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INK JET TYPE PRINTING APPARATUS

This invention relates to an ink jet type printing
apparatus in which ink is supplied from an ink tank to
a nozzle to jet therefrom ink droplets so as to recoxd
characters, etc. on a recording medium. More
particularly, the invention pertains to a technigue of
supplying or filling the recording head of an ink jet

type recording head with ink.

In an ink jet type recording apparatus in which a
nozzle is used to jet ink droplets to print characters
and images on a recording sheet, the nozzle opening is
considerably small. Hence, if foreign matter such as
paper dust sticks on the nozzle or bubbles are formed in
the ink supply 1line, the ink droplets are not
satisfactorily formed, and hence the resultant print is
low in quality.

In order to eliminate this difficulty, an improved
ink jet type recording apparatus has been proposed (EP-
4272021). This recording apparatus has a restoring
device for forcibly purging ink to remove foreign matter
or bubbles from the ink flow line, and an externally
operated switch to activate the restoring device. That
is, the recording apparatus is designed so that, when
the resultant print is unsatisfactory in print quality,
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In-an ink jet type recording apparatus in which a noz- zle is used to jet

i nk droplets to print characters and i mages on a recordi ng sheet, the

nozzl e opening is con- siderably small. Hence, if foreign ter such as

pdper dust sticks on the nozzle or bubbles afm§fg{ggqadms13ﬂﬂé i nk supply
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thereby to restore the printing operation.

The restoring device is used also in the case where

the. recording head is replaced by a new one, or the

5 . ink tank is replaced by a new one, or the recording
apparatus is not used for a long time. That is, in
these cases, it is used to purge ink for adjustment of
the ink flow line.

On the other hand, a recording head is filled with

10 a maintenance solution when shipped from the factory.
Therefore, before a new recording head is used, it is
essential to completely remove the maintenance solution
from the recording head. For this purpose, a large
quantity of ink is purged through the new recording head

15 when compared with the quantity of ink purged from the
ink flow line.

The ink thus diécharged for replacement of the
recording head or for restoration of the proper printing
function is sent to a waste ink tank provided in the

20 recording apparatus body. The waste ink tank is limited
in volume because the casing of the recording apparatus
body is also limited in space.

The above-described restoring operation is
essential for maintaining the print quality high.

25 However, if it is carried out repeatedly in an excessive
fashion, then not only is a large quantity of ink
wasted, but also the ink leaks from the waste ink tank
which is limited in volume.

30 In view of the foregoing, an object of this
invention is to provide an ink jet type recording
apparatus in which the leakage of ink from the waste ink
tank is positively prevented.

This Sheet Has Been Replaced ‘

0w
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unsatisfac- tory in print quality, the switch is operated to activate the
is” charged with ink and when the resultant print is

5 unsatisfactory in print quality, and useless consumption
of ink is eliminated; that is, the ink is economically

used.

These objects are solved by the ink jet type recording apparatuses
according to independent claims 1 and 6. Advantageous embodiments
of the apparatus according to independent claim 1 are given in
dependent claims 2 to 5. The claims are to be understood as a
first non-limiting approach to define the invention in general
terms. Further advantageous features of the invention are evident

from the following description and drawings.

According to the invention, there is provided an ink jet type
recording apparatus which has a recording head mounted on a carriage in

such a manner that is moved along a recording sheet in
a widthwise direction thereof, to jet ink droplets to
form dots on the recording sheet. Further, an ink tank

15 for supplying ink through an ink supplying path to the
recording head is provided. A cap member arranged
outside a printing region in such a manner that the cap
member is moved to and from the nozzle opening of the
recording head is also provided. A suction pump having

20 an ink sucking inlet which is connected to the cap
member, and an ink discharging outlet which is connected
to a waste ink tank are also provided.

According to one embodiment, an instructing

means which is externally operated to start the suction
pump, a gquantity of waste-ink controlling means for
25 controlling a quantity of waste ink sucked by the
suction pump, and means for disabling the instructing
means when the quantity of waste ink exceeds a
predetermined value are furthermore provided.
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restoring device, thereby to restore the printing opera- tion. The
restoring device is used also in the case where the recording head is
replaced by a new one, or the ink tank i's replaced by a new one, or the
rrecordi ng apparatus is not used for a long tine. That is, in these cases,
It is used.to purge ink agd] o) chdte fl owmé | Nenk Ojdthe wtdeer
hand,AﬁcpégépginéghegﬂoFég%ilggg§§??ﬁ&a %%?ﬂ?ﬁﬁgﬁéb sol utj.on iﬂgp shi pped
fr om tdeeckddhgr \ppparatus comprises means for disabling the instructl

means when a number of operations of the instruction means

exceeds a predetermined value.

According to another embodiment, the ink jet type recording
apparatus further comprises externally operated instructing means
to start the suction pump, whereby instructing means include first
switch means for providing an instructional signal to suck a
quantity of ink required for restoring a proper printing function
during a printing operation, and second switch means for
providing, when the recording head is replaced, an instruction
signal to suck a quantity of ink sufficient to purge from said
recording head a maintenance solution previously charged in said
recording head. A number-of-operations controlling means for
controlling the number of operations of the instructing means in
a predetermined period of time as well as means for disabling the
instructing means when the number of operations of the instructing
means exceeds a predetermined value are also provided.

If the resultant print is unsatisfactory in print
quality, the suction pump is operated with the cap
member coupled to the recording head to apply a negative
pressure to the nozzle. As a result, the ink in the ink
tank is forcibly purged through the nozzle, thus
removing bubbles from the ink supplying path or dust
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Therefore, before a new recording head is used, it is essential to

conpletely renove the maintenance solu- tion fromthe recordi ng head. For
this purpose, a large quantity of ink is purged through the new recording
head when conpared with the quantity of ink purged fromthe ink flow Iine.

from the nozzle. The guantity of ink thus forcibly
discharged is measured. When the guantity of ink thus
measured reaches a predetermined value, i.e., the volume
of the waste ink tank, the latter is replaced with a new
5 one. In the case where it is necessary to perform the
forcible ink purging operation frequently in a short
period of time, the probability is high that the problem
cannot be solved by the ink purging operation.
Therefore, in this case, in order to eliminate the
10 difficulty that a large quantity of ink is wasted by
repeating the ink purging operation, the ink purging
operation is suspended irrespective of the ink purging
instruction provided by the user.
The nature, utility and principle of the invention
15 will be more clearly understood from the following
detailed description and the appended claims when read
in conjunction with the accompanying drawings.

In the accompanying drawings:

20 Fig. 1 is an explanatory diagram showing the
arrangement of an example of an ink jet type recording
apparatus according to this invention; _

Fig. 2 is a perspective view showing a‘part of the
ink jet type recording apparatus of the invention,

25 showing. components arranged around the platen of the
apparatus;

Fig. 3 is a perspective view showing an ink sucking
mechanism and components around it in the ink jet type
recording apparatus;

30 Fig. 4 1is a block diagram showing functions
performed by a microcomputer in a control unit in the
ink jet type recording apparatus;
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The ink thus discharged for replacenent of the recording head or for
restoration of the proper printing function Is sent to a maste ink t ank

prOV|ded in the re p ratu The ste_in Kk |s n1ted
in vol - une becaus(e:fth%e éca% n‘% %f ﬁ’recd'o(fl ngd pp5rl§’t“3r b ?i i's

linmited in spambargéeopbnaézdnscarbéddreatomhqg(ﬁnmenmrdumg hesénastla
for naintaimlgﬁéim% int quality high. However, if it is carried out

repeatedly in exce Slve fashi on, then not
Fig. 6 is a flow chart for a description of an ink

5 sucking operation as shown in Fig. 5; and
Fig. 7 is a flow chart for a description of an ink
purging operation carried out when an ink tank is
replaced, or when a restoring operation is performed to
restore the proper (i.e., higqh gqguality) printing
10 function. B

An example of an ink jet type recording apparatus

according to the invention, as shown in Fig. 2,

includes: an ink jet type recording head l'having a

15 plurality of nozzles arranged so as to confront a

printing surface. The recording head 1 is mounted on a

carriage 4 which is reciprocated on two guide members 2

so as to scan a recording sheet 3 in the widthwise
direction. The recording head 1 receives ink through

~an ink supplying

20 tube 5 from an ink tank 24 (described later). The
recording apparatus further includes: a platen 6 for
supporting the recording sheet 3, and supporting plates
7 and 8 which rotatably support the platen 6 at both
ends. A'Cap member 10 is provided outside the printing

25 area (on the left-handed side of Fig. 2) in such a
manner that it can be brought into contact with the
front surface of the recording head 1. The cap member
10 is connected through a tube 11 to a suction pump 20.

The cap member 10 is shown in Fig. 3 in more

30 detail. The cap member 10 includes a solenoid 12, a rod
13 driven by the solenoid 12, an arm 14, and-a base
member 15 which is moved back and forth through the rod
13 and the arm 14 by the solenoid 12. An elastic member
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only is a large quantity of ink wasted, but also the ink |eaks fromthe
waste ink tank which is linmited in volune One approach to econom cal ly use

ink for restorin JéQpﬁ%o{?Eﬁéét bANths @kéﬁk0§&9faee38f%ﬁél%§§§5m@mer

lished on 20.05.1 oW ng an apparatus accord- ing to the preanble
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of a suction recovery apparatus. However, e
front surface of the recording head 1, thus forming a
5 nozzle accommodating chamber 17. The suction pump 20
(not shown) in Figure 3 applies a negative pressure to
the nozzle accommodating chamber 17 through the tube 11.
In Fig. 3, reference numeral 18 designates a
position detector. When the recording head 1 is moved

10 to the positioﬁ where it confronts the cap member 10,
the carriage 4 is brought into contact with the position
detector 18, as a result of which the latter produces a
detection signal. The detection signal is applied to a
control circuit 26 (not shown in Figure 3 and to be

15 described later), so that the solenoid 12 is activated
to move the base member 15 to the nozzle surface la of
the recording head 1. That is, the nozzle surface la of
the recording head 1 is sealinglj closed by the cap
member 10.

20 The recording apparatus, as shown in Fig. 1, has an
ink supplying path, an ink sucking path used to restore
the printing capability of the apparatus, and control
device therefor. .

In Fig. 1, reference numeral 20 designates the

25 aforementioned suction pump, which has an ink sucking
inlet 20a connected through the tube 11 to the nozzle
accommodating chamber 17 of the cap member 10, and an
ink discharging outlet 20b connected through a tube 21
to a waste ink tank 23.

30 Further in Fig. 1, reference numeral 24 designates
the aforementioned ink tank which is connected

through the ink supplying tube 5 +to the recording head 1;
reference number 26 designates a control circuit for controlling

various operations of the printing apparatus, the control circuit
being made
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docupent fails to teach determ ning the total
the waste i nk tank cannot be prohibited. JP-A-1174460, on the
ot her hand, describes a sinple nmechanismfor determ ng whet her an upper

limit of waste ink is reached, and inhibiting further

| eaki ng of

amount of sucked i nk Hence,

recovery operation

a

after this limt is reached. However, the quantity of ink sucked throughout
an operation is not controlled. In view of the foregoing, an object of this

i nvention
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up of a microcomputer including a central processing
unit (CPU), a read-only memory (ROM) and a random access
memory (RAM); a memory unit 30 stores the
number of times of ink suction by the cap member 10 and

. @ quantity of discharge. The memory unit 30 includes a
first memory circuit 31, a second memory circuit 32, and
a third memory circuit 33. The first memory circuit 30
is to store a numerical value (k) which is obtained by
adding a numerical value every ink purging operation
which is determined in proportion to a quantity of ink
to be purged. (for instance 10 per 0.1 cc). The second
memory circuit 32 stores the number of ink purging
operations carried out for a period of time preset by a
period-of-time setting circuit 35 (described later), and
stores it as a frequency m at the end of the period of
time. The third memory circuit 33 integrates the number
(n) of ink purging operations and stores it. These
memory circuits 31, 32 and 33 are made up of an
electrical erasable programmable ROM (EEPROM) or a RAM
the contents of which is maintained by a battery. The
aforementioned period-of-time setting circuit 35 is
typically made up of a timer.

Fig. 4 is a block diagram showing functions which
are realized by the microcomputer which forms the
aforementioned control circuit. More specifically, Fig.
4 shows on-off determining means 40, purge quantity
setting means 41, ink-filling-operation determining
means 42, numerical value calculating means 43, number-
of-operations counting means 44, frequency determining
means 45, numerical value determining means 46, number-
of-operations determining means 47, alarm outputting

. means 48, suction preparation instructing means 49, all
of which are realized by programming. The on-off
determining means 40 determines from the operation of an

M
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is-to provide an ink jet type recording apparatus in which the |eakage of
ink fromthe waste ink tank is positively prevented. Anot her object of the
invention is to provide an ink jet type recording apparatus in which an ink
sucki ng operation is carried out, both when the recording head |s char ged
wi th ink and when the resultant prlnt i's unsat- ipf: D } quality,
and usel ess consunption of ink is elimnated; th I.’RB%AdED

economi cal | y used.
on-line/off-line switch S1 whether an on-line state is

established or whether an off-line state is established

(whether or not printing data can be received from the

host unit). The purge qﬁantity setting means 41

5 determines a quantity of ink to be purged for the period

of time for which a restoring operation instructing

switch 82 is depressed. The ink-filling-operation

determining means 42 selects an ink purging operation

accompanying an operation of charging the recording head

10 with ink when a power switch SP is turned on with the

restoring operation instruction switch S2 turned on.

The numerical value calculating means 43 adds a

numerical value, corresponding to a quantity of ink to

be purged, to renew the contents of the first memory

15 circuit 31. -The number-of-operations counting means 44

counts the number of operations to thereby renew the

contents of the third memory circuit 33. The frequency

determining means 45 clears (resets) the contents of the

second memory circuit 32 when the period set by the

20 period-of-time setting circuit 35 has passed, and

outputs a signal for nullifying an ink purging

instruction or a warning signal when the contents of the

second memory circuit 32 reaches a predetermined value.

The number-of-operations determining means 47 determines

25 the number of depressions of the restoring operation

instructing switch S2. The alarm outputting means 48

outputs a message sentence corresponding to the alarm

signal, for example, to display the message sentence in

an LCD. The alarm outputting means 48 may light an LED

30 or buzz instead of the message sentence. The suction

preparation instructing means 49 activates a cap member

operating (opening and closing) circuit 28 in response

to signals from the position detector 18 and the on-
line/off-line switch S1.

—— 8
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These objects are solved by the ink jet type record-

I ng appar at uses

according to independent clains 1 and 6. Advant ageous enbodi nents of the

appar at us accor d-

ing to i ndependent claim1 are given in _dependent clains

2'to 5. Further advantageous features of the in eﬂﬁﬁ(gpggfgmgvgggp fromthe
foll owi ng description and draw ngs. According tg e BE%3Q$Q0n ereis
provided an ink jet recording apparatus which has.a. .t

10

15

20

25

30

The operations of the apparatus thus constructed
will be described with reference to flow charts shown in
Figs. 5, 6 and 7.

In the case where the printing apparatus is
operated for the first time, or the recording head is
replaced by a new one, a new ink tank 24 is
connected to the ink supplying inlet, and the injection
needle at the end of the ink supplying tube 5 is
inserted into the ink tank 24; that is, the ink
tank 24 is connected through the tube 5 to the

recording'head 1.

Under this condition, the power switch SP is turned
on with the restoring operation instructing switch 82
depressed. In this case, the control circuit 26
determines that the recording head 1 has not been used
yet (Step 50), and sets a period of time Tl which is
required for sucking a large quantity of ink, for
instance 10 cc, which is to be purged for charging the
recording head with ink (hereinafter referred to as "an
ink charge operation", when applicable) (Step 51).

This is the first ink charge operation for the
recording head 1 (Step 52). Therefore, the timer
forming the period-of-time setting circuit 35 is started
{Step 53).

The control circuit 26 starts suction preparation
(Step 57). The suction preparation is carried out as
shown in Fig. 6. It is determined from the presence or
absence of the output signal of the position detector 18
whether or not the recording head 1 is located at the
predetermined position where it confronts the cap member
10 (Step 70). When the recording head 1 is not located
at the predetermined position, the carriage 4 is driven
to move the recording head 1 to the cap member 10 (Step
71). Under this condition, the cap member 10 is abutted

— 9
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nmounted on a carriage in such a manner that it is noved along a recording

sheet in a widthwi se direction thereof to jet_ink droplets to formdots on
said recording sheet; -3- Further, an inkTHENEHEEr HAIBBEN I Ng i nk t hrough
an ink sup- plying path to said recording hpad. A&paicemenber

against the recording head 1 (Step 72) so that the
nozzle surface of the recording head 1 is hermetically
sealed by the cap member 10.
Upon completion of the suction preparation, the
5 control circuit 26 operates the suction pump 20 (Step
58). The operation of the suction pump 20 is continued
for the period of time T1 set in Step 51. In this
operation, a negative pressure is applied to the nozzle
opening la, to suck air out of the ink supplying path
10 and the recording head 1 through the nozzle opening la.
When the air has been discharged, the ink in the ink
tank 24 is moved to the recording head 1 by the negative
pressure applied thereto, thus being jetting into the
cap member 10 through the nozzle opening la. The ink
15 thus jetted is led through the tube 21 to the waste ink
tank 23. When the predetermined period of time T1 has
passed (Step 59), the control circuit 26 suspends the
operation of the suction pump 20 (Step 60), and
calculates an ink charge operation frequency (m), a
20 value which is the sum of a numerical value (k)
representing the integration of sucked ink quantities
and a numerical value (for instance thirty (30))
corresponding to the quantity of ink sucked at this
time, and the total number (n) of operations, and étores
25 them in the second memory circuit 32, the first memory
circuit 31, and the third memory circuit 33 (Step 61).
In this case, the first ink charge operation is carried
out, and accordingly the numerical value (k) and the
number of ink charges (n) are smaller than the
30 predetermined values (Steps 62 and 63).
In general, in order to protect the recording head
1 during shipment from the factory, the recording head
1 is filled with polyhydric alcohols such as glycerol
and ethylene glycol, which are slow to evaporate and

10
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arranged outside a printing region in such a manner that said cap nenber

noved to and fromthe nozzle open- ing of said recording head is al so

i's

pravi ded. A suction punp having an ink sucki Wy NMaegimdi to said cap
' IS SEEL rgigén‘lim‘pl

menber and an ink di scharging outlet connecté€

®

further provided. Finally, there are provided ext eRRBHUWYoper at ed

I nstructing neans for starting said suction punp which conpri se:

switch nmeans for providing instruction sig-
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high in wviscosity. The protective materials are
sufficiently washed away from the recording head 1 when
a large quantity of ink is purged in the above-described
manner. At the same time, the bubbles entering the
recording head are removed by the stream of ink, which
flows faster than in the printing operation, thus
ensuring a high quality of the subsequent printing
operations.

In the case where a printing operation is carried
out after the ink charge operation is found to be
unsatisfactory in print quality, the initial operation
of charging the printing head with ink may be
unsatisfactory. Therefore, in this case, the above-
described operations are carried out once more with the
power switch Sp turned off. This is the second ink
charge operation (Step 52). The second ink charge
operation is started within a short period of time T2
(for instance, one hour) after the previous ink charge
operation (Step 54). Therefore, the frequency (m)
stored in the second memory circuit 32 is read. If the
frequency (m) is smaller than the predetermined value
(m0) (for instance three (3)) (Step 56), the above-
described Steps 57 through 63 are effected so as to suck
the quantity of ink (10 cc) required for the initial use
or replacement of the printing head.

Sometimes it is necessary to carry out a third ink
charge operation, for instance, because of an error in
operation. 1In this case, the frequency (m) reaches the
predetermined value (3) (Step 56). Therefore, the ink
charge operation has been carried out satisfactorily;
however, the recording head 1 may be out of order.
Hence, irrespective of the ink purging instruction, the
ink sucking operation is suspended, or a warning "Call
the service man" is given (Step 64). Thus, the

ank is

first

11
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nals.to suck a first quantity of ink and a second quantity of ink which are
required for regaining a proper printing function during a printing

operation; second switch neans (S1, Sp) for 'giggr Jﬁﬁgruction si gnal
to.suck a quantity of ink required for repla '_l % eclor d- i ng head
(1) and quantity-of-waste-ink controlling ans fBEP rnll g a quantity

of waste ink sucked by said suction punp (20)- Accordlng to a second
enbodi ment, the ink jet ‘
difficulty can be eliminated that, although the problem

involved may not be solved merely by forcibly purging
ink uselessly, the user causes ink to be forcibly purged
anyway .

5 Sometimes it is necessary to perform the ink charge
operation several days after the previous ink charge
operation (Step 54). In this case, the timer forming
the period-of-time setting circuit 35 is reset, and the
contents (m) of the second memory circuit 32 is also

10 cleared. Therefore, Steps 57 through 63 are effected to
suck 10 cc of ink required for the ink charge operation.
Thus, the ink charge operations are prevented from being
performed too many times; however, in the case where the
recording head is out of order, for instance, because it

15 has not been used for a long time or the ink tank was
vibrated during transportation, similarly as in the ink
charge operation a large quantity of ink is purged
through the recording head to restore the printing
function.

20 A printing operation is carried out after the
recording head has been correctly charged with ink (Fig.
7y. If, during the printing operation, the printing
gquality is lowered, then the on-line/off-line switch S1
is depressed to disconnect the printer from the host

25 unit (Step 80).

When, under this condition, the restoring operation
instructing switch S2 1is depressed (Step 81), the
control circuit 26 detects a period of time Tx for which
the switch S2 is kept depressed, and determines a

30 quantity of ink to be sucked from the period of time Tx
thus detected (Step 82). More specifically, when the
period of time Tx is shorter than a predetermined value
T3, a period of time T4 required for sucking a small
quantity of ink, for instance, 0.1 cc, is selected (Step

12 —_—
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recording apparatus has a recording head, ink tank cap menber, and suction

instructing neans to start said suction pu
imcluding first switch nmeans for providing SkFJGEEPN S nal to suck a
quantity of ink required for restoring a pr e tion during a
printing operation, and second switch neans for providing, when said

recordin head is replaced, an_instruction signal to suck a quantity
g 83) wheré%s, when it is longer thgn the predetermined

’mﬁsaeﬂmnﬁnsmtn lg means
nin

value T3, a period of time T5 required for sucking a
larger gquantity of ink, for instance, 0.3 cc, is
selected (Step 84).

5 . This is the first restoring operation (Step 85).
Therefore, the timer forming the period-of-time setting
circuit 35 is started (Step 86), and the suction
preparation is carried out as shown in Fig. 6 (Step 90).
When the cap member 10 is coupled to the recording head

10 1, the control circuit 26 applies an instruction signal
to a pump drive circuit 29 to operate the suction pump
20 (Step 91). When the period of time T4 set in Step 83
or the period of time T5 set in step 84 has passed (Step
92), the control circuit 26 stops the suction pump 20
15  (Step 93). Then, the control circuit 26 reads the
number of restoring operations (n) and obtains the sum
of the numerical value predetermined for the quantity of
ink sucked in and the previous numerical value (k), and
stores them in the first and third memory circuits 31
20 and 33. In this case, the first restoring operation is
carried out, and therefore both the numerical wvalue (k)
and the number of restoring operations are smaller than

the predetermined values (Steps 95 and 96).
Thereafter, the printing operation is continued,
25 and the restoring operation may be carried out again
(Steps 80 through 84). In this case, the control
circuit 26 refers to the data of the timer forming the
period-of-time determining circuit 35 to determine the
interval between the present restoring operation and the
30 preceding restoring operation (Step 87). When a
predetermined period of time, for instance, one hour,
has passed, the restoring operation frequency (L) stored
in the second memory circuit 32 is cleared, while the
timer forming the period-of-time setting circuit 35 is

13
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of-ink sufficient to purge fromsaid recording head a nmai n- tenance
solution previously charged in said recording head (1). The ink jet
recordi ng apparatus according to the second enbodi nent. does_ furthernore
conpri se nunber - of - operations controlling neqn§ﬂgqﬂkgpnp%ogu. ng the nunber
of operations of said instruction neans in a predehgﬁmhggd per{od of tine;
and neans for disabling said instruction neans_mhen~dhe—naﬁbek of
operations of said instructing nmeans exceeds a predeterm ned

reset (Step 89). Thereafter, similarly as in the above-

described first restoring operation, Steps 90 through 96

are carried out to achieve the present restoring

operation.
5 Sometimes the restoring operation may be carried
out frequently. That is, sometimes the number of

restoring operations may exceed a predetermined wvalue
L0, for instance three, in one hour (Step 88), as a
result of which the printing operation cannot be
10 smoothly carried out. This difficulty is not due to
dust stuck on the recording head. That is, the
recording head 1 itself may be out of order. Therefore,
irrespective of the ink purging instruction, the ink
sucking operation is suspended, or the warning “Call the
15 service man" is given for inspection of the recording
head (Step 897). Thus, the trouble can be solved
effectively without useless consumptidh of ink.
When, after the restoring operation has been
carried out repeatedly with a frequency which has been
20 suitably predetermined, the total number of operations
(n) stored in the first memory circuit 31 or the
numerical value (k) representing the quantity of ink to
be purged stored in the third memory circuit reaches the
predetermined value (Step 95 or 96), then the control
25 circuit 26 gives a warning message “Replace the waste
ink tank" so that the waste ink tank 23 is replaced by
a new one (Step 97). Thus, the waste ink tank 23 can be
replaced before the waste ink leaks from it.
In the case where the recording apparatus has not
30 been used for a long time or the amount of printing is
less, that is, when the ink is less consumed, the ink
changes in characteristic, for instance, because the ink
solvent components evaporaté from the ink flow path or

air enters the recording head 1 or the ink supplying

14 e
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val-ue.

suction punp is operated with the cap nenber cou-

head to apply a negative pressure to the nozz tthe ink in
the ink tank is forcibly purged through the n ZHK%SHEQT§§EE%DV|ng bubbl es

fromthe ink supplying path or dust fromthe
i nkt hus forcibly discharged is nmeasured. Wen ttreguantity of

et er pi ne
measur ed re%%QS§’aagred E%

10

15

20

25

30

If the resultant print is unsatisfactory in print quality, the
pled to the recording

ozz| eREPTAGEQuan-

a resu which sometimes ink droplets are
not satisfactorily jetted through the nozzle opening.
Hence, in order to positively maintain the print quality
satisfactory irrespective of the amount of print or the
frequency of use, a method may be employed in which,
whenever the timer forming the period-of-time setting
circuit 35 counts a predetermined value, for instance,
ten (10) days, a predetermined quantity of ink, for
instance, 0.5 to 1.0 cc, is purged.

The fact that the printer is not used for a long
time means that the operation of filling the recording
head with ink is not carried out either. Therefore, the
rate of operation of the recording apparatus can be
determined from the data provided by the following
method. When a predetermined period of time, for
instance, three days, has passed from the preceding ink
charge operation, the contents of the second memory
circuit 32 is reset. 1In addition, the periods of time
in which no printing operation is carried out, or the
amounts of printing are stored in the second memory
circuit 32, that is, the amount of printing in a
predetermined period of time is stored in the second
memory circuit 32.

In the case Wherein +the ink tank is replaced
because it has been emptied, the above-~described
restoring operation is carried out (Steps 80 through 97
in Fig. 7); that is, the quantity of ink required for
the ink charge operation is purged from the recording
head 1, so as to remove bubbles or foreign matter mixed
at the time of replacement of the ink tank.

In the above-described embodiment, the period-of-
time setting circuit is made up of the timer; however,
the invention is not limited thereto or thereby. That
is, the same effect may be obtained by'using another

15 I —
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- 4-.value, i.e., the volune of the waste ink tank, the latter is replaced
with a new one. In the case where it is neces- sary to performthe forcible

i nk purging operation fre- quently in a short per PLerg th
probability is high that the probl em cannot be sp ?nggﬁgzumn Bgﬂ$[

hur gi ng

period-of-time parameter such as the number of printing
lines, the number of printing pages, or a period of time
which elapses from the time instant that the power
switch is turned on until the power switch is turned
5 off. More specifically, when the amount of printing
counted with a counter built into the printer reaches a
predetermined value, the frequency data L can be reset.
Thus, the restoring operation during a printing
operation can be controlled according to the amount of
10 print.

In the above-described embodiment, the ink tank and
the waste ink tank are provided on the chassis, and they
are connected through the tubes to the recording head.
However, it goes without saying that the technical

15 concept of the invention is applicable to an ink jet
type printing apparatus in which the recording head, the
ink tank and the waste ink tank are mounted, as one
unit, on the carriage.

20

25

N - ————

This Sheet HasB

e



operation. Therefore, in this case, in order to elimnate the difficulty
that a large quantity of ink is wasted by repeating the ink purging
operation, the ink purging oper- ation is suspended irrespective of the ink
purgi ng 1ﬂStI’UC- tion provided by the user. The nature, utility and

princi pIe ‘Wi || be noge clearly understood fromthe
follomﬁng Bﬂ I on and the appended cl ai ns when read in con-
junction with ¢t m |ng dr awi ngs.
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20
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30
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1.

2.

THIS SHEET HAS BEEN
REPLACED

CLAIMS

An ink jet type recording apparatus comprising:

a recording head (1) mounted on a carriage (4) in
such a manner that it is moved along a recording
sheet (3) in a widthwise direction thereof to jet ink
droplets to form dots on said recording sheet (3);

an ink tank (24) for supplying ink through an ink
supplying tube (5) to said recording head (1);

a cap member (10) arranged outside a printing region
in such a manner that said cap member (10) is moved
to and from the nozzle opening of said recording head

(1):

a suction pump (20) having an ink sucking inlet (20a)
connected to ‘said cap member (10) and an ink
discharging outlet (20b) connected to a waste ink
tank (23); '

externélly operated instructing means (49) for
starting said suction pump (20); and

quantity-of-waste~ink controlling means (26) for
controlling a quantity of waste ink sucked by said
suction pump (20).

An ink jet type recording apparatus according to Claim 1,

further comprising means for disabling said instructing

means (49) when said quantity of waste ink exceeds a

predetermined value.

This Sheet Has Been Repl

[ !Ill!l | Ill i



In. the acconpanying drawings: Fig. 1 is an explanatory diagram show ng the
arrangenment of an _exanple of an ink jet type record- ing apparatus

accor-gdinrg-—to- tﬁ‘i\n M@lon Fig. 2 is a perspective vi ew shovm ng a part of

the ink ‘Lm ng apparatus of the jrAveptior—shoy ng conponents
arrangemm en of the apparatus:| Bil§. SHEET SHAS 5 bective view

showi ng 4n fnk sucklng REPLACED

3. An ink jet type recording apparatus according to Claim 1,
further comprising means for disabling said instructing
means (49) when the number of operations of said

instructing means exceeds a predetermined value.

4. An ink jet type recbrding apparatus according to one of
claims 1 to 3, in which said instructing means (49)

comprises:

10 first switch means for providing an instruction
signal to suck a quantity of ink &required for
restoring a proper printing function during a
printing operation; and /oL -

15 second switch means for providing an instruction
signal to suck a quantity of ink required for
replacement of said recording head (1).

5. 2an ink jet type recording apparatus according to one of
20 claims 1 to 3, in which said instructing means (49)

_ comprises:

first switch means for providing instruction signals

to suck a first quantity of ink and a second quantity
25 of ink which are required for regaining a proper

printing function during a printing operation; and

second switch means for providing, when said
recording head (1) is replaced, an instruction signal
30 to suck a quantity of ink sufficient to purge from
said recording head (1) a maintenance solution
previously charged in said recording head (1).

6. An ink jet type recording apparatus comprising:
35
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nmechani sm and corrponents around it in the ink jet type recording apparatus;

in. acnnuei “Uni' t |nkJet type recording apparatus; Fig. 5is a flow
chart f m \“@é of an ink charge operation carried out when a
recordlﬂ“m

aced Fig. 6is fl ow charf+&@rf dée LRES ®n of an
i NK suc 14 THI% S!’%ﬁ fﬁg E‘@EI{Iﬁ
REPLACED

a recording head (1) mounted on a carriage (4) in
such a manner that it is moved along a recording
‘sheet (3) in a widthwise direction thereof to jet ink

droplets to form dots on said recording sheet (3);

an ink tank (24) for supplying ink through an ink
supplying tube (5) to said recording head (1);

a cap member (10) arranged outside a printing region
10 in such a manner that said cap member (10) is moved
to and from the nozzle opening of said recording head

(1);

a suction pump (20) having an ink sucking inlet (20a)

15 connected to said cap member (10) and an ink
discharging outlet (20b) connected to a waste ink
tank (23);

.externally operated instructing means (49) to start
20 . said suction pump (20), said instructing means
including first switch means for providing an
instruction signal to suck a quantity of ink required
for restoring a proper printing function durwg a
printing operation, and second switch means for
25 providing, when said recording head (1) is replaced,
an instruction signal to suck -a quantity of ink
sufficient to purge from said. recording head a
maintenance solution, previously charged in said

recording head (1); ~

30
number-of-operations controllina means (44,' 47) for
controlling the number of operations of said
instruction means in a predetermined period of time;
and .

35 e
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i ng- operation as shown in Fig. 5, and Fig. 7 is a flow chart for a
descri pti-en-of “an ink E iﬂ’ I ng operation carried out when an ink tank is

repl aced, ﬁm“ﬂm ng operation is perforned to restore the proper
(i.e., hig ng func- tion. An exanple of an ink jet type
recordl ng appat at'us accord| ng to the invention, as showmn in Fig. 2,

i ncl udes: an ink jet type recording hed 1 haV| ng a plurality of noz-

means for disabling said instruction means (49) when
the number of operations of said instructing means
exceeds a predetermined value.

TRIES (SHEET HAS BEEN |
ARG i
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zles arranged so as to confront a printing surface. The recording head 1 is
nmounted on a carriage 4 which is reciprocated on two gui de nenbers 2 so as
to.scan a recording sheet 3 in the w dtZiwi se direction. The record- ing
head 1 receives ink through an ink supplying tube 5 - 5-

ABSTRACT

An ink jet type recording device has a recording head (1)
which is moved over a recording sheet (3) to jet ink droplets
to form dots on it, an ink tank (24) for supplying ink to the
recording head (1), a cap member (10) arranged outside the
printing region in such a manner that it is moved to and from
the recording head (1), a suction pump (20) having an ink
sucking inlet (20a) connected to the cap member (10) and an
ink discharging outlet (20b) connected to a waste ink tank
(23). Also, a switch is provided for starting the suction
pump; a memory circuit (30) is provided for storing data
representing the quantity of waste ink sucked out by the
suction pump (20); and a control circuit (26) is provided for
nullifying an ink purging instruction when the sum of the
quantities of waste ink exceeds a predetermined wvalue. When
it is detected through the memory circuit (30) that the sum of
the quantities of waste ink thus sucked out is beyond the
capacity of the waste ink tank (23), the ink purging operation
is suspended irrespective of a forcible ink purging
instruction from the switch.
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fron1an i nk tank 24 (described later). Tﬁgﬁ%¥c%%ﬁ]ng é%@%ggfgg{%urther

sheet 3, and supporting

i.ncl udes: a platen 6 for supporting the recording}

plates 7 and 8 which rotatably support the platen®
mem ber 10 is prOV|ded QuLSFde “the printing area
of Fig. 2) in sugch t can be brought
front surface of}tY fead 1. The cap 1

CBEPAREET (LtRRY
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i
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nto cont act t
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through a tube 1

m 20- 1 -

cap
ded side
h t he

ct ed

INK JET TYPE PRINTING APPARATUS

This invention relates to an ink jet type printing
apparatus in which ink is supplied from an ink tank to
a2 nozzle to jet therefrom ink droplets so as to record
characters, etc. on a recording ‘medium. More
particularly, the invention pertains to a technique of
supplying or £filling the recording. head of an ink jet
type recording head with ink.

In an ink jet type recording apparatus in which a
nozzle is used to jet ink droplets to print characters
and images on a recording sheet, the nozzle opening is
considerably small. Hence, if foreign matter such as
paper dust sticks on the nozzle or bubbles are formed in
the ink supply line, the ink droplets are not
satisfactorily formed, and hence the resultant print is
low in quality.

In order to eliminate this difficulty, an improved
ink jet type recording apparatus“has been proposed (EP-
42720230). This recording apparatus has a :restoring
device for forcibly purging ink‘to remove foreign matter

- or bubbles from the ink flow line, and an'externally

operated switch to activate the restoring device. That
is, the recording apparatus is. desxgned so . that, when

the resultant print is unsatzsfactory -in pr;nt quallty,.
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The cap menber 10 is shown in Fig. 3 in nore detail. The cap menber 10
includes a solenoid 12, a rod 13 driven by the gotemord—iZ2—an—arm 14, and
a base menber 15 which is noved back and forth thﬁé&@KkWﬁaTﬁﬁﬁEls and the
arm 14 by the sol enai N | astic nenber 16 )i 4 provided on {he front
surface of th ich confronts wijth t o b surface of
the recordingih %Hqgg_mnela c nenber 16 surroynd?ggﬁ?ﬁg"?%ront sur- face
of the recordi us form ng-a2nezzle

~he switch is operated to activate the restoring device,
<hereby to restore the printing operation.

The restoring device is used also in the case where
zhe recording head is replaced by & new one, or the
ink tank is replaced by a new one, or the recording
zpparatus is not used for a long time. That is, in
rhese cases, it is used to purge ink for adjustment of
zhe ink flow line.

On the other hand, a recording head is filled with
2 maintenance solution when shipped from the factory.
qherefore, before a new recording head is used, it is
essential to completely remove the maintenance solution
from the recording head. For this purpose, a large
~uantity of ink is purged through the new recording head
when compared with the quantity of ink purged from the
ink flow line.

The ink thus discharged for replacement of the
recording head.or for restoration of the proper printing
function is sent to a2 waste ink tank provided in the
recoxrding apparatus body. The waste ink tank is limited
in volume because the casing of the recording apparatus
body is also limited in space.

The above-described restoring operation is
essential for maintaining the print quality high.
However, if it is carried out repeatedly in an excessive
fashion, then not only is a large quantity of ink
wasted, but also the ink leaks from the waste ink tank
which is limited in volume.

In view of the foregoing, an object of this
invention is to provide an ink jet type recording
apparatus in which the leakage_qf_ink from the waste ink

tank is positively prevented. ., . = . . 4
. “@ e
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accommodat i ng chanber 17. The suction punp 20 (no{ g§ b g 3
applies a negative pressure to the nozzl e accommoga E@\é@?ﬂ;‘ﬁagbg t hr ough

7
t he tube 11. ﬁthEEQS‘*' nce nuneral 18 desi gnates a positign
detector. WhmHISHSFERICHA % Head 1 is noved to the| p@Hd NG¥n98Gerle (it
t
S
r

confronts th cap REA he car- riage 4 is prpught into cogtact with
t he position*d€rector 18, as a result of which the latter producC
detection signal. The detection signal is applieddo-.a _control ci

] _ 3 _

Anather abject of the invention is to provide an
ink jet type recording apparatus in which an ink sucking
operation is carried out, both when the recording head
is charged with ink and when the resultant print is
unsatisfactory in print quality, and useless consumption
of ink is eliminated; that is, the ink is economically

used.

These objects are solved by the ink jet type recording apparatuses
according to independent claims 1 and 6. Advantageous embodiments
of the apparatus according to independent claim 1 are given in
dependent claims 2 to 5. The claims are to be understood as a
first non-limiting approach to define the invention in éeneral
terms. Further advantageous features of the invention are evident
from the following description and drawings.

According to the invention, there is provided an ink jet type
recording apparatus which has a recording head mounted on a carriage in

such a manner that is moved along a recording sheet in
2 widthwise direction thereof, to jet ink droplets to
form dots on the recording shest. Further, an ink tank
for supplying ink through an ink supplying path to the
recording head is provided. A cap member arranged
outside a printing region in such 2 manner that the cap
member is moved to and from the nozzle opening of the
recording head is also provided. A suction pump having
an ink sucking inlet which is connected to the cap
member, and an ink discharging outlet which is connected
to 2 waste ink tank are also provided.

According to one embodiment, an - instructing

means which is externallygoperated to start the suction
pump, a quantity of waste-ink controlling means for
controlling a guantity of waste ink Sgcked' by the
suction pump, and means for disabling the instructing
means when the quantity of waste ink exceeds. a
predetermined value are furthermore provided.
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26 (not shown in Figure 3 and to be described later), so that the sol enoid
12 is activated to nove the base nem ber 15 to the nozzle surface la of
the recording head 1. That is, the nozzle surface 1 a of the recordi ng head

1 is sealingly closed by the cap nenber 10. T, atat us, as

shown in Fig. 1, has an ink supplying path, a FﬁﬁkA@gﬁgmﬂﬁﬁg%t used to
ug; and controli device

29 NOV 19%J

restore the prlntlng capab+HTty of the appara
t her ef or . A BEE

According to another preferred embodiment, the ink jet type

recording apparatus comprises means for disabling the instruction
means when a number of operations of the instruction means

exceeds a predetermined value.

According to another embodiment, the ink jet type recording
apparatus further comprises externally operated instructing means
to start the suction pump, whereby instructing means include first
switch means for providing an instructional signal to suck a
quantity of ink required for restoring a proper printing function
during a printing operation, and second switch means for
providing, when the recording head is replaced, an instruction
signal to suck a quantity of ink sufficient to purge from said
recording head a maintenance solution previgusly charged in said
recording head. A number-of-operations controlling means for
controlling the number of operations of the instructing means in
2 predetermined period of time as well as means for disabling the
instructing means.when the number of operations of the instructing
means exceeds a prgggtermined value are also provided.

If the resultant print is unsatisfactory in print
guality, the suction : pump is operated with the cap
member coupled to the recording head to apply 2 negative
pressure to the nozzle. As a result, the ink in the ink
tank is forcibly purge& through the nozzle, thus
removing bubbles from the ink supplying path or dust

This Sh.et Has Been Replace
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I'n Fig. 1, reference nuneral 20 designates the afore- nentioned suc
punp, which has an ink sucking inlet 20a connected.through the tuhe

tion
11 to

t he nozzl e accom nodating chanber 17 of the cap neRberACERENRIBHEED
et

di scharging o d through a tube 21 to—a—wast t
e, SHEeR dyon pEct,

nk .
ank 23.

Further in Fi meral 24 designated the, gf tipned ink
tank which is}connREPeACEDr augh t he i nk suppl yi ng tLb62§ ?ﬁ)\?@ riecior di ng

head 1; refer

- 5 -

from the nozzle. The guantity of ink thus forxcibly
discharged is measured. When the quantity of ink thus
meésured reaches a predetermined value, i.e., the volume
of the waste ink tank, the latter is replaced with a new
one. In the case where it is necessary to perform the
forcible ink purging operation frequently in a short
period of time, the probability is high that the problem
cannot be solved by the ink purging operation.
Therefore, in this case, in order to eliminate the
difficulty that a large quantity of ink is wasted by
repeating the ink purging operation, the ink purging
operation is suspended irrespective of the ink purging
instruction provided by the user.

The nature, utility and principle of the invention
will be more clearly understood from the following
detailed description and the appended claims when read
in conjunction with the accompanying drawings.

-

In the accompanying drawings:

Fig. 1 is an explanatory diagram showing the
arrangement of an example of an ink jet type recording
apparatus according to this invention;

Fig. 2 is a perspective view showing a.part of the
ink jet type recording apparatus of the invention,
showing. components arranged around the platen of the
apparatus;

Fig. 3 is a perspective view showing an ink sucking
mechanism and components around it in the ink jet type
recording apparatus;

Fig. 4 {s a block diagram showing functions
performed by a microcomputer in a control unit in the
ink jet type recording apparatus;
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ence nunber 26 desi ghates a control circuit for COHtR@Lﬂpé{{;@ﬂﬂ :§ﬁ
operations of the printing apparatus, the -6 - ¢coptol"CIfC

T

Eé bd

S

I ng

nade up of a nlcroconputer includ-. ing a central p'o:essin% unit ((CRU), a

read-only menory o Bpbn access menory RAMEY B

Hel986 y

i
N

-6 - I

Fig. 5 is a flow chart for a description of an ink
charge operation carried out whén a recording head is
replaced;

Fig. 6 is a flow chart for a description of an ink
sucking operation as shown in Fig. 5; and

Fig. 7 is a flow chart for a description of an ink
purging operation carried out when an ink tank is
replaced, or when a restoring operation is performed to
restore the proper (i.e., high quality) printing

function.

An example of an ink jet type recording apparatus
according to the invention, as shown in Fig. 2,
includes: an ink jet type recording head 1 having a
plurality of nozzles arranged so as to confront a
printing surface. The recording head 1 is mounted on a
carriage 4 which is reciprocated on two guide members 2
So as to scan a recording sheet 3 in the widthwise
direction. The recording head 1 receives ink through

-

an ink supplying

tube 5 from an ink tank .24 (described later). The
recording apparatus further includes: a platen 6 for

supporting the recording sheet 3, and supporting plates

7 and 8 which rotatably support the platen 6 at both
ends. A cap member 10 is provided outside the printing
area (on the left-handed side of Fig. 2) in such a
manner that it can be brought into contact with the
front surface of the recording head 1. ' The cap member
10 is connected through a tube 11 to a suction pump 20.

The cap member 10 is shown in Fig. 3 in more
detail. The cap member 10 includes a solenoid 12, a rod
13 driven by. the solenoid 12, an arm 14, and a base
member 15 which is moved back and forth through the rod
13 and the arm 14 by the solenoid 12. An elagﬁig_mgmgg:

This Sheet Has Been Replaced

AT

11



unit 30 stores the nunber of tines of ink suction by the cap menmber 10 and
a quantity of discharge. The nmem ory unit 30 inclu ry
circuit 31, a second nenory circuit 32, and a thifd ENERT SeEEm [33. The
first menory circuit 31 is to st anumsrical val e (k) WATTITf;s {obt ai ned
by addi ng a nunerilcalis\gHee® HABeBSEN pk purgi ng opef ati 0% ph o@g s idé¢t er m ned
I n proportion to a quantREWAcqb |nk o be purged. {(fior |nstan

cc). The second ne Vi -etH+—32—st ores t he nunijer

-7 -

16 is provided on the front surface of the base member
15 which confronts with the nozzle suriace of the
recording head 1, the elastic member 16 surrounding the
front surface of the recording head 1, thus forming a
. nozzle accommodating chamber 17. The suction pump 20
(not shown) in Figure 3 applies a negative pressure to
the nozzle accommodating chamber 17 through the tube 11.

In Fig. 3, reference numeral 18 designates a
position detector. When the recording head 1 is moved
to the position where it confronts the cap member 10,
the carriage 4 is brought into contact with the position
detector 18, as a result of which the latter produces a
detection signal. The detection signal is applied to a
control circuit 26 (not shown in Figure 3 and to be
described later), so that the solenoid 12 is activated
to move the base member 15 to the nozzle surface la of
the recording head 1. That is, the nozzle surface la of
the recording head 1 is sealingly closed by the cap
member 10.

The recording apparatus, as shown in Fig. 1, has an
ink supplying path, an ink sucking path used to restore
the printing capability of the apparatus, and control
device thexefor. )

In Fig. 1, reference numeral 20 designates the
aforementioned suction pump, which has an ink sucking
inlet 20a conneéted through the tube 11 to the nozzle
accommodating chamber 17 of the cap member 10, and an
ink discharging outlet 20b connected through a tube 21
to a waste ink tank 23.

Further in Fig. 1, reference numeral 24 designates
the aforementioned ink tank which is connected

through the ink supplying tube 5 to the recording head 1;
reference number 26 designates a control circuit for controlling

various operations of the printing apparatus, the control circuit
being made '
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purgi ng operations carried out for a period of tine preset by a
period-of-time setting circuit 35 (described later), and stores it as a
frequency mat the end of the period of tinme. The third nenory circuit 33

i ntegrates the nunber (n) of ink purging operaft rt kt. These
memory circuits 31, 32 and e made up of ah RPEACEMENTCSHERSr asabl e

pr ogr ammabl e ] ASOBEEN M the contentgs jof which TS I ptai ned by a

battery. The af pienBME per ilod- of -+ i 8- setf ingra@ Koyi 5
™ Qe 29 HOYiHod

up of a microcomputer including ; central processing
unit (CPU), a read-only memory (ROM) and a random access
memory (RAM); a memory unit 30 stores the
number of times of ink suction by the cap member 10 and
a quantity of discharge. The memory unit 30 includes a
first memory circuit 31, a second memory circuit 32, and
a third memory circuit 33. The first memory circuit 30
is to store a numerical value (k) which is obtained by
adding a numerical value every ink purging operation
which is determined in proportion to a quantity of ink
to be purged. (for instance 10 per 0.1 cc). The second
memory circuit 32 stores the number of ink purging
operations carried out for a period of time preset by a
period-of-time setting circuit 35 (described later), and
stores it as a frequency m at the end of the period of
time. The third memory circuit 33 integrates the number
(n) of ink purging operations and stores it. These
memory circuits 31, 32 and 33 are made up of an
electrical erasable programmable ROM (EEPROM) or a RAM
the contents of which is maintained by a battery. The
aforementioned period-of-time setting circuit 35 is
typically made up of a timer.

?ig. 4 is a block diagram showing functions which
are realized by the microcomputer which forms the
aforementioned control circuit. More specifically, Fig.
4 shows on~off determining means 40, purge quantity
setting means 41, ink-filling-operation determining
means 42, numerical value calculating means 43, number-
of-operations counting means 44, frequency determining
means 45, numerical value determining means 46, number-
of-operations determining means 47, alarm outputting
means 48, suction preparation instructing means 49, ali
of which are realized by programming. The on-off
determining means 40 determines from the operation of an
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typically made up of a tinmer. Fig. 4 is a block diagram show ng functions

which are realized by the m croconputerwhich forns

control circuit More specifically, Fig. 4 shows onf

t he af ore- nenti oned

( b [ reans
40, purge quantity setting means 41, ink-filling-agp ratﬂgﬁ gl@%%? ng
means 42, nunerical value cal cul ati ng nmeans 43, nunber-of-oper- atgipns

counting neans 44

determ ni ng

D

qeniy| \det er i ni ngomeans 45,f runiRi AV 1994 U

on-line/off-line switch S1 whether an on-line state is
established or whether an off-line state is established
(whether or not printing data can be received from the
host unit). The purge qﬁantity setting means 41
determines a quantity of ink to be purged for the period
of time for which a restoring operation instructing
switch S2 is depressed. The ink-filling-operation
determining means 42 selects an ink ?urging operation
accompanying an operation of charging the recording head
with ink when a power switch SP is turned on with the
restoring operation instruction switch S§2 turned on.
The numerical value calculating means 43 adds a
numerical value, corresponding to a gquantity of ink to
be purged, to renew the contents of the first memory
circuit 31. -The number—of-operations counting means 44
counts the number of operations to thereby renew the
contents of the third memory circuit 33. The frequency
determining means 45 clears (resets) the contents of the
second memory circuit 32 when the period set by the
period-of-time setting circuit 35 has passed, and
outputs a signal for nullifying an ink purging
instruction or a warning signal when the contents of the
second memory circuit 32 reaches a predetermined value.
The number-of-operations determining means 47 determines
the number of depressions of the restoring operation
instructing switch S2. The alarm outputting means 48
outputs a message sentence corresponding to the alarm
signal, for example, to display the message sentence in
an LCD. The alarm outputting means 48 may light an LED
or buzz instead of the message sentence. The suction
preparation instructing means 49 activates a cap membexr
operating (opeﬁing and closing) circuit 28 in response
to signals from the position detector 18 and the on-
line/off-line switch Sl1. ——
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nUnber-Ot;gggLQLLons determ ning neans 47, alarmout- putting neans 48,
—suction preparation instructing nmeans 49, all of which are realized by

s Bgen Réffisedon- of f  det er mi ni ng neans 40 mnes—Hom~ he operation
0 ARt f-dine_switch S1 whether an -t]ﬁ)f}ﬁéﬁﬂ-@ﬁitﬁ"ﬁféf bst abl i shed or
m%ﬂﬁgﬂmﬁm‘ i ndH3 SHEET $1AGSBRER! | shed (whetlher or not printing data can
be romthe hogtpiupg) - The purge uant'gt;yNgv?t"?g@g neans 41 deter-
mnes a quantity of-- d ferioh eriod o I e

The operations of the apparatus thus constructed
will be described with reference to flow charts shown in
Figs. 5, 6 and 7.

In the case where the printing apparatus is
operated for the first time, or the recording head is
replaced by a new one, a new ink tank 24 is
connected to the ink supplying inlet, and the injection
needle at the end of the ink supplying tube 5 is
inserted into the ink tank 24; that is, the ink
tank 24 is connected through the tube 5. to the

recording'head 1.

Under this condition, the power switch SP is turned
on with the restoring operation instructing switch S2
depressed. In this case, the control circuit 26
determines that the recording head 1 has not been used
yet (Step 50), and sets a period of time Tl which is
required for sucking a large gquantity of ink, for
instance 10 ¢c, which is to be purged for charging the
recording head with ink (hereinafter referred to as "an
ink charge operation", when applicable) (Step 51).

This is the first ink charge operation for the

recording head 1 (Step 52). Therefore, the timer
forming the period-of-time setting circuit 35 is started
(Step 53).

The control circuit 26 starts suction preparation
(Step 57). The suction preparation is carried out as
shown in Fig. 6. It is determined from the presence or
absence of the output signal of the position detector 18
whether or not the recording head 1 is located at .the
predetermined position where it confronts the cap member
10 (Step 70). When the recording head 1 is not located
at the predetermined position, the carriage 4 is driven
to move the recording head 1 to the cap member 10 (Step
71). Under this condition, the cap member 10 is abutted



for which a restoring operation instructing swtch S2 i s depressed. The

i nk-filling-operation determ ning means 42 sel ect operation
acconpanyi ng an operation of charging the recordijn en a
power switch SP is turned on with the restoring gpdr- at| ugtion

switch S2 turned on. The nunerical val ue cal cul atji a
nuneri cal valu cor-_respondi to a quanti ty oft i to
renew t he cont ¢S GHEEN&IASI BEEN |nenory ~cildcui t 3.
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against the recording head 1 (Step '72) so that the
nozzle surface of the recording head 1 is hermetically
sealed by the cap member 10.

Upon completion of the suction preparation, the
control circuit 26 operates the suction pump 20 (Step
58). The operation of the suction pump 20 is continued
for the period of time Tl set in Step 51. In this
operation, a negative pressure is applied to the nozzle
opening la, to suck air out of the ink supplying path
and the recording head 1 through the nozzle opening la.
When the air has been discharged, the ink in the ink
tank 24 is moved to the recording head 1 by the negative
pressure applied thereto, thus being jetting into the
cap member .10 through the nozzle opening la. The ink
thus jetted is led through the tube 21 to the waste ink
tank 23. When the predetermined period of time T1 has
passed (Step 59), the.control circuit 26 suspends the
operation of ‘the suction pump 20 (Step 60), and
calculates an ink charge operation frequency (m), a
value which is the sum of a numerical wvalue (k)
representing the integration of sucked ink quantities
and ‘a numerical value (for instance thirty (30))
corresponding to the quantity of ink sucked at this
time, and the total number (n) of operations, and stores
them in the second memory circuit 32, the first memory
circuit 31, and the third memory circuit 33 (Step 61).
In this case, the first ink charge operation is carried
out, and accordingly the numerical value (k) and the
number of ink charges (n) are smaller than the
predetermined values (Steps 62 and 63).

In general, in order to protect the recording head
1 during shipment from the factory, the recording head
1 is filled with polyhydric alcchols such as glycerol -
and ethylene'glycol, which are slow to evaporate and
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-7- of-operations counting nmeans 44 counts the nunber of operations to
t hereby renew the contents of the third nenory circuit 33. The frequency

determ ning neans 45 clears (resets) the contents S ry
circuit 32 when [tiyes RREEOHASSIEERY the period-of -t FPLA BN SHEET
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high in viscosity. The protective materials are

sufficiently washed away from the recording head 1 when
a large quantity of ink is purged in the above-described
manner. At the same time, the bubbles entering the
recording head are removed by the stream of ink, which
flows faster than in the printing operation, thus
ensuring a high quality of the subsequent printing
operations.

In the case where a printing operation is carried
out after the ink charge operation is found to be
unsatisfactory in print quality, the initial operation
of charging the printing head with ink may be
unsatisfactory. Therefore, in this case, the above-

. described operations are carried out once more with the
power switch Sp turned off. This is the second ink
charge operation (Step 52). The second ink charge

- operation is started within.a short period of time T2
(for instance;- one hour) after the previous ink charge
operation (Step 54). Therefore, the freguency (m)
stored in the second memory circuit 32 is read. If the
frequency (m) is smaller than the predetermined wvalue
(m0) (for instance three (3)) (Step 56), the above-
described Steps 57 through 63 are effected so as to suck
the quantity of ink (10 cc) required for the initial use
or replacement of the printing head.

Sometimes it is necessary to carry out a third ink
charge operation, for instance, because of an error in
operation. In this case, the frequency (m) reaches the
predetermined value (3)-(Step 56). Therefore, the ink
charge operation has been carried out satisfactorily;
however, the recording head 1 may be out of order.
Hence, irrespecéive of the ink purging instruction, the
ink'sucking operation is suspended, or a warning "Call-
the service man" is given (Step 64). Thus, the
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cuit 35 has passed, and outputs a signal for nullifying an ink purging
I nstruction or a warning signal when the con- ten
circuit 32 reaches a prede- termned value. The
det ermi ni ng neans{44sdstErTniA®BEEME number of depr
operation instruc |ng $MW§¢E 2. TRHe al arm out -

message sentence & ) the alarm si
di spl ay the nessage sentence in an LCD. e al ar

difficulty can be eliminated that, although the problem
involved may not be solved merely by forcibly purging
ink uselessly, the user causes ink to be forcibly purged
anyway.

Sometimes it is necessary to perform the ink charge
operation several days after the previous ink charge
operation (Step 54). In this case, the timer forming
the period-of-time setting circuit 35 is reset, and the
contents (m) of the second memory circuit 32 is also
cleared. Therefore, Steps 57 through 63 are effected to
suck 10 cc of ink required for the ink charge operation.
Thus, the ink charge operations are prevented from being
performed too many times; however, in the case where the
recording head is out of order, for instance, because it
has not been used for a long time or the ink tank was
vibrated during transportation, similarly as in the ink
charge operation a large quantity of ink is purged
through the “recording head to restore the printing
function. |

A printing operation is carried out after the
recording head has been correctly charged with ink (Fig.
7y. If, during the printing operation, the printing
guality is lowered, then the on-line/off-line switch S1
is depressed to disconnect the printer from the host
unit (Step 80).

When, under this condition, the restoring operation
instructing switch S2 is depressed (Step 81), the
control circuit 26 detects a period of time Tx for which
the switch S2 is kept depressed, and determines a
quantity of ink to be sucked from the period of time Tx
thus detected (Step 82). More specifically, when the
period of time Tx is shorter than a predetermined value
T3, a period of time T4 required for sucking a small
quantity of ink, for instance, 0.1 cc, is selected (Step
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83) whereas, when it is longer than the predetermined
value T3, a period of time TS required for sucking a
larger quantity of ink, for instance, 0.3 cc, is
selected (Step 84).

This is the first restoring operation (Step 85).
Therefore, the timer forming the period-of-time setting
circuit 35 is started (Step 88), and the suction
preparation is carried out as shown in Fig. 6 (Step 30).
When the cap member 10 is coupled to the recording head
1, the control circuit 26 applies an instruction signal
to a pump drive circuit 29 to operate the suction pump
20. (Step 91). When the period of time T4 set in Step 83
or the period of time T5 set in step 84 has passed (Step
92), the control circuit 26 stops the suction pump 20
(Step 93). Then, the control circuit 26 reads the
number of restoring operations (n) and obtains the sum
of the numerical value predetermined for the quantity of
ink sucked in-.and the previous numerical value (k), and
stores them in the first and third memory circuits 31
and 33. In this case, the first restoring operation is
carried out, and therefore both the numerical value (k)
and the number of restoring operations are smaller than
the predetermined wvalues (Steps 95 and 96).

Thereafter, the printing operation is continued,
and the restoring operation may be carried out again
(Steps 80 through B84). In this case, the control
circuit 26 refers to the data of the timer forming the
period-ocf-time determining circuit 35 to determine the
interval between the present restoring operation and the
preceding restoring operation (Step 87). When a
predetermined period of time, for instance, one hour,
has passed, the iestoring operation frequency (L) stored

in the second memory circuit 32 is cleared, while the '

timer forming the period-of-time setting circuit 35 is
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for the first time, or the recording head is replaced by a new one,
ink tank 24 is connected to the ink sup- plying inlet, and the |nJect|on

a new

needl e at the end of the ink supplying tube 5 is IQ§g[feg$N5

| A9 Lll

FEETh

24; that is, ghe—in $ connected through t v
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with the rest B‘r’%g_g_r_z________uistructl ng switch $2depBa¢@edeoy n| t
the control c 6 determ nes - 15 -

i nk tank
hed on
hi s case,

reset (Step 89). Thereafter, similarly as in the above-
described first restoring operation, Steps 90 through 96
are carried out to achieve the present restoring
operation.

Sometimes the restoring operation may be carried
out frequently. That is, sometimes the number of
restoring operations may exceed a predetermined value
L0, for instance three, in one hour (Step 88), as a
result of which the printing operation cannot be
smoothly carried out. This difficulty is not due to
dust stuck on the recording head. That is, the
recording head 1 itself may be out of order. Therefore,
irrespective of the ink purging instruction, the ink
sucking operation is suspended, or the warning “Call the
service man" is given for inspection of the recording
head (Step 97). Thus, the trouble can be solved
effectively.without useless consumption of ink.

When, after the restoring operation has been
carried out repeatedly with a frequency which has been
suitably predetermined, the total number of operations
(n) stored in the first memory circuit 31 or the
numerical value (k) representing the quantity of ink to
be purged stored in the third memory circuit reaches the
predetermined value (Step 95 or 96), then the control
circuit 26 gives a warning message "Replace the waste
ink tank" so that the waste ink tank 23 is replaced by
a new one (Step 97). Thus, the waste ink tank 23 can be
replaced before the waste ink leaks from it.

In the case where the recording apparatus has not
been used for a long time or the amount of printing is
less, that is, when the ink is less consumed, the ink
changes in characteristic, for instance, because the ink
solvent components evaporate from the ink flow path or

air enters the recording head 1 or the ink supplying
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that the recording head 1 has not been used yet (Step 50),
period of time Tl which is required for sucking a ﬁﬂ% otre--t-y—Qf
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path, as a result of which sometimes ink droplets are
not satisfactorily jetted through the nozzle opening.
Hence, in order to positively maintain the print quality
satisfactory irrespective of the amount of print or the
frequency of use, a method may be employed in which,
whenever the timer forming the period-of-time setting
circuit 35 counts a predetermined value, for insﬁance,
ten (10) days, a predetermined quanﬁity of ink, for
instance, 0.5 to 1.0 cc, is purged.

The fact that the printer is not used for a long
time means that the operation of filling the recording
head with ink is not carried out either. Therefore, the
rate of operation of the recording apparatus can be
determined from the data provided by the following
method. When a predetermined peried of time, for
instance, three days, has passed from the preceding ink
charge operétion; the contents of the second memory
circuit 32 is-reset. 1In addition, the periods of time
in which no printing operation is carried out, or the
amounts of printing are stored in the second memory
circuit 32, that is, the amount of printing in a
predetermined period of time is stored in the second
memory circuit 32.

In the case Wwherein the ink tank is replaced
because it has been emptied, the above-described
restoring operation is carried out (Steps 80 through 97
in Fig. 7); that is, the gquantity of ink required for
the ink charge operation is purged from the recording
head 1, so as to remove bubbles or foreign matter mixed
at the time of replacement of the ink tank.

In the above-described embodiment, the period-of-
time setting ciécuit is made up of the timer; however,
the invention is not limited thereto or thereby. That.
is, the same effect may be obtained by using another
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not the recording head 1 is located at F@gw?ﬁﬁgﬁfﬁﬁﬁﬁg

position where it confronts the cap nenber 10 ( Stje
head 1 is not |ocated

circuit 26 starts suction preparation (Step 57). The suction
preparation is carried out as shown in Fig. 6. It is determned fromthe
presence or absence of the output Signal of the position detector 18
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period-of-time parameter such as the number of printing
lines, the number of printing pages, or a period of time

which elapses from the time instant that the power

switch is turned on until the power switch is turned
off. More specifically, when the amount of printing
counted with a counter built into the printer reaches a
predetermined value, the frequency data L can be reset.
Thus, the restoring operation during a printing
operation can be controlled accofding to the amount of
print.

In the above-described embodiment, the ink tank and
the waste ink tank are provided on the chassis, and they

‘are connected through the tubes to the recording head.

However, it goes without saying that the technical
concept of the invention is applicable to an ink jet
type printing apparatus in which the recording head, the
ink tank aﬁd the waste ink tank are mounted, as one
unit, on the carriage.
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-8- at the predeterm ned p05|t|on the carriage 4 is driven to nove the

recordi ng head nber 10 (Step 71). Under this condition, the
cap nmenber 10 |, B E m t the recordi ng heag—t—(Step~~i2)}-sQ that the
nozzl e surface head 1is herrreticaIRBPLé&"dP&H BNERThG cap

menber 10. Upon conpl etion of the suction preparat} off, tHhe—Ton=:
29 NGV 1996
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CLAIMS

1. An ink jet type recording apparatus comprisings:

a recording head (1) mounted on a carriage (4) in
such a manner that it is moved along a recording
sheet (3) in a widthwise direction thereof to jet ink
droplets to form dots on said recording sheet (3);

an ink tank (24) for supplying ink through an ink
supplying tube (5) to said recording head (1l);

a cap member (10) arranged outside a printing region
in such a manner that said cap member (10) is moved
to and from the nozzle opening of said recording head

(1);

a suction pump (20) having an ink sucking inlet (20a)
connected to ‘said cap member (10) and an ink
discharging outlet (20b) connected to a waste ink
tank (23);

externally operated instructing means (49) for
starting said suction pump (20); and

quantity-of-waste-ink controlling means (26) for
controlling a quantity of waste ink sucked by said
suction pump (20).

2. An ink jet type.recording apparatus according to Claim 1,
further comprising means for disabling said instructing
means (49) when said quantity of waste ink exceeds a
predetermined value.
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trol circuit 26 operates t ﬂlﬂ@ﬁﬂ“ﬂ“ '.[UH! 0 (Step.58) The operatjon of
the suction punp 20 is cont riod df HEP%GET@EWGQHEFHT St ep 51.
Ln this operation, a neg- ative pressure is applae t-o—~the—rozzt¢ ppeni ng
la, to suck BirfcORGa oid suppl yi ng path andg tih nead 1

t hrough the nﬁ@l ?t&eﬁ&§$&. When the air has Hegn ai s@ﬁ‘é?‘é@g the ink in
the ink tanki24._i to the recording head 1 jbyi_the negativelpfessure
applied thereto, thus being Jetting ¢int® {he cap {menber 10

3. An ink jet type recording apparatus according to Claim 1,
further comprising means for disabling said instructing
means (49) when the number of operations of said
instructing means exceeds a predetermined value.

4. An ink jet type recording apparatus according to one of
claims 1 to 3, in which said instructing means (49)
comprises: |

first switch means for providing an instruction
signal to suck a quantity of ink required for
restoring a proper printing function during a
printing operation; and /oL ‘ |

second switch means for providing an instruction
signal to suck a quantity of ink required for
replacement of said recording head (1l).

5. An ink jet type recording apparatus according to one of
claims 1 to 3, in which said instructing means (49)
_ comprises:

first switch means for providing instruction signals
to suck a first quantity of ink and a second guantity
of ink which are required for regaining a proper
printing function during a printing operation; and

second switch means for providiné, when said
recording head (1) is replaced, an instruction signal
to suck a quantity of ink sufficient to purge from
said recording head (1) a maintenance solution
previously charged in said recording head (1).

6. An ink jet type recording apparatus comprising:
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through the nozzl e openy i t hus j ttPéaLA(k' AENG S%FBugh t he tube
21 to the waste ink tqmﬂ@ﬂwwﬂﬂlwﬂmpredeterm ed~period of 1| me Tl has
passed (Step 59), the ) 26 suspends g@pNgqqg i onjof the suc-
tion punp 20 (Step 60), and cal cul ates an ink icharge operatiof {requency
(m, avalue f a nunerical vl bnging the
I ntegration of ETH’MSqBEEM ties and a nungerical value (for{instance
thirty (30)) jorresﬂBWdKﬁD to the quand?ty of Imk—sucked at

a recording head (1) mounted on a carriage (4) in

such a manner that it is moved along a recording
sheet (3) in a widthwise direction thereof to jet ink
droplets to form dots on said recording sheet (3);

an ink tank (24)
supplying tube (5) to said recording head (1);

for supplying ink through an ink

a cap member (1l0) arranged outside a printing region
in such a manner that said cap member (10) is moved
to and from the nozzle opening of said recording head

(1):

a suction pump (20) having an ink sucking inlet (20a)
connected to (10)

connected to a2 waste ink

said cap member and an ink

discharging outlet (20b)

tank (23);

externally operated instructing means (49) to start
said pump (20),
first switch

suction said instructing means
for

instruction signal to suck a quantity of ink required

including means providing an

for restoring a proper printing function durim)g a

printing operation, and second switch means for

providing, when said recording head (1) is replaced,
an instruction signal to suck ‘a2 quantity of ink
sufficient to from

purge said. recording head a

solution, in said

:gecording head (1);

, maintenance previously charged

for
said

(44,
operations

number-of-operations controlling means 47)
the number of of
instruction means in a predetermined period of time;

controlling

and
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this time, and the total nunmber (n) of operations, and stores themin the
second nemory—ei-r-eui-t...32, the first nmenory circuit 31, and the third nenory

citcuit 33 ?m"ﬂlmi is case, the first ink charge operation is '
carried out ”ﬂmgfy the nunerical value (k) and the nunmber of ink
charges (n) ‘aré shali ers n the predeter- mned values (Steps 62 and 63).
In general, in order to protect the recording head 1 during shipnment from

the factory, the recording head 1
- 21 -

means for disabling said instruction means (49) when

the number of operations of said instructing means
exceeds a predetermined value.
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is filled with polyhydric al cohols such as glycerol and eth- ylene glycol,
which are slow to evaporate and high in vis- cosity. The protective
materials are sufficiently washed away fromthe recording head 1 when a

| arge quantity of ink is purged in the above-described manner. At the sane
time, the bubbles entering the recording head are renoved by the stream of

I nk which flows faster than in the printing operation, thus ensuring a high

gquality of the subsequent printing opeat4 ons. l REPLACEMENT SHEET
l Vi W i
|

29 MOV 1996

" ABSTRACT

INK JET TYPE PRINTING APPARATUS

An ink jet type recording device has a recording head (1)
which is moved over a recording sheet (3) to jet ink droplets
to form dots on it, an ink tank (24) for supplying ink to the
recording head (1), a cap member (1l0) arranged outside the
printing region in such a manner that it is moved to and from
the recording head (1), a suction pump (20) having an ink
sucking inlet (20a) connected to the cap member (10) and an
ink discharging outlet (20b) connected to a-waste ink tank
(23). Also, a switch is provided for starting the suction
pump; a memory circuit (30) is provided for. storing data
representing the quantity of waste ink sucked out by the
suction pump (20); and a control circuit (26) is provided for
nullifying an ink pu;giﬁ§ ‘instruction when the sum of the
quantities of waste ink exceeds a predetermined value. When
it is detected through the memory circuit (30) that the sum of
the quantities of waste ink thus sucked out is beyond the
capacity of the waste ink tank (23), the ink purging operation
is suspended irrespective of a forcible ink purging

instruction from the switch.
!-

{Figure 1]
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In the case where a printing operation is carried out after the ink charge
operation is found to be unsatisfac- tory in print quality, the initial
operation of charging the printing head w t hjts Ay _be unsatisfactory.

Ther ef or e, - 9 - inthis case, the above- PNS are
carried
1 REPLACEMENT SHEET
29 NOV 1995

6’[}\\‘\\\\\\\ﬂ
—— A
E
N
)
\
A
A
[~=) N
o~ N
N
{ \
—
>
O
L
& 7
T~ Q g
=] %
~ / -~
&) gl 1S 7
T~ sl Y /
0y ) /]
clIE /
g Z R 2 \
%‘n;'\ e e R M }1 f \
W ——— e e e e e o e
of 18] | = A
Q= Ui ojaag i | \m
95 | > > > | N
m (Vo) [ 4 | m m m I
wy | & 11 9 ) o
Q. s |
= \ & &S = |
Lut I > b % |
=y c ! Q '
~u (] Al = o !
- {2=] S| | &~ :
1 &
18| i|Es| B8] EE|]
= I !
e I I
e & pP——2—1 |
— T
w ] 4 .
o,
= =Y
w)

This Sheet Has Been R,

A Ill I



out once nore with the power switch Sp turned off. This is the second
I nkcharge operation (Step 52). The second i nk charge operation is started
wtthin a short period of time T2 (for instance, one hour) after the

previ ous ink charge operation (Step 54). Therefore, the frequency (m
stored in the second nenory circuit 32 is read. If t'?HS e—quency (m is
smal l er than the predeterm ned value (nD) (for instgnhce tﬂlrlEEe {2

56), the above-described Steps 57 through 63 are ef fig tedREPlA%E SERIEK t he
guan- -0 ;
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éucking operation is suspended, or a warning "Call the service man" is

given (Step 64). Thus, the dIffICU|ty can be elimnated that, although the
probl em i nvol ved may e : '

usel essly, the user ¢ di

I S necessary to perf o argel operati on sevger

previ ous i nk charge opg&ration (Step 54). In this cage,

the period-of-time setting circuit 35 is reset, andjthe conte

FIG. 5
( START )

Y

(STEP 80) "~ I\STRUCT RESTARTING OPERATION. POWER ON 7 )
3 YES
(STEP 51)~f SET TINE PERIOD T, ]
FIRST INK CHARGE OPERATION? YES
. G
YES
TS TIME T2 PASSED ?
RESET TIVER 1~ (STEP 55) (STEP 54)
RESET — YES
FREQUENCY (m) FREQ“E”ﬁf_T:TQ_;-———<<:F:f"'-
[ “NO (STEP 56)
(STEP 57) ] PREPARE 70 SUCK TNK ]
| . ] _
(STEP 58)~T ~OPERATE SUCTION PUNP ]
(STEP 59)
IS "
PREDETERMINED PASSED TIME PERIOD
X ?
YES
(STEP 60) SUSPEND PUMP OPERATION ]
T
(STEP 61)~{AOD NUWBER(n) OF OPERATIONS
ADD NUMERICAL VALUE (k)
ADD INK CHARGE OPERATION FREQUENCY (m)
] (STEP §2) RS o
NUMERICAL VALUE ARRIVE AT A SET
VALUE 2
- (STEP 63)
DOES NUMBER VES
OF OPERATIONS ARRIVE AT A
SET VALUE 2

r
(STEP 64)—{_ WARNING |
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{m of the second nenory circuit 32 is also cleared. Therefore, Steps 57
through 63 are effected to suck 10 cc of ink required for the ink charge
operation. Thus, the ink charge operations are prevented from bei ng per-
formed too many tinmes; however, in the case where the recording head is out
of order, for instance, because it has not been used for a long tinme or the
ink tank was Vibrated during transportation, simlarly as in the I nk charge
operation a |large quantity of ink is purged through

FlG. 6

START

POSITION DETEWNO . (STESP 71)
(STEP 70) TYES .| WOVE cARRIGE
. T
- (STEP 72)

ABUT CAP MEMBER AGAINST RECORDING HEAD

y
END

This Sheet Has Been Replaced
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the recording head to restore the printing function,

A printing_operation

Is carried out after the recording head has been cp
(Fig. 7). I'f, dur- . ing.the-priting operation, the
| overed, then !ﬂlﬂg SWEETi HAS BEEN fine switch S1 is dep
the printer f t FeEEPRAGED uni t §(Step 80) . WWen, undg
restoring ope f-n“ st CTTNg swWitch6éS2 is depres

control circuit 26 detects a qu%ﬁﬁ;of t;he Tx for

réﬁﬁ? %ﬁ 1uaﬁg59ﬂﬁth i nk

r=ssed to dis- annect
!O

ef 29 NBL]Ibt i | t he
se¢d (Step 81),

wWhTTh T he smntch

~__SWITCH DEPRE§SING TIME>T 3
] STEP 82)

SET (

SUCTION NO

TIME Ts [ SET SUCTION TIME T4 ]
T > ?

] (STEP 83)

(STEP 84)

FIRST INK CHANGE OPERATION
7

N0 (STEP 87)
DOES TIME Ts PASS ?
RESET (STEP 89) n .
TIMER

YES

- gggﬁgviﬁf- _ FREQUENCY L=Lg? TR TR ]
- (STEP 88) ':NO T
(STEP 90)~{ _____ PREPARE 70 SUCK INK ] (STEP 86)
L 1
(STEP 81)A OPERATE PUMP ]
(STEP 92) Y
(STEP 93)~A “STOP_PUNP |

(2
(STEP 94)~| ADD NUMBER(n) OF OPERATIONS
ADD NUMERICAL VALUE(k)

(STEP 95)
DOES. .

ADD INK CHARGE OPERATION FREQUENCY (L)

YES

NUMERICAL: VALUE: ARRIVE, AT A
_ SET VALUE 7 '

(STEP 96) ™~
DOES NUMBER

OF OPERATIONS ARRIVE AT A

YES

(STEP 97)

SET VALUE 7
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S2 i's kept depressed, and deternines a quantity of ink - 10 -
sucked fromthe period of time Tx thus detected (Step 82). Mre
specifically, when the period of time Tx is shorter than a predeterm ned

value T3, a period of tinme T4 required

for

REPLACEMENT SHEET
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f(ir sucking a small quantity of ink

REPLACEMENT SHEET

Ink Jet Type Printing Apparatus

Description

This invention relates to anink jet type printing appa-
ratus in which ink is supplied from an ink tank to a nozzle
to jet therefrom ink droplets so as to record characters,
etc. on a recording medium. More particularly, the inven-
tion pertains to a technique of supplying or filling the
recording head of an ink jet type recording head with ink.

In an ink jet type recording apparatus in which a noz-
zle is used to jet ink droplets to print characters and
images on a recording sheet, the nozzle opening is con-
siderably small. Hence, if foreign matter such as paper
dust sticks on the nozzle or bubbles are formed in the ink

- supply line, the ink droplets are not satisfactorily formed,

and hence the resultant print is low in quality.
In order to eliminate this difficulty, an improved ink

- jet type recording apparatus has been proposed (EP-

427202A published on 15.05.1991 and disclosing an
apparatus according to the preamble of claim 6, claim 6
with priority 09.07.1991 of JP HEL 3-194817). This
recording apparatus has a restoring device for forcibly
purging ink to remove foreign matter or bubbles fromthe
ink flow line, and an externally operated switch to activate
the restoring device. That is, the recording apparatus is
designed so that, when the resuitant print is unsatisfac-
tory in print quality, the switch is operated to activate the
restoring device, thereby to restore the printing opera-
tion. .
The restoring device is used aiso in the case where
the recording head is replaced by a new one, or the ink
tank is replaced by a new one, or the recording apparatus
is not used for a long time. That is, in these cases, itis
used to purge ink for adjustment of the ink flow line.

On the other hand, a recording head is filled with a
maintenance solution when shipped from the factory.
Therefore, before a new recording head is used, it is
essential to completely remove the maintenance solu-
tion from the recording head. For this purpose, a large
quantity of ink is purged through the new recording head
when compared with the quantity of ink purged from the
ink flow line.



instance, 0.1 cc, is selected (Step 83) whereas, when it is longer than the
predeterm ned value T3, a period of tine T5 required for sucking a | arger
quantity of ink, for instance, 0.3 cc, is selected (Step 84). This is the
first restoring operation (Step 85). There- fore, the tinmer formng the
peri od-?f -tinme setti ng circuit 35 is st-le:e_rt-edG(St?p 86), &ndgﬁu?gfsuct I on
reparation is carried, ou shown _.i i g, e ca
Perber “10°Ts' Sotp eu o LIS TR IR il of PRI :
: g head or for rastoration of the proper printing
function s sent to a waste ink tank provided in the record-
ing apparatus body. The waste ink tank is limited in vol-
ume because the casing of the recording apparatus body
is also limited in space. -
The above-described restoring operation is essen-
tial for maintaining the print quality high. However, if it is
carried out repeatedly in an excessive fashion, then not
only is a large quantity of ink wasted, but also the ink
leaks from the waste ink tank which is limited in volume.
One approach to economically use ink for restoring
proper operation is disclosed in JP-A-63115755 pub-
lished on 20.05.1988 and showing an apparatus accord-
ing to the preamble of claim 1, claim 1 with priority
30.10.1990 of JP HEI. 2-293436. Therein, the quantity
of ink to be sucked is controlled by means of a drive

source of a suction recovery apparatus. However, the
document fails to teach determining the total amount of

sucked ink. Hence, a leaking of the waste ink tank cannot
be prohibited. JP-A-1174460, on the other hand,
describes a simple mechanism for determing whether an
— upper limit of waste ink is reached, and inhibiting further
REPLACEMENT SHEET recovery operation after this limit is reached. However,
the quantity of ink sucked throughout an operation is not
23 JUN 1998 oo | P

In view of the foregoing, an object of this invention
is to provide an ink jet type récording apparatus in which
the leakage of ink from the waste ink tank is positively
prevented.

Another object of the invention is to provide an ink
jet type recording apparatus in which an ink sucking
operation is carried out, both when the recording head
is charged with ink and when the resuitant print is unsat-
isfactory in print quality, and useless consumption of ink
is eliminated; that is, the ink is economically used.

These objects are solved by the ink jet type record-
ing apparatuses according to independent claims 1 and
6. Advantageous embodiments of the apparatus accord-
ing to independent claim 1 are given in dependent claims
2t0S.

Further advantageous features of the invention are
evident from the following description and drawings.

- According to the invention, there is provided an ink
jet recording apparatus which has a recording head
mounted on a carriage in such a manner that it is moved
along a recording sheet in a widthwise direction thereof
to jet ink droplets to form dots on said recording sheet;




trol’circuit 26 applies an instruction signal to a punp drive circuit 29 to
operate the suction punp 20 (Step 91). When the period of tinme T4 set in
Step 83 or the period of tine T5 set in step 84 has passed (Step 92), the

control circuit 26 stops the suction punp 20 (Step 93). Thenwgf contr ol
circuit 26 reads the nunber of restoring opera- ti WCE?AE% btains the
sum of the numerical value pre- determined ¥or the quantity of ink sucked
in and the previous nunerfger 4Rlnkaakhibr sbpling il BroughaRiksuphe first
plying path to said recording head. A cap member

arranged outside a printing region in such @ manner that

said cap member is moved to and from the nozzle open-

ing of said recording head is also provided. A suction

pump having an ink sucking inlet connected to said cap

member and an ink discharging outlet connected to a

waste ink tank is further provided.

Finally, there are provided externally operated
instructing means for starting said suction pump which
comprise: first switch means for providing instruction sig-
nals to suck a first quantity of ink and a second quantity
of ink which are required for regaining a proper printing
function during a printing operation; second switch
means (S1, Sp) for providing an instruction signal to suck
a quantity of ink required for replacement of said record-
ing head (1); and quantity-of-waste-ink controiling
means for controlling a quantity of waste ink sucked by
said suction pump (20).

According to a second embodiment, the ink jet
recording apparatus has a recording head, ink tank, cap
REPLACEMENT SHEET member, and suction pump as described above and
does further comprise externally operated instructing
23 JUN 1998 means to start said suction pump, said instructing means
including first switch means for providing an instruction
signal to suck a quantity of ink required for restoring a
proper printing function during a printing operation, and
second switch means for providing, when said recording

hgad is _r_eplaced. an instruction signal to suck a quantity
of ink sufficient to purge from said recording head a main-

tenance solution previously charged in said recording
head (1). The ink jet recording apparatus according to
the second embodiment does furthermore comprise
number-of-operations controlling means for controlling
the number of operations of said instruction means in a
predetermined period of time; and means for disabling
said instruction means when the number of operations
of said instructing means exceeds a predetermined
value.

If the resultant print is unsatisfactory in print quality,
the suction pump is operated with the cap member cou-
pled to the recording head to apply a negative pressure
tothe nozzle. As a result, the ink in the ink tank is forcibly
purged through the nozzle, thus removing bubbles from
the ink supplying path or dust from the nozzle. The quan-
tity of ink thus forcibly discharged is measured. When the
quantity of ink thus measured reaches a predetermined




and*third nmenory circuits 31 and 33. In this case, the first restoring
Qperation is carried out, and therefore both the nunerical value (k) and

the nunber of restoring oper- ations are snaller than th £appETM ned
val ues (Steps 95 and 96). Thereafter, the printing M?@ﬁﬁ? cont i nued,

and the restoring operation may be carr i_eﬁl out again (Steps 80 through 84).
In this case, the control circuit 26 refers to the data of the tiner
form ng the period-of -ti FREILEStE the volume of the waste ink tank, the latter is
replaced with a new one. In the case where it is neces-
sary to perform the forcible ink purging operation fre-
quently in a short period of time, the probability is high
that the problem cannot be solved by the ink purging
operation. Therefore, in this case, in order to eliminate
‘the difficulty that a large quantity of ink is wasted by
repeating the ink purging eperation, the ink purging oper-
ationis suspended irrespective of the ink purging instruc-
tion provided by the user.
The nature, utility and principle of the invention will
be more clearly understood from the following detailed
description and the appended claims when read in con-
junction with the accompanying drawings.
In the accompanying drawings:

Fig. 1 is an explanatory diagram showing the
arrangement of an example of an ink jet type record-
ing apparatus according to this invention;
Fig. 2 is a perspective view showing a part of the ink
jet type recording apparatus of the invention, show-
ing components arranged around the platen of the
o - apparatus;
REPLACEMENT SHEET Fig. 3 is a perspective view showing an ink sucking
mechanism and components around it in the ink jet
type recording apparatus;
Fig. 4 is a block diagram showing functions per-
formed by a microcomputer in a control unit in the

ink jet type recording apparatus;
Fig. Sis a flow chart for a aescription ot anink charge

operation carried out when a recording head is
replaced;
Fig. 6 is a flow chart for a description of an ink suck-
ing operation as shown in Fig. 5; and
Fig. 7 is a flow chart for a description of an ink purg-
ing operation carried out when an ink tank is
replaced, or when a restoring operationis performed
to restore the proper (i.e., high quality) printing func-
tion.

An example of an ink jet type recording apparatus
according to the invention, as shown in Fig. 2, includes:
an ink jet type recording head 1 having a plurality of noz-
zles arranged so as to confront a printing surface. The
recording head 1 is mounted on a carriage 4 which is
reciprocated on two guide members 2 so as to scan a
recording sheet 3 in the widthwise direction. The record-
ing head 1 receives ink through an ink supplying tube 5

23 JUN 1998




mning circuit 35 to deternine the interval between the present restoring
operation and the preceding restoring operation (Step 87). Wen aEq
he

predeterm ned period of time, for instance, one hour, hw&“

restoring operation frequency (L) stored in the secopdP ry cir- cuit 32
is cleared, while the tiner formng the peréod of - time setting circuit 35
IS reset (Step 89). Theregfter, sim ilarly’as in the_above-described first

restoring operation, Stepdred annpk ek 86 (d?%"@%ﬁ jatery TR rec9rdingi eve t he
apparatus further includes: a platen 6 for supporting the

recording sheet 3, and supporting plates 7 and 8 which
rotatably support the platen 6 at both ends. A cap mem-
ber 10 is provided outside the printing area (on the left-
handed side of Fig. 2) in such a manner that it can be
brought into contact with the front surface of the record-
ing head 1. The cap member 10 is connected through a
tube 11 to a suction pump 20.

The cap member 10 is shown in Fig. 3 in more detail.
The cap member 10 includes a solenoid 12, a rod 13
driven by the solenoid 12, anarm 14, and abase member
15 which is moved back and forth through the rod 13 and
the arm 14 by the solenoid 12. An elastic member 16 is
provided on the front surface of the base member 15
which confronts with the nozzle surface of the recording
head 1, the elastic member 16 surrounding the front sur-
face of the recording head 1, thus forming a nozzle
accommedating chamber 17. The suction pump 20 (not
shown}) in Figure 3 applies a negative pressure to the
nozzle accommodating chamber 17 through the tube 11.

In Fig. 3, reference numeral 18 designates a position
detector. When the recording head 1 is moved to the
position where it confronts the cap member 10, the car-
riage 4 is brought into contact with the position detector
18, as a resuit of which the latter produces a detection
signal. The detection signal is applied to a control circuit
26 (not shown in Figure 3 and to be described later), so
that the solenoid 12 is activated to move the base mem-
ber 15 to the nozzle surface 1a of the recording head 1.
That is, the nozzle surface 1a of the recording head 1 is
sealingly closed by the cap member 10.

The recording apparatus, as shownin Fig. 1, has an
ink supplying path, an ink sucking path used to restore
the printing capability of the apparatus, and control
device therefor.

In Fig. 1, reference numeral 20 designates the afore-
mentioned suction pump, which has an ink sucking inlet
20a connected through the tube 11 to the nozzle accom-
modating chamber 17 of the cap member 10, and an ink
discharging outlet 20b connected through a tube 21 to a
waste ink tank 23.

Further in Fig. 1, reference numeral 24 designates
the aforementioned ink tank which is connected through
the ink supplying tube § to the recording head 1; refer-
ence number 26 designates a control circuit for controi-
ling various operations of the printing apparatus, the

23 JUN 1998
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present restoring operation. )
carried out frequently. That is, sonetines the nunber of restor-

I ng

operations may exceed a predeterm ned value LO, for instance three, A
hour (Step 88), as a result of which the printing operat P e
snoothly carried out. This difficulty is-mpt due to §§§¥A@§Whe

record-

| REPLACEMENT Sieer

/ 23 JUN 1993] "'

control circuit being made up of a micracomputer includ-
ing a central processing unit (CPU), a read-only memory
(ROM) and a random access memory (RAM); a memory
unit 30 stores the number of times of ink suction by the
cap member 10 and a quantity ot discharge. The mem-
ory unit 30 includes a first memory circuit 31, a second
memory circuit 32, and a third memory circuit 33. The
first memory circuit 31 is to store a numerical value (k)
which is obtained by adding a numerical value every ink
purging operation which is determined in proportion to a
quantity of ink to be purged. (for instance 10 per 0.1 cc).
The second memory circuit 32 stores the number of ink
purging operations carried out for a period of time preset
by a period-of-time setting circuit 35 (described later),
and stores it as a frequency m at the end of the period
of time. The third memory circuit 33 integrates the
number (n) of ink purging operations and stores it. These
memory circuits 31, 32 and 33 are made up of an elec-
trical erasable programmable ROM (EEPROM) or a
RAM the contents of which is maintained by a battery.
The aforementioned period-cf-time setting circuit 35 is
typically made up of a timer.

Fig. 4 is a block diagram showing functions which
are realized by the microcomputer which forms the afore-
mentioned control circuit. More specifically, Fig. 4 shows
on-off determining means 40, purge quantity setting
means 41, ink-filling-operation determining means 42,
numerical value calculating means 43, number-of-oper-
ations counting means 44, frequency determining
means 45, numerical value determining means 46,
number-of-operations determining means 47, alarm out-
putting means 48, suction preparation instructing means
49, all of which are realized by programming. The on-off
determining means 40 determines from the operation of
an on-line/off-line switch S1 whether an on-line state is
established or whether an off-line state is established
(whether or not printing data can be received from the
host unit). The purge quantity setting means 41 deter-
mines a quantity of inkto be purged for the period of time
for which a restoring operation instructing switch S2 is
depressed. The ink-filling-operation determining means
42 selects an ink purging operation accompanying an
operation of charging the recording head with ink when
a power switch SP is turned on with the restoring oper-
ation instruction switch S2 turned on. The numerical
value caiculating means 43 adds a numerical value, cor-
responding to a quantity of ink to be purged, to renew
the contents of the first memory circuit 31. The number-

Sonetimes the restoring operation may be

in one



- 11 - ing head. That is, the recording head 1 itself may be out of order.
Therefore, irrespective of the ink purging instruction, the ink sucking
operation is suspended, or the warning "Call the servi %EBWMW giEEn for
i nspection of the recording head (Step 97). Thus, the e can be sol ved
effectively wi thout usel ess consunption-of 4 nk. Wen, after the restoring
operation has been carrofesperations counting means 44 counts the number of
operations to thereby renew the contents of the third
memoary circuit 33. The frequency determining means 45
clears (resets) the contents of the second memoary circuit
32 when the period set by the period-of-time setting cir-
cuit 35 has passed, and outputs a signal for nullifying an
ink purging instruction or a warning signal when the con-
tents of the second memory circuit 32 reaches a prede-
termined value. The number-of-operations determining
means 47 determines the number of depressions of the
restoring operation instructing switch S2. The alarm out-
putting means 48 outputs a message sentence corre-
sponding to the alarm signal, for example, to display the
message sentence in an LCD. The alarm outputting
means 48 may light an LED or buzz instead of the mes-
sage sentence. The suction preparation instructing
means 49 activates a cap member operating (opening
and closing) circuit 28 in response to signals from the
position detector 18 and the on-line/off-line switch S1.

The operations of the apparatus thus constructed
will be described with reference to flow charts shown in

— - Figs. 5,6 and 7. _
REPLACEMENT SHEET In the case where the printing apparatus is operated
for the first time, or the recording head is replaced by a
23 JUN 1998 new one, a new ink tank 24 is connected to the ink sup-
plying inlet, and the injection needle at the end of the ink

supplying tube 5 is inserted into the ink tank 24; that is,
the ink tank 24 is connected through the tube 5 to the
recording head 1.

Under this condition, the power switch SP is turned
on with the restoring operation instructing switch S2
depressed. In this case, the control circuit 26 determines
that the recording head 1 has not been used yet (Step
S0), and sets a period of time T1 which is required for
sucking a large quantity of ink, for instance 10 cc, which
is to be purged for charging the recording head with ink
(hereinafter referred to as "an ink charge operation”,
when applicable) (Step S1).

This is the first ink charge operation for the recording
head 1 (Step 52). Therefore, the timer forming the
period-of-time setting circuit 35 is started (Step 53).

The control circuit 26 starts suction preparation
(Step 57). The suction preparation is carried out as
shown in Fig. 6. It is determined from the presence or
absence of the output signal of the position detector 18
whether or not the recording head 1 is located atthe pre-
determined position where it confronts the cap member
10 (Step 70). When the recording head 1 is not located




out
tota
nune

I
rical value (k)

the third nmenory circuit reaches the predeterm ned nggg@

t hen

t ank"
Thus,

the control circuit 26 gives a warning nessage
so that the waste ink tank 23 is répt aced by a new one (Step 97).
the waste ink t arfitthepredatenminedpasitioadths camiage # jfdriven to
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move the recording head 1 to the cap member 10 (Step
71). Under this condition, the cap member 10 is abutted
against the recording head 1 (Step 72) so that the nozzle
surface of the recording head 1 is hermetically sealed by
the cap member 10.
Upon completion of the suction preparation, the con-
trol circuit 26 operates the suction pump 20 (Step 58).
The operation of the suction pump 20 is continued for the
period of time T1 set in Step 51. In this operation, a neg-
ative pressure is applied to the nozzle opening 1a, to
suck air out of the ink supplying path and the recording
head 1 through the nozzle opening 1a. When the air has
been discharged, the ink in the ink tank 24 is moved to
the recording head 1 by the negative pressure applied
theraeto, thus being jetting into the cap member 10
through the nozzle opening 1a. The ink thus jetted is led
through the tube 21 to the waste ink tank 23. When the
predetermined period of time T1 has passed (Step 59),
the control circuit 26 suspends the operation of the suc-
tion pump 20 (Step 60), and calculates an ink charge
operation frequency (m), a value which is the sum of a
numerical value (k) representing the integration of
sucked ink quantities and a numerical value (for instance
thirty (30)) corresponding to the quantity of ink sucked at
this time, and the total number (n) of operations, and
stores them in the second memory circuit 32, the first
memory circuit 31, and the third memory circuit 33 (Step
61). In this case, the first ink charge operation is carried
out, and accordingly the numerical value (k) and the
number of ink charges (n) are smaller than the predeter-
mined values (Steps 62 and 63).

In general, in order to protect the recording head 1
during shipment from the factory, the recording head 1
is filled with polyhydric alcohols such as glycerol and eth-
ylene glycol, which are slow to evaporate and highin vis-
cosity. The protective materials are sufficiently washed
away from the recording head 1 when a large quantity of
ink is purged in the above-described manner. At the
same time, the bubbles entering the recording head are
removed by the stream of ink, which flows faster thanin
the printing operation, thus ensuring a high quality of the
subsequent printing operations.

In the case where a printing operation is carried out
after the ink charge operation is found to be unsatisfac-
tory in print quality, the initial operation of charging the
printing head with ink may be unsatisfactory. Therefore,

ink to be pur

EpREE

repeatedly with a frequency which has been suitably predetermined, the
nunber of operations (n) stored in the first nenory circuit 31 or the
representing the quantity of

stored in
or 96),

epl ace the wast e ink



waste ink leaks fromit.

been used for a long time or the amount of printing is Iess,
the ink is less consuned, the ink changes in characteristic, for instance,

because the ink sol vent conmponents evaporate fromthe in
enters the recording head 1 or the ink suppl9i-ng path, R&

sonetines ink droplets ﬁrﬁs@gelwébgvg%geﬁeh

openi ng. Hence, in

REPLACEMENT SHEET

23 JUN 1998

out once more with the power switch Sp turned off. This
is the second ink charge operation (Step 52). The second
ink charge operation is started within a short period of
time T2 (for instance, one hour) after the previous ink
charge operation (Step 54). Therefore, the frequency (m)
stored in the second memory circuit 32 is read. Hf the fre-
quency (m) is smaller than the predetermined value (m0)
{for instance three (3)) (Step 56), the above-described
Steps 57 through 63 are effected so as to suck the quan-
tity of ink (10 cc) required for the initial use or replace-
ment of the printing head.

Sometimes it is necessary to carry out a third ink
charge operation, for instance, because of an error in
operation. In this case, the frequency (m) reaches the

predetermined vaiue (3) (Step S6). Therefore, the ink

charge operation has been carried out satisfactorily;

however, the recording head 1 may be out of order.

Hence, irrespective of the ink purging instruction, the ink
sucking operation is suspended, or a warning "Call the
service man” is given (Step 64). Thus, the difficulty can
be efiminated that, although the problem involved may
not be soived merely by forcibly purging ink uselessly,

the user causes ink to be forcibly purged anyway.
Sometimes itis necessary to perform the ink charge

operation several days after the previous ink charge
operaticn (Step 54). In this case, the timer forming the
period-of-time setting circuit 35 is reset, and the contents
(m) of the second memory circuit 32 is also cleared.
Therefore, Steps 57 through 63 are effected to suck 10
cc of ink required for the ink charge operation. Thus, the
ink charge operations are prevented from being per-
formed too many times; however, in the case where the
recording head is out of order, for instance, because it
has not been used for a long time or the ink tank was
vibrated during transportation, similarly as in the ink
charge operation a large quantity of inkis purged through
the recarding head to restore the printing function.

A printing operation is carried out after the recording
head has been correctly charged with ink (Fig. 7). If, dur-
ing the printing operation, the printing quality is lowered,
then the on-fine/off-line switch S1 is depressed to dis-
connect the printer from the host unit (Step 80).

When, under this condition, the restoring operation
instructing switch S2 is depressed (Step 81), the control
circuit 26 detects a period of time Tx for which the switch
S2 is kept depressed, and determines a quantity of ink

t hat

i S,

SLACRE

|pelafibhsaralcddfriagh the nozzle

In the case where the recordi ng apparatus has not

when

air
whi ch



order to positively maintain the print quality satisfactory irrespecti ve of
the amount of print or the frequency of use, a nethod may be enployed in
whi ch, whenever the tiner formng the period-of-tinme setting circuit 35
counts a predeterm ned value, for instance, ten (10) days, a pre-
determ ned quantity of ink for instance, 0.5 to 1.0 cc, is purged. The fact
that the printer is not used for a |ong 10me neans t RGPLACEMENIESHERTON of
filling the recording fesslsWixkd from the period of time Tx thus detected
(Step 82). More specifically, when the period of time Tx
is shorter than a predetermined value T3. a period of time
T4 required for sucking a small quantity of ink, for
instance, 0.1 cg, is selected (Step 83) whereas, when it
is longer than the predetermined value T3, a period of
time TS required for sucking a larger quantity of ink, for
instance, 0.3 cc, is selected (Step 84).
This is the first restoring operation (Step 85). There-
fore, the timer forming the pericd-of-time setting circuit
3S is started (Step 86), and the suction preparation is
carried out as shown in Fig. 6 (Step 90). When the cap
member 10 is coupled to the recording head 1, the con-
trol circuit 26 applies an instruction signal to a pump drive
circuit 29 to operate the suction pump 20 (Step 91).
When the period of time T4 set in Step 83 or the period
oftime TS setin step 84 has passed (Step 92}, the control
circuit 26 stops the suction pump 20 (Step 93). Then, the
control circuit 26 reads the number of restoring opera-
tions (n) and obtains the sum of the numerical value pre-
determined for the quantity of ink sucked in and the
previous numerical value (k), and stores them in the first
REPLACFMENT SHEET and third memory circuits 31 and 33. in this case, the
first restoring operation is carried out, and therefore both
23 JUN 1998 the numerical value (k) and the number of restoring oper-
ations are smaller than the predetermined values (Steps
95 and 96).
Thereatter, the printing operation is continued, and
the restoring operation may be carried out again (Steps
80 through 84). In this case, the control circuit 26 refers
to the data of the timer forming the period-of-time deter-
mining circuit 35 to determine the interval between the
present restoring operation and the preceding restoring
operation (Step 87). When a predetermined period of
time, for instance, one hour, has passed, the restoring
operation frequency (L) stored in the second memory cir-
cuit 32 is cleared, while the timer forming the period-of-
time setting circuit 35 is reset (Step 89). Thereafter, sim-
ilarly as in the above-described first restoring operation,
Steps 90 through 96 are carried out to achieve the
present restoring operation.
Sometimes the restoring operation may be carried
out frequently. That is, sometimes the number of restor-
ing operations may exceed a predetermined value L0,
for instance three, in one hour (Step 88), as a result of
which the printing operation cannot be smoothly carried
- out. This difficulty is not due to dust stuck on the record-




ink is not carried out either. Therefore, the rate of oper- ation of the
recordi ng apparatus can be determ ned fromthe data provided by the
foll owi ng nethod. When a pre- determ ned period of tinme, for instance,
t hree days, has passed fromthe preceding ink charge operation, the
contents of the second nenory circuit 32 is reset |n addigp apEMERNE SHEET ods
of time in which no printing opera- ton i-sltarried out, or the anpunts of
printing are stored 'fhgtmeead.sﬁ?a%sqthrcraerne}:)cr)r&in(g:'hré%"ltitsgl?magggtouf s, the anount of

of order. Therefore, irrespective of the ink purging

instruction, the ink sucking operation is suspended, or

the warning "Call the service man"” is given for inspection

of the recording head (Step 97). Thus, the trouble can

be solved effectively without useless consumption of ink.

When, after the restoring operation has been carried
out repeatedly with a frequency which has been suitably
predetermined, the total number of operations (n) stored
in the first memory circuit 31 or the numerical vaiue (k)
representing the quantity of ink to be purged stored in
the third memory circuit reaches the predetermined
value (Step 95 or 96), then the control circuit 26 gives a
warning message "Replace the waste ink tank™ so that
the waste ink tank 23 is replaced by a new one (Step 97).
Thus, the waste ink tank 23 can be repiaced before the
waste ink leaks from it.

In the case where the recording apparatus has not
been used for a long time or the amount of printing is

_less, that is, when the ink is less consumed, the ink
changes in characteristic, for instance, because the ink
...... solvent components evaporate from the ink flow path or
REPLACEMENT & 7L- air enters the recording head 1 or the ink supplying path,
as a result of which sometimes ink droplets are not sat-
23 JUN 1992 isfactorily jetted through the nozzle opening. Hence, in
order to positively maintain the print quality satisfactory
irrespective of the amount of print or the frequency of
~use, a method may be empioyed in which, whenever the
timer forming the period-of-time setting circuit 35 counts
a predetermined vaiue, for instance, ten (10) days, apre-
determined quantity of ink, for instance, 0.5 to 1.0 cc, is
purged.

The fact that the printer is not used for a long time
means that the operation offiiling the recording head with
ink is not carried out either. Therefore, the rate of oper-
ation of the recording apparatus can be determined from
the data provided by the following method. When a pre-
determined period of time, for instance, three days, has
passed from the preceding ink charge operation, the
contents of the second memory circuit 32 is reset. In
addition, the periods of time in which no printing opera-
tion is carried out, or the amounts of printing are stored
in the second memory circuit 32, that is, the amount of
printing in a predetermined period of time is stored in the
second memory circuit 32.




printing in a predetermined period of tine is stored in the second nenory

circuit 32. - 12 - In the case wherein the ink tank is replaced because
it has been enptied, the above-described restoring oper- ation is carried

out (Steps 80 through 97 in Fig. 7); that

- 12 - REPLACEMENT SHEET

_ In the case wherein the ink tank is replaced because
it has been emptied, the above-described restaring oper-
ation is carried out (Steps 80 through 97 in Fig. 7); that
is, the quantity of ink required for the ink charge operation
is purged from the recording head 1, so as to remove
bubbles or foreign matter mixed at the time of replace-
ment of the ink tank.

-In the above-described embodiment, the period-of-
time setting circuit is made up of the timer; however, the
invention is not limited thereto or thereby. That is, the
same effect may be obtained by using ancther period-
of-time parameter such as the number of printing lines,
the number of printing pages, or a period of time which
elapses from the time instant that the power switch is
turned on until the power switch is turned off. More spe-
cifically, when the amount of printing counted with a .
counter built into the printer reaches a predetermined

value, the frequency data L can be reset. Thus, the
restoring operation during a printing operation can be
controlled according to the amount of print.

In the above-described embodiment, the ink tank
and the waste ink tank are provided on the chassis, and
they are connected through the tubes to the recording
head. However, it goes without saying that the technical
concept of the invention is applicable to an ink jet type
printing apparatus in which the recording head, the ink
tank and the waste ink tank are mounted, as one unit,
on the carriage.

REPLACEMENT SHEET
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is, tThequantity-of-ink required for the ink charge operation is purged
so as to renove bubbles or foreign matter m xed
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ment of the ink tank In the above-descri bed
of- time setting circuit

however, the inventionis not limted thggeto or thereby. That

effect may be obtai nedgpfmidsi ng anot her
t he nunber of printing I'ines,

REPLACEMENT SHEET

23 JUN 1998

1.

An ink jet type recording apparatus comprising:

a recording head (1) mounted on a carriage
(4) in such a manner that it is moved along a record-
ing sheet (3) in a widthwise direction thereof to jet
ink droplets to form dots on said recording sheet (3);

an ink tank (24) for supplying ink through an
ink supplying path (5) to said recording head (1);

a cap member (10) arranged outside a print-
ing region in such a manner that said cap member
(10) is moved to and from the nozzte opening of said
recording head (1),

a suction pump (20) having an ink sucking
inlet (20a) connected to said cap member (10) and
an ink discharging outiet (20b) connected to a waste
ink tank (23); _

externally- operated instructing means (49,
81, S2, Sp) for starting said suction pump (20); char-
acterised in:

said externally operated instructing means
including first switch means (S1, S2) for providing
instruction signals to suck a first quantity of ink and
a second quantity of ink which are required for
regaining a proper printing function during a printing
operation, and second switch means (S1, Sp) for
providing an instruction signal to suck a quantity of
ink required for replacement of said recording head
(1); and '

quantity-of-waste-ink controlling means for
controlling a quantity of waste ink sucked by said
suction pump (20).

An ink jet type recording apparatus according fo
Claim 1, further comprising means for disabling said
instructing means when said quantity of waste ink
exceeds a predetermined value.

3. An ink jet type recording apparatus according to

Claim 1, further comprising means for disabling said
instructing means when the number of operations of
said instructing means exceeds a predetermined
value.

An ink jet type recording apparatus according to one
of claims 1 to 3, said second switch means providing,
when said recording head (1) is replaced, aninstruc-

IS,

is made up of the tinmer;

t he same

riod- of-time parameter such as
REPLACEMENT SHEET



the nu pages, or a period of tine which elapses from the

tinme %Hilmmum‘“ IJH ower switch is turned on until the power switch is
t urned 3 -+Cifically, when the anount of printing counted with a

counter built into the printer reaches a predeterm ned val ue, the frequency

data L can be reset. Thus, the restoring operation | gt Ng
REBLAGHPSHEET

operation can be controlled accordi ng ¢£d4the anoun I'n the
above-descri bed enbodi nent, the ink tank

tion signal to suck a quantity of ink sufficient to purge
from said recording head (1) a maintenanca solution
previously charged in said recording head (1).

5. Aninkjet type recording apparatus according to one
of claims 1 to 4, further comprising means (48) for
oufputting an alarm signal, when said quantity of
waste ink exceeds a predetermined value.

6. Anink jet type recording apparatus comprising:

a recording head (1) mounted on a carriage
(4) in such a manner that it is moved along a record-
ing sheet (3) in a widthwise direction thereof to jet -
ink dropilets to form dots on said recording sheet (3);

an ink tank (24) for supplying ink through an
ink supplying path (5) to said recording head (1);

a cap member (10) arranged outside a print-
ing region in such a manner that said cap member
(10) is moved to and from the nozzle opening of said
recording head (1);

a suction pump (20) having an ink sucking
inlet (20a) connected to said cap member (10) and
aninkdischarging outlet (20b) connected to a waste
ink tank (23);

externally operated instructing means (49,
S1, S2, Sp) to start said suction pump (20), said
23 JUN 1998 1 | instructing means including first switch means (S1,

————— ¢ 82) for providing an instruction signal to suck a quan-
tity of ink required for restoring a proper printing
function during a printing operation; characterised
in:

REPLACEMENT SHEET

ermmarpmaate e

said instructing means including second
switch means (S2, Sp) for providing, when said
recording head (1) is replaced, an instruction signal
to suck a quantity of ink sufficient to purge from said
recording head a maintenance solution previously
charged in said recording head (1);

number-of-operations controlling means (44,
47) for controlling the number of operations of said
instruction means in a predetermined period of time;
and -

means for disabling said instruction means
(49) when the number of operations of said instruct-
ing means exceeds a predetermined value.



and the waste ink tank are provided on the chassis, and they are connected
t hrough the tubes to the recordi ng head. However, it goes w thout saying
that the technical concept of the invention is applicable to an ink jet
type printing apparatus in which the recording head, the ink tank and the
waste i nk tank are nounted, as one uni&, on the carriage.
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-13- dains - 13 - 1. Anink jet type recordi ng apparatus
conprising: a recording head (1) nounted on a carriage (4) in such a manner
that it is noved along a record- ing sheet (3) in a wi dthw se direction
thereof to jet ink droplets to formdots on said recording sheet (3); an

I nk tank (24) for supplying ink through an
-2 -
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a

a cap nenber (10)

Ing region in such a manner that said cap nenber
-3 -

is moved to and fromthe nozzl e opening of said recording head (1):

suction punp (20) having an ink sucking inlet (20a) connected to said cap
menber (10) and an ink discharging outlet (20b) connected to a waste ink

i nk supplying path (5) to said recording head (1);
tank (23);

arranged outside a print-

(10)

REPLACEMENT SHEET

o] i SNV3N N
350710/N3d0 fe-) SWaN}-ov | | oNILonMiSNI e
Y3BMIN dvo | | ONININYIL13a NOLLVYYdIYd fe—t
P wige sl
' ]
i
m SRVAN |~&v o “
I¥O AYONIA |, | ONILYIND VY |e "
15414 [ ANTVA [ SNVIN ONT |zv ]
mw ! STET WIIHINON ~NINY3130 [e —
62 1 | ONILINAINO |4 1| NoLLvdado “ 9
w ' WYV IV 8 =ONITIS e ov 1
190 ON - . LT & |
-ATHO dNnd - — zwz<m= SNVIN | |
- ONILLIS ONININ | |
{ m ONININYILIO (4 1 aliiwvno [° 43130 [T Y15
_ AONINO3Y4 SNVIH 39404 o
o awoman ] 1 | L ONTINNOD |- ) 330/M0 J 1
aN093S o SNOILYY3dO |e mv |
190 AHOAGN —30-UIBAIN_[~-bv * 2
QYIHL SNY3IN i _*
IR ONININYIL3C |
ONILL3S SNOI1VH3d0 !
ML -40-YIGNNN |~ L m
=40-00TYId | - - e e Aﬂh--- ............ 9
o]
7 DA z
=
_..r.m...L‘
=
g
= |
= R

[*Ei
i




externally operated instructing neans (49, S1, S2, Sp) for starting said
suction punp (20); char- acterised in: said externally operated instructing
means including first switch neans (S1, S2) for providing instruction
signals to suck a first quantity of ink and a second guantity of ink which
are required for regaining a proper printing function during a printing
operation, and second switch neans (S1, Sp) for

-4 -
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FIG. 5
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providing an instruction signal to suck a quantity of ink required for

repl acenent of said recording head (1); and quantity-of-waste-ink
controlling neans for controlling a quantity of waste ink sucked by said
suction punp (20). 2. An ink jet type recordi ng apparatus according to
Caim1l, further conprising neans for disabling said instructing neans when
said quantity of waste ink -5 - '
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exceeds a predeterm ned val ue.
according to Caim1l, further

3. An ink jet type recording apparatus
conprising neans for disabling said

i nstructing means when the nunber of operations of said instructing neans

exceeds a predeterm ned val ue.

according to one of clainms 1 to 3,
I s repl aced,

said recording head (1)

4. An ink jet type recordi ng apparatus

an- fistruc-
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BEPLACENENT SHEET tion signal to suck a quantity of ink

Q6052022

sufficient to purge fromsaid recording head (1) a nmintenance sol ution

previously charged in said recording head (1).
apparatus according to.one

for

REPLACEMENT SHEE e

22 SEP 1998

REPLACEMENT SHEET

" ABSTRACT

INK JET TYPE PRINTING APPARATUS

An ink jet type recording device has a recording head (1)
which is moved over a recording sheet (3) to jet ink droplets
to form dots on it, an ink tank (24) for supplying ink to the
recording head (1), a cap member (10) arranged outside the
printing region in such a manner that it is moved to and from
the recording head (1), a suction pump (20) having an ink
sucking inlet (20a) connected to the cap member (10) and an
ink discharging outlet (20b) connected to a-waste ink tank
(23). Also, a switch is provided for starting the suction
pump; a memory circuit (30) is provided for‘ storing data
representing the quantity of waste ink sucked out by the
suction pump (20); and a qéntrol circuit (26) is provided for
nullifying an ink pu;giﬁé ‘instruction when the sum of the
quantities of waste ink exceeds a predetermined value. When
it is detected through the memory circuit (30) that the sum of
the quantities of waste ink thus 'sucked out is beyond the

- capacity of the waste ink tank (23), the ink purging operation

is suspended irrespective of a forcible ink purging
instruction from the switch.

[Figure 11

5. An ink jet type recording
f clains 1 to 4, further conprising neans (48)
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