the carriage 1.- In the
fi-gures, reference nunerals 41 and 42 designate first and second guide-

pi eces, each of which consists of two subpieces that are di sposed on both

sides of the first nd secon ecordi ng heads 7 and 8 ted, on the
carriage 1, so as t ﬁgﬂé Pg°1’ﬁe fit APPSFAERE R, ao%rl“ THaventian ang

second gui d@opw&sssaru sdpa'nuﬁyl 61 otnkajet oreesrding hbmimnidalo are
arranged in a2 moving direction of a carriage at fixed
intervals; cap members which are disposed outside a priating
5 region and which seal the ink Jet recoxding heads,
respectively; timer means for detecting elapsed time during
which the ink jet recording heads conduct an idle ejection; and
control means for disposing an ink Jjet recording head for
ejecting ink having a lower drying index among the ink jat
10 recording heads, to the side of the printing region, and when
only an ink jet recording head for ejecting ink having a higher
drying index is to conduct an idle ejection, locating the ink
jot racording head for ejecting ink having a higher drying
index in the printing region side of the cap members.
15 Therefores, the moving distanca of the carriage in an idle
ejection can be shortened to a value as small as possible and

the total printing speed can be improved.
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that, when the carriage 1 is set at a predeterm ned pasition, 'they oppdse
t he recordl ng heads 7 and 8, respectively. At one end portion of the sI i der

30 (the right end portion in the figures), there is fTMmmmHEhiﬂdmmw

whi ch abuts against a proj ection 44 prot rudi ng frontth the
carriage 1 when the carriage 1 is |located at the p05|t I rst
and second cap menbers 31 and 32 oppose the respective |rs ond

recordi ng heads 7 and 8. An engagi ng pi 6 is disposed at a p05|t|on
which is closer to the tip end than t pi ece 45, so as to rrake contact
wi th and separate from a gui de nenber 47 fixed to a base 53.

Hhat ie claimed is:

1 1. ' An ink jet mocardinq apparatus having a caxriage,
2 and comprising:

3 a plurality of ink jet recording headl disposed on the
4 carriage and spaced apart in a moving direction of the carriage
L at fixed intervals; .

6 cap members disposéd outside 2 printing region for
7  sealing said ink jet recording heads; and

8 timer means for detecting an elapsed time between
- sudcessive idle ejections of each of said ink Jet recoxrding
10 heads, wherein

11 ink jet recoxding heads for ejecting ink comprising a
12 first head for ejecting ink having a ralatively high drying
13 index and a second head for ejecting ink having a raelatively
14 low dxying index, said ink jet recording heads being arranged
15 on the carriage when said heads face said cap members so that
16 sald firet head is disposed further from the printing region
17 whareas said second head is disposed close to the printing
18  region.

1 2, The ink jet recording apparatus as recited in
2 c¢laim 1, further comprising control means for controlling
s movement of the carriage so that said first head of said ink
4 jet recoxding heads for ejecting ink having a relatively high
5 drying index are positioned outside the printing region to
6 oppose at least one of said cap members when said first head
? conducts an idle ejection while said second head does not.

1 3. An ink jet recording apparatus according to claim
2 2, wherein said apparatus further comprxises idle ejection data
3 storage means for storing at least two kinds of timing data,
4 including long and short period timing data for executing the
L] idle ejectiona in accordance with ink drying indices of
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- prevents the slider 30 fromslipping off, a flat face 47
- fixed gap suitable for an idle ejection bet ween the slide

REPLACEMENT SHEET 8 The gui de nenber 47 conprises a p Wm één?ﬁ‘e

ends of the recording heads 7 and 8, a flat face 47c mhlc
where the cap nenbers 31 and 32 reS|I|entIy contact the recording heads 7
and 8, and a

ou_s.l'a-
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differant types of ink in said ink jet recording heads, and for

. #toring data corresponding to predetermined numbers of ink

drops to be ejected from the ink jet recording heads during the
idle ejections, wherein ~the short period timing data
correaponds to the ink jat racording heads foxr ejecting ink
having a relatively high dzying index, and wherein the long
period timing data corresponds to the ink jet recording heads
for ajecting ink having a relatively low drying index.

4. The ink jet recording head as recited in claim 3,
wherein when sald timer means detects an elapsed time
corresponding to the short period timing data, said control
means controls the movement of the carriage in accordance with
the short period timing data so that the ink jet recording head
for ejecting ink having a relatively high drying index is
positioned to oppose ona of the cap mambars c¢losest to the
printing xegion, and wherein, when said timexr means datacts an
alapsad tims corresponding to the long period timing data, said
control means executes a wait command to wait until said timer
means next detects an elapsed time corresponding to the short
period timing data, whareupon said control means controls the
movement of the carriage so that the ink jet recording heads
for ejecting ink having relatively high and low drying indexes
are positioned to oppose respective onas of tha cap members.

5. An ink jat recording apparatus having a carriage,
and comprising:

ink jet recording head dispoaed on the carriage, said
ink jet recording head having a plurality of nozzle opening
trains for ejecting at least two different inks having
different drying indices;

cap members which are disposed outside a printing
region and which seal said ink jet recording head; and

* < t L] S *
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slant face 47d extending between the two flat faces. This n Bopllagaald | Ng
in a direction perpendicular to the noving direction 1 1lis
di sposed at the center of the |ower portion . of the sli nds of

the shaft 50 are |oosely fitted into a | ever 52. The | ower end of the |ever
I's swingably attached to a shaft 54 of t'he base 53 through a slot 52a. An
upper end of a 'coil spring 56 which'is slightly buckling toward the

Sorno ke Then tondh MUEY < easlonlis S MEPAR S Rlofdh.CO
Abcor dMhg t SUCRRESLER 1918 RI84EIORR |9 SAdRGIAL ink Jet recording
1 heads, wherein _ _ -
12 & nossle opening comprising a first nozzle opening
txain for ejecting ink having a relatively high drying index
and a sscond nozzle opaning train for ejecting ink having a
relatively low drying index, said nossle opening being arranged
on the carriage when said nossle opening face said cap members
so that said first nozzle opening train is disposed further
from the printing region whereasz said second nozzle opening
train is disposed close to tha printing region.

1 6. The ink jet recording apparatus as recited in
3 claim 3, further comprising control means for coatrolling
3 movement of a carriage s0 that said first nozszle opening trains
4 of said nozzle opening for ejecting ink having a relatively
L high drying index ara positioned outside the printing region to
& oppose at least one of saild cap members when said first nogsle
7 opening trains conduct an ildle ejection while said second
8 nozzle opening trains do not.

1 7. An ink jet recording apparatus according to claim
2 6, whorein said apparatus further comprises:

3 idle ejection data atorage means for storing at least
3 two kinds of timing data, including long and short period
L] timing data, for executing the idle ejections in accordance
6 with ink drying indices of different types ink in said nozzle
7 opening trains, and for storing data corresponding to
8 predetexmined numbers of ink drops to be ejected from the
9 aczzle opening trains during the idle ejections, wherein the

10 short period timing data corresponds to the nozzle opening
11 train for ejecting ink having a relatively high drying index,
1z and wherain the long period timing data corxresponds to the
i3 nozile opening trains fox ejecting ink having a relatively low
14 drying index.
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period, the slider 30 is urged toward the printing @haemaaed

spring 56 while one end of the slider is restricted E nd_of
the slant face 47b- of the guide nenber 47, and the c y t he
lever 52. This.allows the cap nmembers 31 and 32 to be kept at a p03|t|on

where a gap g can be forned in a degree adequate for an idle ejection
wi t hout meking the cap nmenmbers contact the recording heads 7 and 8. The

2 ase 81 orhe valde unFROodnk, Jen korloRFRE aPpatafis bp cReadedy el [
and 32b % or ngdaim "f'hé'hPESﬁEc‘l'#% '@éﬁ Kinee meang) datacts an elapsedr tiwen rod
62 3 corresponding to the short period timing data, said control
means controls the movement of the carriage in accordance with

the short period timing data so that the nozsle opening train
for ejecting ink having a relatively high drying index is
positioned to oppose the cap maember closest to the printing
region, and wherein, when said timer nieans detects an elapsaed

. time corresponding to the long period timing data, said control '

10 means executes & walt command to wait until said timer means

11 next detects an elapsed time corresponding to the short period

12 tining data, whereupon said control means controls the movement

13 of the carriage so that the nozzle opening trains for ejecting

14 ink having =relatively high and low drying indices are

13 positioned to oppose raspactive ones of the cap mambers.

w 6 - o W >

9. . An ink jet recorxding apparatus according to claim
1, further comprising drive signal generation means for
outputting a drive signal the level of which is increased with
tha lapse of time during an idle ejection.

~ W on M

10. An ink jet recoxding apparatus according to claim
5, further comprising drive saignal generation means for
outputting a drive signal the lavel of which is increased with
the lapse of time during an idle aejection.

& e N e

1i. An ink jet recoxrding apparatus according to claim
l, further comprising drive signal generation means for
outputting a drive signal the period of which is shortened with
the lapse of time during an idle ejection.

& U N

12. An ink jet recording apparatus accoxding to claim
5, Zfurther ocomprising drive asignal generation means for
outputting a drive signal the period of which is shortened with
the lapse of time during an idle ejection.

> N -
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protrudes fromthe valve unlt 60. When the slider 30 Tlssmwx

cappi ng position, the operation rod 62 resiliently abut ﬁﬁl case .
61, whereby the val ve unit 60 which i's nornalry-Opened hat - -
the air release ports 31b and 32b are closed. Fi-gs. 5, and 7 show an
enbodi nent of the punp unlts 13 (see Fig. 1). A driving wheel 72 of the
punp 37 (see Fig. 9

1 13. An ink jet recording apparatus according to claim

2 1, wherein each of said cap members has a suction port which is

s connected to a suction pump, and an air release port which is

4 . communicated with tha environment through valve means, wherein,

5 whan one of saild vecording heads abut against said cap member,

6 said alr releame port is opened by said valve means, and a

7

N ot N

suction force is applied by the suction pump.

14. An ink jet recoxding apparatug according to claim
5, wherein each of said cap members has a suction port which is
connected to a suction pump, and an air release port which is
communicated with the environmant through valve means, whaerein,
when one of said recording heads abut against said cap member,
said air release port is opened by said valve means, and a
suction force is applied by the suction pump.
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3) is coupled with the pul se notor 24 through a mheeITP?
tubes 33 and 34 through which the cap nmenbers 31 and 3 ted
with a waste ink tank (not shown) are covered by cover

respectively, so that the outer side of each tube is forned |nto a
substantially circular shape. -The inner sides of the punp tubes 33 and 34
can be resiliently pressed by roIIers 85 and 86 (see Figs. 6 and 7). The
two sets of rollers 85 and 8@makeas® ik R & ey fitted into slots
ich are fixed to

f
the both ends. of rohFrETFehe da ¥ phnnehale opening 75
are coupl ed trains for zespactively cjaetinq different inks having
different drying indices, whereby clogging of 1ink is
5 efficiently prevented. A plurality of ink jet recording heads
7 and 8 are arrangaed in a mbvinq direction of a carriage 1 at
a fixed intaxrval, and cap members are disposed outside a
printing region. A recording head 7 for ejecting ink having a
higher drying index is disposed closer to the cap members than
10 a recording head 8 for ejecting ink having a lower drying
index., Timar moans 102 and 103 are provided for detacting an
elapsed time during which the ink jet recording heads 7 and 8
conduct an idle ejection, and idle ejection contxol means 100
is provided so that, when only the ink jet recording head 7 for
15 ejecting ink having a highez drying index ia to conduct an idle
ejection, oanly the ink jet reconding head 7 is opposaed to the
cap member,
SELECTED FIGURE Pig. 9
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wi th each other through a connecting nenber 76. The slots are described in
~greater detail below Figs. 8(a) and 8(b) show an enbodi nent of the

" above-nentioned guide slots 90 which are forned in the driving wheels
supporting the rollers 85 and 86. The guide slots 90 are forned as slots
whi ch extend in such a manner that the distance between the slot and the
center of the respective driving wheel is gradually changed. Wen the
sheet feed and.punp notor 24 is reversely rotated (arrow A), the shafts 85a

of the rollers 85 are noved-al ong the respective slots 90 toward the outer
peri phery. . .
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In the first tube punp 37, this causes the rollers 85 to be rotated while
pressing against the tube 33, thereby generating a suction force. When
the nmotor 24 is forward rotated (arrow B), the shafts 85a of are noved
toward the center and the rollers 85 are separated fromthe tube 33 so that
the punp operation is discontinued. The second tube punp 38 is configured.
so as to operate in a manner that is the reverse of the first tube punp 37.
Specifically, when'the nmotor 24 is reversely rotated, the rollers 86 are
noved toward the center so that the punp operatlon |s di sconti nued, and,
when the notor 24 is formard

Fl6. 2.'
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rotated, the rollers 86 are noved toward the outer periphery so REPLACEMENT
SHEET 10 as to be rotated while pressing against the tube 34, thereby

"~ generating a suction force. In this way,.the punp which i's to generate a
suction faorce can be selected by switching the‘rotation direction of the
motor 24. In the figures, reference nunmeral 92 designates. _

i
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a roller pressing piece which is nmade of an elastic material such as
rubber. Wen the driving wheel 72 is rotated, the roller pressing piece 92
reS|I|entIy presses against the rollers -85 so that the rollers 85 are noved
al ong t e’ respective slots 90 to the position corresponding to the rotation
direction of the notor.. Fig. 9 shows-an enbodi nent of a control. device. In
the figure, reference nuneral'lOO designates an idle ejection control neans
which receives a signal froma pr#nting process nonitor neans 101 to
nonitor the current position of the carrlage 1. At the.instant when a
signal is output fromfirst
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to third tinmer neans 102 to 104 and sheet supply and di scharge detection
nmeans 105, the idle ejection control neans 100 reads out data froman idle

~ejection.data storage neans 106, and drives carriage control neans 107 and -

id e ejection drive signal output neans 108.. Wien the first ink jet
recordi ng head 7 conducts an idle ejection during a printing process, the
first timer means 102 is reset, and, when the second ink jet recordi ng head
8 conducts an idle ejection, the second timer means 103 is reset, The first
and second tinmer nmeans neasure the period which el apses before t he next

i dle ejectlon is conducted. The third .
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~timer nmeans 104 neasures the wait period which starts when the printing
operation is ended and ends -with the input of the next printing data. As
shown in Fig. 10, the idle ejection data storage neans 106 stores: a period
[err] between idle ejections of a recording head in which the drying index
of ink is relatively high, or the first recording head 7 in the enbodi ment;
.the nunbeéer of ink drops to be ejected; a period T2 between idle
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ejections of the second ink jet recording head 8 in which the drying index
of ink.is relatively low, and the nunber of ink drops to be ejected. The
carriage control nmeans 107 controls the Carriage notor 23 in the follow ng
manner . Mhen only the nozzle openings in which the drying index of -ink is
“relatively high, i.e., the fi'rst. recordlng head 7 in the enbodi nent, are to
conduct an idle ejection, the first recording head 7 is p03|t|oned In a
capping region which is | ocated as close to the printing region as
possible, i.e., at the second cap menber 32 in the enbodlnent When all the
nozzl € opening trains, i.e.,
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both the first and second recording heads 7 and 8 in the enbodi nent, are to
conduct an idle ejection, the recording heads 7 and 8 are opposed to the
cap nenbers 31 and 32, respectively.

-- The idle ejection drive signal output nmeans 108 sel ectively outputs
drive signals including, for exanple, a drive signal the level of which is
gradual ly increased in the sequence of Jerr] Jerr], with the | apse of tine
" as shown in Figs. 11(a) and (b), and a QMeiéﬁéhﬂ'trmedriving timng of
which is gradually shortened in the sequence of [err] with the | apse of
tine (Figs..11(c) and (d)). _ ' '
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In the case where an idle ejection is regularly conducted at a relatively
short period, such as an idle ejection process during the printing step,
the ink ejection ability of the nozzle opening trains can be restored by
supplying a drive signal simlar to that used in the pri:nting step. In the
case where the recording heads are left in the capped state for a | ong
time, however, the viscosity of ink in the nozzle openings is increased to
a very high val ue. Wen a nornmal drive signal is applied in the latter
case, a very high pressure is generated i suri zi ng chanber
potentially causing problenms with a V|bré?; ﬁzte or

0¢

1
£ 107 23
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100 IDLE EJECTSON COTNROL MEANS

101  PRINTING PROCESS MONITQR MEANS

102 FIRST TIMER MEANS

103 SECOND TIMER MENAS

104 THIRD TIMER MEANS

105 SHEET SUPPLY AND DISCHARGE DETECTION MEANS
106 IDLE EJECTION DATA STORAGE MEANS

107 CARRIAGE CONTORL MEANS

108 IDLE EJECTION DRIVE SIGNAL OUTPUT MEANS
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ot her conponents of the print heads.

driving operation is conducted in such a manner
voltage is initially lowered in leve

To elininate this problem the

12 that the driving
to about 90 % of the normal val ue and

the period is slightly prolonged as required, whereby ink is caused to
gradual |y ooze out of the nozzle openings for a relatively |long period of
time. Wien the V|sc05|ty Is then reduced to a | ower degree,
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the recording heads are driven by a drive signal which is higher in |evel
and shorter in period than that used in the normal printing process, so

that ink in the vicinity of the nozzl e openings is ejected in a single

step. The operation of the thus configured apparatus will be described with
reference to the flowchart shown in Fig. 12. Wen a print signal is _
supplied froma host conputer which is not shown (step A), the pul se notor -
23 is driven to nove the carriage 1 to the printing region. At the sane
time, the first and second. tiner neans. 102 and 103 are set to start- the
measurenent of elapsed tine (step B). When print data are '
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‘input under this state, the printing process is started, and black:ink is
ej ected fromthe nozzle openings of the first recording head 7 and col ored
inks are ejected fromthose of the second recording head:8 (step C). Wen
the contents of the first timer neans 102 reach the period (2 seconds)

whi ch coincides with the | ongestrq@ngnof the idle ejection periods, the
printing operation is stopped in the course of printing one line, and the
process junps to step G It is checked whether:the |ongest idle ejection

period (2 seconds in the egﬁgﬁlﬂeggggtgzgglapsed or not (step E). Wen the
contents of the first timer neans =1 Ch - ' _
,. PRINT SIGNAL IS INPUT? "\ .{‘ - y
i |
L SET 15T AND 28D TIMER MEANS~[ _ 1 _
, ' <
; ’E C It novED
3 PRINTING . ‘ r | - A nuurﬂgiz
|, PERIOD M1} 2 SEC ? —P—k D ' m’.llrf PROCES!
| __T______4? END
/. PERIOD T1 S 2 SEC+T? L. | & \ N )
RN & 2N
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the shortest idle ejection period of 2 seconds (step D) during the printing.:
operation as described above, the idle ejection control means 100 waits for
a one-reciprocation printing end signal fromthe printing process nonitor
means 101 (step F).. \Wen one-reciprocation printing is conpleted (step F),
before the contents.of the-first tinmer neans 102 reach the shortest . idle

ej ection period of 2 seconds and a predeterm ned period. AT of, for

exanpl e, 1 second which is repg.efB for REPLACEMENT SHEET
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13 one-reciprocation printing is further el apsed (step E), the idle
~ejection control neans 100 judges whether the period T2 of the second tiner
means 103 exceeds the shortest idle ejection period (6 seconds in the

- enbodi nent) stored in the idle ejection data storage neans 106 or not (step

G. |In this case, since the reciprocation printing is ended at' the instant
when the period of 2 seconds has el apsed after the start of the printing,
only a period of [err] has el apsed wi thﬁesult that only a period of
2.5 seconds has el apsed -after the start of the

1,
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printing. Therefore, the first recording head 7 is noved by the carriage
control neans 107 to position 1 (Fig. 15(c)) which opposes .the second cap
menber 32 located in the side of the printing region ((step H. As shown in
Fig. 17, thi's causes the first recording head 7 to oppose the second cap
menber 32 which is the one closest to the printing region, and the second
recording head 8 to be situated at a position opposing neither one of the .
cap nenbers. The first recording head 7 which nmust be subjected to an idle

ej ection can be noved with a noving distance as short as possible, to a.
position where an jdle EJECtIOH can be
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conducted. This inproves the total printing speed. Under this state, the
idle ejection control neans 100 reads out the period [err] neasured by the
first timer nmeans 102, and reads out fromthe idle ejection data storage .
means 106 t he nunber of ink drops to beaE'. tei:lo drops in the

enbodi rrent) whi ch corresponds to the re @ht ériotl (e.g., 2.5 seconds)
(step. )" The idl e ejection control neans' control.s the idlé ej ection drive
signal output neans 108 to output a drive signal so that all -ndzzle
openings of the first recording head 7 ejggt ink drops ($tep J).-. Wien 10
drops have been opped (step K) 5'/_,—] : .

y - | . -
-’,/ . | '6/-’?
5
| 7 1, 62
" g ] 46
52,2-! R
82 5¢
/. :
/

LY
-

_ THIS SHEET #4¢ BEEN
Sheet Has Been Replaced REPLAGE s

T




Consequently, ink of the ampunt corresponding wth the drying degree of the
nozzl e openings is ejected. Even in a nozzle opening which did not eject
an ink drop in the printing process, = the__increaged VISCOSIty of ink .
can be surely 14 el i m nat ed. Furth e, § %5 describe above, even
after the idle ejecti-on period ended, one- reC|pro ation printing is
conpl.eted and an {dle ejection is then executgd‘at a position-
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which is closest to the printing region.

~not required to be uselessly noved so that the total

| mpr oved.

fault or the |ike. Therefore,

next instruction.

In the case where the contents of the first tiner
a period of (the shortest ejection period + AT) durln
one-reciprocation printing has not been conplfi

the carriage is
subj ected to the capping process (step T),

Therefore, the carriage 1 is

printing speed is

means 102 reach
~the period when

Ap F), there may be . a

nov d'to_position 2 to be .

and .t he, apparatus then waits .the

When the idle ejection is conpleted, the idle ejeﬁtion_
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control neans 100 resets only the first timer nmeans 102 for- neasuring the
recordi ng head 7 which has conducted the

idle ejection period of the first
idle ejection, and controls the tiner
measuring. operation (step L).

between the idle ejection:

Fi g.

nmeans 'so as-to restart the tine
16 |s a graph showi ng the rel ationshi ps
period-and the *‘nunber of ink drops to

be éjected

which is required for. restoring the ink eJectlon ability of nozzle

openi ngs.. As the period of the idle ejection is made | onger,

t he nunber of

ink-drops to be idly ejected is rapidly i ncreased,. and numbers of ink dr gps
tion ability are scatfered, thereby

required for restoring the-ink ej
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reducing the reliability of the operation of restoring the ink ejection
ability:s ; Wien an idle ejection is executed frequently, therefore,

i nk consunption can be suppressed and the ink ejection ability can be °
surely restored with a high reliability. In the step where the idle"
ejection of the first recording-head 7 is ended as described, print dat a
remain to be output because the idle eJectlon was conduct ed durlng t he
pr|nt|ng process in the above-described exanple (step M. REPLACEMENT SHEET
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-15 Therefore, the carriage 1 is noved to the printing region and the
printing® prbcess I's resuned (step C). Wen, in the next printing process,
the contents of the first tinmer neans 102 reach again the shortest idle

ej ection period (2 seconds) (step D), the process enters step Gvia steps E
and F. In the above-described exanple, since the printing tinme of the
second recordi ng head 8 has al ready excegeded the

INK JET RECORDING APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention
The 1nventlon relates to an ink jet printer comprising

a plurallty of ink jet recording heads moving in the width
direction of a recording sheet and ejecting ink of different
colors according to print data'to print a color image, and an
ink jet recording apparatus in which a plurality of ink jet
recording heads are mounted on the same carriage for high
density printing, and more particularly to an ink managing
technique which is suitable for such a recording apparatus.

Background Art

A conventional recording apparatus having an ink jet
recording head produces relatively low level noise during a
printing process, and can form small dots at high densities.
Such recording apparatus are therefore used in a wide variety
of printing processes, includihg color printing.

The above described .recording apparatus ejects ink
pressurized in a pressurizing chamber from a nozzle in the form
of ink drops on a recording sheet, to form dots on the sheet.
In order to improve the printing quality, it is necessary to
-prevent ink from blurring on a recording sheet. In order to
achieve this, the proportion of an ink solvent is reduced to a
level as low as possible, or a material that is easily
evaporated is used as an ink solvent. = However, such

countermeasures have drawbacks in that the ink solvent
evaporates through nozzle openings during the printing process
to increase the viscosity of the ink, and, even if a nozzle
face is sealed by a cap during a quiescent period, the

*  viscosity of the ink is still increased. These phenomena
impede the ink ejection.

In order to solve these préblems, a configuration is
disclosed in,ffor example, Japanese Patent Publication (Kokai)
No. SHO064-40,342, in which,'when a predetermined period has
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shortest idle ejection period (6 seconds) (step G, the idle ejection
‘control neans 100 controls the carriage 1 so as to be noved to position 2
(Fig. 15(d)) (step N). This causes the projection 44 disposed at the front
end of the carriage 1 to abut against the. flagpiece 45 of the slider 30 as
shown in Fig. 18, resulting in that the first and second cap nenbers 31 and
32 oppose the respective first and setond recordi ng heads 7 and 8 of the
carri age dlabsed bmiagximbing cprodessf ranmrdyotdindi kead gbp movethdes dmi s

SLate. Lk UEcSHEALI 8N AN LR s AR Ror LA ER FUb18RaRE LR L LN o1
: ejected from all nozzle openings. _

Since development of personal computers allows graphic
processing to be executed in a relatively simple manner, a
printer which can output a hard copy of a color image displayed
on a screen is required. 1In view of the differences in ink
consumption and recording density between colors, and also the
prevention of discoloration during a quiescent period, color
ink jet printers are configured so that two recording heads,
i.e., a recording head for black and white printing and a
recording head for color printing, are mounted on a carriage.

When different kinds of ink are to be used as described
above, the drying indices of these inks are different from each
other.  Accordingly, a technique is proposed in which the-
period of an idle ejection and the ejection amount are
determined for each of the recording heads, and, when each of
the periods.is completed, the corresponding recording head is
moved to a cap member so that the ink viscosities of the
recording heads are prevented from being increased (Japanese
Patent Publication (Kokai) No. Hei 2-217,256).

The conventional apparatus are problematic in that,
when the times for starting an idle ejection of recording heads
are close to each other, the printing process must be
interrupted frequently, and the recording heads must be moved
so as to oppose the respective cap members, whereby the
printing speed is reduced.

_ SUMMARY OF THE INVENTION

The instant invention is intended to solve the
above-described problems. It is an object of the invention to
provide an ink jet recording apparatus which can efficiently
prevent increased viscosity and clogging of ink in a recording
head having plural nozzle opening trains for respectively
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recordi ng head 7 conducted the previous idle ejection, fromthe first tinmer
nmeans 102. The control means reads out also the period T2 when the second
ti mer neans 103 counts up, fromthe second tiner nmeans 103, and the nunbers
of ink drops which are respectively required for idle ejections of the
first and second recording heads 7 and 8, fromthe idle ejection data
storage neans 106 (step 0). Specifical +y; 10 ink drops are. allocated

to the recg 1&'{:@ Q’ﬁ.%grérﬂ: V"@y&%é hggreringd &]nfgoal%é e &ryitRconds

has elapse}? e previous e EJECtIOH I nk drops are
al | ocat edindiiag®- second recordi ng head 8 in mhlch

In order to solve these problems, the apparatus of the
invention comprises: a plurality of ink jet recording heads
which are arranged in a moving direction of a carriage at fixed
intervals; cap members which are disposed outside a printing
region and which seal the ink jet recording heads,
respectively; timer means for detecting elapsed time during
which the ink jet recording heads conduct an idle ejection; and
control means for disposing an ink jet recording head for
ejecting ink having a lower drying index for a relatively long
time period among the ink jet recording heads, in the side of
the printing region, and when only an ink jet recording head
for ejecting ink having a higher drying index for a relatively
short time period is to conduct an idle ejection, for locating-
the ink jet recordihg head for ejecting ink having a higher
drying index in the printing region side of the cap members.
According to this configuration, the moving distance of the
carriage in the case where a nozzle opening train for ejecting
ink having a higher drying index is to conduct an idle ejection
can be shortened to a value as small as possible and the total
printing speéd can be improved.

BRIEF DESCRIPTION OF THE DRAWING. FIGURES
Fig. 1 is a perspective view showing the structure of

a printing mechanism of an ink jet recording apparatus of the
invention.

Fig. 2 is a plan view of the capping device.

Fig. 3 is a plan view showing an embodiment of the
capping device.

Fig. 4 is a front view showing the embodiment of the
capping device in the state where the capping device abuts
against recording heads.

Fig. 5 is a diagram showing the state where a sheet
feed and pump motor is coupled with a tube pump.
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the period [err] for exanple, 7 seconds has el apsed. The idle ejection

drive signa

signals for the nunbers of ink drops which are to be ejected by the
recording heads 7 and 8, so that all nozzle openings of the first and

second

16 recording heads.7 and 8 eje%F i nk drops (step P). When a

predeterm ned nunmber of ink drops are ejected, the idle

Fig. 6 is a diagram showing the structure of a
longitudinal section of the tube pump.

Fig. 7 is a diagram showing the structure of a cross
section of the tube pump.

Figs. 8(a) and 8(b) are diagrams showing the shape of
slots formed in a driving wheel constituting a tube pump which
is a first tube pump.

Fig. 9 is a block diagram showing an embodiment of a
control device which controls the ink ejection restoring
operation in the apparatus.

Fig. 10 is a view diagrammatically showing data which
are stored in idle ejection data storage means.

‘Figs. 11(a) to Fig. 1l1(d) are waveform charts
respectively showing an embodiment of a signal for driving the
recording heads in the idle ejection process. o

Fig. 12 is a flowchart showing the operation of the
apparatus in the printing process. |

Fig. 13 is a flowchart showing the operation of the
apparatus in the sheet supplying process.

Fig. 14 is a flowchart showing the operation of the
apparatus in the when waiting for p:iht data. '

" Figs. 15(a) to Fig. 15(d) are diagrams respectively
showing the positional relationships between first and second
recording heads and the first and second cap members.

| Fig. 16 is a graph showing the relationship between the
idle ejection period and the number of ink drops to be ejected

'which is required for restoring the ink ejection ability of the

nozzle openings.

Fig. 17 is a diagram showing the relationship between
the recording heads and the cap members in the case where a
carriage is moved to position 1.

Fig. 18 is a diagram showing the relationship between
the recording heads and the cap members in the case where the
carriage is moved to position 2. '
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ej ections are stopped (step Q. This enables the idle ejection of the
recording head 8 in which the drying index of ink is relatively |low and a

|l ong period is set for an idle ejection, to be executed in accordance with
an idle ejection of the recording head 7 in which a relatively short period
is set for an idle ejection. Theref@re, the printing process is
interrupted a reduced nunmber of tine so that the total printing speed is

i nproved. Wen t h&igdl d9eisc e diagxam ShRUng Hde drelatienship chatyeen

neans 100tpasebeokaifgt heals’ ahdaRthes RaP Gudnibes MAthd GasdiHEBe end
then Causggrgggggogg @%%Eiéf;%&géédt gohl@ie state of Fig. 18 to the
outside of the printing region. _

Fig. 20 is a diagram showing the state where two
recording heads are capped by cap members.

Fig. 21 is a diagram showing the state where the capped
recording heads are further moved to the outside of the
printing region and the communication between the cap members
and the air is interrupted.

' Figs. 22(a) and 22(b) are diagrams respectively
illustrating the flow of ink in first and second suction
processes.

Figs. 23(a) and 23(b) are diagrams respectively showing
other embodiments of the invention. .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The . invention will be described in detail in
conjunction with illustrated embodiments.

Fig. 1 diagrammatically shows a printing mechanism of
an ink jet recording apparatus of the invention. In the
figure, reference numeral 1 designates a carriage which is
supported by a guide member 2 and coupled with a pulse motor 23
through a timing belt 3 so as to be reciprocally movable in a
direction parallel to a platen 5.

Recording heads having nozzle opening trains for
ejecting different types of ink containing ink solvents of
different evaporation rates are mounted on the carriage 1. 1In
the embodiment, a first ink jet recording head 7 having nozzle
opening trains for ejecting black ink having a relatively high
drying index, and a second ink jet recording head 8 having
nozzle opening trains for ejecting colored inks (Fig. 4) are
mounted so as to be separated by a fixed distance from each
other in the printing direction, i.e., the moving direction of
the carriage 1. A black ink cartridge 9 and a colored ink
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measuring operation (step R). Next, the printing process is continued by
repeati ng the above-nenti oned steps. Wen there remains no data to be
printed (step M, the carriage 1 is noved to position 2 (step S), and

t he- cappi ng process is then conducted (step T). Wen the carriage 1 is
further noved toward the outer region (tée right side in the figure) under
the state where the carriage 1 is situated at position 2 (Fig. 15(d)) or

t he recor dangdigiges 10 axe sdetaphkablyenpuapgdsént Wélq:a;pmgtsqnanafsz

the carri 0 &3%11% %éé&éﬁevtanahst,f&égeb%%svéiyof tHecsppeg d8vika the

prOJectlon e carriage
whlch seals the recordlng heads 7 and 8 is disposed outside the
printing region. '

wWhen the recording heads 7 and 8 in this configuration
receive a drive signal from a head driving circuit (not shown)
through a flexible cable 11, the recording heads are supplied
with ink from the ink cartridges 9 and 10 and form black and
colored dots on a recording sheet 6 which is placed so as to
oppose the recording heads.

Fig. 2 is a diagram showing an upper face in the
vicinity of the capping device. In the figure, the reference
numeral 20 designates a sheet feed roller. The sheet feed
roller 20 is coupled with a pulse motor 24, which is used for
feeding a sheet and driving pumps, by a gear 22 which is fixed
to one end of a rotation shaft 21. The sheet feed roller 20
feeds the recording sheet 6 .in synchronization with "the
printing process.

" In the figure, reference numeral 12 designates the
above-mentioned capping device. First and second cap members
31 and 32 which are made of an'elastic material and have a
cup-like shape are disposed on a slider 30. The slider 30 is
located in a manner so as to be interlocked with the movement
of the carriage 1, at either of two positions, i.e., a capping
position where the capping device covers the faces of the two
recording heads 7 and 8 on which nozzles are opened
(hereinafter, such a face is referred to as "nozzle opening
face"), and a noncapping position where the capping device is
separated from the nozzle opening faces. In the cap members 31
and 32, the opening area is selected so that the cap members
can hermetically seal the respective recording heads 7 and 8
“and surely receive ink drops ejected from the recording heads
7 and 8 in the state where the cap members are separated from
the respective heads.




| ever 52 which is subjected to the urging force of the coil spring 56 that
is slightly buckling at its upper portion in the moving direction of the
carriage 1 applies a resistance force to the slider 30. Therefore, the
slider 30 inclines forward as shown in Fig. 19 so that a force is exerted.
tolift up the rear end of the slider 30 as indicted by an arrow D in the
figure. As a result, the rear portion of the slider 30 is lifted up while
the shaft 50 funceon£iast handot secondf ucapurmemberdat3l handcoldl e

e SeRbett ol e B S fERLOR. fopes. signabinaalgey’ )0

recor di ngvliiezhd are connected to ends of tubes 33 and 34 constituting
parts of tube pumps 37 and 38, so as to be subjected to suction
forces generated by the tube pumps.

" The first and second tube pumps 37 and 38 are
selectively driven by the sheet feed and pump motor 24 through
a wheel train 40 to conduct a suction operation. More
specifically, when the motor 24 is reversely rotated, only the
first tube pump 37 conducts a suction operation, and, when the
motor 24 is forward rotated, only the second tube pump 38
conducts a suction operation.

"Figs. 3 and 4 show an embodiment of the above-described
capping device 12. In the figures, reference numeral 30
designates the slider which is disposed so that the first and-
second cap members.31 and 32 are swingable about shafts 31c and
'32¢c in accordance with the distance between the two recording
heads 7 and-8 mounted on the carriage 1.

In the figures, reference numerals 41 and 42 designate
first and second guide pieces, each of which consisté of two
subpieces that are disposed on both sides of the first and
second recording heads 7 and 8 mounted on the carriage 1, so as
to correspond to the widths of the heads. The first and second
‘guide pieces are separated from each other by a distance so
that, when the carriage 1 is set at a predetermined position,
they oppose the recording heads 7 and 8, respectively. At one
end portion of the slider 30 (the right end portion in the
figures), there is formed a flagpiece 45 which abuts against a
projéction 44 protruding from the lower end of the carriage 1
when the carriage 1 is located at the position where the first
and second cap members 31 and 32 oppose the respective first
and second recording heads 7 and 8. An enéaging piece 46 is
disposed at a position which is closer to the tip end than the
flagpiece 45, so as to make contact with and separate from a
guide member 47 fixed to a base 53.
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REPLACEMENT SHEET 17 8. At this time, since the cap nenber 32 is
attached to the slider 30 in a slightly swi ngabl e manner and the slider 30
is swingably attached to the base 53 through the | ever 52, the cap nenber
32 is lifted up while being guided by thgisecond recordi ng head 8 and then
abuts agai nst the second recordi ng head at a position where the cap

menber can seal the head . . )
The guide member 47 comprises a projection 47a which

prevents the slider 30 from slipping off, a flat face 47b which
forms a fixed gap suitable for an idle ejection between the
slider 30 and the lower ends of the recording heads 7 and 8, a
flat face 47c which forms a position where the cap members 31
and 32 resiliently contact the recording heads 7 and 8, and a
"slant face 47d extending between the two flat faces.

A shaft 50 extending in a direction perpendicular to
the moving direction of the carriage 1 is disposed at the
center of the lower portion of the slider 30. Both ends of the
shaft 50 are loosely fitted into a lever 52. The lower end of
the lever is swingably attached to a shaft 54 of the base 53
through a slot 52a. An upper end of a coil spring 56 which is.
slightly buckling toward the nonprinting region is attached to
the slider 30. The lower end of the coil spring 56 is fixed to_
the base 53,'and inclined toward the printing region.

According to this configuration, during a noncapping

- period, the slider 30 is urged toward the printing region by
the coil spring 56 while one end of the slider is restricted by
the lowest end of the slant face 47b of the guide member 47,
and the center portion by the lever 52. This allows the cap
members 31 and 32 to be kept at a position where a gap g can be
formed in a degree adequate for an idle ejection without making
the cap members contact the recording heads 7 and 8.

The slider 30 has a valve unit 60 (Fig. 3) disposed at

a position in a side of a case 61. The valve unit 60 is
communicated w1th air release ports 31lb and 32b formed in the
respective cap members 31 and 32. An operation rod 62

protrudes from the valve unit 60. When the slider 30 is moved
to the capping position, the operation rod 62 resiliently abuts
against the case 61, whereby the valve unit 60 which is
normally opened is closed so that the air release ports 31b and
32b are closed.

Figs. 5, 6 and 7 show an embodiment of the pump units
13 (see Fig. 1). A driving wheel 72 of the pump 37 (see Fig.
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(Fig. 20). Wen the carriage 1 is further noved toward the case 61, the
force of the coil spring 56 is overcome by the force exerted by the
carriage 1, and begins to buckle so that the slider 30 is lifted up. This
causes the portion of the-slider 30 in the side of the case to be lifted up
whil e maintaining the state where the second cap nenber 32 is fitted over

t he second recording head 8, with the réult that the first cap menber 31

Scpert 37 SRy B Bl 2GRk, ekttt A Y L
sonmewhat The pump tubes 33 and 34 through which the cap members 31 and
32 are communicated with a waste ink tank (not shown) are
covered by cover cases 73 and 74, respectively, so that the
outer side of each tube is formed into a substantially circular
shape. The inner sides of the pump tubes 33 and 34 can be
resiliently pressed by rollers 85 and 86 (see Figs. 6 and 7).

The two sets of rollers 85 and 86 are movably and
loosely fitted into slots formed in a train of driving wheels
72, 81, 82 and 83 which are fixed to the both ends of rotation
shafts 77 and 78. The rotation shafts 77 and 78 are coupled
with each other through a connecting member 76. The slots are
described in greater detail below.

Figs. 8(a) and 8(b) show an embodiment of the
above-mentioned guide slots 90 which are formed in the driving
wheels supporting the rollers 85 and 86. The guide slots 90
are formed as slots which extend in such a manner that the
distance bétween the slot and the center of the respective
driving wheel is gradually changed. When the sheet feed and
pump motor 24 is reversely rotated (arrow A), the shafts 85a of
the rollers 85 are moved along the respective slots 90 toward
the outer periphery.

- In the first tube pump 37, this causes the rollers 85
to be rotated while pressing against the tube 33, thereby
generating a suction force. When the motor 24 is forward
rotated (arrow B), the shafts 85a of are moved toward the
center and the rollers 85 are separated from the tube 33 so
that the pump operation is discontinued.

The second tube pump 38 is configured so as to operate
in a manner that is the reverse of the first tube pump 37.
Specifically, when the motor 24 is reversely rotated, the
rollers B86 are moved toward the center so that the pump
operation is discontinued, and, when the motor 24 is forward
rotated, the rollers 86 are moved toward the outer periphery so
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swi ngable with respect to the slider 30 and configured by an elastic
menber, naturally, the cap nenbers 31 and 32 are guided by the edges of the
recording heads 7 and 8 and then fitted over the recording heads 7 and 8,
respectively. When the carriage 1 is further noved in this way, the slider
30 is horizontally noved toward the case;§1 while the upper face of the
slider is restricted by the recording h s 7 and 8. Then, the operation

rod 62 protd ydi nge fLora £ 88 me Q%s;%finbhwiim B aPus dgai RRL ERG

case 61 to be pressed so as to close the“val've unit, whereby the air
rel ease p@ener@tinghd@ Fuctsion Hore®- nenbers 31 and 32 are isolated from

the air. In this way, the pump which is to generate a suction
force can be selected by switching the rotation direction of
the motor 24. In the figures, reference numeral 92 designates
a roller pressing piece which is made of an elastic material
~such as rubber. When the driving wheel 72 is rotated, the
roller pressing piece 92 resiliently presses against the
rollers 85 so that the rollers B85 are moved along the
respective slots 90 to the position corresponding to the
rotation direction of the motor.

Fig. 9 shows an embodiment of a control device. In the
figure, reference numeral 100 designates an idle ejection
control means which receives a signal from a printing process
monitor means 101 to monitor the current position of the
carriage 1. At the instant when a signal is output from first
to third timer means 102 to 104 and sheet supply and discharge
detection méans 105, the idle ejection control means 100 reads
~out data from an idle ejection.data storage means 106, and
drives carriage control means 107 and idle ejection drive
signal output means 108.

When the first ink jet recording head 7 conducts an
idle ejection during a printing process, the first timer means
102 is reset, and, when the second ink jet recording head 8
conducts an idle ejection, the second timer means 103 is reset.
The first and secohd timer means measure the period which
elapses before the next idle ejection is conducted. The third
timer means 104 measures the wait period which starts when the
printing operation is ended and ends with the input of the next
printing data.

As shown in Fig. 10, the idle ejection data storage
means 106 stores: a period T, between idle ejections of a
recording head in which the drying index of ink is relatively
high, or the first recdrding head 7 in the embodiment; the
number of ink drops to be ejected; a period T, between idle
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This prevents the vapors of the ink solvents retained by ink absorbers 31d
and 32d from being scattered, so that the vicinity of the nozzl e openings
are noi stened by the vapors of the ink solvents retained by ink absorbers
31d and 32d in the vicinity of the nozzle openings, whereby the nozzle
openi ngs are surely prevented from being fyied.. REPLACEMENT SHEET 18

ejections of the second ink jet recording head 8 in which the
drying index of ink is relatively low; and the number of ink
drops to be ejected. | '

The carriage control means 107 controls the carriage
motor 23 in the following manner. When only the nozzle
openings in which the drying index of ink is relatively high,
i.e., the first recording head 7 in the embodiment, are to
conduct an idle ejection, the first recording head 7 is
positioned in a capping region which is located as close to the
printing region as possible, i.e., at the second cap member 32
in the embodiment. When all the nozzle opening trains, i.e.,
both the first and second recording heads 7 and 8 in the
embodiment, are to conduct an idle ejection, the recording
heads 7 and 8 are opposed to the cap members 31 and 32,
respectively. .

The idle ejection drive signal output means 108
selectively.outputs drive signals including, for example, a
drive signal the level of which is gradually increased in the
sequence of V,, V,, V;, - with the lapse of time as shown in
Figs. 11(a) and (b), and a drive signal the driving timing of
which is gradually shortened in the sequence of T,, T,, T.,
with the lapse of time (Figs.'ll(c) and (d)).

In the case where an idle ejection is regularly
conducted at a relatively short period, such as an idle
ejection process during the printing step, the ink ejection
ability of the nozzle opening trains can be restored by
supplying a drive signal similar to that used in the printing
step. In the case where the recording heads are left in the
capped state for a long time, however, the viscosity of ink in
the nozzle openings is increased to a very high value.

When a normal drive signal is applied in the latter
case, a very high pressure is generated in a pressurizing
chamber potentially causing problems with a vibrating plate or
other components of the print heads. To eliminate this
problem, the driving operation is conducted in such a manner
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When the printing operation is stopped by pressing a pause button or the
like, the idle ejection control nmeans 100 controls the carriage 1 to be
noved to position 2 (step S), and the capping process is then conducted
(step T). The operation which, after prlntlng on one recording sheet is
conpleted, is to be conducted on the nexL_Iecordlng sheet will -be descri bed
with reference to the flowhart shown in Fig. 13. When a sheet discharge

i nstruct i thatsthepdrivingwoltaged s dind tdjadcly diowesied dn dexed tooabewntrol s
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second
as required, whereby ink is caused to gradually coze out of the

nozzle openings for a relatively long period of time.

When the viscosity is then reduced to a lower degree,
the recording heads are driven by a drive signal which is
higher in level and shorter in period than that used in the
normal printing process, so that ink in the vicinity of the

_ nozzle openings is ejected in a single step. '

The operation of the thus configured apparatus will be
described with reference to the flowchart shown in Fig. 12.

When a print signal is supplied from a host computer
which is not shown (step A), the pulse motor 23 is driven to
move the carriage 1 to the printing region. At the same time,
the first and second. timer means 102 and 103 are set to start-
the measurement of elapsed time (step B). When print data are
input under this state, the printing process is started, and
black ink is ejected from the nozzle openings of the first
recording head 7 and colored inks are ejected from those of the
second récording head 8 (step C).

When the contents of the first timer means 102 reach
the period (2 seconds) which coincides with the longest one of
the idle ejection periods, the printing'operation is stopped in
'the course of prlntlng one llne, and the process jumps to step
G. It is checked whether the longest idle ejection period (2
seconds in the embodiment) has elapsed or not (step E).
| When the contents of the first timer means 102 reach
the shortest idle ejection period of 2 seconds (step D) during
the printing operation as described above, the idle ejection
control means 100 waits for a one-reciprocation printing end
signal from the printing process monitor means 101 (step F).
When one~reciprocation printing is completed (step F), before
the contents of the first timer means 102 reach the shortest
idle ejection period of 2 seconds and a predetermined period AT
of, for &example, 1 second which |is requiied for
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cap nenbers 31 and 32 oppose the respective first and second recording .
heads 7 and 8 whil e being separated therefromby the fixed gap g (Fig. 18).
A predeterm ned nunber of ink drops are ejected fromthe recordi ng heads 7
and 8 (step C). Wen the idle ejections are ended, the sheet discharge
process is executed (step D). In the case mhere the next page is to be
printed thereafter, the idl e ejection cohBr means 100 control s the

ESEZL"L?Q%:E?%‘?%%H%‘S@%&%RSb%b&eh%ch%c ﬁé?ré%de@ﬁ”&% 8 &) ien

the idl e pikete jorstivre comtarbl ameans 100 Judges whether the period T, of
the second timer means 103 exceeds the shortest idle ejection
period (6 seconds in the embodiment) stored in the idle
ejection data storage'means 106 or not (step G). In this case,
since the reciprocation printing is ended at the instant when
the period of 2 seconds has elapsed after the start of the
printing, only a period of AT, has elapsed with the result that
only a period of 2.5 seconds has elapsed after the start of the
printing. Therefore, the first'recording head 7 is moved by
the carriage control means 107 to position 1 (Fig. 15(c)) which
opposes the second cap member 32 located in the side of the
printing region ((step H).

As shown in Fig. 17, this causes the first recording
head 7 to oppose the second cap member 32 which is the one’
closest to the printing region, and the second recording head
8 to be situated at a position opposing neither one of the cap
members. The first recording head 7 which must be subjected to
an idle ejection can be moved with a moving distance as short
as posslible, to a position where an idle ejéction can be
conducted. This improvés the total printing speed.

" Under this state, the idle ejection control means 100
reads out the period T, measured by the first timer means 102,
and reads out from the idle ejection data storage means 106 the
number of ink drops to be ejected (10 drops in the embodiment)
which ¢orresponds to the read out period (e.g., 2.5 seconds)
(step I). The idle ejection control means controls the idle
ejection drive signal output means 108 to output a drive signal
so that all nozzle openings of the first recording head 7 eject
ink drops (step J). When 10 drops have been ejected, the
ejection is stopped (step K).

Consequently, ink of the amount corresponding with the
drying degree of the nozzle openings is ejected. Even in a
nozzle opening which did not eject an ink drop in the printing
process, the increased viscosity of ink can be surely
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preparatory operation for the sheet supply is executed (step G, and the
recordi ng heads 7 and 8 again conduct the idle ejection (step H. The
recordi ng sheet is advanced so that the beginning of the printing area :
opposes the recording heads (step I), and the recording heads 7 and 8 idly
ej ect a predeterm ned nunber of ink dropzﬁéstep J). The first to third
timer nmeans 102 to 104 -are reset, and th start the-tinme neasuring

oper ati on dsimihdted AS @%&%le&%z%bovaas &asbribae adtee ! hevepenateen tie
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completed and an idle ejection is then executed at a position
which 1is closest to the printing region. Therefore, the
carriage 1 is not reqﬁired to be uselessly moved so that the
total printing speed is improved.

In the case where the contents of the first timer means
102 reach a period of (the shortest ejection period + AT)
during the period when one-reciprocation printing has not been
completed (step F), there may be a fault or the like.

_Therefore,'the carriage is moved to position 2 to be subjected
to the capping process'(step T), and the apparatus then waits
the next instruction. _ .

When the idle ejection is completed, the idle ejection
control means 100 resets only the first timer means 102 for
measuring the idle ejection period of the first recording head
7 which has conducted the idle ejection, and controls the timer
means so as- to restart the time meaSuring.operation (step L).

FPig. 16 is a graph showing the relationships between
the idle ejection period and the number of ink drops to be
ejected which is required for restoring the ink ejection
ability of nozzle openings. As the period of the idle ejection
is made longer, the number of ink drops to be idly ejected is
rapidly increased, and numbers of ink drops required for
restoring the ink ejection ability are scattered, thereby
reducing the reliability of the operation of restoring the ink
ejection ability. When an idle ejection is executed
frequently, therefore, ink consumption can be suppressed and
the ink ejection ability can be surely restored with a high
‘reliability.

In the step where the idle ejection of the first
recording head 7 is ended as described, print data remain to be
output because the idle ejection was conducted during the
printing process in the above-described example (step M).
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the viscosity of ink in the nozzle openings fromincreasing, and the
recording heads wait in a condition that the printing 19 process can be
started as soon as the input of print data is started, i.e., the operation
of renoving the cap nenbers 31 and 32 is not required to be conducted. In
the case where the next page is not to belgrlnted thereafter and hence the
sheet supply is not conducted (step

Therefore, the carriage 1 is moved to the printing region and
the printing process is resumed (step C).

When, in the next printing process, the contents of the
first timer means 102 reach again the shortest idie-ejection
period (2 seconds) (step D), the process enters step G via
steps E and F.

In the above-described example, since the printing time
of the second recording head 8 has already exceeded the
shortest idle ejection period (6 seconds) (step G), the idle
ejection control means 100 controls the carriage 1 so as to be
moved to position 2 (Fig. 15(d)) (step N).

This causes the projection 44 disposed at the front end
of the carriage 1 to abut against the flagpiece 45 of the
slider 30 as shown in Fig. 18, resulﬁing in that the first and
second cap members 31 and 32 oppose the respective first and
second recording heads 7 and 8 of the carriage 1 while being
separated therefrom by the fixed gap g.

Under this state, the idle ejection control means 100
reads out the period T, which has elapsed after the first
recording head 7 conducted the previous idle ejection, from the
first timer means 102. The control means reads out also the
period T, when the second timer means 103 counts up, from the
second timer means 103, and the numbers of ink drops which are
‘respectively required for idle ejections of the first and
second recording heads 7 and 8, from the idle ejection data
storage means 106 (step O). '

Specifically, 10 ink drops are allocated to the
recording head 7 in which the period T,, for example, 2.5
seconds has elapsed after the previous idle ejection, and 15
ink drops are allocated to the second recording head 8 in which
the period T,, for example, 7 seconds has elapsed.

The idle ejection drive signal output means 108 outputs
to the recording heads 7 and 8 drive signals for the numbers of
ink drbps which are to be ejected by the recording heads 7 and
8, so that all nozzle openings of the first and second
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E), the first and second recording heads 7 and 8 idly eject a predeterm ned -
nunber of ink drops (step L), and the capping process is then conducted
(step M. In the enbodi ment described above, both the first and second
recordi ng heads 7 and 8 conduct the idle ejection each tine when the sheet

di schargi ng process, the sheet supplyinglfrocess or the process of _
positioning the beginning of the printing area is conducted. Wen the idle

e o e Ne Lt Lo e ] e i o

greggegs:ag Prt%ﬁ%%iré&%“é %dtecfeﬁ“g"ﬁrekge?gte ?ngc ofIIRS r BF& dfarj&%ﬁ@;d gthe idle
ejections are stopped (step Q). This enables the idle ejection
of the recording head 8 in which the drying index of ink is
relatively low and a long period is set for an idle ejection,
to be executed in accordance with an idle ejection of the
recording head 7 in which a relatively short period is set for
an idle ejection. Therefore, the printing process is
interrupted a reduced number of time so that the total printing
speed is improved.

When the idle ejections are ended, the idle ejection
control means 100 resets both the first and second timer means
102 and 103, and then causes the both means to start the time
measuring operation (step R). ' _

Next, the printing process is continued by repeating
the above-mentioned steps. When there remains no data to be
printed (step M), the carriage 1 is moved to position 2 (step
§), and the- capping process is then conducted (step T).

When the carriage 1 is further moved toward the outer
region (the right side in the figure) under the state where the
carriage 1 is situated at position 2 (Fig. 15(d)) or the
recording heads 7 and 8 respectively oppose the cap members: 31
and 32, the carriage 1 applies a force to the flagpiece 45 of
the slider 30 via the projection 44 of the carriage 1, and the
lever 52 which is subjected to the urging force of the coil
spring 56 that is slightly buckling at its upper portion in the
moving direction of the carriage 1 applies a resistance force
to the slider 30. Therefore, the slider 30 inclines forward as
shown in Fig. 19 so that a force is exerted to lift up the rear
end of the slider 30 as indicted by an arrow D in the figure.

_ As a result, the rear portion of the slider 30 is
lifted up while the shaft 50 functions as the rotation fulcrum,
so that the second cap member 32 which is located at a more
rearward position than the shaft 50 (in the side of the
printing region) first abuts against the second recording head
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may be omtted. The-operation conducted between the step of
recordi ng sheet and the start. of the printing process will be described
with reference to the flowhart shown in Fig. 14.

In the case where data

| oadi ng a new

exi st for the next printing process at the instant when the sheet supplying

process is ended (step A), the fetching the data is started (step B)
the case where the fetching of data suitanle for printing, e.g., data of

one line gs CRAPLRL8dtiReeP sthdeeldie ddp !
means 104 which is set ai t he end gf the i medi ately precedlqp Sheet
tly e ma 30 is

timer

Supp|yingslider 30 in a sligh

swingab nner and the slider
swingably attached to the base 53 through the lever 52, the cap
member 32 is lifted up while being guided by the second
recording head 8 and then abuts against the second recording
head 8 at a position where the cap member can seal the head
(Fig. 20).

When the carriage 1 is further moved toward the case
61, the force of the coil spring 56 is overcome by.the force
exerted by the carriage 1, and begins to buckle so that the
slider 30 is lifted up. This causes the portion of the slider
30 in the side of the case to be lifted up while maintaining
the state where the second cap member 32 is fitted over the
second recording'head 8, with the result that the first cap
member 31 is fitted over the first recording head 7.

Since the slider 30 swings with réspect to the base 53
and the first and second cap members 31 and 32 are somewhat
swingable with respect to the slider 30 and configured by an
elastic member, naturally, the cap members 31 and 32 are guided
by the edges of the recording heads 7 and 8 and then fitted
over the recording heads 7 and 8, respectively.

When the carriage 1 is further moved in this way, the
slider 30 is horizontally moved toward the case 61 while the
upper face of the slider is restricted by the recording heads
7 and 8. Then, the operation rod 62 protruding from the front
end of the slider 30 abuts against the case 61 to be pressed so

as to close the valve unit, whereby the air release ports 31b

and 32b of the cap members 31 and 32 are isolated from the air.
This prevents the vapors of the ink solvents retained by ink
absorbers 31d and 32d from being scattered, so that the
vicinity of the nozzle openings are moistened by the vapors of
the ink solvents retained by ink absorbers 31d and 32d in the
vicinity of the nozzle openings, whereby the nozzle openings
are surely prevented from being dried.

hERSeF €92P¢51 Q¢ thdneld e drd rd
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process (step K of Fig. 13) reaches the second reference (5 seconds in the
enbodi nent) (step |), the idle ejection control neans 100 reads out in step
D the nmeasured periods [err] and [err] of the first and second timer neans
102 and 103 which are simlarly set at the end of the i medi ately preceding
sheet supplying process (step Kof Fig. 1g), and deternines the nunbers of
ink idle ejections which are to be conducted by the recording heads 7 and

8, fromthe data of the idle ejection
When the printing operation is stopped by pressing a

pause button or the like, the idle ejection control means 100
controls the carriage 1 to be moved to position 2 (step S), and
the capping process is then conducted (step T).

The operation which, after printing on one recording
sheet is completed, is to be conducted on the next recording
sheet will be described with reference to the flowchart shown
in Fig. 13.

When a sheet discharge instruction is input (step A),
the idle ejection control means 100 controls the carriage 1 to
be moved to position 2 (step B), so that the first and second
cap members 31 and 32 oppose the respective first and second
recording heads 7 and 8 while being separated therefrom by the
fixed gap g (Fig. 18). A predetermined number of -ink drops are
ejected from the recording heads 7 and 8 (step C). When the
idle ejections are ended, the sheet discharge process is

. executed (step D).

In the case where the next page is to be pr:.nted
thereafter, the idle ejection control means 100 controls the
recording heads 7 and 8 to idly eject a predetermined number of
ink drops (step F) before the sheet supplying process is
conducted (step E). When the idle'ejections are ended, a
preparatory operation for the sheet supply is executed (step
G), and the recording heads 7 and 8 again conduct the idle
ejection (step H). The recording sheet is advanced so that the
beginning of the printing area opposes the recording heads
(step I), and the recording heads 7 and 8 idly eject a
predetermined number of ink drops (step J). The first to third
timer means 102 to 104 are reset, and then start the time
measuring operation (step X).

As described above, each time when the operation of
each step in the sheet discharging and supplying processes is
ended, a fixed number of ink drops are idly ejected to prevent
the viecosity of ink in the nozzle openings from increasing,
and the recording heads wait in a condition that the printing
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20 data storage neans 106 (step E). The recording heads 7 and 8 then

execute t

he idle ejection toward the respective cap nenbers 31 and 32 which

oppose the recording heads (step F). After the idle ejections, the tiner
nmeans 102, 103 and 104 are reset, and the tiner neans 102 and 103 newy
start the time measuring operation (stepl%. Then the printing process

shown in
case wher

of

the flowchart of Fig. 12 is started (step H). In contrast, in the
srédesseesn bé peartddTasofsddie dsithe t inputnmeénpritt dedehess t he

second ref started, 2, secqcr}l%s o'p%ra § oHTBRILBRBLY ny"thBecEBURSHnOEs L HE dHPCESS

32 is not required to be conducted.

In the case where the next page is not to be printed
thereafter and hence the sheet supply is not conducted (step
E)} the first and second recording heads 7 and 8 idly eject a
predetermined number of ink drops (step L), and the capping

process is then conducted (step M).

In the embodiment described above, both the first and
second recording heads 7 and 8 conduct the idle ejection each
time when the sheet discharging process, the sheet supplying
process or the process of positioning the beginning of the
printing area is conducted. When the idle ejection period of
one of the recording heads, for example, the recording head 8
is longer than the period required for conducting each of the-
processes, the idle ejection operation of the recording head 8
may be omitted. |

The -operation conducted between the step of loading a
new recording sheet and the start of the printing process will
be descrlbed with reference to the flowchart shown in Fig. 14.

In the case where data exist for the next printing
process at the instant when the sheet supplying process is
ended (step A), the fetching of the data is started (step B).

In the case where the fetching-of data suitable for
printing, e.g., data of one line is completed (step C) before
the measﬁred peripd T, of the third timer means 104 which is
set at the end of the immediately preceding sheet supplying
process (step K of Fig. 13) reaches the second reference (5
seconds in the embodiment) (step I), the idle ejection control
means 100 reads out in step D the measured periods T, and T, of
the first and second timer means 102 and 103 which are
similarly set at the end of the immediately preceding sheet
supplying process (step K of Fig. 13), and determines the
numbers of ink idle ejections which are to be conducted by the
rebofding heads 7 and 8, from the data of the idle ejection
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fetching data (step 1), the idle ejection control means 100 controls the
recording heads 7 and 8 to idly eject a predeterm ned nunber of ink drops
in the state where the recordi ng heads are opposed to the cap nenbers 31
and 32, respectively (step J), resets the first to third timer nmeans 102 to
104 after the idle ejections (step K), ad@d then conducts the cappi ng
process (step L). The recording heads 7 and 8 wait for the conpletion of

. : : . : . C ;
(e PoosraacdstsLabhaeibt of (el o8 ey odlY ALY ©
i ncr easedthSRePXcutpethenciglecetiectiont diswardiathe srespetbive, ¢dm
members 31 and 32 which oppose the recording heads (step F).

After the idle ejections, the timer means 102, 103 and
104 are reset, and the timer means 102 and 103 newly start the
time measuring operation (step G). Then the printing process
shown in the flowchart of Fig. 12 is started (step H).

In contrast, in the case where the measured period T,
of the third timer means 104 reaches the second reference (5
seconds in the embodiment) in the course of the process of
fetching data (step I), the idle ejection control means 100
controls the recording heads 7 and 8 to idly eject a
predetermined number of ink drops in the state where the
recording heads are opposed to the cap members- 31 and 32,
respectively (step J), resets the first to third timer means’
102 to 104 after the idle ejections (step K), and then conducts
the capping process (step L). The recording heads 7 and 8 wait
for the completion of the process of fetching data, while the
viscosity of ink in the vicinity of the nozzle openings is
prevented by the cap members 31 and 32 from being increased
(step M). When the process of fetching data is completed, the
recording heads 7 and 8 are separated from the cap members 31
and 32, the carriage 1 is moved to the printing region and the
printing is then conducted (step H).

In the case where the sheet supplying process is ended
but there exists no print data (step A), the data input is
waited for without conducting the capping process until the
contents of the third timer means 104 reach the first reference
(5 seconds in the embodiment). When the first reference period
has elapsed, steps J and K described above are conducted, the
capping process is conducted (step L), and the completion of
the process of fetching data is waited for (step M). In the
normal printing process, therefore, the printing operation can
be executed at a speed as rapid as possible while preventing

2 the viscosity of ink from being increased. In the case where
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recording heads 7 and 8 are separated fromthe cap nenbers 31 and 32, the’
carriage 1 is noved to the printing region and the printing is then
conducted (step H. In the case where the sheet supplying process is ended
but there exists no print data (step A), the data input is waited for

wi t hout conducting the capping process until the contents of the third
timer nmeans 104 reach the first referencéﬂ(S seconds in the enbodi nent).
When the first reference period has el apsed, steps J and K descri bed above
are condugraphichedatippiony phsceddikes whhahcireyisrep a ) pradgnged data

conpl et i OR Bk SRS PeRARRE adle 't Y PridRidd ) St dditbIH i3 16P the qhathe
transfer can be waited for while ink consumption due to an idle
ejection is prevented from occurring.

Preferably, the pumps are operated so as to suck ink
before the capping process is started.

This will be described more specifically below. At the
instant when the idle ejections are completed, the ink ejected
to the cap members 31 and 32 has not been absorbed completely
by the ink absorbers 31d and 32d, respectively, as shown in
Fig. 22(a) with respect to the cap member 31. Therefore, there
is a danger that the ink which has once been ejected is
deposited on the hozzle opening faces. To prevent this, the
pump 37 is operated to suck an excess of ink. Irrespective of
the state of a valve 45, i.e., whether the valve is opened or
closed, only ink in the vicinity of the suction port 3la which
is communicated with the pump 37 is Selectively removed away,
and residual ink existing at a position remote from the suction
port 3la equally disperses in the ink absorber 31d. Therefore,
an excess of ink can be removed, and the ink absorber 31d can
hold an adequate amount of ink which can keep the nozzle
openings moist in the capping process.

When the cap members 31 and 32 abut against the
recording heads 7 and 8 and the pump 37 is then operated, ink
deposited between the valve 45 and the air release port 31b is

" sucked out because the valve 45 is opened under the state where
oniy the abutment between the members and the recording heads
is established, thereby preventing fixation of the valve 45 due
to dried ink in the vicinity of the valve 45 from occurring.

When the recording heads 7 and 8 in the capped state
are moved to the right side in the figure, the valve 45 is
opened. When the pump is operated under this state, therefore,
a negative pressure is applied to the nozzle openings so that
ink is forcibly ejected irrespective of the increased degree of
the viscosity of ink in the vicinity of the nozzle openings.
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normal printing process, therefore, the printing operation can be executed
at. a speed as rapid as possible while preventing the viscosity of ink from
bei ng i ncreased. In the case where REPLACEMENT SHEET 21 graphic data or
the like which require a prolonged data transfer period are to be printed,
the conpletion of the data transfer can B2 waited for while ink consunption

due to an idle
The embodiment in which the nozzle openings of the

recording heads are directed downward has been described above.
It is a matter of course that, even in the case where nozzle
openings of recording heads are directed upward or
horizontally, the same effects can be attained by disposing the
caps so as to correspond to the arrangement of the recording
heads, i.e., to oppose the nozzle opening faces.

Although the embodiment in which the invention is
applied to a color printer has been described, it is a matter
of course that the same effects can be attained even when the .
invention is applied to a printer in which two ink jet
recording heads ejecting drops of ink of the same color are
mounted on one carriage so as to improve the recording density.

In the embodiment, the cap members which are
independent from each other are allocated to the recording-
heads, respectively. It is a matter of course that the same
effects can be attained even when a single cap member which can
seal two recording heads is used.

In the embodiment, the recording heads which eject inks
respectively containing ink solvents of different evaporation
rates are independently mounted. As shown in Fig. 23(a), a
single recording head may be configured by forming nozzle
trains 110 and 111 through which inks respectively containing
ink solvents of different evaporation rates are respectively
ejeéted, in the same substrate 112. It is obvious to those
skilled in the art that the invention can be applied similarly
to a printer in which such a recording head is sealed by a
single cap member 113.

In this alternative, the nozzle train 110 for ejecting
ink having a higher drying index 110 may be disposed outside
the printing region. When only the nozzle train 110 is to
conduct an idle ejection, therefore, it ié required to move
only the nozzle train 110 so as to oppose the cap member 113 as
shown in Fig. 23(b).
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ejection’ is prevented fromoccurring. Preferably, the punps are operated so
as to suck ink before the capping process is started. This will be
described nore specifically below. At the instant when the idle ejections
are conpleted, the ink ejected to the cap nmenbers 31 and 32 has not been
absorbed conpletely by the ink absorber3331d and 32d, respectively, as
shown in Fig. 22(a) with respect to the ce cap nenber 31. Therefore, there is
a danger that thes ndegarihedanhone, hébe cppaxatus @épo’sheedrmenm@n

nozz| & ORGig 48 Sa %Qul%ﬂ%ﬁ}t dfi Skt H8tPYER oA 1INy ARELRS SRR BRSUGlE an

excess of Irrespe tive of
arranged in a moving direction of "a carriage at fixed

intervals; cap members which are disposed outside a printing
region and which seal the ink jet recording heads,
respectively; timer means for detecting elapsed time during
which the ink jet recording heads conduct an idle ejection; and
control means for disposing an ink jet recording head for
ejecting ink having a lower drying index among the ink jet
recording heads, to the side of the printing region, and when
only an ink jet recording head for ejecting ink having a higher
drying index is to conduct an idle ejection, locating the ink
jet recording head for ejecting ink having a higher drying
index in the printing region side of the cap members.
Therefore, the moving distance of the carriage in an idle
ejection can be shortened to a value as small as possible and
the total printing speed can be improved.
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the state of a valve 45, i.e., whether the valve is opened or closed,

only

ink in the vicinity of the suction port 31la which is communicated with the

punp 37 is selectively renoved away, and residual ink existing at a
position renote fromthe suction port 3la equally disperses in the ink
absorber 31d. Therefore, an excess of ink,can be renoved, and the ink

absorber 31d can hold an adequate amount—of ink which can keep the nozzle
openi ngs noi st in the capping process%%Xiﬁg t he cap nenbers 31 and 32 abut

agai nst the recording heads 7 and 8 &
deposited between the valve 45 and the air release port 31b is

“punp 37 is then operated,

i nk

What is claimed is:

1. An ink jet recording apparatus having a carriage,
and comprising: _ '

a plurality of ink jet recording heads disposed on the
carriage and spaced apart in a moving direction of the carriage
at fixed intervals; '

cap members disposed outside a prini:ing region for
sealing said ink jet recording heads; and

timer means for detecting an elapsed time between
successive idle ejections of each of said ink jet recording
heads, wherein '

ink jet recording heads for ejecting ink comprising a
first head for ejecting ink having a relatively high drying
index and a second head for ejecting ink having a relatively
low drying index, said ink jet recording heads being arranged
on the carriage when said heads face said cap members so that
said first head is disposed further from the printing region
whereas said second head is disposed close to the printing

region.

2. The ink jet recording apparatus as recited in
claim 1, further comprising control means for controlling
movement of the carriage so that said first head of said ink
" jet recording heads for ejecting ink having a relatively high
drying index are positioned outside the printing region to
oppose at least one of said cap members when said first head
conducts an idle ejection while said second head does not.

. 3. An ink jet recording apparatus according to claim
2, wherein said apparatus further Eomprises idle ejection data
storage means for storing at least two kinds of timing data,
including long and short period timing data for executing the
idle ejections in accordance with ink drying indices of
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sucked out because the valve 45 is opened under the state where only the
abut nent between the nenbers and the recordi ng heads is established,

t hereby preventing fixation of the valve 45 due to dried ink in the
vicinity of the valve 45 fromoccurring. Wen the recording heads 7 and 8
in the capped state are noved to the'rig side in the figure, the valve 45
I s opened. When the punp is operated und this state, therefore, a
negative pressure is applied to the nozz|e openings sp that ink is forcibly

ej ect ed i FHdERRANY EvHes Ofc inkcibagadd (i cleoragrrding deads ornd, oy

the vi ci nigeoring N@ab8Z Worrydpbrnitticng to predetermined numbers of ink
drops to be ejected from the ink jet recording heads during the
idle ejections, wherein the short period timing data
corresponds to the ink jet recording heads for ejecting ink
having a relatively high drying index, and wherein the long
period timing data corresponds to the ink jet recording heads

for ejecting ink having a relatively low drying index.

4, The ink jet recofding head as recited in claim 3,
wherein when said timer ‘means detects an elapsed time
corresponding to the short period timing data, said control
means controls the movement of the carriage in accordance with
the short period timing data so that the ink jet recording head
for ejecting ink having a relatively high drying index is
positioned to oppose one of the cap members closest to the
printing region, and wherein, when said timer means detects an
elapsed time corresponding to the long period timing data, said
control means executes a wait command to wait until said timer
means next detects an elapsed time corresponding to the short
period timing data, whefeupon said control means controls the
movement of the carriage'so that the ink jet recording heads
for ejecting ink having relatively high and low drying indexes
are positioned to oppose respective ones of the cap members.

5. An ink jet recording apparatus having a carriage,
and comprising: :

ink jet recording head disposed on the carriage, said
ink jet recording head having a plurality of nozzle opening
trains for ejecting at least two different inks having
different drying indices;

'cap members which are disposed outside a printing
region and which seal said ink jet recording head; and

[
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22 The enbodi ment in which the nozzl e openings of the recording heads are
di rected dowmmward has been descri bed above. It is a matter of course that,
even in the case where nozzle openings of recording heads are directed
upward or horizontally, the sane effects can be attained by disposing the
~caps so as to correspond to the arrangenent of the recording heads, i.e.,

to oppose the nozzl e opening faces Al t hédfgh t he ermbodi ment in mhlch t he

i nvention is )
timer means for detecting an elapsed time between

successive idle ejections of each of said ink jet recording
heads, wherein

a nozzle opening comprising a first nozzle opening
train for ejecting ink having a relatively high drying index
and a second nozzle opening train for ejecting ink having a
relatively low drying index, said nozzle opening being arranged
on the carriage when said nozzle opening face said cap members
so that said first nozzle opening train is disposed further
from the printing region whereas said second nozzle opening
train is disposed close to the printing region.

6. The ink jet recording apparatus as recited in
claim 5, further comprising control means for controlling
movement of a carriage so that said first nozzle opening trains
of said nozzle opening for ejecting ink having a relatively
high drying index are positioned outside the printing region to
oppose at least one of said cap members when said first nozzle
opéning trains conduct an idle ejection while said second
nozzle opening trains do not. |

7. An ink jet recordlng apparatus accordlng to claim
6, wherein said apparatus further comprises:

idle ejection data storage means for storing at least
two kinds of timing data, including long and short period
timing data, for executing the idle ejections in accordance
with ink drying indices. of different types ink in said nozzle
opening trains, and for storing data corresponding to
predetermined numbers of ink drops to be ejected from the
nozzle opening trains during the idle ejections, wherein the
short period timing data corresponds to the nozzle opening
train for ejecting ink having a relatively high drying index,
and wherein the long period timing data corresponds to the
nozzle opening trains for ejecting ink having a relatively low
drying index.
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applied to a color printer has been described, it is a matter of course
that the same effects can be attained even when the invention is applied to
a printer in which two ink jet recording heads ejecting drops of ink of the
sanme color are nmounted on one carriage so as to inprove the recording

- density. In the enbodi nent, the cap nenbers which are independent from each
other are allocated to the recording- hedds, respectively. It is a matter

of course that thg sameqpRbf qefis f@@ Eaca&a%@eda@(@fhmnaé St €efaPn
menber which can seal two récordin eads 1suse In the enbodi nent, the
recor di ngChadms 7Twnwhareiacvhepkgaid timer means detects an elapsed time

corresponding to the short period timing data, said control
means controls the movement of the carriage in accordance with
the short period timing data so that the nozzle opening train
for ejecting ink having a relatively high drying index is
positioned to oppose the cap member closest to the printing
region, and wherein, when said timer means detects an elapsed
time corresponding to the long period timing data, said control
means executes a wait command to wait until said timer means
next detects an elapsed time corresponding to the short period
timing data, whereupon said control means controls the movement
of the carriage so that the nozzle opening trains for ejecting
ink héving relatively high and 1low drying indices are

positioned to oppose respective ones of the cap members.

9. An ink jet recording apparatus according to claim
1, further comprising drive signal generation means for
outputting a drive signal the level of which is increased with
the lapse of time during an idle ejection.

10. An ink jet recording apparatus according to claim
S, further comprising ‘drive signal generation means for
outputting a drive signal the level of which is increased with
the lapse of time during an idle ejection.

11. An ink jet recording apparatus according to claim
1, further comprising drive signal generation means for
outputting a drive signal the period of which is shortened with
the lapse of time during an idle ejection.

12. An ink jet recording apparatus according to claim
5, further comprising drive signal generation means for
outputting a drive signal the period of which is shortened with
the lapse of time during an idle ejection.

A



respectively containing ink solvents of different evaporation rates are

I ndependently nounted. As shown in Fig. 23(a), a single recording head may
be configured by form ng nozzle trains 110 and 111 t hrough which inks
respectively containing ink solvents of different evaporation rates are
respectively ejected, in the same substr&Be 112. It is obvious to those
skilled in the art that the invention can be applied simlarly to a printer
i n which such a recording head is sealed by a single cap nember 113. In
this alternative, the néfziakt iQfragerdiRd SRRATHGT ACIREA NP FhicdRdM

drying i ndexhteT8y eBehdbgPeacd o4t Shélbers has a suction port which is
connected to a suction pump, and an air release port which is
communicated with the environment through valve means, wherein,
when one of said recording heads abut against said cap member,
said air release port is opened by said valve means, and a
suction force is applied by the suction pump. '

14. An ink jet recording apparatus according to claim
5, wherein each of said cap members has a suction port which is
connected to a suction pump, and an air release port which is
communicated with the environment through valve means, wherein,
when one of said recording heads abut against said cap member,
said air release port is opened by said valve-means; and a
suction force is applied by the suction pump. .
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the printing region. Wen onty the nozzle train 110 is to conduct an idle
ejection, therefore, it is required to nove only the nozzle train 110 so as
to oppose the cap nmenber 113 as shown in Fig. 23(b). 23 As descri bed
above, the apparatus of the invention conprises: a plurality of ink jet
recordi ng heads which are arranged in a noving direction of a carriage at
fixed : 1

—

/

FIG.

24
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i nterval s; cap nmenbers which are di sposed outside a printing region and
whi ch seal the ink jet recordi ng heads, respectively; timer neans for
detecting elapsed time during which the ink jet recordi ng heads coriduct an
idle ejection; and control nmeans for disposing an ink jet recordi ng head
for ejecting ink having a |lower drying index anmong the ink jet recording
heads, to the side of the printing reg2on, and when only an ink jet
recordi ng head for ejecting ink having a higher drying index is to conduct
an idle ejection, locating the ink jet recording head for ejecting ink

havi ng a hi gher dryi ng.i printing region side of the cap
menbers. ‘
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Therefore, the noving distance of the carriage in an idle- ejection can be
shortened to a value as snmall as possible and the total printing speed can
be i nmproved. REPLACEMENT SHEET. 24 CLAIMS What is clainmed is: 1. . An
ink jet recording apparatus having a carri age,
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and conprising: a plurality of ink jet recordi ng heads di sposed on the
carriage and spaced apart in a noving direction of the carriage at fixed
intervals; cap nenbers di sposed outside a printing region for sealing said
ink jet recording heads; and tiner neans for detecting an el apsed tine

bet ween successive idle ejections of each of -said ink jet recordi ng heads,
wherein ink jet recording heads for ejecting ink conprising a first head
for ejecting ink having a relatively h&gh drying
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I ndex and a second head for ejecting ink having a relatively | ow drying

I ndex, said ink jet recordi ng heads bei ng arranged on the carriage when
said heads face said cap nenbers so that said first head is di sposed
further fromthe printing regi on whereas -said second head is disposed cl ose
to the printing region. 2. The ink jet recording apparatus as recited in
claim1, further conprising control neans for controlling novenent of the
carriage so that said first head of séig ink jet recording heads for
ejecting ink having a relatively high drying index are positioned outside
the printing region to

FIG. 5




oppose at | east one of said cap nenbers when said first head conducts an

idle ejection while said second head does not. 3. An ink jet recording

apparatus according to claim2, wherein said apparatus further conprises

idle ejection data storage neans for storing at |east two kinds of timng
data, including long and short period timng data for executing the idle

ej ections in accordance with ink drying I ndi ces of REPLACEMENT SHEET
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25 different types of ink in said ink jet recording heads, and for storing
data corresponding to predeterm ned nunbers of ink drops to be ejected from
the ink jet recording heads during the idle ejections, wherein the short
period timng data corresponds to the ink jet recording heads for ejecting
ink having a relatively high drying index, and wherein the | ong period
timng data corresponds to the ink jetsrecording heads for ejecting ink
having a relatively | ow drying index.-Z— The ink jet recording head as
recited in claim3, wherein when said tinmer nmeans detects an el apsed
time
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corresponding to the short period timng data, said control neans controls
t he novenent of the carriage in accordance with the-short period timng
data so that the ink jet recording head for ejecting ink having a
relatively high drying index is positioned to oppose one of the cap nenbers
closest to the printing region, .and wherein, when said tiner neans detects
an el apsed tine corresponding to the Igﬁg period timng data, said control
nmeans executes a wait conmand to wait il said timer nmeans next detects
an el apsed tinme corresponding to the short period timng data, whereupon

said control neans ol s_the povenent of the carriage so that the ink
jet recording headf57 é; é?}

33
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for ejecting ink having relatively high and | ow drying i ndexes are
positioned to oppose respective ones of the cap nenbers. 5. An ink jet
recordi ng apparatus having a carriage, and conprising: ink jet recording
head di sposed on the carriage, said ink jet recording head having a
plurality of nozzle opening trains for ejecting at |least two different inks
havi ng different drying indices; cap nbers which are di sposed outside a
printing region and which seal said i jet recording head; and

FIG. 9
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26 tinmer nmeans for detecting an el apsed tine between successive idle

ej ections 'of each of said ink jet recordi ng heads, wherein a nozzle opening
conprising a first nozzle opening train for ejecting ink having a
relatively high drying index and a second nozzle opening train for ejecting
ink having a relatively | ow drying index, said nozzle opening being
~arranged on the carriage when said noaale openi ng face said cap nenbers

—

FIG. 10
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so that said first nozzle opening train is disposed further fromthe
printing region whereas said second nozzle opening train is disposed cl ose
to the printing region. 6. The ink jet recording apparatus as recited in
claim5, further conprising control neans for controlling novenent of a
carriage so that said first nozzle opening trains of said nozzle opening
for ejecting ink having a relatively pfgh drying i ndex are positioned
outside the printing region to oppose—at |east one of said cap nenbers when
said first nozzle opening trains conduct an idle ejection while said second
nozzl e opening trains do not.

il

V3

11(a)
11(b)

FG. 1) Tt e
FIG 11(d) _I"«—n—ﬂ—n—ﬂ—n—ﬂ-n—ﬂmﬂw

FIG.
FIG.

REPLACEMENTSHEET’




7. An ink jet recording apparatus according to claim®6, wherein said

apparatus further conprises: idle ejection data storage neans for storing

at least two kinds of timng data, including Iong and short period timng

data, for executing the idle ejections in accordance wth ink drying

i ndices of different types ink in said nozzle opening trains M@_TSHEET

storing data corresponding to predetergpned nunbers of ink ‘mﬁﬁ&kpg §
Egurlng the idle eJec i ons, Awﬂa{q|gﬂﬁ e

.——

-----

ej ected fromthe nozzl e opening trains,
the short period timng data corresponds to the nozzl e openiingater-ai
ejecting ink having a relatively high drying index,

FIG. 12
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and wherein the long period timng data corresponds to the nozzl e opening
trains for ejecting ink having a relatively |ow drying index. REPLACEMENT
SHEET 27 8. The ink jet recording apparatus as recited in claimZ7

wherein when said tinmer neans detects an el apsed tinme cor '
short period timing data, said control | %§RQREEW%M¥%ﬁéE*
N 13 Date IIQGIIQQS .....

FIG. 13
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means controls the novenent of the carriage in accordance with the short
period timng data so that the nozzle opening train for ejecting ink having
a relatively high drying index is positioned to oppose the cap nenber
closest to the printing region, and wherein, when said tiner neans detects
an el apsed tinme corresponding to the long period timng data, said control
means executes a wait conmand to wait until said tinmer neans next detects
an el apsed tinme corresponding to the sﬂ&yt period timng data, whereupon
said control neans controls the novenent of the carriage so that the nozzle
opening trains for ejecting ink having relatively high and | ow drying

FIG. 14
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positioned to oppose respective ones of the cap nenbers. 9. An ink jet
recordi ng apparatus according to claiml1, further conprising drive signal
generation means for outputting a drive signal the level of which is
increased with the | apse of tine during an idle ejection. 10. An ink jet
recordi ng apparatus according torclaimb5, further conprising drive
signal generation neans for outputth§g a drive signal "the Ievel of which
is increased with the | apse of tine d g an idle ejection. 11. An i nk
jet recording apparatus according to claim1, further conprising drive

si gnal generation nmeans for '
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outputting a drive signal the period of which is shortened [fth=tie apse

of tinme during an idle ejection. 12. An ink jet recording &iﬁS’aAGEMﬂENTSHEET
according to claimb5, further conprising drive signal genert|or1 EEea?\lI!’I for
outputting a drive signal.the period of which is shortened nwate é_@%
of tinme during an idle ejection. 28 13. An ink jet recordrng—=
according to claim : 1%
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1, wherein each of said cap nenbers has a suction port which is connected
to a suction punp, and an air release port. which i s comruni fgﬁFET ]
envi ronnment through val ve neans, wherein, when one of said rﬁﬁﬂhﬁﬂﬁﬁ&ﬂhea S
abut agai nst said cap nenber, said air release port is opefled bytﬂﬁqﬂﬁvwggqn
means, and a suction force is applied by the suction punp. ||148t® AT HK T ef
recordi ng apparatus according to cl ai g5, wherein each of sard cap nenbers
has a suction port which is connecte a suction punp, and an air rel ease
port which is conmuni cated with the environnment through val ve neans,
wherein, when one of said recordi ng heads abut agai nst said cap nenber,

FIG. 19
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said air release port is opened by said valve nmeans, and a suction force is

applied by the suction punp. 'REPLACEMENT SHEET
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INK JET RECORDING APPARATUS

ABSTRACT OF THE DISCLOSURE

A recording head having a plurality of nozzle opening
trains for respectively ejecting different inks having
different drying indices, whereby clogging of ink is
efficiently prevented. A plurality of ink jet recording heads
7 and 8 are arranged in a moving direction of a carriage 1 at
a fixed interval, and cap members are disposed outside a
printing region. A recording head 7 for ejecting ink having a
higher drying index is disposed closer to the cap members than
a recording head 8 for ejecting ink having a lower drying
index. Timer means 102 and 103 are provided for detecting an
elapsed time during which the ink jet recording heads 7 and 8
conduct an idle ejection, and idle ejéction control means 100
is provided so that, when only the ink jet recording head 7 for
ejecting ink having a higher drying index is to conduct an idle
ejection, only the ink jet recording head 7 is opposed to the

cap member.
- SELECTED FIGURE Fig. 9
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