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INK JET PRINTER SEALING METHOD AND APPARATUS -

This invention relates to sealing the front surface of a printer head of an
ink jet printer when the latter is not in operation.

In an ink jet printer mounted on a miniaturised electronic machine, the
ink flows back from the front surface of a printing head of the printer due to the

F*vibration or tilting of the printer while it is being transported, or the ink in a
nozzle or nozzles of the printer may dry if the printer is not used for a long
period of time, whereby to cause imperfect printing.

The capping device disclosed in JP-B-15911/1988 is designed so as to
cover a printing head with a cap while the printer is not in use. The cap hasa
suction means the'réin by means of which a meniscus of the ink which has moved
back into the printing head is returned to a normal position when the ink is not
ejected normally when the printer is used again. This capping device may have
a normal meniscus sucking and returning effect with respect to an ink jet head of
the type in which an ink tank communicates with the outside air. However, in
an jet printer having a head damper in an ink flow passage connecting a nozzle
and an ink pack together, the head dampér having a diaphragm for absorbing
pressure variations in the ink caused by the back-and-forth movement of a
carriage, thé interior of the head damper is subjected to a vacuum as the ink is
sucked. Consequently, when the éap is removed to expose the nozzle tip to the
atmospheric air with the vacuum in the head damper increasing to a certain

extent, the meniscus
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Thi s |nvent|on rel a ﬁ o sealing the front surface of a printer head of

an i nkIhi the latter is not in operation. In an

inkjet p on a mniaturised el ectroni c nachine, HﬁL ¥

back fro face of a printing head of the printer F@ (i gxﬁ[\[_
vi bration or t||t|ng of the printer whilegit is being transported, or t

ink in a nozzle or nozzles of the printer may dry if the printer is not

used for a long period of tine, whereby to cause inperfect printing.

moves back again due to the vacuum, so that the problem
of imperfect ejection of ink cannot be solved.
In a known capping device of this kind, moreover,
a cap is formed so that it can be turned in only one
5  direction. Such'a known cap is schematically shown in
Figure 10. As shown in Figure 10, a cap 52 is supported
on a cap support member 53 so that the cap 52 can be
turned around a fulcrum 52a. The cap support member 53
can be turned around a fulcrum 53a, and cap opening and
10 closing operations are carried out by a cam means 55.
In a cap-closed state, the cap 52 is urged constantly
against a printing head 51 by a coiled tension spring
'54. The cap 52 is constructed so that, for example,
even when the printing head 51 is moved longitudinally
15 as shown by a double-headed arrow A with respect to the
cap 52, the cap support member 53 is turned around the
fulcrum 53a as shown by a double-headed arrow B with the
cap 52 turned around the fulcrum 52a as shown by a
double~headed arrow C, to enable the cap 52 to cover the
20 printing head 51 in the same posture at all times.
However, since the cap 52 in the known capping
device of this kind can be turned in only one plane, any
lack of parallelization of the cap 52 and the printing
head 51 in a plane which is perpendicular to the plane
25 in which the cap is turned is offset by utilizing the
elasticity of the cap 52 which is made of a resilient
material. Therefore, a variation occurs in the pressure
distributionr on the contact surfaces of the cap 52 and
the printing head 51. This may be adequate in a capping
30 device whose cap 52 is small in the widthwise direction
thereof which is perpendicular to the direction in which
the cap is turned. However, in a capping device whose
cap has to be large due to the nozzles provided in a
plurality of rows in a printing head, imperfect capping
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The cappqﬁgsﬂﬁ; B.dir3glosed in JP-B-15911/1988 is designed so as to cover

a prlntl while the printer is not in e. “The cap has a
suction m !ﬁiﬁ means of which a neni scus of ﬁ?k

novied bac ting head is returned to r p03|t F{tgi xy?i[‘
ink is not ejected normal Iy when the prigter is efva a|n Thr's

device may have a normal neniscus sucking and returning effect with respect
to%an ink jet head of the type in which an ink tank comruni cates with the

outside air. Hooewes due to the changes in the posture of the cap.
This causes drying of the ink in the vicinity of the
nozzles which can result in imperfect ejection of the
ink, and also causes -leakage of the ink from the cap,

5 which can result in the contamination of the interior of
an electronic machine. When the posture of the cap
which is being air-tightly engaged with a printing hea
is varied, it can thus become dlfficult to carry ousx
stable capping operation each time. e

10 JP-A—260341/1985 discloses the constructlon of a
capping ‘Jevice provided with an expansible diaphragm-
carrying chamber at an intermediate portlon of a thin
tube connected to a cap. 4

JP-A-273855/1987 discloses a cappiﬁg device in

15 which an ink ejecting nozzle-coveringfprotective cap is
provided with a suction pump and with a valve means for
controlling the pressure in the_géb.r Figure 9 is a
schematic diagram of this capp}ﬁb device. During a
non-printing perlod of time, a cap 42 covers a

20 plurality of printing nozzle% 4la in a printing head 41
as shown in Figure 9, and/ during a printing period of
time, the cap 42 is remg¥ed from the printing head 41 by
a cap opening and closding means (not shown). ‘The cap 42
communicates by way 6f a flexible tube 49 with a suction

25 pump 44. When impgrfect ejection of the ink occurs,
the suction pump/44 is operated to suck the ink from the
nozzles 4la inAthe printing head 41, and a resetting
operation is fLarried out. The interior of the cap 42
communicateg by way of a flexible tube 47, an expansible

30 chamber 47 having an expansible diaphragm 45a therein,
and a f¥exible tube 48 with a valve means 46 which is
adapted to release the vacuum generated by the suction
pump 44. The flexible tubes 47, 48, 49 are of a high
ink resistance. In the capping device thus constructed,




an jet printer having a head danper in an ink fl ow passage connecting a
nozzle and an ink pack together, the head danper having a di aphragm for
absorbing pressure variations in the ink caused by the back-and-forth
movenent of a carriage, the interior of the head danper is sybj tgy*hq )
vacuum as the ink is sucked. Consequently, when the cap is re Hiﬁ&f%/i[_
expose the nozzle tip to the atnospheric air with the vacuumin the head
darfper increasing to a certain

the variation of the volume of the air in the parts
which communicate with the cap 42, which occurs due to a
change of the environmental conditions in a non-printing
period, is absorbed in the expansible chamber 45 to
Prevent the rearward displacement of the meniscus at the
free end portions of the nozzles 4la.

When an ink jet printer in a capped non-printing
state is left as it is at a high temperature, the water
in any ink on the front surface of the nozzles 4la and
in the interior of the flexible tubes 47, 48, 49 which
communicate with the known cap 42 evaporates, so that
the partial pressure of the vapour in the tubes 47, 48,
49 becomes high. Consequently, the expansible chamber
45 expands so as to absorb this pressure. However, the
partial pressure of the molecules of air decreases as
the partial pressure of the vapour increases, and the
partial pressure of the air in the cap 42 becomes low
with réspect to the partial pressure of the outside air.
In a known tube 47, 48, 49 which is in such a
condition, and which consists of a material, such as
polyethylene or polytetrafluorcethylene which has been
selected by attaching prime importance to the ink
resistance and which has been such as to permit air
molecules to pass therethrough comparatively easily, the
25 air molecules permeate from the outside air into the

interior thereof to cause the volume of the inner

portion of the tube to increase. This volume increase
soon becomes’ unable to be absorbed by the expansible
diaphragm 45a, and the internal pressure increases

30 together with the partial vapour pressure with respect
to the outside air. This internal pressure, with an
ambient temperature of 40°C, increases up to a level in
the neighbourhood of 55.3 mmHg, which is a saturated
vapour pressure at this temperature. Therefore, this
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extent, the neniscus 2 nmoves back
again due to the vacuum so that the problem
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pressure overcomes the strength of the meniscus of the ink at the front end
portions of the nozzles 41a. This causes backward displacement of the mgniscu_s
and imperfect discharge of the ink. |

According to the invention, a method of sealing the front surface ofa
.printing head of an ink jet printer when the latter is not in operation cdmprising
applying to the front surface a seal means which%;kes an air-tight seal
therewith and which forms therewith an evacuable space which communicates
with suction means by means of which ink may be sucked out of the printing
head and valve means which, when open, brings the space into communication
with the exterior of the seal means, characterised by operating the suction means

" while the valve means is closed so as to reduce the pressure in the space to an

increasing extent throughout a first period of time, thereafter effeéting
preliminary opening and closing actions of the valve means during a second
period of time, and thereafter effecting further opening and closing actions of the
valve means at least once after a third period of time has elapsed from the end of
the second period of time, the third period of time being shorter than the first
period of time.

Thus, in an apparatus according to the present invention, the interior of

- the means may be érranged to be at a normal pressure without causing the

meniscus of the ink in a nozzle of the printer to be displaced backwards.

Preferably, at the end of the first period of time, there is a maximum
degree of vacuum in the space.

The pressure in the space is preferably substantially atmospheric pressure
at the end of the second period of time.

Preferably, the valve means is closed at the end of the further opening

and closing actions after the operation of the suction means has been stopped.



of inperfect EJECtIOH of ink cannot be sol ved. In a known cappi ng
devi ce nor eover , a cap is forned so that it can be turned
in only ‘Pﬁl@stleet‘i‘ia{%ﬁk cedSuch a known cap is schematically shown in

Figure 10 gure 10, a cap 52 is supported on a SHRPQt 4
menber mj Im Hm p 52 can be turned around a ful crum aﬁ F@?gé JL
support be turned around a ful crum 53a, and cap opening ahd

cl esing operations are carried out by a cam nmeans 55. In a cap-cl osed
state, the cap 52 is urged constantly against a printing -head 51 by a
coil ed tension spring 54. The cap 52 gs constructed so that, for exanple,

The invention extends to appératus for sealing the front surface ofa
- printing head of an ink jet printer when the latter is not in operation, the
apparatus comprising a seal means adapted to make an air-tight seal with the-said'
front surface and to form therewith an evacuable space, and conduit means
communicating with the space, the conduit means being provided with suction

means, by means of which ink may be sucked out of the printing head, and wi

valve means which, when open, brings the space into communication with the
exterior of the seal means, characterised by control means for controllidg
operation of the suction means and of the valve means, the control/means in use
first operating the suction means while the valve means is clogéd so as to reduce
- the pressure in the space to an increasing extent throughoyt a first period of

time; thereafter effecting preliminary opening and closing actions of the valve

means during a second period of time; and thereaftér effecting further opening

and closing actions of the valve means at least dnce after a third period of time
has elapsed from the end of the second perjéd of time, the third period of time
being shorter than the first period of ti

The seal means is preferably€arried by a support member in such a way
that the seal means can be moved in a plurality of different planes with respect to
the support member.

Thus the seal mepis and the support member may have mutually
engaging parts one gf which is constituted by a projection having a
hemispherical surface and the other of which is constituted by a hemispherical
recess whose diameter is slightly larger than that of the hemispherical surface of
the said projection.

There is preferably a posture control spring which urges the seal means

towards a predetermined position with respect to the support member.



even when the printing head 51 is noved longitudinally as shown by a

doubl e- headed arrow AW th respect to the cap 52, the cap support nenber
53 i s t UhiaShkerH0BEGE Replieg f Ul Crum 53a as shown by a doubl e- headed arrow B

wi t.h the
arrow C,
posture at

cappi ng

L Lty

device of this kind can be tu ned in only one plane, any | ack

around the fulcrum52a as shown by a oubI e- headed

cap 52 to cover the printing head 51 hé.danke/
However, since the cap 52 in the 3n &\W’ZNSAL

of parallelization of the cap 52 and the printing head 51 in a plane
which i s perpendicular to the plane in which the cap is turned is offset
by utilizing the

The conduit means preferably comprises at least one flexible tube means
which comprises a tube member made of a material having a high ink corrosion

resistance, the outer surface of the tube member being covered by material

having a high gas penetratioh resistance.

Preferably, the high gas penetration resistant material has a transmittance

of nitrogen gas not exceeding 100 (cc/m2-24hr-atm/25 microns).
| The tube member may be an inner tube of agéi:)uble#tube flexible tube
means whose outer tube is made of the high gas penetration resistant material.

Alternatively, the flexible tube means may be of single tube construction,
the outer surface of the tube member being provided with a coating of the high
gas penetration resistant material.

Thus, the cbating may be of a metal which has been evaporated onto the
outer surface of the tube member.

In its preferred form, moreover, an apparatus according to the present
invention enables imperfect engagement of the seal means with the printing head
to be avoided so as to avoid desiccation and leakage of the ink, and thus ensure
very high reliability.

The present invention enables a printing operation to be carried out
immediately without causing the meniscus of ink at the front ends of the nozzles
to be displaced backwards, even after the printer to which the apparatus has been

applied has been left in a high-




eIasticiLy,oi~%he~caﬁ’5§'ﬁﬁrbh I's made of a resilient mat eri al .

Therefore, ar%agggﬁk_ qﬁs in the pressure distribution on the contact
surfaces offt the printing head 51. This may be a uate in

a cappi ng ap 52 is small in the widthw se directzg <!i;i§dfil_
t her eof mhlc |cular to the digection in which the c d I

t ur ned. Fbmever I n a cappi ng devi ce whose cap has to be large due to the
nozzl es provided in-a plurality of rows in a printing head, inperfect

cappi ng temperature place for a comparatively long period of
time. ' '
- The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-
5 Figure 1is a diagrammatic view_of an embodiment
of an apparatus according to the present invention;

Figure 2 is '‘a sectional view of a valve means

which may be used in the embodiment of Figure 1;
| Figure 2A is a circuit diagram of an electronic
10 control means which may be used in the embodiment of
Figure 1; h

Figure 3 is a graph showing the relationship
between valve opening and closing times and variations
of pressures in a space in a cap of the apparatus and in

15 the interior of a head damper, in which a solid line
indicates the variation of the pressure in the space in
the cap, and a one-dot chain line indicates the
variation of the pressure in the head damper; o
| Figure 4 is a perspective view of a cap turning

20 means which may be used in apparatus according to the
present invention;

~ Figure 5a is a side elevation of the structure
shown in Figure 4;

Figure 5b is a sectional view taken along the line

25 D-D in Figure 5a;

Figure 6 is a side elevation of another cap
turning means which may be used in apparatus according
to the present invention;

Figure 7 is a sectional view of a flexible tube

30 which may be used in apparatus according to the present
invention;

Figure 8 is a graph showing the variations of the
volumes of and pressures in the portions of the
apparétus which communicate with the cap with respect



3 occurs due to the changes in the posture of "the cap. This causes drying

of the |dﬂn of the nozzles which can result in inperfect
ej ection o ﬂ al so causes | eakage of the ink fromthe ca whi ch

can-result nati on (}r{;EJ{!q;jl_

9

to the lapse of time in a flexible tube as shown in
Figure 7 and in a conventional tube;
Figure 9 illustrates a known apparatus for sealing
the front surface of a printing head of an ink jet
5 printer; and
Figure 10 is a side elevation of a known cap
turning mechanism which may be used in a known apparatus
for sealing the front surface of a printing head of an
ink jet printer.
10 Figure 1 shows an embodiment of ah apparatus' .
according to the present invention for seallng the/Tront
surface of a printing head of an on-demand type Znk jet
printer. Referring to Figure 1, a printing hedd 1 is
fixed to a carriage (not shown) and is dispgSed opposite
15 to a record medium, e.g. paper. A head damper 3, which

has a diaphragm for absorbing pressure ariations in the
ink caused by back-and-forth movement/ of the carriage,
-communlcates with the front surface/la of the printing

20 plurality of nozzles 4. Each

nozzles 4 also communicates th an ink pack 15.
A seal means or cap 6 As fixed to an actuator (not -

shown) provided on the hoWe position side of the
carriage and is formed go as to hermetically cover the

25 front surface la of tie printing head 1 during a non-
printing period of fAime. A cavity or recess 7
provided in the sufface of the cap 6 which is opposite
to the nozzles 4 /forms with the front surface la a space
which communicafes with the two thin tubes 8, 9. A

30 suction pump 10 is disposed in the tube 8 for sucking
the ink frop the nozzles 4. A valve 11 is disposed in the
tube 9 so/as to control communication between the space

exterior of the cap 6.

s shown in Figure 2 the valve 11 may be formed

the plurality of

.
w .
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Iectronlc machi ne. Wien the posture of the cap which
Eﬁiﬂn ﬁ’d with a printing head is varied, it can thus

out a stabl e capping operation each tine.

t he construction of a capping device pﬁov4ded
math an expansi bl e dlaphragn}carrylng chanber at an internedi at
of a thin tube connected to a cap.

cappi ng device in which an ink ejecting

103p- A- 273855/ 1987 di scl oses a

provi ded with a suction
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a normaﬂi losedW%% ve %y means of which an end of
the tube 9 is normally closed by the action of a spring
12. The valve 11 can be opened, however, by a solenoid
13 when suction is being effected by the suction pump

- 10.

The opening and closing operations of the valve 11
in this embodiment are carried out twice by means of an -
electronic control means 14, i.e. both preliminary and ;
further opening and closing operations are carried out.:
The electronlc control means 14, in addition to
controlllng the operation of the valve 11, also controls
the operation of the suction pump 10.

As shown in Figure 2A, the electronic control
means 14 may comprise a CPU 16 which controls the
operation of a pump motor 17 for driving the suction

 pump 10 by way of a pump driving motor drive part 18.

The CPU 16 also controls the operation of a valve:
solenoid 19 by way of a valve solenoid drive part 20

the valve solenoid 19 controlling opening and closing of
the valve 11.

The operations of the pump motor 17 and valve
solenoid 19 are in accordance with the timings shown in
Figure 3 and described below.

The first-mentioned preliminary opening and
closing operations I (Figure 3) are carried out by the
electronic control means 14 after there has elapsed a
period of time t (which will hereinafter be referred to
as '"rising suctlon time" i.e. a period throughout which
the pressure in the cavity 7 is reduced to an increasing
extent) which period t starts at an instant a at which
the suction pump 10 is started by the electronic control
means 14 and ends at an instant at which the pressure in
the cavity 7 in the cap 6 reaches at least substantially
its maximum vacuum P1l, as shown in Figure 3. A period

Rary oy A

nozzle coverlng protectlve cap S

AL



means'for controllTing the pressure of the cap. Figure 9 is a
schenmat |Tmzsdheaiiimfllepla&appl ng devi ce based on a conbination of the capping

devi ces o 1985 and JP-A- 273855/1987. It does not£§1ﬁﬁlﬁa
of sthe st within the nmeaning of Article 54(2) EP r \éAL
non- printing perlod ol time, a cap 42 cgﬁﬁrs a plurality of printing

nozzles 4la in a printing head 41 as sh in Figure 9, and, during a
pri=nting period of tinme, the cap 42 is renoved fromthe printing head

of time tz, during which the valve 11 is opened by the
electronic control means 14, is set to the smallest
possible length of time that enables the pressure in the
cavity 7 in the cap 6 to be increased to substantially

5 atmospheric pressure, and the pressure in the head
damper 3 to be increased to substantially atmospheric
pressure by sucking in ink, which has been drawn to the
front end of the nozzles 4, by the suction pump 10. The
valve 11 is then closed by the electronic control means

10 14.

o .

~ Subsequently further opening andﬂblosing operatidd
II of the valve 11 following the preliminary opening and
closing operations I are carried out by the electronic
control means 14 after a period of time t3 has elapsed,
15 which starts at an instant ¢ of the completion of the
preliminary opening and closing operations I and thus at
the end of the time t s the period of time t, being
. shorter than the rlslng suction time t , 1. e " short
enough to prevent the pressure in the head damper 3 from
20 reaching the degree of vacuum P3 which is required to
destroy the meniscus of the ink at the front end
portions of the nozzles 4. The valve 11 is then
operated by the said electronic control means 14 so as
to close the thin tube 9 after the operation of the
25 suction pump 10 has been stopped.

The operation of the apparatus thus constructed
will now be described. The cap 6 disposed on the home
position side of the carriage during a non-printing
period of time covers the front surface la of the

30 printing head 1 in an air-tight manner so as to prevent
the ink at the front end portions of the nozzles 4 from
becoming dried and solidified.

When the pressure in the cavity 7 in the cap then
increases, so that the meniscus of ink at the front end



41 by ‘a ca openi ng an I ng means (not shown). The cap 42 conmmuni cates
by way of “ ibBamEu am&g with a suction punp 44. \Wen inperfect

ej ection t he suction punp 44 is operated to
i nk: fromt |n the printing head 41, and a resetti }3 4jéa\bﬁ\l.
Is carried out The | r|or of the cap,42 connunlcates by way ©

fl exi ble tube 47, an expansible chamber 145 havi ng an expansi bl e di aphragm

45a therein, and a flexible tube 48 with a valve neans 46 which is adapted
to release th§o¥%igﬂg'%%n%hgtﬁgzgieghi is displaced backwards whereby
to cause imperfect ejection of the ink, the suction
pump 10 which communicates with the cavity 7 in the cap
6 is operated first by the electronic control means 14.
5 As a result, the pressure in the cavity 7 in the cap 6
decreases gradually to the maximum vacuum Pl after a
lapse of the rising suction time t1 of around 3-5
seconds which is required due to the resistance in the
tube 8, so that the ink is sucked to the front ends of
10 the nozzles 4. nggequently, the pressure in the head
damper 3, which communicates with the nozzles 4 via the
ink flow passage 2, reaches a vacuum P2 of, for example,
around 400 mm Hzo, which is required to destroy the
meniscus of ink at around the instant at which the

15 rising suction time t1 has elapsed, due to the movement
of the ink toward the front end portions of the nozzles
4.

When the valve 11 is opened by the electronlc _

control means 14 when the rising suction time t has

20 elapsed so that the ink reaches the very front ends of
the nozzles 4, i.e. at an instant b at which about nine
seconds have passed after the starting of an operation
of the suction pump 10 - in this embodiment, the pressure
in the cavity 7 reaches the level of the atmospheric

25 pressure in a moment owing to the outside air flowing
thereinto through the tube 9. Owing to this pressure
increase, the ink which has reached the front end of a
nozzle 4 is drawn inward again due to the fact that the

! vacuum P2 is high enough to destroy the meniscus of the

30 ink in the head damper 3.

When the valve 11 is closed by the electronlc
control means 14 after there has elapsed a very short
period of time t2 of around 0.2 second, the interior of
the cavity 7 in the cap 6 is under vacuum again due to



sucti on punp 44. The flexible tubes 47, 48, 49 are of a high ink
resistance. In the capping device thus constructed,

| ORIGINAL
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the suction operation of the suction pump 10 being carried out with the valve 11
closed, so that the ink which has moved back starts being sucked toward the
front ends of the nozzles 4. Consequently, the interior of the head damper 3
comes under vacuum again due to the re-suction of the ink. However, at an
instant d, at which a period of time t3 shorter than the rising suction time t; has
elapsed after the instant ¢ of the closing of the valve 11, the pressure in the head
damper 3 has not yet reached the vacuum P3 which enables the meniscus of ink
to be destroyed. Therefore, the ink in the nozzles 4 does not move back, and
the meniscus is kept formed at the front end portions of the nozzles 4.

The embodiment shown in Figure 1 is formed so that the interior of the
cavity 7 in the cap 6 is set to a normal pressure by carrying out two valve
opening and closing operations ie. the prelifnina.ry operations I for obening and
closing the valve 11 and the further opérations II for opening and closing the
valve 11, so as to form a meniscus of ink at the front end portions of the nozzles
4 and so that the printing head 1 and cap 6 can be easily disengaged from each
other. The embodiment shown in Figure 1 may also be formed so that the
further opening and closing operations II are repeated twice or more when a
period of time t, shorter than the rising suction time t; has elapsed after the
completion of the preliminary opening and closing operations I so as to bring
about a meniscus o.f ink at the front end portions of the nozzles 4 and permit
easy disengagement of the printing head 1 and cap 6 from each other.

A capping device according to the present invention preferably includes a
cép turning mechanism described and claimed in application number 89309028

(EP-A-0358487) from which this application is a divisional.

is Sheet Has Been R laced
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4° thé variation of the volune of the air in the parts. which comunicate
with the cap 42, which occurs due to a change of the environnental
conditions in a non-printing period, is absorbed in the expansi bl e chanber

45 10 prevent the rearward displ acenent of the meniscus at the f ttt:a "
portions of the nozzles 4la. Wien an ink jet printer in a B o “f[é/%lh
non-printing state is left as it is at a h#gh tenperature, the water

Figure 4 shows an embodiment of a cap turning
mechanism in which there is provided a cap fixing frame
25 to which a cap 6 as shown in Figure 1 and consisting
of a resilient material, such as a rubber material, may

5 be fixed. The cap fixing frame 25 is provided '
_substantially at its central portion with a
hemispherical recess 25a, and is provided on opposite
side surfaces thereof with cylihdrical projections 25b
for oscillatably engaging the cap fixing frame 25 and

10 the cap 6. ) =

A cap support member 23 is-érovided to which the
cap 6 and the cap fixing frame 25 can be engaged. The
cap support member 23 is provided with a projection 23c¢
having a hemispherical surface and with track bores or

15 guide holes 23b on opposite sides of the projection 23c.
The cylindrical projections 25b are adapted to be
engaged oscillatably in the guide holes 23b as indicated
in Figure 4. The hemispherical recess 25a in the cap
fixing frame 25 is formed to a radius slightly larger

20 than that of the hemispherical projection 23c on the cap
support member 23. '

Figure 5a is a side elevation of the capping
device of Figure 4, and Figure 5b is a sectional view
taken along the line D-D in Figure 5a.

25 As shown in Figure 5a, even when the printing head
1 is moved longitudinally, as shown by a double headed
arrow A, with respect to the cap 6, the cap support
member 23 is turned around a fulcrum 23a as shown by a
double headed arrow B so that the cap 6 is turned around

30 the projections 25b on the cap fixing frame 25 as shown
by a double headed arrow C.

The capping device described above is formed so
that it is capable of constantly capping the printing
head 1 in the same posture. Even when the head 1 is

This Sheet Has Been Replaced -




'n any ink on the front surface of the nozzles 4l1a and in the interior of
the flexible tubes 47, 48, 49 which conmunicate with the known cap 42
evaporates, so that the partial pressure of the vapour in the tubes 47, 48,

49 _becones hi gh. Consequently, the expansi bl e chanber 45 expangEso asg i
absorb this pressure. However, the partiis pressure of the nol ﬁd;#v[_

decreases as the partial pressure of the“vVapour increases, and the parti al
pressure of the air in the cap 42 becones low with respect to the parti al

et o s PTUEE hbrpbl *5STENS, LB edfpqtl. néiioth! 25 bp b such 2
angle 61 as shown in Figure 5b, the cap fixing frame 25
to which the cap 6 is fixed is turned by an angle 62,
which is equal to 61, as the hemispherical projection

5 23c on the cap support member 23 and the hemispherical
recess 25a in the cap fixing frame 25 contact each other
while the cylindrical projections 25b on the cap fixing
frame 25 move in the guide holes 23b in the cap support
member 23 so that the capping of the head 1 is effected.

10 During this time, the force by which the cap 6 is
pressed against the head 1 is transmitted thereto with
the hemispherical projection 23c and the hemispherical
recess 25 in a point contacting state. Accordingly, in
order to obtain a uniform surface pressure distribution

15 on the cap 6, the hemispherical recess 25a in the cap
support frame 25 may be formed in alignment with the
centre of the front surface la of the head 1 which is
contacted by the cap 6. '

The embodiment described above is an example in

20 which a hemispherical projection is provided on the cap
support member 23. The same effect can, of course, be
obtained in a capping device provided with a
hemispherical recess in the .cap support member 23 and a
hemispherical projection on the cap fixing -frame 25.

25 Figure 6 shows a second embodiment of a cap
turning mechanism for the apparatus according to the
present invention. In this embodiment, a hook 254 is
provided on ‘a predetermined portion of the cap fixing
frame 25, and a cap posture control spring 28 for

30 maintaining the cap 6 in a constant posture is fastened
to the hook 254 so as to constantly draw the lower
portion of the cap 6 in a direction away from the
printing head 1. When the cap 6 is not in contact with
the printing head 1, the cap 6 is inclined slightly so
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pol yet hyl ene or pol ytetrafl uoroethyl ene which has been sel ected by

attaching prine inportance to the ink resistance and which has been such as
to permt air nolecules to pass therethrough conparatively easily, the air

nol ecul es perneate fromthe outside air into the interior thergofffo eaug

the volune of the inner portion of the tube to increase. This ignune\Ji \7{1_
i ncrease soon becones unable to be absorb@d by the expansi bl e di aphragm

45a, and the internal pressure increases together with the partial vapour
pressure with respect to the outside air. This internal ressyre with an

anbi ent t enpedstke fagestn@ dirgerably downward ediFeskion owin

the force of the cap posture control spring 28. When a
capping operation is carried out with the cap 6 in such
a state, by an operation of a cap opening_and closing

5 mechanism (not shown) and the force of a coiled tension
spring 24, the cap support member 23 is turned as shown
by an arrow B, and the cap 6 always comes into contact
with the printing head 1 from the upper end 6a of a seal
surface thereof, whereby capping of the printing head 1

10 is effected. If the force of the cap posture cgptrol

- spring 28 is too great, the surface pressure

distribution of the seal surface becomes uneven and thls
causes imperfect capping of the printing head 1.
Therefore, it is desirable that the force of the cap

15 posture control spring 28 be set to the lowest level
that enables the posture of the cap 6 to be controlled.

One embodiment of the thin tubes 8,9 which are
connected to the cap 6 will now be described in detail.

Figure 7 is a sectional view of an embodiment of

20 such a thin flexible tube 30 which is constituted by a
flexible tube 31 of a resin or plastics material of a high ink
corrosion resistance, such as polyethylene or
polytetrafluoroethylene, and an outer wall 32 of a resin
or plastics matérial of a high gas penetration

25 resistance, such as nylon or vinyl chloride.

In Figure 9 there is shown a capping device which
uses flexible tubes of this construction as the flexible
tubes 47, 45, 49. The device of Figure 9 has, as
indicated above, a printing head 41 whose capping is

30 done after the printing command has stopped being given
out during a printing operation. This is effected by
initially opening a valve means 46 which communicates
with the tube 47 by way of the tube 48 and an expansible
chamber 45 having an expansible diaphragm 45a therein. A
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the nei ghbour hood of 55.3 nmHg, which is a saturated vapour pressure at
this tenperature. Therefore, this
6
Y L.
L H\;A
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cap opening and closing means (not shown) is then
operated. During this time, a very small quantity of
ink can be sucked from ink ejection nozzles 4la in the
printing head 41 by operating a suction pump 44 in the

5 tube 49 with the valve means 46 left opened. The
expansible diaphragm 45a in the expansible chamber 45 is
thus bent inward as shown by a one-dot chain line a. The
suction pump 44 can then be stopped, and the valve means
46 may be closed thereafter to complete the capping

10 operation.

The variations of the volume of air and pressure
in portions of the apparatus which communicate with the
cap 42 of the capping device in the case where the
ambient temperature increases to a high level after the

15 completion of the capping operation are shown in Figure
8. For convenience sake, let it be assumed that the
expansible chamber 45 can be expanded by a volume AV,
which does not vary with the pressure. .First, when the
printer is left at a high temperature, the volume of

20 those portions of the apparatus which communicate with
the interior of the cap 42 increases by AV (point A).

At this time, the pressure in the cap 42 remains at the
value 1 but the partial pressure of the air decreases in
correspondence with an increase of the partial pressure

25 of the vapour occurring due to the evaporation of the
water in the ink. Since the partial pressure of the
outside air is substantially 1, the air would flow from
the outside into the interior of the cap 42. If the
tube in use consists of a material which is permeable to

30 air, the volume thereof increases comparatively speedily
as shown by a broken line. In the flexible tube 31,32
shown in Figure 7, however, which has a high gas
penetration resistance rate of increase in the volume is
low, i.e. the volume of the tube 31, 32 varies slowly as

e




According to one aspect, the invention extends to apparatus for sealing the
front surface of a printing head of an ink jet printer when the latter is
not in operation, the apparatus conprising: a seal neans provided on an ink
jet printer and adapted to air-tightly seal the front end of het-ng f
head during a non-printing period of time, which seal neans i bbhdédulﬁ
with a suction neans adapted to suck thelBnk fromsaid printing head and a
valve neans, which, when open, comrunicates the interior of the seal neans

with the exterjor thereof fi.rst operating neans mglch ffects rellnlnary
openi ng and cPBeVRgbYE i 8Riids line Im| F4IREENE - af £BR VP PH@ d0EERBRS i ne of
the suction ngggpshbeferapsefly aecangoint (Bl and B2) at which the

volume of the expansible chamber 45 has increased by an
attainable level AV. This volume is thereafter kept

5 constant, and the internal pressure increases to 1 +
(saturated vapour pressure AP) at which the internal
pressure becomes stable. At a temperature of 40°c, this
level is 55.3 mmHg. Let Ap equal a pressure balancing
the surface tension of the meniscus of the ink at the

10 front end portion of the nozzles 4la, the meniscus .
constituting an interface with respect to the air in the
cap 42. When Ap < AP, the backward displacement of
the meniscus at the front end portion of each nozzle 4la
occurs before the pressure in the cap 42 has increased

15 by AP, and this causes the imperfect ejection of ink:
when a printing operation is restarted.

When a flexible tube 30, however, having a high

gas penetration resistance is provided in a portion of
the capping device which communicates with the cap 42,

20 the time which the expansible diaphragm requires to
reach the limit of expansion can be increased to a great
extent. Accordingly, the backward displacement of the
meniscus at the front end portions of the nozzles 4la
can be prevented for a long period of time.

25 : In an experiment, in which a tube (not shown) of
polytetrafluoroethylene of 1.45 mm in inner diameter and
2.2 mm in outer diameter was used at an ambient
temperature'of 40°C, the backward displacement of the
meniscus of ink at the front end portions of the nozzles

30 ‘4la occurred in around three days. On the other hand,
when a two-layer tube 31, 32 consisting of an inner tube
member 31 of polyethylene of 1.4 mm in inner diameter
and 2.2 mm in outer diameter, and an outer tube member
32 of nylon having a wall thickness of 0.2 mm was used,
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operating neans which effects primary opening and cl osing actions of valve
nmeans at |east once after a period of time shorter than the rising suction
time has el apsed after the conpletion of the prelimnary openqi and

cl psing actions; and control nmeans which consecutively oper%ﬁ} ﬁhe'ﬁ ftL_
and second operating nmeans. Accordi ng to anot her aspe “rie

i nvention extends to an apparatus inclul®ng a seal neans adapted to make
an-air-tight seal with the front surface of a printing head of an ink jet

printer, and to formtherewith an evacuabl e space;
the backward displacement of the meniscus of ink did not

occur even after one month had elapsed, so that the
-reliability of the tube could be improved to a ;evel at
which the tube'posed no problems in practice. '
5 When a tube (not shown) formed by coating the
outer circumferential surface of a flexible tube member
of a high ink corrosion resistance with a resin of a high gas
penetration resistance is used, the same effect can also
be obtained. For example, when a flexible tube
10 consisting.of polyethylene, and a coating consisting of
saran resin of polyvinylidene chloride were used, the
same effect was also obtained.
When a tube formed by evaporating a metal, such as
aluminium, on the outer circumferential surface of a
15 flexible tube of a high ink corrosion resistance is used, the
same effect can, of course, also be obtained.
 In the apparatus described above, the seal means
6 for air-tightly sealing the front surface la of the
printing head 1 is provided with a suction means 10 for
20 subjecting the space 7 to vacuum and with a valve means
11 for bringing the space 7 into communication with the
exterior of the seal means 6. The preliminary opening
and closing operations I of this valve means 11 are
carried out after the lapse of the rising suction time
25 t1 of the suction means 11 and the further opening and
closing operations II thereof are carried out whgn a
period of time t shorter than the rising suction time
t has elapsed after the completion of the preliminary
openlng and closing operations I of the valve means 11.
30 Accordingly, even if the interior of the head damper 3
comes under vacuum so as to destroy the meniscus of
the ink when the suction means 11 for sucking the ink in
the printing head 1 from the front ends of the nozzles 4
is operated, the vacuum can be regulated to such a level

This Sheet Has Been Re ﬁ
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econduit nmeans conmuni cating with the space, the conduit neans being
provided w th suction neans, by neans of which ink may be sucked out  of
the printing head, and with val ve neans whi ch, when open, brugpkthffiﬁgaal_
info comunication with the exterior of the seal nmeans; first obbngi i
means whi ch operates the suction neans while the valve neans is closed so

as to reduce the pressure in the space 4®b an increasing extent throughout

a first period of tinme '

that can prevent the destruction of the meniscus of the
ink, by carrying out the further opening and closing
operations II of the valve means 11 a short period.of
time after the completion of the preliminary opening and

5 closing operations I thereof. Even when the interior of
the seal means 6 is returned to a normal pressure, the
ink can be drawn back to the front ends of the nozzles
4. This enables imperfect printing to be reliably
prevented, and enables disengagement of the printing

10 head 1 and seal means 6 from each other to be effected
easily.

The cap 6, moreover, is supported so that it can
be turned in not less than two different planes. This
enables the seal surface of the cap 6 to be brought into

15 close and parallel contact with the printing head 1 even
when there is a change in the positional relation
between the printing head 1 and the cap 6, whgreby .
variations in the surface pressure.distribution on the
seal surface are minimized, and desiccation of the ink

20 in the nozzles and leakage of the ink are prevented.

Since, in the Figure 6 construction, a cap
posture control spring 28 is provided so as to maintain
the cap 6 in a constant posture, stable capping of the
printing head can be achieved at all times with this

25 construction.

Moreover, in the Figure 7 construction, each of
the flexible £ubes 30 connected to the cap consists of a
double structure composed of an inner tube member 31 of
a resin or other material of a high ink corrosion resistance, and

30 an outer tube member 32 of a substance of a high gas
penetration resistance. Therefore, even when the
printer is left at a high temperature, the expansion of
any parts which communicate with the cap can be reduced
to the lowest possible level, and the backward

e
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second operating nmeans which effects prelimnary opening and cl osing

actions of the valve neans during a second period tine; third operating

means which . effects further opening and cl osing actions of the val ve neans
.l east once after a third period of tinme has el apsed fron1the end of the

second period of tine, the
2 ORIGINAL

displacement of the meniscus of ink at the front end

portions of the nozzles can be prevented for a long

period of time.

_ ' Moreover, the apparatus of the present 1nvention
5 may be provided with a reset means of a very simple

construction so that a printing operation can be

restarted immediately.
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6a third period of tinme being shorter than the first period of tinme; and

control neans which consecutively operates the first, second and third

oper at i ng nmeans. The seal neans is preferably carried by a support
mepber in such a way % =
- @ ;‘ g '
This Sheet Has Been ”‘. !
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1. A method of sealing the front surface (1a) of a printing head (1) of an ink
jet printer when the latter is not in operation comprising applying to the front
surface (1a) a seal means (6) which makes an airtight seal therewith and which

forms therewith an evacuable space (7) which communicates with suction m

B
[}

(10) by means of which ink may be sucked out of the printing head (1) ang’valve
means (11) which, when open, brings the space (7) into cdmmunicati with the
exterior of the seal means (6), charadterised by operating the suctién means (10)
while the valve means (11) is closed so as to reduce the pressure in the space (7) -
to an increasing extent throughout a first period of time (), thereafter effecting

| preliminary opening and closing actions (1) of the val¥é means (11) during a
second period of time (), and thereafter effecting further opening and closing
actions (IT) of the valve means (11) at least opce after a third period of time (t3)
has elapsed from the end of the second perlod of time (tp), the third period of
time (t3) being shorter than the first pefiod of time (t;).

2. A method as claimed in claj

1 1, characterised in that, at the end of the

first period of time (t;), there i
™.

3. A method as clajned in claim 1 or 2, characterised in that the pressure in

a maximum degree of vacuum (P1) in the space

the space (7) is subgtantially atmospheric pressure at the end of the second period
of time (tp).
4, A method as claimed in any preceding claim, characterised by closing the
valve means (11) at the end of the further opening and closing actions (II) after
the operation of the suction means (10) has been stopped.

5. Apparatus for carrying out the method as claimed in claim 1, comprising §

a seal means (6) provided on an ink jet printer and adapted to air-tightly seal the

) »..“.‘»
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menber engagi ng parts one of which is constituted by a
prOJectlo pherical surface and the other of | h IS
constituted by a hen1spher|cal surface of the said projectio S EN l-
There is preferably a posture control spri £ﬁ‘ Jd %\
towards a predeterm ned position with res ect to the SUﬁ port nenber.

front end (1a) of a printing head (1) during a non-printing period of time, which

that theps a noved in a plurality of different planes with
respect t etﬁ;sa@“ﬁwanber Thus the seal neans and the support
S

seal means (6) is provided with a suction means (10) ada;ite_d_ to suck the ink

from said printing head (1) and a valve means (11) adapted tc make preliminary
opening and closing actions (I) after rising suétion time (t;) of the suction means
(10) has elapsed, and then primary opening and closing actions (II) at least once

after a period of time (t3) shorter than the rising suction time (t;) has elapsed

?t

after the completion of the preliminary opening and closing actions (I),
thereby communicate the interior of the seal means (6) with the exteri
6. Apparatus for carrying out the method of claim 1, including a seal means
(6) adapted to make an air-tight seal with the front surface #{a) of a printing

head (1) of an ink jet printer, and to form therewith agrevacuable space (7), and-
conduit means (8, 9) communicating with the spacé (7), the _conduit_means @,9 |
being provided with suction means (10), yé: of wf;ich ink may be sucked

out of the printing head (1), and with valve means (11) which, when open, bring

the space (7) into communication with the exterior of the seal means (6),

characterised by control means (J4) for contr'olling operation of the suction ‘
means (10) and of the valve (eans (11), the control means (14) in use first
. operating the suction meafns (10) while the valve means (11) is closed so as to
reduce the pressure jif the space (7) to an increasing extent throughout a first
, thereafter effecting preliminary opening and closing actions
(@) of the valve means (11) during a second period of time (t,), and“ thereafter
effecting further opening¢ and closing actions (II) of the valve mea;ls (1) at
least once after a third period of time (t3) has elapsed from the end of the secc;nd
period of time (t;), the third period of time (t3) being shorter than the first
period of time (t,)‘..
7. Apparatus as claimed in claims 5 or 6, characterised in that the conduit

means (8, 9) comprises at least one flexible tube means (30) which comprises a



The seal neans is preferably carried by a support nenber in such a way
t hat t hthi R@&mbe noved in a plurality of different planes with
respect !I menber Thus the seal neans t he support

d
mewber engagi ng parts one of which is cor% edfb 81
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pr oj ectlon havi ng a em spherical surface and the other of
constituted by a hemispherical recess mose_duwh“y Iarger

than that of the hem spherical surface of ,,!I,"c,",IIL”"J”,',S””!"

tube member (31) made of a material having a high ink corrosion resistance, the
.outer surface of the tube member (31) being covered by material (32) having a
high gas penetration resistance.

8. Apparatus as claimed in claim 7, in which the high gas penetration

resistant material (32) has a transmittance of nitrogen gas not exceeding 100
(cc/m2-24hr-atm/25 m1crons)

9. * 6Apparatus as claimed in claims 7 or 8, charactensed in that
member (31) is an inner tube (31) of a double-tube flexible tube Means (30)
whose outer tube (32) is made of the high gas penetration r
10.  Apparatus as claimed in claims 7 or 8, characterided in that the flexible
tube means (30) is of single tube construction, the guter surface of the tube
member (31) being provided with a coating of the high gas p_enetratien reSiStant
material. |

11.  Apparatus as claimed in claim 10,characterised in that the coating is a
coating of a metal which has been evgporated onto the outer surface of the tube

member (31).

12.  Apparatus as claimed i/claims 5 or 6, characterised in that the seal
means (6) is carried by a sypport member (23) in such a way that the seal means
(6) can be moved in a urality of different planes with respect to the support
member (23). .

13.  Apparatus as claimed in claim 12, characterised in that the seal means (6)
and the support member (23) have mutually engaging parts (23c, 25a) one of
which is constituted by a projection (23c) having a hemispherical surface and the
other of which is constituted by a hemispherical recess (25a) whose diameter is

slightly larger than that of the hemispherical surface of the said projection (23c).



t he sald I‘OJ ectlon There is preferably a posture control spring
whi ch ns towards a predeterm ned position with respect to

the sup
® e
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14.  Apparatus as claimed in claims 12 or 13, characterised in that there is a

posturé control spring (28) which urges the seal means (6) towards a
predetermined position with respect to the support member (23).

15. A capping device for ink jet printers, wherein the récording isdoneona
recording medium with ink droplets ejected from a nozzle (41a), comprising a

cap means (42) adapted to air-tightly seal a nozzle (41a) in a printing head (41)

during a non-printing period of time, a suction means (44) adapted to suck the
ink in said printing head (41) from said nozzle (41a), a valve means (46) adapted
to communicate the interior of said cap means (42) with the exterior thereoﬁ,ﬁi
a thin tube (47, 48, 49) connecting said cap means (42), said suction mear/ls 44) -
and said valve means (46) together and consisting of a flexible doqbl’gtube (30)
of which an inner tube member (31) is composed of a resin of a 'h.igh ink
_corrosion resistance, and an outer tube member (32) is co‘x;nf)’(,)sed of a substance
of a high gas penetration resistance. /
16. A device as claimed in claim 12, wherein/m{ﬂexible tube (30) is formed

by coating the outer circumferential surface of the inner tube member (31)

composed of a resin of a high ink corrosi

resistance with a resin of a high gas

penetration resistance.
17. A device as claimed in claim 12, wherein the flexible tube (30) is formed
by evaporating a metal on thg/outer circumferential surface of the inner tube

member (31) composed ot a resin of a high ink corrosion resistance.



7 - The conduit neans preferably conprises at |east one flexible

t ube nean corrprl ses a tube nenber nmade of a material having a high
i Nk corrosi g cftdhe outer surface of the tube nmenber being
et TR
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ABSTRACT

INK JET PRINTER SEALING METHOD AND APPARATUS

Apparatus for sealing the front surface of a printing head of an ink jet
printer when the latter is not in operation, comprises a seal means adapted to
make an air-tight seal W1th?t;)e front surface and to form therewith an evacuable
space commumcatmg with conduit means provided with suction means to suck
ink out of the printing head and with valve means which, when open, brings the
space into communication with the exterior of the seal means. Operation of the
suction means and of the valve means is controlled in use by first operating the
suction means while thé valve means is closed so as to reduce the pressure m the
space to an increasing extent throughout a first period of time (t;). Thereafter
preliminary opening and closing actions (I) of the valve means are effected
during a second period of time (t;). Thereafter further opening and closing
actions (II) of the valve means are effected at least once after a third period of
time (t3) has elapsed from the end of the second period of time (t,), the third

period of time (t3) being shorter than the first period of time (t;).

Figure 3



havi ng a high gas penetration resistance. Preferably, the high gas
penetration resistant material has a transmttance of nitrogen gas not

exceeding 100 (cc/nferr]-24hr-atm 25 n1crons) : The tubg nmember may .
be. an inner tube of a doubl e-tdbe fl exi tube nmeans whose outky, tube .is:
made of the high gas penetration resi st t?materlal Alternatlvely‘ L

the flexible tube means may be of single’tube construction, the outer
surface of the tube nmenber being.-provided With a coating of the high
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gas penetration resistant material. Thus, the coating may be of a
nmetal which has been evaporated onto the outer surface of the tube nenber.
In its preferred form noreover, an apparatus according to the present

i nventi on enabl es i.nperfect engagenent qILghe seal nmeans with fhe- prlntlng :

head to be avoided so as to avoid desiccation and | eakage of the-ink,’ and
t hus ensure

o Pump driving motor | I8 Pump motor 4~ |7
| / _drive part —
CPU L 20 LI-
\ Valve solenoid A Valve solenoid
drive part T ‘3

Filg 2A
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very high reliability. The present invention enables a printing
operation to be carried out imediately w thout causing the neniscus of ink

at the front ends of the nozzles to be di9placed backwards, evp@;‘af;'t;e.r;gp
printer to which the apparatus has been a‘g 1§ ed has been left in éﬁhii@ﬁ-}‘wa\i_
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8~ tenperature place for a conparatively |long period of tine. The
invention is illustrated, nerely by way of exanple, in the acconpanyi ng
drawi ngs, in which:- Figure 1 is a diagranmatic view of an enbodi nent

N o “lg ORISINAL
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of an' apparatus according to the present invention; Figure 2 is a
sectional view of a valve neans which may be used in the enbodi nent of
Figure 1; Figure 2Ais a circuit diagram of an electronic contro
means whi ch may be used in the enbodi rrent&aﬁﬁ Figure 1; Figure 3is a-
graph showi ng the rel ationship between val've opening and clgﬁgagiﬁirﬁgian
vari ati ons of pressures in a space in a cap of the apparatu Chi Fhe
interior of a head danper, in which a solid |ine indicates.the variation of
the pressure in the space in the cap, and a one-dot chain line indicates

t he ' .
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variation of the pressure in the head danper; Figure 4 is a
perspective view of a cap turning means which may be used in apparatus

according to the present invention; ggure ba is a side elevation oﬁ
the structure shown in Figure 4, F&g 5b is a sectifoyfal; vieWwitfa
atong the line DD in Figure 5a; Figure 6 is a side aleivat hon afﬂ‘
anot her cap turning neans which may be used in apparatus according to the
“present invention; Figure 7 is a sectional view of a flexible tube
w6 o
i
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whi ch may be used in apparatus according to the present invention;
Figure 8 is a graph show ng the variations of the volunes of and pressures

in the portions of the apparatus which comtg icate with the cap with
r espect _ 7 (.
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9 to the |lapse of tinme in a flexible tube as shown in Figure 7 and in a

conventi onal t ube; Figure 9 @gst rates an apparatus for seali ng
the front surface of a pr| nt i ng head of ink jet printer; and : r‘)
' .” ..4' H '\ : .J ] , \L'
bla
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Figure 10 is a side elevation of a known cap turning nechani sm which

used in a known apparatus for sealing the front surfac

of an’ ilhikSheettHa Béenkmlaced Figure 1 shows an enbod

appar at the present invention for seali the front 7sur dce
of “a pri an on-denmand type ink jet printer} ReflgtMARJ?%0
Figure 1, a printing head 1 is fixed to a carriage (no

hown) and is

di sposed-opposite to a record nedium e.g. paper. A hea
: 1

I TP R SEALING METHOD AND APPAR

This inveﬁﬁon relates to sealing the front surface of a printer head of an
ink jet printer when the latter is not in operation.

In an ink jet printer mounted on a miniaturised electronic machine, the
ink flows back from the front surface of a printing head of the printer due to the

" vibration or tilting of the printer while it is being transported, or the ink in a
nozzle or nozzles of the printer may dry if the printer is not used for a long
period of time, whéreby to cause imperfect printing.

The capping device disclosed in JP-B-15911/1988 is designed so as to
cover a printing head with a cap while the printer is not in use. The cap hasa
suction means therein by means of which a meniscus of the ink which has moved
back into the printing head is returned to a normal position when the ink is not
ejected normally when the printer is used again. This capping device may have
a ﬁormal meniscus sucking and returning effect with respect to an ink jet head of
the type in which an ink tank communicates with the outside air. However, in
an jet printer having a head damper in an ink flow passage connecting a nozzle
and an ink pack together, the head damper having a diaphragm for absorbing
pressure variations in the ink cat;sed by the back-and-forth movement of a
carriage,' the interiot of the head damper is subjected to a vacuum as the ink is
sucked. Consequently, when the cap is removed to expose the nozzle tip to the

atmospheric air with the vacuum in the head damper increasing to a certain

extent, the meniscus

REPLACED SHEETS . SG
I Description : paged ..2... 1o paged . >0,
El’C!aim(s)

B/Drawing(s) : paged ...~ to paged ...
L1 Abstract

i paged ... ta paged .......

'REPLACEMENT SHEETS SG
E’L?_‘:‘-.ij(;!‘ipiiﬁﬂ :paged ../ w pagsd 9%
B Claim(s) agey
,g'/D?zaﬁ.S«'iz';g(s) tpaged L./to paged d.

Abstract '

. & it L TP

DATE oF receer.! MAR 1897




danper-3’ﬂMﬂ'TTTEE’E/arﬂﬂhragn1for absor bi ng pressure Vi@WﬂA@ENﬁ%ﬂ?SHEET
) il

ik cau gmﬁﬂmaehm rth nmovenent of the carriage,

t he fro m the printing head 1 by way of a"l nkﬁbzg,@@ss e
2 and by |ty of nozzles 4. Each of the pjufal f'“ffozz] €
4 al so ates with an ink pack 15. A seal | ngans_or_cap.8.1's}
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- moves back again due to the vacuum, so that the problem
of imperfect ejection of ink cannot be solved.
In a known capping device of this kind, moreover,

a cap is formed so that it can be turned in only one
direction. Such a known cap is schematically shown in
Figure 10. As shown in Figure 10, a cap 52 is supported
on a cap support member 53 so that the cap 52 can be
lturned around a fulcrum 52a. The cap support member 53
can be turned around a fulcrum 53a, and cap opening and
closing operations are carried out by a cam means 55.

In a cap-closed state, the cap 52 is urged constantT¥
against a printing head 51 by a coiled tension spring
54. The cap 52 is constructed so that, for example,
even when the printing head 51 is moved longitudinally
as shown by a double-headed arrow A with respect to the
cap 52, the cap support member 53 is turned around the
fulcrum 53a as shown by a double-headed arrow B with the
cap 32 turned around the fulcrum 52a as shown by a _
double-headed arrow C, to enable the cap 52 to cover the
printing head 51 in the same posture at all times.

However, since the cap 52 in the known capping

device of this kind can be turned in only one plane, any
lack of parallelization of the cap 52 and the printing
head 51 in a plane which is perpendicular to the plane
in which the cap is turned is offset by utilizing the
elasticity of the cap 52 which is made of a resilient
material. Therefore, a variation occurs in the pressure
distribution on the contact surfaces of the cap 52 and
the printing head 51. This may be adequate in a capping
device whose cap 52 is small in the widthwise direction |
thereof which is perpendicular to the direction in which
the cap is turned. However, in a capping device whose
cap has to be large due to the nozzles provided in a
plurality of rows in a printing head, imperfect capping
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7 and the exterior of the cap 6.

occurs due to the changes in the posture of the cap. This causes drying of the ink

in the vicinity of the nozzles which can result in imperfect ejection of the ink, and

also causes leakage of the ink from the cap, which can result in the contamination
of the interior of an electronic machine. When the posture of the cap which is
being air-tightly engaged with a printing head is varied, it can thus become
difficult to carry out a stable capping operation each time.

JP-A-260341/1985 discloses the construction of a capping device
provided with an expansible diaphragm-carrying chamber at an intermediate
portion of a thin tube connected to a cap.

JP-A-273855/1987 discloses a capping device in which an ink ejecting
nozzle-covering protective cap is provided with a suction pump and with a valve
means for contrdlling the pressure of the cap.

Figure 9 is a schematic diagram of a capping device based on a
combination of the capping devices of JP-A-260341/1985 and JP-A-
273855/1987. It does not form part of the state of the art within the meaning of
Article 54(2) EPC. During a non-printing period of time, a cap 42 covers a
plurality of printing nozzles 41a in a printing head 41 as shown in Figure 9, and,
during a printing period of time, the cap 42 is removed from the printing head
41 by a cap opening and closing means (not shown). The cap 42 communicates
by way of a flexible tube 49 with a suction pump 44. When imperfect ejection
of the ink occurs, the suction pump 44 is operated to suck the ink from the
nozzles 41a in the printihg head 41, and a resetting operation is carried out. The
interior of the cap 42 communicates by way of a flexible tube 47, an expansible
chamber 45 having an expansible diaphragm 45a therein, and a ﬂexiblg tube 48
with a valve means 46 which is adapted to release the vacuum generated by the
suction pump 44. The flexible tubes 47, 48, 49 are of a high ink resistance. In -

the capping device thus constructed,
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the variation of the volume of the air in the parts
which communicate with the cap 42, which occurs due to a
change of the environmental conditions in a non-printing
period, is absorbed in the expansible chamber 45 to
prevent the rearward displacement of the meniscus at the
free end portions of the nozzles 4la.

When an ink jet printer in a capped non-printing
state is left as it is at a high temperaturé, the water
in any ink on the front surface of the nozzles 4la and
in the interior of the flexible tubes 47, 48, 49 which
communicate with the known cap 42 evaporates, so that
the partial pressure of the vapour in the tubes 47, 48,
49 becomes high. Consequently, the expansible chamber
45 expands so as to absorb this pressure. However, the
partial pressure of the molecules of air decreases as
the partial pressure of the vapour increases, and the
partial pressure of the air in the cap 42 becomes low
with respect to the partial pressure of the outside air.
In a known tube 47, 48, 49 which is in such a

- condition, and which consists of a material, such as
polyethylene or polytetrafluoroethylene which has been
selected by attaching prime importance to the ink
resistance and which has been such as to permit air
molecules to pass therethrough comparatively easily, the
air molecules permeate from the outside air into the
interior thereof to cause the volume of the inner
portion of the tube to increase. This volume increase
soon becomes' unable to be absorbed by the expansible
diaphragm 45a, and the internal pressure increases
together with the partial vapour pressure with respect
to the outside air. This internal pressure, with an
ambient temperature of 40°C, increases up to a level in
the neighbourhood of 55.3 mmHg, which is a.saturated
vapour pressure at this temperature. Therefore, this
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pressure overcomes the strength of the meniscus of the ink at the front end
portions of the nozzles 41a. This causes backward displacement of the meniscus
and imperfect discharge of the ink.

According to the invention, a method of sealing the front surface of a
printing head of an ink jet printer when the latter is not in operation comprising
applying to the front surface a seal meané%ixich makes an air-tight seal
therewith and which forms therewith an evacuable space which communicates
with suction means by means of which ink may be sucked out of the printing
head and valve means which, when open, brings the space into communication
with the exterior of the seal means, characterised by operating the suction means
while the valve means is closed so as to reduce the pressure in the space to an
increasing extent throughout a first period of time, thereafter effe;:ting
preliminary opening and closing actions of the valve means during a second
period of time, and thereafter effecting further opening and closing actions of the
valve meéns at least once after a third period of time has elapsed from the end of

“the second period of time, the third period of time being shorter than the first, |
period of time.

Thus, in an apparatus according to the present invention, the interior of
the means may be érranged to be at a normal pressure without causing the
meniscus of the ink in a nozzle of the printer to be displaced backwards.

- Preferably, at the end of the first period of time, there is 2 maximum
degree of vacuum in the space.

The pressure in the space is preferably substantially atmospheric pressure
at the end of the second period of time. |

Preferably, the valve means is closed at the end of the further opening

and closing actions after the operation of the suction means has been stopped.
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According to one aspect, the invention extends to apparatus for sealing
the front surface of a printing head of an ink jet printer when the latter is not in
operation, the apparatus comprising: a seal means provided on an ink jet printer
and adapted to air-tightly seal the front end of a printing. head during a non-
printing period of time, which seal means is provided with a suction means
adapted to suck the ink from said printing head and a valve means; first
operating means which effects preliminary opening and closing actions of the
valve means after rising suction time of the suction means has _elapsed; second
operating means which effects primary opening and closing actions of the valve
means at least once after a period of time shorter than the rising suction time
has elapsed after the completion of the preliminary opening and closing actions
and thereby communicate the interior of the seal means with the exterior thereof;
and control meéns which consecutively operates the first and second operating
means.

According to another aspect, the invention extends to an apparatus
-including a seal means adapted to make an air-tight seal with the front sqrface of
a printing head of an ink jet printer, and to form therewith an evacuable space;
conduit means communicating with the space, the conduit means being provided
with suction means, by means of which ink may be sucked out of the printing
head, and with valve means which, when open, bring the space into
communication with the exterior of the seal means; first operating means which
operates the suction means while the valve means is closed so as to reduce the
pressure in the space to an increasing extent throughout a first period of time
second operating means which effects preliminary opening and closing actions of |
the valve means during a second period time; third operating means which
effects further opening and closing actions of the valve means at least once after

a third period of time has elapsed from the end of the second period of time, the -
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third period of time being shorter than the first period of time; and control
means which consecutively operates the first, second and third operating means.

The seal means is preferably carried by a support member in such a way
that the seal means can be moved in a plurality of different planes with respect to
the support member.

Thus the seal means and the support member may have mutually
engaging parts one of which is constituted by a projection having a
hemispherical surface and the other of which is constituted by a hemispherical
surface of the said projection.

There is preferably a posture control spring which urges the seal means
towards a predetermined position with respect to the support member.

The seal means is preferably carried by a support member in such a way
that the seal means can be moved in a plurality of tiifferent planes with respect to
the support member. |

| Thus the seal means and the support member may have mutually
engaging parts one of which is constituted by a projection having a
hemispherical surface and the other of which is constituted by a hemi;phexical
recess whose diameter is slightly larger than that of the hemispherical surface of
the said projection. _ |
| .. There is preferably a posture control spring which urges the seal means

towards a predetermined position with respect to the support member.
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The conduit means preferably comprises at least one flexible tube means
which comprises a tube member made of a material having a high ink corrosion
resistance, the outer surface of the tube member being covered by material
having a high gas penetration resistance.

: Preferably, the high éas penetration resistant material has a transmittance
of nitrogen gas not exceeding 100 (cc/m2-24hr-atm/25 mic_rons).

The tube member may be an inner tube of a double-tube ﬂei?i%ie tube
means whose outer tube is made of the high gas penetration resistant material.

Alternatively, the flexible tube means may be of single tube construction,
the outer surface of the tube member being provided with a coating of the high
gas penetration resistant material.

Thu:s, the coating may be of a metal whicﬁ has been evaporated onto the
outer surface of the tube member. . |

In its preferred form, moreover, an apparatus according to the present
invention enables imperfect engagement of the seal means with the printing head
to be avoided so as to avoid desiccation and leakage of the ink, and thus ensui'e
very high reliability.

The present invention enables a printing operation to bé carried out
immediately without causing the meniscus of ink at the front ends of the nozzles
to be displaced bac1'<ward5, even after the printer to which the apparatus has been

applied has been left in a high-
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The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-

Figure 1 is a diagrammatic view of an embodiment
of an apparatus according to the present invention;

Figure 2 is a sectional view of a valve means
which may be used in the embodiment of Figure 1;

Figure 2A is a circuit diagram of an electronic
control means which may be used in the embodiment of
Figure 1; ’

Figure 3 is a graph showing the relationship
between valve opening and closing times and variationms
of pressures in a space in a cap of the apparatus and in
the interior of a head damper, in which a solid line
indicates the variation of the pressure in the space in
the cap, and a one-dot chain line indicates the
variation of the pressure in the head damper;

_- Figure 4 is a perspective view of a cap turning
means which may be used in apparatus according to the
present invention;

Figure 5a is a side elevation of the structure
shown in Figure 4;

Figure 5b is a sectional view taken along the line
D-D in Figure 5a;

Figqure 6 is a side elevation of another cap
turning means which may be used in apparatus according
to the present invention;

Figure 7 is a sectional view of a flexible tube
which may be used in apparatus according to the present
invention;

Figure 8 is a graph showing the variations of the
volumes of and pressures in the portions of the
apparatus which communicate with the cap with respect
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to the lapse of time in a flexible tube as shown in Figure 7 and in a conventional
tube; _

Figure 9 illustrates an apparatus for sealing the front surface of a printing
head of an ink jet printer; and

. Figure 10 is a side elevation of a known cap turning mechanism which
may be used in a known apparatus for sealing the front surface of a printing head
of an ink jet printer.

Figure 1 shows an embodiment of an apparatus according to the present
invention for sealing the front surface of a printing head of an on-demand type
ink jet printer. Referring to Figure 1, a printing head 1 is fixed to a carﬁage
(not shown) and is disposed opposite to a record medium, e.g. paper. A head
damper 3, which has a diaphragm for absorbing pressure variations in the ink

caused by back-and-forth movement of the carriage, communicates with the

- front surface la of the printing head 1 by way of an ink flow passage 2 and by

way of a plurality of nozzles 4. Each of the plurality of nozzles 4 also
communicates with an ink pack 15.

A seal means or cap 6 is fixed to an actuator (not shown) provided on the
home position side of the carriage and is formed so as to hermetically cover the
front surface 1a of the printing head 1 during a non-printing period of time. A
cayity or recess 7 provided in the surface of the cap 6 which is opposite to the
nozzles 4 forms with the front surface la a space which communicates with the
two thin tubes 8, 9. A suction pump 10 is disposed in the tube 8 for sucking the
ink from the nozzles 4. A valve 11 is disposed in the tube 9 so as to control
communication between the space 7 and the exterior of the cap 6.

As shown in Figure 2, the valve 11 may be formed

ng
me

nk at

d by
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as a normally closed valve by means of which an end of
the tube 9 is normally closed by the action of a spring
12. The valve 11 can be opened, however, by a solenoid
13 when suction is being effected by the suction pump

- 10. |

The opening and closing operations of the valve 11
in this embodiment are carried out twice by means of an -
electronic control means 14, i.e. both preliminary and
further opening and closing operations are carried out.
The electronic control means 14, in addition to
contrdiiing the operation of the valve 11, also controls
the operation of the suction pump 10.

' As shown in Figure 2A, the electronic control
means 14 may comprise a CPU 16 which controls the
operation of a pump motor 17 for driving the suction
pump 10 by way of a pump driving motor drive part 18.
The CPU 16 also controls the operation of a valve
solenoid 19 by way of a valve solenoid drive part 20
the valve solenoid 19 controlling openlng and closing of
the valve 11.

The operations of the pump motor 17 and valve
solenoid 19 are in accordance with the timings shown in
Figure 3 and described below.

The first-mentioned preliminary opening and
closing operations I (Figure 3) are carried out by the
electronic control means 14 after there has elapsed a
period of time t (which will hereinafter be referred to
as "rising suctlon time" i.e. a period throughout which
the pressure in the cavity 7 is reduced to an increasing
extent) which period t starts at an instant a at which

" the suction pump 10 is started by the electronic control
means 14 and ends at an instant at which the pressure in
the cavity 7 in the cap 6 reaches at least substantially
its maximum vacuum P1l, as shown in Figure 3. A pericd
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of time tz, during which the valve 11 is opened by the
electronic control means 14, is set to the smallest
possible length of time that enables the pressure in the
cavity 7 in the cap 6 to be increased to substantially
atmospheric pressure, and the pressure in the head
damper 3 to be increased to substantially atmospheric
pressure by sucking in ink, which has been drawn to the
front end of the nozzles 4, by the suction pump 10. The
valve 11 is then closed by the electronic control means
14. '

_ Subsequently further opening and closing operation
II of the valve 11 following the preliminary opening and
closing operations I are carried out by the electronic
control means 14 after a period of time t, has elapsed,
which starts at an instant ¢ of the completion of the
preliminary opening and closing operations I and thus at’
the end of the time t ; the period of time t, being

- shorter than the rlszng suction time t , 1. e short .
enough to prevent the pressure in the head damper 3 from
reaching the degree of vacuum P3 which is required to
destroy the meniscus of the ink at the front end

| portions of the nozzles 4. The valve 11 is then
operated by the said electronic control means 14 so as
to close the thin tube 9 after the operation of the
suction pump 10 has been stopped.

The operation of the apparatus thus constructed
will now be described. The cap 6 disposed on the home
position side of the carriage during a non-printing
pefiod of time covers the front surface la of the
printing head 1 in an air-tight manner so as to prevent
the ink at the front end portions of the nozzles 4 from
becoming dried and solidified.

When the pressure in the cavity 7 in the cap then
increases, so that the meniscus of ink at the front end
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to cause imperfect ejection of the ink, the suction
pump 10 which communicates with the cavity 7 in the cap
6 is operated first by the electronic control means 14.
As a result, the pressure in the cavity 7 in the cap 6
decreases gradually to the maximum vacuum Pl after a
lapse of the rising suction time t of around 3-5
seconds which is required due to the resistance in the
tube 8, so that the ink is sucked to the front ends of
the nozzles 4, ..consequently, the pressure in the head
damper 3, whlch communicates with the nozzles 4 via the
ink flow passage 2, reaches a vacuum P2 of, for example,
around 400 mm H 0, which is required to destroy the
meniscus of lnk at around the instant at which the
rising suction time t has elapsed, due to the movement
of the ink toward the front end portions of the nozzles
4.

When the valve 11 is opened by the electronic
control means 14 when the rising suction time t has
elapsed so that the ink reaches the'very front ends of
'the nozzles 4, i.e. at an instant b at which about nine
seconds have passed after the starting of an operation
of the suction pump 10 in this embodiment, the pressure
in the cavity 7 reaches the level of the atmospheric
pressure in a moment owing to the outside air f;owing
thereinto through the tube 9. Owing to this pressure
increase, the ink which has reached the front end of a
nozzle 4 is drawn inward again due to the fact that the
vactum P2 is high enough to destroy the meniscus of the
ink in the head damper 3.

When the valve 11 is closed by the electronic
control means 14 after there has elapsed a very short
period of time t of around 0.2 second, the interior of
the cavity 7 in the cap 6 is under vacuum again due to
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the suction operation of the suction pump 10 being carried out with the valve 11
closed, so that the ink which has moved back starts being sucked toward the
front ends of the nozzles 4. Consequently, the interior of the head damper 3
comes under vacuum again due to the re-suction of the ink. However, at an
instant d, at which a period of time t; shorter than the rising suction time t; has
elapsed after the instant ¢ of the closing of the valve 11, the pressure in the head
damper 3 has not yet reached the vacuum P3 which enables the meniscus of ink
to be destroyed. Therefore, the ink in the nozzles 4 does not move back, and
the meniscus is kept formed at the front end portions of the nozzles 4.

The embodiment shown in Figure 1 is formed so that the interior of the
cavity 7 in the cap 6 is set to a normal pressure by carrying out two valve
opening and closing operations ie. the prelirninary operations I for oﬁening and
closing the valve 11 and the further operations II for opening and ciosing the
valve 11, so as to form a meniscus of ink at the front end portions of the nozzles
4 and so that the printing head 1 and cap 6 can be easily disengaged from each
other. The embodiment shown in Figure 1 may also be formed so that the
further opening and closing operations II are repeated twice or more when a
period of time t, shorter than the rising suction time t; has elapsed after the
completion of the preliminary opening and closing operations I so as to bring
about a meniscus o.f ink at the front end portions of the nozzles 4 and permit
easy disengagement of the printihg head 1 and cap 6 from each other.

A capping device according to the present invention preferably includes a
cap turning mechanism described and claimed in application number 89309028

(EP-A-0358487) from which this application is a divisional.
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Figure 4 shows an embodiment of a cap turning
mechanism in which there is provided a cap fixing frame
25 to which a cap 6 as shown in Figure 1 and consisting
of a resilient material, such as a rubber material, may
be fixed. The cap fixing frame 25 is provided '
substantially at its central portion with a
hemispherical recess 25a, and is provided on opposite
side surfaces thereof with cylindrical projections 25b
for oscillatably engaging the cap fixing frame 25 and
the cap 6. '

A cap support member 23 is provided to which the
cap 6 and the cap fixing frame 25 can be engaged. The
cap support member 23 is provided with a projection 23c
having a hemispherical surface and with track bores or
guide holes 23b on opposite sides of the projection 23c.
The cylindrical projections 25b are adapted to be
engaged oscillatably in the guide holes 23b as ;ndicated
in Figure 4. The hemispherical recess 25a in the cap
fixing frame 25 is formed to a radius slightly larger
than that of the hemispherical projéction 23c on the cap
support member 23.

Figure 5a is a side elevation of the capping
device of Figure 4, and Figure 5b is a sectional view
taken along the line D-D in Figure 5a.

As shown in Figure 5a, even when the printing head
1 is moved longitudinally, as shown by a double headed
arrow A, with respect to the cap 6, the cap support
member 23 is turned around a fulcrum 23a as shown by a
double headed arrow B so that the cap 6 is turned around
the projectiohs 25b on the cap fixing frame 25 as shown
by a double headed arrow C.

The capping device described above is formed so
that it is capable of constantly capping the printing
head 1 in the same posture. Even when the head 1 is
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turned with respect to the cap support member 23 by an
angle 81 as shown in Figure 5b, the cap fixing frame 25
to which the bap 6 is fixed is turned by an angle 62,
which is equal to 61, as the hemispherical projection
23c on the cap support member 23 and the hemispherical
recess 25a in the cap fixing frame 25 contact each other
while the cylindrical projections 25b on the cap fixing
frame 25 move in the guide holes 23b in the cap support
member 23 so that the capping of the head 1 is effected.
During this time, the force by which the cap 6 is
pressed against the head 1 is transmitted thereto with
the hemispherical projection 23c and the hemispherical
recess 25 in a point contacting state. Accordingly, in
- order to obtain a uniform surface pressure distribution
on the cap 6, the hemispherical recess 25a in the cap
support frame 25 may be formed in alignment with the
centre of the front surface la of the head 1 which is
contacted by the cap 6.
The embodiment described above is an example in
: which a hemispherical projection is prov1ded on the cap
support member 23. The same effect can, of course, be
obtained in a capping device provided with a
hemispherical recess in the cap support member 23 and a
hemispherical projection on the cap fixing frame 25.
Figure 6 shows a second embodiment of a cap
turning mechanism for the apparatus according to the
present invention. In this embodiment, a hook 254 is
‘provided on ‘a predetermined portion of the cap fixing
frame 25, and a cap posture control spring 28 for
maintaining the cap 6 in a constant posture is fastened
to the hook 254 so as to constantly draw the lower
.portion of the'cap 6 in a direction away from the
printing head 1. When the cap 6 is not in contact with
the printing head 1, the cap 6 is inclined slightly so
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a state, by an operation of a cap opening and closing
mechanism (not shown) and the force of a coiled tension
spring 24, the cap support member 23 is turned as shown
by an arrow B, and the cap 6 always comes into contact
with the printing head 1 from the upper end 6a of a seal
surface thereof, whereby capping of the printing head 1
is effected. If the force of the cap postu;gscontrol
spring 28 is too great, the surface pressure '
distribution of the seal surface becomes uneven and this
causes imperfect capping of the printing head 1.
Therefore, it is desirable that the force of the cap
posture control spring 28 be set to the lowest level
that enables the posture of the cap 6 to be controlled.

One embodiment of the thin tubes 8,9 which are
connected to the cap 6 will now be described in detail.

Figure 7 is a sectional view of an embodiment of
such a thin flexible tube 30 which is constituted by a

flexible tube 31 of a resin or plastics material of a high ink
corrosion resistance, such as polyethylene or
polytetrafluorcethylene, and an outer wall 32 of a resin
or plastics material of a high gas penetration
resistance, such as nylon or vinyl chloride.

In Figure 9 there is shown a capping device which
uses flexible tubes of this construction as the flexible
tubes 47, 48; 49. The device of Figure 9 has, as
indicated above, a printing head 41 whose capping is
done after the printing command has stopped being given
out during a printing operation. This is effected by
initially opening a valve means 46 which communicates
with the tube 47 by way of the tube 48 and an expansible
chamber 45 having an expansible diaphragm 45a therein. A



perfod‘Uf—t%ﬁE—%z—shﬂLLg__than the rising suctionsteEye—tit-eftl--has..

after tigs & |on of the prelininary opening aiErcAGSMIEND SEEE SO
as to br| dscus of ink at the front'e:o por““ s=ofjt he

nozzl es I , [ 7cap 6
fron1eac A cappi ng devi ce accordi nvention
preferably includes a cap turning nmechani sm desgq

appl i cati on nunber 89309028 ( EP-A-0358487) from
di vi si onal . -

Vs TV al-ned
i ch thls appllcallon is a

cap opening and closing means (not shown) is then
operated. During this time, a very small quantity of
ink can be sucked from ink ejection nozzles 4la in the
printing head 41 by operating a suction pump 44 in the
tube 49 with the valve means 46 left opened. The
expansible diaphragm 45a in the expansible chamber 45 is
thus bent inward as shown by a one-dot chain line a. The
suction pump 44 can then be stopped, and the valve means
46 may be closed thereafter to complete the capping
Qperation.

The variations of the volume of air and pressure
in portions of the apparatus which communicate with_the
cap 42 of the capping device in the case where the
ambient temperature increases to a high level after the
completion of the capping operation are shown in Figure
8. For convenience sake, let it be assumed that the
expansible chamber 45 can be expanded by a volume AV,
which does not vary with the pressure. . First, when the
printer is left at a high temperature, the volume of
those portions of the apparatus which communicate with
the interior of the cap 42 increases by AV (point A).

At this time, the pressure in the cap 42 remains at the
value 1 but the partial pressure of the air decreases in
‘correspondence with an increase of the partial pressure
of the vapour occurring due to the evaporation of the
water in the ink. Since the partial pressure of the
outside air is substantially 1, the air would flow from
the outside into the interior of the cap 42. If the
tube in use consists of a material which is permeable to
air, the volume thereof increases comparatively spegdily
as shown by a broken line. In the flexible tube 31,32
shown in Figure 7, however, which has a high gas
penetration resistance rate of increase in the volume is
low, i.e. the volume of the tube 31, 32 varies slowly as
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shown by a solid line in Figure 8. The volume increase
stops before long at a point (Bl and B2) at which the
volume of the expansible chamber 45 has increased by an
attainable level AV. This volume is thereafter kept
constant, and the internal pressure increases to 1+
(saturated vapour pressure AP) at which the internal
pressure becomes stable. At a temperature of 40°c, this
level is 55.3 mmHg. Let Ap equal a pressure balancing
the surface tension of the meniscus of the ink at the
front end portion of the nozzles 4la, the meniscus
constituting an interface with respect to the air in the
cap 42. When Ap < AP, the backward displacement of
the meniscus at the front end portion of each nozzle 4la
occurs before the pressure in the cap 42 has increased
by AP, and this causes the imperfect ejection of ink-
when a printing operation is restarted.

When a flexible tube 30, however, having a high
gas penetration resistance is provided in a portion of
the capping device which communicates with the cap 42,
‘the time which the expansible diaphragm requires to
reach the limit of expansion can be increased to a great
extent. Accordingly, the backward displacement of the
meniscus at the front end portions of the nozzles 4la
can be prevented for a long period of time.

In an experiment, in which a tube (not shown) of
polytetrafluoroethylene of 1.45 mm in inner diameter and
2.2 mm in outer diameter was used at an ambient
temperature'of 40°c, the backward displacement of the
meniscus of ink at the front end portions of the nozzles
4la occurred in around three days. On the other hand,
when a two-layer tube 31, 32 consisting of an inner tube
member 31 of polyethylene of 1.4 mm in inner diameter
and 2.2 mm in outer diameter, and an outer tube member
32 of nylon having a wall thickness of 0.2 mm was used,
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the backward displacement of the meniscus of ink did not

occur even after one month had elapsed, so that the
reliability of the tube could be improved to a level at
which the tube'posed no problems in practice.

When a tube (not shown) formed by coating the
outer circumferential surface of a flexible tube member
of a high ink corrosion resistance with a resin of a high gas
penetration resistance is used, the same effect can also
be obtained. For example, when a flexible tube
consisting of polyethxlene, and a coating consisting of
saran resin of polyvinylidene chloride were used, the
same effect was also obtained.

When a tube formed by evaporating a metal, such as
aluminium, on the outer circumferential surface of a
flexible tube of a high ink corrosion resistance is used, the
same effect can, of course, also be obtained.

In the apparatus described above, the seal means
6 for air-tightly sealing the front surface. la of the
printing head 1 is provided with a suction means 10 for
subjecting the space 7 to vacuum and with a valve means
11 for bringing the space 7 into communication with the
exterior of the seal means 6. The preliminary opening
and closing operations I of this valve means 11 are
carried out after the lapse of the rising suction time
t1 of the suction means 11 and the further opening and
closing operations II thereof are carried out when a
period of time t3 shorter than the rising suction time
t1 has elapsed after the completion of the preliminary
opening and closing operations I of the valve means 11.
Accordingly, even if the interior of the head damper 3
comes under vacuum so as to destroy the meniscus of
the ink when the suction means 11 for sucking the ink in
the printing head 1 from the front ends of the nozzles 4
is operated, the vacuum can be regulated to such a level
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ink, by carrying out the further opening and closing
operations II of the valve means 11 a short period of
time after the completion of the preliminary opening and
closing operations I thereof. Even when the interior of
the seal means 6 is returned to a normal pressure, the
ink can be drawn back to the front ends of the nozzles
4. This enables imperfect printing to be reliably
prevented, and enables disengagement of the printing
head 1 and seal means 6 from each other to be effected
easily.

The cap 6, moreover, is supported so that it can
be turned in not less than'two different planes. This
enables the seal surface of the cap 6 to be brought into
close and parallel contact with the printing head 1 even
when there is a change in the positional relation
between the printing head 1 and the cap 6, whereby
variations in the surface pressure distribution on the
seal surface are minimized, and desiccation of the ink
in the nozzles and leakage of the ink are prevented.
| Since, in the Figure 6 construction, a cap
posture control spring 28 is provided so as to maintain
the cap 6 in a constant posture, stable capping of the
printing head can be achieved at all times with this
construction.

Moreover, in the Figure 7 construction, each of
the flexible tubes 30 connected to the cap consists of a
double structure composed of an inner tube member 31 of
a resin or other material of a high ink corrosion resistance,
an outer tube member 32 of a substance of a high gas o
penetration resistance. Therefore, even when the
printer is left at a high temperature, the expansion of
any parts which communicate with the cap can be reduced
to the lowest possible level, and the backward
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displacement of the meniscus of ink at the front end
portions of the nozzles can be prevented for a long
period of time.

Moreover, the apparatus of the present invention
may be provided with a reset means of a very simple
construction so that a printing operation can be
restarted immediately.
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CLAIMS

1.

A method of sealing the front surface (1a) of a printing head (1) of an ink

jet printer when the latter is not in operatidn comprising applying to the front

surface (1a) a seal means (6) which makes an airtight seal

therewith and which

forms therewith an evacuable space (7) which communicates with suction means

(10) by means of which ink may be sucked out of the printing head (1) and valve

means (11) which, when open, brings the space (7) into communication with the

exterior of the seal means (6), characterised by operating the suction means (10)

while the valve means (11) is closed so as to reduce the pressure in the space (7)

to an increasing extent throughout a first period of time (t;), thereafter effecting

preliminary opening and closing actions (I) of the valve means (11) during a

second period of time (t), and thereafter effecting further opening and closing

. actions (II) of the valve means (11) at least once after a third period of time (t3)

 has elapsed from the end of the second period of time (tp), the third period of

time (t3) being shorter than the first period of time (t,).
2.

A method as claimed in claim 1, characterised in that, at the end of the

first period of time (t;), there is a maximum degree of vacuum (P1) in the space

.
3.

A method as claimed in claim 1 or 2, characterised in that the pressure in

the space (7) is substantially atmospheric pressure at the end of the second period

of time (ty).
4.

A method as claimed in any preceding claim, characterised by closing the

valve means (11) at the end of the further opening and closing actions (II) after

the operation of the suction means (10) has been stopped.

_—
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5. Apparatus for carrying out the method as claimed in claim 1, comprising:
a seal means (6) provided on an ink jet printer and adapted to air-tightly
seal the front end (1a) of a printing head (1) during a non-printing period of
time, which seal means (6) is provided with a suction means (10) adapted to
suck the ink from said printing head (1) and a valve means (11);
first operating means which effects preliminary opening and closing
actions (I) of the valve means (11) after rising suction time (t;) of the suction
means (10) has elapsed;
second operating means which effects primary opening and closing
actions (II) of the valve means (11) at least once after a period of time (t3)
shorter than the rising suction time (t;) has elapsed after the completion of the
prelimi_nary opening and closing actions (I}, and thereby communicate the
interior of the seal means (6) with the exterior thereof; and
control means which consecutively operates the first and second operating
means. |
| 6. Apparatus for carrying out the method of claim 1, including:
a seal means (6) adapted to make an air-tight seal with the front surface
(12) of a printing head (1) of an iﬁk jet printer, and to form therewith an
evacuable space (7); _
conduit means (8, 9) communicating with the space (7), the conduit _- :
means (8, 9) being provided with suction means (10), by means of which ink
- may be sucked out of the printing head (1), and with valve means (11) which,
when open, bring the space (7) into communication with the exterior of the seal
means (6);
first operating means which operates the suction means (10) while the
valve means (11) is closed so as to reduce the pressure in the space (7) to an

increasing extent throughout a first period of time (t);

T O O
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second operating means which effects preliminary opening and closing

actions (I) of the valve means (11) during a second period of time (t,);

third operating means which effects further opening and closing actions

(II) of the valve means (11) at least once after a third period of time (t3) has

elapsed from the end of the second period of time (t;), the third period of time

(t3) being shorter than the first period of time (t;); and

_control means (14) which consecutively operates the first, second and

third operating means.

7. Apparatus as claimed in claims 5 or 6, characterised in that the conduit

means (8, 9) comprises at Ieast one flexible tube means (30) which comprises a

tube member (31) made of a material having a high ink corrosion resistance, the

outer surface of the tube member (31) being covered by material (32) having a

high gas penetration resistance.

8. Apparatus as claimed in claim 7, in which the high gas penetration

resistant material (32) has a transmittance of nitrogen gas not exceeding 100

(cc/m2-24hr-atm/25 microns).

9. Apparatus as claimed in claims 7 or 8, characterised in that the tube

member (31) is an inner tube (31) of a double-tube flexible tube means (30)

whose outer tube (32) is made of the high gas penetration resistant_material.

10.  Apparatus as claimed in claims 7 or 8, characterised in that the ﬂexible

tube means (30) is of single tube construction, the outer surface of the tube

member (31) being provided with a coating of the high gas penetration resistant

material.

11.  Apparatus as claimed in claim 10, characterised in that the coating is a

coating of a metal which has been evaporated onto the outer surface of the tube

member (31).

[
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12. -Apparatus as claimed in claims 5 or 6, characterised in that the seal
means (6) is carried by a support member (23) in such a way that the seal means
(6) can be moved in a plurality of different planes with respect to the support
member (23). |

-13.  Apparatus as claimed in claim 12, characterised in that the seal means (6)

and the support member (23) have mutually engaging parts (23c, 252) one of
which is constituted by a projection (23c) having a hemispherical surface and the
other of which is constituted by a hemispherical recess (25a) whose diameter is
slightly larger than that of the hemispherical surface of the said projection (23c).
14.  Apparatus as claimed in claims 12 to 13, characterised m that there is a
posture control spring (28) which urgeé the seal means (6) towards a
predetermined position with respect to the support member (23).

15. A capping devicé for an ink jet printer comprising an apparatus as

claimed in any of claims 5 to 14.
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BSTRACT

T PRINTER SEALING METHOD AND APPARA

| Apparatus for sealing the front surface of a printing head of an ink jet
printer when the latter is not in operation, comprises a seal means adapted to
make an air-tight seal with the front surface and to form therewith an evacuable
space communimﬁng with conduit means provided with suction means to suck
ink out of the printing head and with valve means which, when open, brings the
space into communication with the exterior of the seal means. Operation of the
suction means and of the valve means is controlled in use by first operating the
suction means while tﬁe valve means is closgd so as to reduce the pressure m the
space to an increasing extent 'throughout a first period of time (t;). Thereafter
preliminary obériing and closing actions (I) of the valve means are effected
during a second period of time (t;). Thereafter further opening and closing
actions (II) of the valve means are effected at least once after a third period of
time (t3) has elapsed from the end of the second period'of time (ty), the third

period of time (t3) being shorter than the first period of time (t,).

Figure3
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the volune is low, i.e. the volunme of the tube 31, 32 varies slowy as
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occurs_before the pressure in the cap 42 has increase REBﬁACﬁMEN SHBET hi s

causes “the inperfect ejection of ink when a printing

restarted. - When a flexible tube 30, however, haJifg a high gas
penetration resistance is provided in a portion of t he

il

apPisgANdIIEe
comuni cates with the cap 42, the tine which the exparsilbl e di aphragm

requires to reach the limt of expansi oh can be i ncredsed—to=agreat

extent. Accordingly, the backward displ acement of the jmeniscus at_the

\M}ﬂ ch

ont

end portions of the nozzles 4la can be prevented for a long period of tine.

I'n an experi ment INKNJET PRINTER SEADINGSMIBTHODCAND APPARATUS

* This invention relates to sealing the front surface ot; va' printg:head of an

ink jet printer when the latter is not in operation. o
In an ink jet printer mourited on a miniaturised electronic machine, the

ink flows back from the front surface of 2 printing head of the printer due to the
vibration or tilting of the printer while it is being transported, or the ink in a
nozzle or nozzles of the printer may dry if the printer is not used for a long
period of time, wheéby to cause imperfect printing. .

-The capping device disclosed in.IP-B-1591 171988 is designed so as to

cover a printing head with a cap while the printer is not in use. The cap hasa

suction means therein by means of which a meniscus of the ink which has moved .

back into the printing head is returned toa norméi position wheﬁ the ink is not '.
ejected,ndrmally when the printer is used again. This capping dévice may have
a normal meniscus sucking and returning effect with respect to an ink jet head of
the type in which an ink tank communicates with the outside air. However, in
an jet printer having a head damper in an ink flow passage connecﬁng a nozzle

~and an ink ﬁack togethér, the head damper ha'ving' a diaphragm for absorbing
pressure variations in the ink caused by the back-and-forth movement of a
carriage, the interior of the head damper is subjected' to a vacuum as the ink is
sucked. Consequently, when the cap is removed to expose the nozzle tip to the

atmospheric air with the vacuum in the head damper increasing to a certain

. . = ~
extent, the meniscus. R‘ PLACEMENT SHEETS

B Claim(s)  : paged 2>

SG N
Description : pagﬂd/ to paged.>” i
..... to paged &5 |
Drawing(s) : paged ../ to paged &

00 Abstract  : paged——. to paged ...

!
o
s
=
©
«©
O




pol ytetrafl uoroethyl ene of 1.45 mmin inner diameter and
di aneter’ was used at an anbient tenperature of 40 C, the|bg alu
dlsplacenent of the meniscus of ink at the front end por;
nozzl es 41a occurred in around three days. On the other
two-| ayer tube 31, 32 consisting of
of 1.4 mmin inner dianmeter and 2.2
menber 32 of nylon having a wall thickness of 0.2 nmm was*-tsed™=
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338 ooe

|
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ﬁﬂ#lnner t ube nenber.SL_eLdaa&¥eLh¥L

in outer dianeter} and an outer tulje

ene

moves back again due to the vacuum, so that the problem
of imperfect ejection of ink cannot be solved.

In a known capping device of this kind, moreover,
a cap is formed so that it can be turned in only one
direction. Such a known cap is schematically shown in
Figure 10. As shown in Figure 10, a cap 52 is supported
on a cap support member 53 so that the cap 52 can be
turned around a fulcrum 52a. The cap support member 53
‘can be turned around a fulcrum 53a, and cap opening and
closing operations are carried out by a cam means 535.
In a cap-closed state, the cap 52 is urged constantly
against a printing head 51 by a coiled tension spring
S54. The cap 52 is constructed so that, for example,
even when the printing head 51 is moved longitudinally
"as shown by a double-headed arrow A-with respect to the
cap 52, the cap supbort member 53 is turned around the
fulcrum 53a as shown by a'doublg-headed arrow B with the
cap 52 turned around the fulcrum 52a as shown by a’' -
double-headed arrow C, to enable the cap 52 to cover the
printing head 51 in the same postﬁre_at all times.

However, since the cap 52 in the known capping

device of this kind can be turned in only one plane, any

lack of parallelization of the cap 52 and the priamting
head 51 in a plane which is perpendicular to the plane
in which the cap is turned is offset by utilizing the
elasticity of the cap 52 which is made of a resilient

material. Therefore, a variation occurs in the pressure

distribution on the contact surfaces of the cap 52 and
the printing head 51. This may be adequate in a capping
device whose cap 52 is small in the widthwise direction

thereof which is perpendicular to the direction in which

the cap is turned. However, in a capping device whose
cap has to be large due to the nozzles provided in a
plurality of rows in a printing head, imperfect capping
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occurs due to the changes in the posture of the cap. This causes drying of the ink

in the vicinity of the nozzles which can result in imperfect ejection of the ink, and

also causes leakage of the ink from the cap, which can result in the contamination

- of the interior of an electrdnic machine. When the posture of the cap which is
being air-tightly engaged with a printing head is varied, it can thus become
difficult to carry out a stable capping operation each time.

JP-A-260341/1985 discloses the construction of'a. capping device
provided with an expansible diaphragm-carrying chamber at an intermediate
portion of a thin tube connected to a cap.

TP-A-273855/1987 discloses a capping device in which an ink ejecting
nozzle-covering protective cai) is provided with a suction pump and with a valve
means for controlling the pressure of the cap. _

' Pigure-9 is a; scherﬁatic diégra.m of é. capping device based on 2

' cgmtgi_;x_afipn of the capping devices of JP-A-260341/1985 and JP-A-
273855/1987. It does not form part of the state of the art within the meaning of
Article 54(2) EfC. During a non-printing period of time, a cap 42 covers a
plurality of printing nozzles 41a in a printing head 41 as shown in Figure 9, and,
during a printing period of time, the cap 42 is removed from the printing head
41 bya cap_ope_ning and closing means (not shown). The cap 42 communicates
by way of a flexible tube 49 with a suction pump 44. When imperfect ejection
of the ink occurs, the suction pump 44 is operated to suck the ink from the
nozzles 41a in the printing head 41, and a resetting operation is carried out. The

interior of the cap 42 communicates by way of a flexible tube 47, an expansible

| chamber 45 having an expansible diaphragm 43a therein, and a flexible tube 48

with a valve means 46 which is adapted to release the vacuum generated by the

suction pump 44. The t'le_xiblé tubes 47, 48, 49 are of a high ink resistance. In

the capping device thus constructed,




whi ch the tube posed no problens in practice. V%en[ﬂ'"“ ;
forned by coating the outer circunferential surface of aif
menber of a high ink corrosion resistance with a resin of gas
penetration resistance is used, the sane effect can alsob§ %QI

exanpl e, when a flexible tube consisting of pol yet hyl ene nd coatlng
consi sting of saran resin of polyvinylidene chloride wer AE—SaRe
effect was al so obtai ned. Wien a tube forned by ev poraii

such as alumnium on the outer circunferential surface O
of a hi gh i nkheovasinbionesfsthacvolumesaf the air in the partS-

which communicate with the cap 42, which occurs due to a
change of the environmental conditions in a non-printing
period, is absorbed in the expansible chamber 45 to
prevent the rearward displacement of the meniscus at the
free end portions of the nozzles 4la.

When an ink jet printer in a capped non-printing
state is left as it is at a high temperature, the water
in any ink on the front surface of the nozzles 4la and
in the interior of the flexible tubes 47, 48, 49 which
communicate with the known cap 42 evaporates, so that
the partial pressure of the vapour in the tubes 47, 48,
49 becomes high. Consequently, the expansible chamber
45 expands so as to absorb this pressure. However, the
partial pressure of the molecules of air decreases as -
the partial pressure of the vapour increases, and the
partlal pressure of the air in the cap 42 becomes low

‘with respect to the partzal pressure of the. outside alr '
In a known tube 47, 48, 49 which is in such a
~condition, and whlch consists of a material, such as
polyethylene or polytetrafluoroethylene which has been
selected by attaching prime importance to the ink
resistance and which has been such as to permit air -
molecules to pass therethrough comparatively easily, the
air molecules permeate from the ocutside air into the
interior thereof to cause the volume of the inner
portion of the tube to increase. This volume increase
sodn_becomes unable to be absorbed by the expansible
diaphfagm 45a, and the internal pressure increases
together with the partial vapoﬁr pressure with respect
to the outside air. This internal pressure, with an
ambient temperature of 40°¢c, increases up to a level in
the neighbourhood of 55.3 mmHg, which is a saturated
vapour pressure at this temperature. Therefore, this




sanme effect can, of course, also be obtained. I
deSCfIbed above, the seal neans 6 for air-tightly. seal‘q“
la of the printing head 1 is provided with a suction rf

subj ecting the space 7 to vacuum and with a val ve nearfs {1

@gw“’m#ﬁg. r;g t he

space 7 into comrmunication with the exte |or of the sqall+eans-6.-_The. -
prelimnary opening and closing operations of this alve neans 11 are.
carried out after the |apse of the rising suctlon ti = t-h et
suction neans 11 and the further opening and cl osing operatlons Il thereof

are carried out when a period of tinme t[err] shorter than the rising
suction tine _
' According to one aspect, the invention extends to apparatus for sealing

the front surface of a printing head of an ink jet printer when the latter is not
in operation, the apparatus comprising: a seal means provided on an ink jet
printer and adapted to air-tightly seal the front end of a printing head during a
non-priﬁting period of time, which seal means is provided with a suction means
adapted to suck the ink from said printing head and a valve means, which, when
open, communicates the interior of the seal means with the exterior thereof; first
operating means which effects preliminary opening and closing actions of the
valve means after rising suction time of the suction means has elapsed; second
operating means which effects primary opening and closing actions of valve
means at least once after a period of time shorter than the rising suction time
has elapsed after the completion of the preliminary opening and closing actions;
and control means which consecutively operates the first and second operating

means.

According to another aspect, the invention extends to an apparatus
including a seal means adapted to make an air-tight seal with the front surface of
a printing head of an ink jet printer, and to form therewith an evacuable space;
conduit. means communicating with the space, the conduit means being provided
with suction means, by means of which ink may be sucked out of the printing
head, and with valve means which, when open, bring the space into
communication with the exterior of the seal means; first operating means which
operates the suction means while the valve means is closed so as to reduce the
pressure in the space to an increasing extent throughout a first period of time
second operating means which effects preliminary opening and closing actions of
the valve means during a second period time; third operating means which
effects further opening and closing actions of the valve means at {east once after

a third period of time has elapsed from the end of the second period of time, the



t has elapsed after the conpletion of.the prelimnary o
opef at i'ons | of the valve neans 11. Accordingly, even if
t he’ head danper 3 comes under vacuum so as to destroy t

t her _ reni SCUS™ 6T "tTe
i nk: when the suction neans 11 for sucking the ink in th ri @tg’,gﬂgﬁgggi 1
t he vacuum can be

ntng and chestng,
the intetiibregfiti

fromthe front ends of the nozzles 4 is operated,
regul ated to such a | evel

6a

third period of time being shorter than the first period of time; and control
means which consecutively operates the first, second and third operating means.

The seal means is preferably carried by a supportlmember in such a way
that the seal means can be moved in a plurality of different planes with respect to
the support member.

Thus the seal means and the support member may have mutually
engaging parts one of which is constituted By a projection having a
hemispherical surface and the other of which is constituted by a hemispherical
surface of the said projection.

There is preferably a posture control spring which urges the seal means
towards a predetermined position with respect to the support member.

. The seal means is p;efe;ral_:ly‘ cgr;ied bya suppo_rt_member in such a way
that the. seal means can be moved in a plurality 'of different pIanéS with respect to
..the support member.
~ Thus the seal means and the support member may have mutually
engaging parts one of which is constifuted by a projection having a
hemispherical surface and the othér of which is constituted by a hemispherical
recess whdse diameter is slightly larger than that of the hemispherical surface of
the said pbj;cﬁon. | |
| Tﬁere is preferably a posture control spring which urges the seal means

towards a predetermined position with respect to the support member.




that capn prevent the destruction of the neniscus of the ink, by carrying

out

the further opening and closing operations |l of

—-tmms——
short period of time after the conpletion of the prélﬁEPLAﬁBMEN)’EMde

cl osing operations | thereof. Even when the interior
returned to a normal pressure, the 05 JAN 1998

The conduit means preferably comprises at least one flexible tube means

which comprises a tube member made of a material having a high ink corrosion
resistance, the outer surface of the tube merﬁber being covered by m?.terial
having a high gas penetration resistance.

Preferably, the high gas penetration resistant material has a transmittance
of nitrogen gas not exceeding 100 (cc/m2-24hr-atm/25 microns).

The tube member may be an inner tube of a double-tube flexible tube
means whose outer tube is made of the high gas penetration resistant material.

Alternatively, the flexible tube means may be of single tube construction,
the outer surface of the tube member being provided with a coating of the high
gas penetration resistant material.

' ’I'hﬁs, the coating may be of a metal which has been evaporated onto the

outer'surface of the tube member. |

-In its preferred form, moreover, an apparatus according to the present ..
invention enables imperfect engagement of the seal means with the printing head
to be avoided so as to avoid desiccation and leakage of the ink, and thus ensure
very high reliability.

The present invention enables a printing operation to be carried out
immediately without causing the meniscus of ink at the front ends of the nozzles

to be displaced backwards, even after the printer to which the apparatus has been

applied has been left in a high-

1 a

6is



ink can be drawn back to the front ends of the nozzljgsps.
|nperféct printing to be reliably prevented, and engDfg L1 Y el
the” printing head 1 and seal neans 6 from each ot her 6 effect ed] e}
The cap 6, noreover, is supported so that it can be{jtyrn %JANI‘I%QSI

two different planes. This enables the seal surfacefof_the cap 6.to
brought into close and parallel contact gith the pr 1 T
there is a change in the positional relation betweek=the-printing head 1
and the cap 6, whereby variations in the surface pressure distribution on

t he . temperature place for a comparatively long period of_
time. -
The invention is illustrated, merely by way of
example, in the accompanying drawings, in which:-
Figure 1 is a diagrammatic view of an embodiment
of an apparatus according to the present invention;
Figure 2 is a sectional view of a valve means
which may be used in the embodiment of Figure 1;
Figure 2A is a circuit diagram of an electronic
control means which may be used in the embodiment of

. Figure 1;

Figure 3 is a graph showing the relationship
between valve opening and closing times and variations
of pressures in a space in a cap of the apparatus and in
the interior of a head damper, in which a solid line
~indicates.the variation of the pressure in the space in
the cap, and a one-dot chazn line indicates the
fvarzat;on of the pressure in the head damper,-

Figure 4 is a perspective view of a cap turning
means which may be used in apparatus according to the
present inventioﬁ;' '

Figure 5a is a side elevation of the structure
shown in Figure 4; ,

Figure 5b is a sectional view taken along the line
D-D in Figure 5a;

Figure 6 is a side elevation of another cap
turning means which may be used in apparatus according'
to the present -invention; '

Figure 7 is a sectional view of a flexible tube
which may'be used in apparatus according to the present
invention; .

Figure 8 is a graph showing the variations of the
volumes of and pressures in the portions of the
apparatus which communicate with the cap with respect



surface are mnim zed, and desiccation of the ifE

seal _ _ REPDACERIE ”ZSHﬁ?Tand
| eakage of the ink are prevented. Since, in thq i rEemte———"
construction, a cap posture control spring 28 is proyide nu|pta|n
the cap 6 in a constant posture, stable capping of t efpr _ﬁW@ad can be
achieved at all" tinmes with this construction. geogver, in the-Fggure
7 construction, each of the flexible tubes 30 connected to the cap consists

of a double structure conposed of an inner tube nenbé-r 3l-af..a.resin_or

ot her

material of a high ink corrosion9resistance,

to the lapse of time in a flexible tube as shown in Figure 7 and in a conventional
tube; | .

Figure 9 illustrates an apparatus for sealing the front surface of a printing
head of an ink jet printer; and

Figure 10 is a side elevation of a known cap turning mechanism which
may be used in a known apparatus for s&ling the front surface of a printing head
of an ink jet printer. |

Figure 1 shows an embodiment of an apparaius according to the present
invention for sealing the front surface of a printing head of an on-demand type
ink jet printer. Referring to Figure 1, a printing head 1 is fixed to a carriage - - -

(not shown) and is disposed opposite to a record medium, e.g. paper. A head

‘caused by back-and-forth movement of the cariia_ge, communicates with the

front surface la of the printing head 1 by way of an ink flow passage 2 and by

way of a plurality of nozzles 4. Each of the plurality of nozzles 4 also
communicates with an ink pack 15.

A seal means or cap 6 is fixed to an actuator (not shown) provided on the
home position side of the carriage and is formed so as to hermetically cover the

front surfac;e..la of the printing head 1 during a non-printing period of time. A

 cavity or recess 7 provided in the surface of the cap 6 which is opposite to the

nozzles 4 forms with the front surface 1a a space which communicates with the
two thin tubes 8,9. A suction pump 10 is disposed in the tube 8 for sucking the
ink from the nozzles 4. A valve 11 is disposed in the tube 9 so as to control
communication between the space 7 and the exterior of the cap 6.

As shown in Figure 2, the valve 11 may be formed

- damper 3, which has a diaphragm for absorbing pressure variations in the ink o



and an outer tube nenber 32 of a substance of a hifg
resj stdnce. Therefore, even when the printer is le
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as a normally closed valve by means of which an end of
the tube 9 is normally closed by the action of a spring
12. The valve 11 can be opened, however, by a solenoid
13 when suction is being effected by the suction pump
10. S |

The opening and closing operations of the valve 11
in this embodiment are carried out twice by means of an
electronic control means 14, i.e. both preliminary and
further opening and closing operations are carried out.
The electronic control means 14, in addition to
controlling the operation of the valve 11, also controls
the operation of the suction pump 10.

As shown in Figure 2A, the electronic control
means 14 may comprise a CPU 16 which controls the

“operation of a pump motor 17 for driving the suction
pump 10 by way of a‘pump driving_mbtor drive part 18.
The CPU 16 also controls the operation of a valve
solenoid 19 by way of a valve solenoid drive part 20,
the valve solenozd 19 controlling opening and closing of
the valve 11. _ . -

The operatlons of the pump motor 17 and valve
solenoid 19 are in accordance with the timings shown in
Figure 3 and described below.

The first-mentioned preliminary opening and
closing operations I (Figure 3) are carried out by the
electromic control means 14 after there has elapsed a -
period of time t (which will hereinafter be referred to
as "rising suction time" i.e. a period throughout which
the pressure in the cavity 7 is reduced to an increasing
extent) which period t1 starts at-an instant a at which
the suction pump 10 is started by the electronic control
means 14 and ends at an instant at which the pressure in
the cavity 7 in the cap 6 reaches at least substantially
its maximum vacuum P1l, as shown in Figure 3. A period



21 displacenment of the meniscus of ink at the frf
nozzl es can be prevented for a | ong period of tim.
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very sinple construction so that a printing opera
I medi at el y.

11

of time tz, during which the valve 11 is opened by the
electronic control means 14, is set to the smallest
possible length of time that enables the pressure in the
cavity 7 in the cap 6 to be increased to substantially
atmospheric pressure, and the pressure in the head

damper 3 to be increased to substantially atmospheric

pressure by sucking in ink, which has been drawn to the
front end of the nozzles 4, by the suction pump 10. The
valve 11 is then closed by the electronic control means

14. ' .

Subsequently further opening and closing operation
II of the valve 11 following the preliminary opening and
closing operations I are carried out by the electronic
control means 14 after a period of time t3 has elapsed,
which starts at-an instant ¢ of the completion of the
preliminary openind and closing operations I and thus at
the end of the time t . the period of time t being
'shorter than the r151ng suction time t 4 1. e. short

-enough to prevent the pressure in the head damper 3 from
reaching the degree of vacuum P3 which is requzred to
"destroy the meniscus of the ink at the front end
portions of the nozzles 4. The valve 11 is then
operated by the said electronic control means 14 so as
to close the thin tube 9 after the operation of the
suction pump 10 has been stopped.

The operation of the apparatus thus constructed
will now be described. The cap 6 disposed on the home
position side .of the carriage during a non-printing
period of time covers the front surface la of:the
printing head 1 in an air-tight manner so as to prevent
the ink at the front end portions of the nozzles 4 from
becoming dried and solidified.

When the pressure in the cavity 7 in the cap then
increases, so that the meniscus of ink at the front end
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portions of the nozzles 4 is displaced backwards whereby
to cause imperfect ejection of the ink, the suction

pump 10 which communicates with the cavity 7 in the cap
6 is ope:atedlfirst by the electronic control means 14.
As a result, the pressure in the cavity 7 in the cap 6
decreases gradually to the maximum vacuum Pl after a

‘lapse of the rising suction time t1 of around 3-5
‘seconds which is required due to the resistance in the

tube 8, so that the ink is sucked to the front ends of
the nozzles 4. Consequently, the pressure in the head
damper 3, which communicates with the nozzles 4 via the
ink flow passage 2, reaches a vacuum P2 of, for example,
around 400 mm Hzo, which is required to destroy the
meniscus of ink at around the instant at which the
rising suction time t has elapsed, due to the movement

‘of the ink toward the front end portions of the nozzles

When the valve 11 is opened by the -electronic

* control meéans 14 when the rising suction time t has

elapsed so that the ink reaches the very front eﬁds of

the nozzles 4, i.e. at an instant b at which about nine
seconds have passed after the starting of an operation

of the suction pump 10 in this embodiment, the pressure
in the cavity 7 reaches the level of the atmospheric

_pressure in a moment owing to the outside air flowing
 thereinto through the tube 9. Owing to this pressure

increase, the ink which has reached the front end of a
nozzle 4 is drawn inward again due to the fact that the
vacuum P2 is high enough to destroy the meniscus of the
ink in the head damper 3. '

When the valve 11 is closed by the electronlc
control means 14 after there has elapsed a very short
period of time t2 of around 0.2 éecond, the interior of
the cavity 7 in the cap 6 is under vacuum again due to
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sucked out of the printing head (1) and val ve
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the suction operation of the suction pump 10 being carried out with the valve 11
-closed, so that the ink which has moved back starts being sucked toward the
front ends of the nozzles 4. Consequently, the inteﬁor of the head damper 3
comes under vacuum again due to the re-suction of the ink. However, at an
instant d, at which a period of time t; shorter than the rising suction time t; has
elapsed after the instant ¢ of the closing of the valve 11, the pressure in the head
damper 3 has not yet reached the vacuum P3 which enaﬁles the meniscus of ink
to be destroyed. Therefore, the ink in the nozzles 4 does not move back, and
the meniscus is kept formed at the front end portions 6f the nozzles 4.
The embodiment shown in Figure 1 is formed so that the interior of the .
| cavity 7 in the cap 6 is set to 4 normal presstire By carrying out two valve
._opening and clbsing -op.erations ie. the preliminary 6p9rat_iohs I for opening and
'clesing the valve 11 and the further opérations II for opening and cldsing the

_ valve 11, so as to form a meniscus of ink at the front end portions of the nozzles
4 and so that the printing head 1 and cap 6 can be easily disengaged from each
other. The embodiment shown in Figure 1 may also be formed so that the
further opening and closing operations II are repeated twice or more when a
period of time ty shorter than the rising suction time t; has elapsed after the
completion o;' the preliminary opening and closing operations I so as to bring
about a meniscus of ink at the front end portions of the nozzles 4 and permit
easy disengagement of the printing head 1 and cap 6 from each other:

A capping device according to the pfesent invention preferably includes a

cap turning mechanism described and claimed in application number 89309028

(EP-A-0358487) from which this application is a divisional.

kes

7)



means (11) which, when open, brings the space (7) into RERLA&E%&EVJHSHFEﬁ

the, exterior of the seal neans (6), characterised by opefating the suc
means (10) while the valve nmeans (11) is closed so as fo}repgcsAN 898
pressure in the space (7) to an increasing extent throgghout a first
period of tinme (t[err]), thereafter effecting prelimnary™
closing actions (lI) of the valve neans {41) during a sé¢cond period of ti

(t2), and thereafter effecting further opening and cl osing

Figure 4 shows an embodiment of a cap turning
mechanism in which there is provided a cap fixing frame
25 to which a cap 6 as shown in Figure 1 and consisting
of a resilient material, such as a rubber materia}, may
be fixed. The cap fixing frame 25 is provided
substantially at its central portion with a
.hemispherical recess 25a, and is provided on opposite

. side surfaCes thereof with cylindrical projections 25b
for oscillatably engaging the cap fixing frame 25 and
the cap 6.

A cap support member 23 is provided to which the

.cap 6 and the cap fixing frame 25 can be engaged. The

- cap support member 23 is provided with a projection 23¢
having a hemispherical surface and with track bores or
guide holes 23b on opposite sides of the projection 23c.
The cylindrical projections 25b are adapted to be
engaged oscillatably in the guide holes 23b as indicated
in Figure 4. The hemxspher;cal ‘recess 25a’ 1n the ‘cap
fixing frame 25 is formed to a radius slzghtly larger
than that of the hemispherical projection 23c. on the cap
support member 23. '

Figure 5a is a side elevation of the capping
device of Figure 4, and Figure S5b is a sectional view
taken along the line D-D in Figure 3a. .

As shown in Figure S5a, even when the printing head
1 is moved longitudinally, as shown by a double headed
arrow A, with respect to the cap 6, the cap support

‘member 23 is turned around a fulcrum 23a as shown by a
double headed arrow B so that the cap 6 is turned around
the projections 25b on the cap fixing frame 25 as shown
by a double headed arrow C. '

The capping device described above is formed so
that it is capable of constantly capping the printing
head 1 in the same posture. Even when the head 1 is



actions (11) of the valve neans (11) at |east once dﬁﬁl‘

time (tferr]) has elapsed fromthe end of the second”

MJﬂ"gEggﬁgérT d of

(t[err]), the third period of time (t[err]) being sfodter than the ;' st

period of time (t[err]). 2. A method as clainmed ijn|cl @iSWAN 1998 |
characterised in that, at the end of the first periddjof tine (t[ern]

there is a maxi mum degree of vacuum (Pl) in the spacd (7).

3.

A nethod

as clainmed in claiml or 2, characteriSﬁg in that the_pressure.in

turned with respect to the cap support member 23 by-an
angle 61 as shown in Figure S5b, the cap fixing frame 25
to which the cap 6 is fixed is turned by an angle 82,
which is equal to 81, as the hemispherical projection
23c on the cap support member 23 and the hemispherical
recess 25a in the cap fixing frame 25 contact each other
while the cylindrical projections 25b on the cap fixing
frame 25 move in the guide holes 23b in the cap support
member 23 so that the capping of the head 1 is effected.
During this time, the force by which the cap 6 is
pressed against the head 1 is transmitted thereto with
the hemispherical projection 23c and the hemispherical
recess 25 in a point contacting state. Accordingly, in

order to obtain a uniform surface pressure distribution

on the cap 6, the hemispherical recess 25a in the cap
support frame 25 méy be formed in alignment with the
.centre of the front surface 1la of the head 1 whlch is
contacted by the cap 6. .

The embodlment described above is an example in
which a hemispherical projection is provided on the cap
- support member 23. The same effect can, of course, be
obtained in a capping device provided with a
hemispherical recess in the cap support member 23 and a
hemispherical projection on the cap fixing frame 25.

Figure 6 shows a second embodiment of a cap
tUrning'mechanism for the apparatus according to the
present invention. In this embodiment, a hook 254 is
provided on a'predetermined portion of the cap fixing
frame 25, and a cap posture control spring 28 for
maintaining the cap 6 in a constant posture is fastened
to the hook 254 so as to constantly draw the lower
portion of the cap 6 in a direction away from the
printing head 1. When the cap 6 is not in contact with
the printing head 1, the cap 6 is inclined slightly so



the space (7) is substantially atnospheric pressure at thﬂ&ﬁ&ﬁ“}ﬂ“ﬁ%ﬁégﬂEﬁT

second period of tinme (t[err]). 4. A net hod as cl ai fe¢=trr~any
preceding claim characterised by closing the valve neains §{( ),Ij A h&@fmd
of the further opening and closing actions (11) after tHetop d?l% h
suction neans (10) has been stopped. 18

U

as to face in a diagonally downward direction owing +o
the force of the cap posture control spring 28. When a
capping operation is carried out with the cap 6 in such
a state, by an operation of a cap opening and closing
mechanism (not shown) and the force of a coiled tension
spring 24, the cap support member 23 is turned as shown
by an arrow B, and the cap 6 always comes into contact
with the printing head 1 from the upper end 6a of a seal
surface thereof, whereby capping of the printing head 1
is effected. If the force of the cap posture control
spring 28 is too great, the surface pressure
distribution of the seal surface becomes uneven and this
causes imperfect capping of the printing head 1.
Therefore, it is desirable that the force of the cap
posture control spring 28 be set to the lowest level
that enables the poéture of the cap 6 to be controlled.
. One embodiment of the thin tubes 8,9 which are
connected to the cap 6 will now be described in detail.

Figure 7 is a sectional view of an embodiment of
such a thin flexible tube 30 which is constituted by 2
flexible tube 31 of a resin or plastics material of a high ink
corrosion resistance, such as polyethylene or
polytetrafluorcethylene, and an outer wall 32 of a resin
or plastics material of a high gas penetration
resistance, such as nylon or vinyl chloride.

In Figure 9 there is shown a capping device which
uses flexible tubes of this construction as the flexible
.tubes 47, 48, 49. The device of Figure 9 has, as
indicated above, a printing head 41 whose capping is
done after the printing command has stopped being given
out during a printing operation. This is effected by
initially opening a valve means 46 which communicates
with the tube 47 by way of the tube 48 and an expansible
chamber 45 having an expansible diaphragm 45a therein. A
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cap opening and closing means (not shown) is then
operated. During this time, a very small quantity of
ink can be sucked from ink ejection nozzles 4la in the
printing head 41 by operating a suction pump 44 in the
tube 49 with the valve means 46 left opened. The
expansible diaphragm 45a in the expansible chamber 45 is
thus bent inward as shown by a one-dot chain line a. The
suction pump 44 can then be stopped, and the valve means
46 may be closed thereafter to complete the capping
operation.

The variations of the volume of alr and pressure
in portions of the apparatus which communicate with the
cap 42 of the capping device in the case where the
ambient temperature increases toc a high level after the
completion-of the capping operation are shown in Figure
8. For cenvenience’sake, let it be assumed that the
expanszble ¢chamber 45 can be expanded by a volume AV,

. which- does not vary with the pressure.. First, when the

printer is left at a high temperature, the volume of -
those porticns of the apparatus whzch communicate with
-the-znterior of the cap 42 increases by AV (point A).

At this time, the pressure in the cap 42 remains at the
value 1 but the partial pressure of the air decreases in
correspondence with an increase of the partial pressure
of the vapour occurring due to the evaporation of the
water in the ink. Since the partial pressure of the
outside air is substantially 1, the air would flow from
the outside into the interior of the cap 42. If the
tube in use consists of a material which is permeable to
air, the volume thereof increases-comparativeiy speedily
as shown by'a broken line. In the flexible tube 31,32
shown in Figure 7, however, which has a high gas
penetration resistance rate of increase in the volume is
low, i.e. the volume of the tube 31, 32 varies slowly as
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conpri Si ng: a seal neans (6) provided on an ink jjet—printer and .
adapted to air-tightly seal the front end (la) of a printiinggEaaN (998

during a non-printing period of tine, which seal neans ({6} is provided th
a suction neans (10) adapted to suck thg@ ink fromsaid rnnL+ngwheaﬂﬂflrn
and a val ve neans (11), which, when open, communicates tihe interior of se@l

youmm———

means (6) with the exterior thereof; first operatng-means Wil ch
effects preshownaby apsolid é.rideclmsimguaret i8ans Thie) weflumtee ingine@seeans (11)

af ter 1151 g St AT ol Sk ) o k1 sUGKIOBAEAS il g, ©f apsed:

second oper at’ open| ¢ 05|ng actions
(1) of thevaé,ume wda e mcpamsibésstchgnbsraﬂﬁe as pmr@@ fyman( t 3)

shorter thagyrainable level aV. This volume is thereafter kept
constant, and the internal pressure increases to 1 +
- (saturated vapour pressure AP) at which the internal
pressure becomes stable. At a temperature of 40°c, this
-level is 55.3 mmHg. Let AP equal a pressure balancing
the surface tension of the meniscus of the ink at the
front end portion of the nozzles 4la, the meniscus
constituting an interface with respect to the air in the
cap 42. When Ap < P, the backward displacement of
-the meniscus at the front end portion of each nozzle 4la
.occurs before the pressure'in the cap 42 has increased
by AP, and this causes the imperfect ejection of . ink
‘when a printing operation is restarted.

When a flexible tube 30, however, having a high
gas penetration res;stance is provided in a portion of
the capping device which communicates with the cap 42,
the time which the expansible diaphragm requires to
reach the limit of expansion can be increased to a great
extent. Accordingly, the backward displacement of the
meniscus at the front end portions of the nozzles 4la

-can be prevented for a long pericd of time.

In an experiment, in which a tube (not shown) of
polytetrafluorcethylene of 1.45 mm in inner diameter and
2.2 mm En outer diameter was used at an ambient
temperature of 4o°c, the backward displacement of the
meniscus of ink at the front end portions of the nozzles
4la occurred in around three days. On the other hand,
when a two-layer tube 31, 32 consisting of an inner tube
member 31 of polyethylene of 1.4 mm in inner diameter
and 2.2 mm in outer diameter, and an outer tube member
32 of nylon having a wall thickness of 0.2 mm was used,
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the backward displacement of the meniscus of

ink did not

occur even after one month had elapsed, so that the

reliability of the tube could be improved to

which the tube posed no problems in practice.

a level at

When a tube (not shown) formed by coating the
outer circumferential surface of a flexible tube member
of a high ink corrosion resistance with a resin of a high gas
penetration resistance is used, the same effect can also
be obtained. For example, when a flexible tube
consisting of polyethylene, and a coating consisting of
saran resin of polyvinylidene chloride were used, the

same effeét was also obtained.

When a tube formed by evaporating a metal, such as
aluminium, on the outer circumferential surface of a
flexible tube of a high ink corrosion resistance is used, the

same effect can, cf-course, also be obtained.

. _.In the apparatus described above, the seal means
6 for air-tightly. sealing the front surface la of ‘the

prihting head 1 is provided with a suction means 10 for
subjecting the space 7 to vacuum and with a valve means
11 for bringing the space 7 into communication with the
exterior of the seal means 6. The prellmin;ry opening
and closing operations I of this valve means 1l are
carried out after the lapse of the rising suction time
t1 of the suction means 11 and the further opening and
closing operations II thereof are carried out when a
period of time t3 shorter than the rising suction time
t1 has elapsed after the completion of the preliminary
opening and closing operations I of the valve means 11.
Accordingly, even if the interior of the head damper 3
comes under vacuum so as to destroy the meniscus of

‘the ink when the suction means 11 for sucking the ink in
the printing head 1 from the front ends of the nozzles 4
is operated, the vacuum can be regulated to such a level
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space (7), the conduit neans (8, 9) being provided with tror-neans

(10), by neans of which ink nay be sucked out of the pr|1t ‘ﬂﬂ!éﬁ%’
and with valve neans (11) which, when open, bring the sppck 8»

comuni cation with the exterior of the isal means (6);

that can prevent the destruction of the meniscus of the
ink, by carrying out the further opening and closing
operations II of the valve means 11 a short period of
time after the completion of the preliminary opening and
closing operations.I thereof. Even when the interior of
the seal means 6 is returned to a normal pressure, the
ink can be drawn back to the front ends of the nozzles
4. This enables imperfect printing to be reliably
prevented, and enables disengagement of the printing
head 1 and seal means 6 from each other to be effected
easily;

The cap 6, moreover, is supported so that it can
be turned in not less than two different planes. This -
enables the seal surface of the cap 6 to be brought into
close and parallel contact with the printing head 1 .even
when there is a change in the positional relation
between the printing head 1 and the cap 6, whereby

variations in the surface pressure distribution on the
seal surface are mlnlmized and desiccation of the ink
in the nozzles and leakage of the ink are prevented.

Since, in the Figure 6 construction, a cap
posture control spring 28 is provided so as to maintain
the cap 6 in a constant posture, stable capping of the
printing head can be achieved at all times with this
construction.

Moreover, in the Figure 7 construction, each of the.
flexible tubes 30 connected to the cap consists of a
double structure composed of an inner tube member 31 of a
resin or other material of a high ink corrosion resistance,
and an outer tube member 32 of a substance of a high gas
penetration resistance. Therefore, even when the printer
is left at a high temperature, the expansion of any parts
which communicate with the cap can be reduced to the lowest
possible level, and the backward




first operating nmeans which operates the suction nmeans
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i ncreasi ng extent throughout a first period of timgl (f[err]);
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displacement of the meniscus of ink at the front end
portions of the nozzles can be prevented for a long
period of time.

Moreover, the apparatus of the present invention
may be provided with a reset means of a very simple
construction so that a printing operation can be
restarted immediately.
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closing actions (1) of the valve neans ( 11) during a s¢t

tifre (t2).

cl osing actions (tt)y—of—the val ve nmeans (11) at |least o

P O

second operating nmeans which effects prelinfpasy:opt

third operating nmeans which effects fu

CLATMS

1. A method of sealing the front surface (1a) of a printing head (1) of an ink
j’_et printer when the latter is not in operation comprising applying to the front
surface (13) a seal means (6) which makes an airtight seal therewith and ;/hich
forms therewith an evacuable space (7) which-communicates with suction means
(10) by means of which ink may be sucked out of the printing head (1) and valve
means (11) which, when open, brings the space (7) into communication with the
exterior of the seal means (6), characterised by operating the suction means (10)
while the valve means (ff) is closed so as to reduce the pressure in the space (7)
to an increasing extent througfhout a first period of time (tl),-thereafter effecting

preliminary opening and closing actions (I) of the valve means (11) during a

- second period of time (t2), and thereafteﬁ effecting further openiﬂg and ciosing

_actions (II) of the valve means (11) at least once after a third period of time (t3) - - -

has elapsed from the end of the second period of time (ty), the third period of
time (t3) being shorter than the first period of time (t).

2. A method as claimed in claim 1, characterised in that, at the end of the
first period of time (t), there is a maximum degree of vacuum (P1) in the space

. _ .
3. A method as claimed in claim 1 or 2, characterised in that the-pressure in

the space (7) is substantially atmospheric pressure at the end of the second period
of time (tp).

4, A method as claimed in any preceding claim, characterised by closing the
valve means (11) at the end of the further opening and closing acﬁoﬁs (M) after

the operation of the suction means (10) has been stopped.



el apsed fromthe end of the second period of time (t Ll

(t[err])7T and contrtol neans (14) whi ch consefpupFrery ds |t he
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mat eri al having a high ink corrosion resi%tance, the outer
tube nenber (31) being covered by nmaterial (32) havi

5 Apparatus for carrying out the method as claimed in claim 1, comprising:

a seal means (6) provided on an ink jet printer and adapted to air-tightly
seal the front end (1a) of a printing head (1) during a non-printing period of time,
which seal means (6) is provided with a suction means (10) adapted to suck the
ink from said printing head (1) and a valve means (11), which, when open,
communicates the interior of seal means (6) with the exterior thereof;

first operating means which effects preliminary opening and closing actions
(D) of the valve means (11) after rising suction time (t;) of the suction means (10)
has elapsed; _
second operating means which effects primary opening and closing actions
(II) of the valve means (11) at least once after a period of time (t;) shorter than
the rising suction time (t;) has elapsed after the completion of the preliminary
opening and closing actions (I); and

control means which consecutively operates the first and second operating

means.

6. Apparatus for carrying 6ut the method of claim 1, including:

a seal means (6) adapted to make an air-tight seal with the front surface
(1a) of a printing head (1) of an ink jet printer, and to form therewith an
evacuable space (7); '

conduit means (8, 9) conimunicating witﬁ the space- (7), the conduit
means (8, 9) being provided with suction means (10), by means of which ink
may be sucked out of the printing head (1), and with valve means (11) which,
when open, bring the space (7) into communication with the exterior of the seal
means (6); |

ficst operating means which operates the suction means (10) while the
valve means (11) is closed so as to reduce the pressure in the space (7) to an

increasing extent throughout a first period of time (t;);
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~ second operating means which effects preliminary opening and closing
actions (T) of the valve means (11) during a second period of time (ty);
third operating means which effects further opening and closing actions
(IT) of the valve means (11) at least once after a third period of time (t3) has
elapsed from the end of the second period of time (t;), the third period of time
(t3) being shorter than the first period of time (t;); and
control means (14) which consecutively operates the first, second and

third operating means.

7. Apparatus as claimed in claim 6, characterised in that the conduit means
(8,9) comprises at least one flexible tube means (30) which comprises a tube
member (31) made of # material having a high ink corrosion resistance, the outer
 surface of the tube member (31) being covered by material (32) having a high gas
penetration resistance. |

8. Apparatus as claimed in cla.im 7, in which the high gas penetration
resistant material (32) has a transmittance of nitrogen gas not excéeding 100
(cc/m2-24hr-atm/25 microns).

9. 'Apparatus as claimed in claims 7 or 8, characterised in that the tube
member (31) -is an inner tube (31) of 2 double-tube flexible tube means (30)
whose outer tube (32) is made of the high gas penetration resistant material.

10.  Apparatus as clairﬁed in claims 7 or 8, characterised in that the flexible
tube means (30)' is of single tube construction, the outer surface of thé tube
member (31) being provided with a coating of the high gas penetration resistant.
material. | |

11.  Apparatus as claimed in claim 10, characterised in that the coating is a

coating of a metal which has been evaporited onto the outer surface of the tube

member (31).



whose outer tube (32) is nmade of the high gas penetrati REPWNTSHEBT

mat eri al .

10. Apparatus as clained in clains 7 or 8, racterised i

that the flexible tube-weans (30) is of single tube constfu®s JAN 1968
outer surface of the tube ﬁen‘ner (31) being provided w a coating of
nt
h

hi gh gas pe
cl aim 10,

material . 11. Appar at us=as=ttrarned 1
at the coating is a

cPAUAE R RL AR

t e

25

12.  Apparatus as claimed in claims § or 6, characterised in that the seal
means (6) is carried by a support member (23) in such a way that the seal means
(6) can be moved in a plufality of different planes with respect to the support
member (23).

13.  Apparatus as claimed in claim 12, characterised in that the seal means (6)
_and the support member (23) have mutualiy engaging parts (23c, 25a) one of
which is constituted by a projection (23¢) having a hemispherical surface and the
other of which is constituted by a hemispherical recess (25a) whose diameter is

slightly larger than that of the hemispherical surface of the said projection (23¢).

pbsture cbn&bl spring (28) which urges the seal means (6) towards a
predetermined position with respect to the support member (23). R
15. . A capping device for an ink jet printer cbmprising an apparatus as

claimed in any of claims 5 to 14.

. 14, Apparatus as claimed in claims 12 to 13, characterised in that thereisa h
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seal neans (6) can be noved in a plurality of different
respect to the support nmenber (23). 13. Apparatus as c
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15. A capping device for an ink jet printer conpri BiERI o aps
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INK JET PRINTER SEALING METHOD AND APPARATUS

Apparatus for séaling the front surface of a printing head of an ink jet
printer when the latter is not in operati'oh, cofnprises a seal means adapted to
. make an air-tight seal with the front surface and to form therewith an evacﬁable_
space communimﬁng with conduit means provided with suction means to suck
ink out of the printing head and with valve means which, when open, brings the
space into communication with the éxterior of the seal means. Operation of the
- suction means and of the valve means is controlled in use by first operating the
suction means while the valve means is closed so as to reduce the pressure in the
space to an increasing extent throughout a first period of time (t;). Thereafter
preliminary opénirig and closing actions (I) of the valve means are effected
during a second period of time (t;). Thereafter further opening and closing
actions (II) of the valve means are effected at least once after a third period of
time (t;) has elapsed from the end of the second period of time (ty), the third

period of time (t;) being shorter than the first period of time (t,).

Figure3
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