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INK JET RECORDING APPARATUS

RACKGROUND OF THE INVENTION

Zield of the Invention

The invention relates to an ink jet printex compri's:l.zig
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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elapsed in a printing p:oce_és, & recording head is moved to an
ink receptacle located in a nonprinting region and ink is then

_ejected from all nozzle openings.

8ince development of personal computers allows graphic
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. 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 jJet 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 differaent kinds of ink are to be used as described
above, the drying indices of these inks are differxent from each
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
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
intexrupted 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
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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ejecting different types of ink having different drying
indices.

In order to solve these problems, the apparatus of the
invention comprises: a plurality of ink jet recording haeads
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
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 f£or a relatively
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
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
a printing mechanism 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.

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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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 tuba pump. '

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
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
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.

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.

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
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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Fig. 19 is a diagram showing the relationship betwean
the recording heads and the cap members in the case where the
carriage is slightly moved from the state of !'ig. 18 to the
outside of the printing region.

"Fig. 20 is a diagram showing th. 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 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

- other sembodiments of tha invention.

The invont!.on will be dnc:i.bod in detall in
conjunction with {llustrated embodiments.

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

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
dxying 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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cartridge 10 are dotachably mounted in the upper portions of
the recording heads 7 and 8, respectively. A capping device
which seals tha.raeordinq_haada 7 and 8 is disposed outside the

priating 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
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
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
above-mentioned capping device. First and second cap nembexs
31 and 32 vhich 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
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
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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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 subjected to suction
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
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
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
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
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
when tha carriage 1 is located at the position whare the firat
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
guide member 47 fixed to a basa 53.
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The guide member 47 comprises a projection 47a which
prevents the slider 30 from slipping off, a flat face 47b which
forms & fixed gap suitable for an idle ejection between the
slider 30 and the lower ends of the recoxrding 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 exteanding 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
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
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
the lowest end of the slant face 47b of the guide membexr 47,
and the center portion by the lever 52. This allows the cap
wmembers 31 and 32 to ba 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.

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
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
13 (see Fig. 1). A driving wheel 72 of the pump 37 (see Fig.

.
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3) is ooupled with the pulse motor 24 through a wheel train 70.

‘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 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
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
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
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
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
in a manner that is the reverse of the first tube pump 37.
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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33

as to be rotated while pressing against the tube 34, thereby
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
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
respactive aslots S0 to the position corroiptmding 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
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
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
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
printing data. :

As shown in Fig., 10, the idle ejaction data storage
means 106 stores: a period T; between idla 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
number of ink drops to be ejected; a period T, between idle
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ejoctions of the 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
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
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,
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
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
@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
the noszle openings is increased to a very 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
problem, the driving operation is conducted in such a mannax
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that the driving voltage is initially lowered in level to about
30 ¢ of the normal value and the period is slightly pxolonged
as requizad, uheraby ink is caused to gradually coze out of tho
noxzle opanings for a relatively long period of time.

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

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,
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
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
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

- 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
of, for example, 1 s=mecond which 1is ©required for

w 12 =

i

THIS SHEET HAS BEEN

s

m

)

>

il ©
m
o




10

13

20

a3

35

one-reciprocation printing is Zurther _elapud (it'ep E), the

ldle ejection control means 100 judges whother the period T, of
the second timer means 103 exceeds the shortest idle ejection
period (6 seconds in the embodiment) stored in the idle
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
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
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
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 perio& T, measured by the first timer means 102,
and reads out from the idle ejaction data storage means 10§ thae
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
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
process, the increased viscosity of ink can ba surely
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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
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
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
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
the idle ejection poriod and the number of ink drops to be
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
rapidly increased, 'and numbers of ink drops required for
rontbz.tng the ink ejection adbility 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
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).

This Sheet Has Been Replaced

LTI

THIS SHEET HAS BEEN
He:PLACED

:




10

13

25

30

35

“Therefore, the carrizge 1 is mc_wed' to the printing region ai;d

the printing process is resumed (step C). _
When, In the next printing process, tha contents of the

“first timer means 102 reach again the shortest idle ejection

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
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
second cap members 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
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
sacond 'recordinq 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
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 rucorqu heads 7 and
8, so that all nozzle openings of the first and sacond
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recording heads 7 and B8 eject ink dropn {step P). When a
predetermined number 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
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
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).

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 furxther moved toward the outer
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 force to the flagplece 45 of
the slider 30 via the projection 44 of the carriage 1, and the
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
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
printing region) first abuts against the second recording head
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8. At this time, since the cap member 32 is attached to the
slider 30 in a slightly swingable manner and 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
exertad by thae carriage 1, and bagins to buckle sc 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
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
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
7 and 8. Then, the operation rod 62 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
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
are surely praventad from being dried.
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When the printing operation is stoppad 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).

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),
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
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
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
ejection (step H). The recording shest im advanced s0 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
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,
and the recording heads wait in 2 condition that the printing
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process can be started as soon as the input of print data is
started, i.e.; the operation of removing the cap members 31 and
J2 is not required to be conducted.

In the case where the next page is not to be printed
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
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
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
be described with refersnce 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
printing, e.g., data of one line is completed (step C) before

the measured 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
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
racoiding heads 7 and 8, from the data of the idle ejection
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data storage means 106 (step E). The recoxding heads 7 and 8
then sxecute the idle ejection toward the raespective cap
members 31 and 32 which oppose the recording heads (step F),
After the idle ejections, the timer means 102, 103 and
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 (atep H).
In contrast, in tha casa vhere 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 (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,
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 fink in the vicinity of the noszzle openings is
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).

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
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
norxmal printing process, therefore, the printing operation can
be executad at a spead as rapid as possible while preventing
the viscosity of ink from being increased. In the casa whare
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graphic data or the like which require a 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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The embodiment i{n which the nozzle openings of the
racoxrding heads are diracted downward has been described above.
It is a matter of course that, even in the case whars noxxle
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).
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As described above, the apparatus of the iavention
comprises: a plurality of ink jet recording heads which are
arrangad in a moving direction of a ocarriage at fixed
intervals; cap members which are disposed outside a priating
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
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.
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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Bhat is claimed 1s:r

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

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

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

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

ink jet recoxding heads for ejecting ink comprising a
first head for ejecting ink having a ralatively high drying
index and a second head for ejecting ink having a relatively
low dxying index, said ink jet recording heads being arranged
on the carriage when said heads face said cap members so that
sald firet 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
c¢laim 1, further comprising control means for controlling
movement of the carriage so that said first head of said ink
jet recoxding 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 comprxises 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 ejectiona in accordance with ink drying indices of
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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
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timer means for detecting an elapsed time baetween
succassive 1dle ejections of each of said ink jet recording
heads, wherein :

& nozsle opening comprising a first nozzle openinq
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.

6. The ink jet recording apparatus as recited in
claim 3, further comprising control means for controlling
movement of a carriage s0 that said first nozszle opening trains
of said nozzle opening for ejecting ink having a relatively
high drying index ara positioned outside the printing region to
oppose at least one of sald cap members when said f£irst nossle
opening trains conduct an ildle ejection while said second
nozzle opening trains do not.

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

idle ejection data atorage 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
predetexmined numbers of ink drops to be ejected from the
nozzle opening trains during the idle ejections, wherein the
shoxrt period timing data corresponds to the nozzle opening
train for ejecting ink having a relatively high drying index,
and wherain the long period timing data corxresponds to the
nozzle opening trains £fox ejecting ink having a relatively low
drying index.
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8. The ink jet rocording apparatus as recited in
¢laim 7, 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 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 '

means executes & walt 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 having =relatively high and low drying indices are
positioned to oppose raspactive ones of the cap mambers.

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.

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.

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.

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.
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13. An ink jet recording apparatus according to claim
1, 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 tha environment through valve means, wherein,
when one of said recording heads abut agalnst sald cap member,
said alr releame port is opened by said valve means, and a
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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