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INK JET TYPE RECORDING APPARATUS AND METHOD

This invention relates to an ink jet type
recording'aﬁparatus and method in which ink droplets are
jetted to form fmages on a recording medium such as a
.recording sheet, and more particularly to an ink jet head
and ink supplying apparatus used in an ink jet type
recording apparatus and_an ink jet recording and ink
supplying method in which phase~-change ink called 'hot-

melt ink' is used.

- With the increasing nﬁmbers of computers, fax

" machines, and copiers in today's society, there is a

growing demand for high quality reproéuction and print

quality on _aiffergntﬁ recording medium.  Such demand

necessitates the ‘efficient: supply of ink to recording
apparatus and the development of better means of

: transfer;ing the ink to a recoiding medium.

| - Ink .jet heads using a *hot—melt" ink have been

.. disclosed inqpmidr:patent applications. uUsP 4,593,292,

UsSP 4,631,557 . and USP 4,609,924 disclose such ink jet

heads. These ink jet heads require a plate-shaped heater

located in an intermediate ink pool whose purpose is to
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heat the.entire head which is_construeted out of materiels
with high cdefficiente~ of thermal conductivity. This
heater is typicelly located outside the walls forming the
ink'supplying path,.resulting.in a large thermal loss, and
reéuiring a large.capacity heater. Further, reducing the
preparation time between the apﬁiication of wvoltage and
the start-of the printing operation is difficult. - This
interval is the inﬁ'preheating period; Another difficulty
encountered in these kinds of ink jet heads is that, when

the solid-phase ink is changed to a 1liquid-phase ink,

bﬁbbles tend to form in the ink. If the bubbles remain in

the ink Supplying path, they reduce pressure and the
jetting of the ink may not be satisfactory.
Metggde“pf_gupp}xigg_igg_tg_hot-melt ink jet heads

which make useé of the phase change involving theé heating

of a solid-phase ink-are disclosed in USP 4,593,292 and

USP 4,636,803. B . '

The method of Application Number 98546/1986
discloses heating a part of a solid-phase block of ink in
order to form liquidephase ink which is transferfed into
an ink pooling chember. | The amount of ink suppiied is
likely to be affected by the ambient ﬁemperature. Because
the.time interval befween the_starE_of the ink heating
device and the -ehd of thel ink supplying operation .is

iengthy, the ink supplying device, which is located_on the
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carriege, must  bé operated during printing and kept
conne_cted- to the ink pooling chamber. Another flaw in

this method is that part of the ink liquefied in the ink |
supplylng device but not suppl1ed to the ink pool1ng

' chamber resolldlfles in the ink supplying dev1ce, possibly

blocking or partlally blocklng the operation of the ink
pushlng cyllnder. . Another possible obstruction is the
portlon of the solld—phase ink which is softened and

deformed by heating and is located between the liquid and

_solid portions.

‘The method of USP 4,636,803 discloses allowing
solid-phase ink particles sr pellets to drop into the ink’
pooling chamber. . However, at high temperatures, it is
possible. _for. these particles.or. pellets to_soften and join
together, obstructing the ink supplying operation. To
overcome this difficulty, soliq-phase -ink pellets are
loaded in the ink supplying device so that they are

separated from one another. However, loading the pellets

in the ink . .supplying device is. difficult, particularly

| because volumetric capacity of the ink container is small.

e ‘The.ink.used for .an ink jet recording apparatus is
a solid at room'temperature and,'when'heated, melts into
tacky, liquid-phase ink .capable' of being jetted in the
form of .ink droﬁlets. United States Patents 4,636,803;

4,682,1853 .and 4,631,557 are examples of related art.
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Paten# number 4,636,803 discloses a device aﬁd method in
which block-shaped ink, not loaded oix the carriage, is
supplied at a .pre§étermiﬁed. rate to the ink jet head.
U.S. Pétent .4,682,185 'discloses a device and method in
which'Sar-shaped_solid-phase'ink, loaded on the carriagé,
is fed in to the ink jet head which melts the ink. U.S.
Patent 4,631, 557 discloses a device and method in which a

cartridge containing solid-phase ink is mounted on the ink

jet head and the ink is melted by a heater located in the
_head. |

| In the conventional ink jet head and ink Jet
recording meﬁhod in which the solid-phase ink is liquefied
outside the head, it is necésSary to provide both a heater.
for liquef?ing the ink and one to heat the _head and
maintéin it at high temperature. This arrangemeht is
disédvantageous becéuse it requires an excessive amount of
space, consumes ﬁore_power than is desirable, and costs

more to manufacture as an additional circuit is needed for

the heater.

Conventional systems where the solid-phase is
liquified in the ink'jet headi also have disadvantages.
First, the :ink melting position is set away from the
nozzle section for jetting the iﬂk, Also the contact area
of the ink melting member is small compared to the volume
of the solid-phase ink. Therefore, the spaée occupied by
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the components to be heated is large, the ambuht_of heat
necessary to heat them is correspondingly large, and the
heating time. is long. 'Secondly, the 1liquid-phase ink

- deteriorates because it is held in large qpantity in the
head et.high'temperatufe for a prolonged period of time.
- The lesf drawback to this method is that the liquid ink
may leak out of the ink jet head should the head fall down

accidentally. | | |

'Ineothef.prior art, the ink is supplied to the

head through flexlble tube—shaped members. The ink in the
tube—shaped member -is often affected by acceleration and
deceleratlon of the carriage on which the ink jet head is
mounted, thue ‘varying the ink pressure in or near a
éressure geherator. = Also, the ink is isolated from the
. outside air when it is supplied to the pressure generator.
The ink is thus affected by the bubbles formed in the ink
supplying path,.and the ink jet head is therefore not too
_‘reliable. In addition, clogging is pessible because of

. the 1ong'distance between a filter and'the ink jet.

[T ORI | . .. - .
- — sememsan e ne s . eepree

_. ...An object of the present invention is to eliminate
“the above-mentioned -defects with the conventional

recording apparatus and method. This object is solved by the

ink supplying and ink:jet recording apparatus and the methods
.described in the independent claims Further ‘advantageous features
are evident from the dependent clalms

The present invention provides an ink jet type recording
apparatus and method in ' -
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which an operation paﬁse time is shorter so that the
printing operation can be started quickly and the ink is
supplied with ease, the opgrability is 'high, the
constructibn is simple; and miniaturization of the device
is easy, and Ehe ink is maintained unchanged in
characterlstzc even when used for a long period of time.
The -_present _ invention further
proéidésan ink jet recording apparatus and method in'whiéh

the ieakage of the 1liquefied ink in an ink jet head

provided in the recording apparatus is prevented at all

times no matter what posture the ink jet head assumes.

- The, foregoing objects and advantages of the invention have been

achieved by the provision of a method of supplying solid-
phase ink to a hot-melt ink jet type printing head, which
comprises steps of: molding a solid-phase ink into a
plurality of solid-phase ink blocks; inserting the solid-

phase ink blocks into an ink containing means, and

‘breaking the solid-phase ink blocks thus inserted to

separate the solid-phase ink blocks from one another, and

éupplying the solid-phase ink blocks thus separated to the

printing head.

Also, the foregoing cbjects and advantages of the invention have

' been achieved by the provision of an ink Jjet type

recording apparatus and method in which an ink supplying

device_héving.an ink container in which solid-phase ink is
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put and a first heater, and an ink jet head mountad on a
carriage moved over a recording ‘medium in a scanning
manner and having a second heater and a plurality of
nozzles to jet ink droplets'are provided, and a part of
- the ink in the ink supplying device which can be heated by
the flrst heater in the ink container is 11quefled. by
heatlng and supplied to the head. In the apparatus and
method, the quantity of ink in the ink jet head is small,
and the solid-phase ink in. the ink container provided
”outside-ethe carriage is _liquafied -and supélied to the
Aead.f Accordingly, ‘the head dimahsion and thermal
capacity, and carriage weight are small, and therefore the
heatlng time is short. |
Further, the foregoing objects and advantages of the invention
have been ach;eved by the provision of an ink jet type
recording device and method which employs: an ink jet head
for jetting ink . droplets thrdugh.a plurality of nozzles,
the ink jet head having a.heater and mounted on a carriage
"which moves over a recording medium in a scanhing manner;
and an ‘ink contalner for containing solld-phase ink, tha
sol;d-phase 1nk in the ink container being SprllEd near
“to the.nozzles of ‘the ink jet head, -liquefied by heatlng,
and jetﬁed through the nozzles. In the device and method,
the ' ink is molten 'in the  vicinity of the ink jetting
section in the ink jet head,land therefore, the quantity
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of ink in the head is small. Accordingly, the head may be
small in size and in thermal capacity; and the carriage
may be small in weight, and in addition, the-heating time
short. Furthermore, the liquefied ink in the head is
consumed quickly. |
| still further, the foregoing cbjects and advantages of the
invention have been achieved by the provision of an ink jet
head provided in an ink jet apparaﬁus, which comprises: a
nozzle board having a plurality of nozzle orifices; and a
plurallty of pressure generating members arranged to
confront with the nozzle orifices, respectively, upon:
application of voltage the pressure generating member
béing displacedlin the ink in an ink chamber to jet ink
droplets, in which at least one of walls forming the ink
chamber and an ink supplying path communicating with the
ink chamber is made of a heat generating membér. In the
ink jet head thus orgahized, the 6ne wall made of thé heat
generating member in the ink chamber is in direct contact
with the ink, and upon application of wvoltage thereto, it
generates heat immediately, so. that the solid ink is
molten by thermal conduétiqn, thus being held at high
temperature. : '
Still further, the foregoing objects and advantages of the
_invention have been achieved by the provision of an ink jet

head in an ink jet type recording apparatus, comprising: a
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e ez plurality —of plate-shaped.._members. .stacked ._with gaps C

housing.made éf_a material high in heat conduction, the
housing having at least one heat source, and arranged to
confront with. a recording_ medium; ink' holding ‘means
arranged ‘inside 'the. houéing, the .ink holding means

transmitting heat generated by the heat source thereby to

.melt the ink and holding the ink thus ﬁolten by capillary

action; a nozzle-formed member being part of the ink
holding member, and having at least one nozzle orifice

arranged confronted with the recording medium; and

_pressure generatihg member arranged insidé the ink'holding '

means, for generating a pressure which causes the ink near
the nozzle orifice to jet in the form of ink drops. 1In

the ink 5et.head,5the ink holding means may comprise a

_ therebetweén.

Still further, the specific feature of an ink jet

type recording method according to the invention resides

in that inmk in solid phaée is supplied in such a manner

that the ink is brought into direct contact with the ink
holding.means; the - ink. thus supplying is molten by the

heat of the ink holding means, the ink thus molten is

' sucked "into the ink holding means by capillary action, and

the molten ink in the ink holdihg means is jetted in the

form of ink droplets by the pressure generafing by +the

pressure generéting means. According to the invention,
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the gap formlng members good in heat conduction are
provided in the ink jet head, so that the molten ink is
held in the gap by surface tension. Therefore;-even when
the posture of the ink jet head is changed - for instance
when the ink jet head £falls down accidentally - the
liquefied ink in the head will not leak out. And when the
power switch is turned' on, the solid—phase' ink is
" liquefied quickly.

Other objects, features, advantages and characteristics of the
present invention, as well as the methods of operation and
functlons of related elements of the structure, will
become apparent upon consideration of the following
description and 'appended claims with reference to the
accompanying drawings, all of which form a part ot-this
specification, wherein like reference numerals designate

corresponding parts in the various'figures.

FIGS. 1A, 1B and 1C are explanatory diagrams for a
description of a solid-phase ink'supplying method provided
in an ink supplylng dev1ce according to this invention;

PIG. 2 is an explanatory dlagram showing the
operation of an ink supplying device shown in_FIGS. 1A

through 1C;
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FIG; 3 is a perspective view showing a part of a
prlnter to which the ink supplylng device shown in FIGS.
lA through 1C is applled,

FIG. 4 is a perspective view of an ink jet-type
printer according to this invention;

'FIG. 5A and 5B are perspective views
- of an'ink supplying device
used in the printer of FIG. 4 illustrating its operation;

FIG. "6 is a perspéctivé view showing an ink

~supplying .device in another embodiment of the invention;
. 'FIG.'7 is a perspective view of an ink jet type
. printer in another.embodimeﬁt of this invention;
- FIG. .8 shows .a perspective view showing an ink jet
head of this invention; | _

FIG. 9 is a sectional view of the ink jet head
shown in FIG. 8;

..~FIG. 10 .is a perspective view of an ink jet head
in a modified embodiment of FIG. 8;
FIG. 11 is a sectional view of an ink jet head iq
‘another embodiment of the invention; |
- .. -PIG. 12.is a sectional view of the ink jet head of
FIG. 11; | |
. FIG. 13 is a sectional view of an ink jet head

.according to a fﬁrther embodiment of this invention;

o - . ) .
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FIG. 1l4A is a sectional view showihg an ink jet

head according to a still further embodiment of the

“invention;

FIG. 14B is a sectiohél'view shoﬁing an ink jet
head accérding to a modified embodiment of FIG. 14a;

FIG. 15A is a sectional view showing an ink jet
head according to a still further_ embodiment. of the
invention; | ' |

FIG. 15B is a 'sectional view taken in the

_girectién of the arrow A in FIG. 15A; and

FIG. 16 is a perspectlve view of an ink jet type
prlnter used for the ink jet head shown in FIGS. 11
through 15B. '

FIGS. 1A through 1C illustrate a solid-phase ink =
supplying apparatus'and method according to one—embodiment .
of the present invention. Referring to FIG. iA, a
plurallty of solld-phase ink blocks 32 molded in the form
of a bar are loaded into an ink contalner 102 through an
1nk loading inlet 103 as indicated by the arrow 104.

A slider 105 is manually moved to a lock positién

.through the solid-phase ink blocks' 32, and it is locked

being éngaged with a hole formed in the ink container by a

leaf spring (not shown). The slider 105 serves also as-.an

indicator showing the remaining quantity of ink.’
Thls Sheet Has Been R,
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Thereafter, the ink'containef 102 is.automatically moved
to the position as shown in FIG. 13,.and the slider 105 is
released by a'releasing pin 106 so thet the soiid-phase
ink blocks 32 are pushed against a Breaking cam 107 by the
elastic force of a spring 108. ©Under this condition, as
- shown in-FIG.-lc, the breaking cam 107 is rotated to break
the solid-phase ink blocks 32 to cut out a solid-phase ink
- block 32. The solid-phase ink bioek 32 thus cut out is
'allowed to drop .into- an ink pooling chamber 109  as
1ndlcated by the arrow 110. The solid-phase ink blocks 32 .
in .the form of a bar are bordered by grooves 111 formed
therebetween, for the purposes of stabilizing the quantity
of ink to be supplied.and decreasin§ the torque applied to
the breaking cam 107. . |
The solid-phase ink block thus_dropped.in the ink
pooling chamber is heated by a heater (not shown) and
supplied into .an prlntlng head (not shown) to perform a
printing operation.
" :PIG; 2 illustrates a drive system for rotating the
breaking cam 107 and vertically swinging the ink container
102 shown in PIGS. 1A to 1C. That is, the drive force of
an electric motor 113 is utilized through a planet gear
114, depending on .the direction of rotation, selectively

to rotate the breaking cam 107 "or to swing the ink
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container 102 with the aid of lever cam 116 and a lever
i15. | |
In the émbodiment, where the motor 113 rotates
counterclockwise, the drive force is transmitted through
the planet geéf 114 (indicated by the solid liner) and a
reductiqn.gear to the lever cam 116, so that every 180°
rotation of the latter 116 the ink container 102 is swung
vertically through.thellever 115. 1In this operation, the
onéoﬁf control of the drive force of the motor is carried
out by .mgans of a de{:ector comprising, for instance, a
ﬁicro—switch and a cam which is so designed as to detect
the 180° rotation of the lever cam 116.

When the ink container is lifted as indicated by
the one-dot chain line, #he solid-phase ink blocks in the
.form of a bar are loaded into the ink container 102. Whén
the ink container is 1oweréd. as indicated by the solid
1line, the sdlid—phase ink blocks are broken to cut out one
solid-phase ink block, which is allowed to drop into the
ink pooling ‘chamber 109. When the ink 'éontaine; is
lowered, a stopper 112 is-utilized as shown in FIGS. 1A
through.lc; that is, the ink container is lowered until it
._strikes against the stopper 112.

In the case when the motor 113 is rotated
clockwise, ‘the drive force is .tr;nsmitted through the

planet gear 114 (indicated by the two-dot chain line) and

-_—
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‘a reduction gear to the breaking cam 107, to break the

(3 : : I A
=34 . LY
328 2

solid—phase 'ink blocks in the form of a bar as .was
described above. In this operation, the on-off control of

the drive force of the motor is achieved by detection of

‘the 180° rotation of the breaking cam 107.

FIG. 3 illustrates a printer to which the solid-
phase ink supplying system described in FIGS. 1lA through

1c is applied. - The drive system including the ink

container 102 and the breaking cam 107 is arranged on a

side frame 119 which is substantially perpendicular to a

guide shaft 13 which is used for the main scanning
operation of the printing head 16; that is, it is

unnecessary to arrange the drive system on the carriage

-..~15. Therefdré,zthe weight .of the.carriage_-is .maintained

unchanged. :In EIG. 3, reference numerals 11 and 10
designate a platen and a ﬁrinting-sheet, respectively.
FIG. 4-illustrates a printer according to another
embodiment of the present invention. As shown in FIG. 4,
a recording sheet 10 is wound on a platen 11, and driven

while being pushed by a feed roller shaft 12. an ink.jet

-.head .16 (herein after referred to merely as "a head 16",

- .when applicable) is mounted on a carriage 15 which is

movable in parallel with the axis of the platen being

guided by guide -shafts 13 and 14. The head is held:at

'-., high temperature by head heaters 70 and 71 so that the ink

(9
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therein is kept in liquid 'state; ‘The head 16 has a
plurality'of nozzles the ink jetting opérations of which
can be controlled separatelj form one another, and it is
_mbved along the platen axis, in a main scanning direction,
which selectively causing the nozzles to jet ink, thus
forming .an image on the recording sheet 10. In this
operation, ‘as the platén 11 is rotated, the recording
' sheet 10 is moved in an auxiliary scanning direction
pérpén&iqular to the main scanning direction, so that for
_énstance.cpafaéters are printed on it. In the printer, an
ink_suppiying device 18 is provided on the side of the
head movement Starting position, and it is coupled to an
ink container 19 which contains solid-phase_ink. The ink
supplying device 18 is s;ingable supportéd. |

The head 16 includes a E£rame ~made of heat
conducting material; and vibrators and a ndzzle board
mounted on the frame. The vibrators are made up of piezo-
electric elements, and the nozzle board has nozzle
orifices confronting the vibrators. The structure of the
head has been described, for instance, in the
specification of Japanese Patent Application Publication
No. Sho 60?3953 in detéil. The head includes a heater 70
plus the heater 71, and an ink quantity.detecting sensor

(not shown) for detecting an ink level thereby to detect
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whether or not the quantity of ink in the head. is a
predetermlned value, and has an ink supplying inlet 17.
The operation of the printer thus constructed will
be descrlbed. At the start of the operation, the head
‘heaters 70 and 71 are driven to heat the head. The head
being heated in this manner, the ink closer to the head
heaters begins to melt. In a predetermined period of time,
that is, when the ink has been molten as nuchlas necessary
for starting a .print.ing operation, the head starts the

printing .operation.... In the printing operation, an ink

- jetting operation' is' carried out; that is, the ends of the

vibrators are selectively displaced towards the nozzle

board to jet the- ink through the respective nozzle

orifice. When .the ink quantity detecting sensor in the

head detects when the quantity of ink in the head is
smaller than . the predate:mined value, an ink supply
command signal is outputted. |

' Referring to FIGS. 5A and 5B, an ink supplying
operation will be described hereafter.

An ink  container .19, in which ink grains (not

n...:sShown) are.put,.is.coupléd to the ink supplying device 18,

and is held as shown in FIG. 5B. The ink supplying device

.18 is turned so that it is held as shown in FIG. 53, as a

" result of which & certain quantity of ink-grains,'which:is

determined according to the volume of a measuring section
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52, are transferred from the ink container into the
measuring section 52 by their own weight. | Under this
condition; the ink.supplyihg deeice 18 is turned again so
that it is held as shown in FIG.'SB; As a result,.the ink
gralns are moved from the measuring section 52 over to a
heater sectlon 58, where they are 1liquefied by an ink
container heater 60 prqvided at the heater section 58. 1In
response to the ink supply request signal from the head,
the 1latter is ‘moved to the ink supplying position.
‘Thereafter, the'ink'supplying device is turned again so
that it is held as shown in FIG. 5A. As a.result, the
liquefied ink is ruh through an ink supplying pipe.54 by
its own weight, ﬁhus_dripping into the ink eupplying inlet
17. At the same time, the predetermined quantity of ink
grains are supplied frem the ink container to the
" measuring section 52. The ink supplying device 18 is
positioned again;.as shown in FIG. 5B, so that the ink
grains are transferred from the measuring section into the
heater section, where they are liquefied by heating. 1In
feeﬁonse to the ink supply command signal, the liguefied
ink is supplied to the head. Thus, the printing operetion
is continued while the ink is being suitably supplied with
1ts consumption.

The ink container is made up of a meterial pobr:in

thermal eenduc'tion, so that only the ink in the heater
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section is heated, and the ink remaining in the ink
container is not heated, with the result that the amount
.of heat required -for. melting the_ink.grains. is minimized.

Supplement of the ink can be achieved merely 'by
coupling the ink container to the ink supplying device.
Since the: ink supplying device is provided on the printer
body, 'th.e ink container é_ar_x be readily connected to or
.d.isconnecte.d from it. In this case, unlike the case where
the ink container .is mounted on the éarriagé, there is no
fiimitatiqn in size or in weig'hé,' and a sufficient quantity
o-f ink can be held. |

Furthermore, in the invention, the quantity of ink

'in the head - is small, and accordingly the head and the

© carriage can .be miniaturized. Therefore, the period of

time required for heating the ink before a printing
operation can 'be_ redﬁced, and the amount of heat for
keeping the molten ink at high temperature can be also
reduced. |

FIG.. 6 illustrates an ink 'supplying device
according to a further eémbodiment bf the invention. As

shown in FIG. 6, an ink container 19 (shown with pa'rts cut

‘away), -in which -ink balls 32 are put, have a lever 65 for

dropping ‘the ink balls one after another. The ink balls,

~ being moved 'by"their own weight downwardly in the ink

container 19, are held stacked on the lever 65. When the

—_—
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lever 65 1is moved a predetermined distance in thé
directioh of the arrow 63,.on1y the lowermost ink ball is
dropped off the ink pontainer by the cut formed in the
levgr; while the remaining ink balls are dropped by their
' oﬁn weight, and held stacked on the lever 65. When the
lever 65 is returned to the original position as shown in
FIG. 6, the ink balls are moved to the bottom of the ink
. container. On the.other hand, the ink ball dropped off
the ink container enters a heater section 58 having an ink
-;pontainer heater 60, so that it is molten in its_entirety.
Simiiafly as in the above-described .first. embodiment of
thé Iinvention, in response Eo the ink supply réquest
signal from the head, the latter is moved to just below
the ink supplying device. . ...Under this condition, the
heater seCtion-is tufned with its ink supplying section
held underneath, to supply the ink into.the head. The
above-described operation is repeatedly carried out so
that the ink can be continuously_-supplied _with the
consumptlon.of ink of the head.
| In the above-descrlbed embodlment, the ink meltlng
heater may be a_heat generating resistance element (trade
name "posister") having an automatic temperaturg control
function that résistance is in&reased at high temperature.
In thisucase, imﬁediately after the supply of solid-phase
ink into thé ink supplying device, electric power is
-
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- greatly consumed because it is at room tempefature, but
after the ink has been molten, the heater‘ is at high
' tempe_rature, and therefore eleci:ric' power is used only for
- 'complementing' the dissipation 65 heat throﬁgh radiation.
The_reforé, electric pofver is economically used, and it is
unnecessary to_pr.ovide a temperature control circuit.
Furthermore, 'in the above-described embodiments,
 immediately after the liquefied ink has been supplied to
.the head, the solid-phase ink is 1led into the ink
- container heater section; however, for the purpose of
: econon_tically using electric power, the timing of operation
may be so designed that the solid phase ink is transferred .
into the ink container heater section -'immediately before
. the supplying of the liquefied. ink.to .the.head.....
In fhe above-described embodiments, the quéntity
of ink in the head is deteéted by means of the inﬁ
. quantity detecting sensor. However, they may be modified
- as follows: A window for 'visually detecting the quantity
of ink remaining in the head is provided (preferably near
. the nozzle board). -With the mo'dification,' the operator
monitors the quantity of ink remaining in the head, and
opéfates a key,'~when  neceséary, to staft'_thé ébove-
deséribed ink supplyipg operation. |
‘In the .aboﬁe—described embodiments, the ink is:in
the form of a grain or ball; howéver,, it should be noted
-
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that the invention is not limited thereto or thereby.
~That is, the configuration and weight of the solid-phase
ink should be so d_ésig_néd that the ink is éxcellent in
f]_.uidity, aﬁ'd its volume is smaller than the measuring
unit. |

In 'supplyihg ink to the head, the ;ocking of the
ink containex_;: or the operating of the lever may be
achieved by using a drive source .s'uch as an electric motor
or plung..er | pfovided at’ the movable section, or by
_ptili'zi..ng an ekternal movement such as the carriage:
n;ovement. |

FIG. 7 illusi:rates' a printer which is provided
‘'with a head shown in FIG. 8; according 't_o a. still furthef'
embodiment of the pres;ent invention.  Like reference
'numerals shown in FIG. 7 designate corresponding parts in
' FIG. 4. .In thé printer 'shown in FIG. 7, the ink supplying
device 18 may not be swingable.

The head shown in FIG. 8 includeé a frame 214 made
of heat conducting material; and vibrators (not .shown) and
a nozzle ,hoérd_ 21 mounted on the frame. The vibrators are
made up of piezo-electric elements; and the nozzle board
21 has nozzle or_ifices confronting .{:he vibrators. The head
includes a heater 71, an ink quantity de-{:ecting senéo; 34
for detecting an ink ._ level thereby' to detect whether -or
not the quantity of ink in the head is a predetermined
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value, and an ink supplying inlet ‘17. Components for
guiding the solid—phase ink and those provided outside the
heater are made of materiai poor in heat conduction.

The operation of the printer thus constructed will

be described. At the start of the operation, the heater 71

is driven to heat the head. As a result, the ink is
molten beginning with its portion closer to the heater.
In a predetermined period of time; i.e., when the ink has

been molten as much as necessary for starting a printing

operation, the head starts the printing operation. In the

printing operation, an ink Jjetting operation is carried

out; that is, the ends_of the vibrators are selectively

-’displaEed towards the .nozzle board to jet the ink through

the .respective. nozzle orifices._... Since . the_ invention

relates to the operatien of supplying ink to the head, the

detailed description of the operation of the head will not
be made here. When the ink quantity detecting sensor 24
detects.the quantity of ink in the head smaller than the
predetermined value, an ink supply request signal is
outputted.

Returning to FIG. -6, an ink supplying operation
- for the head thus constructed will be described.

As shown in FIG. 6, ink balls 32 are put in an ink
container ‘coupled’ to an ink supplying device. 1In response

to the ink'supply request signal from the head, the latter
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is moved to the ink supply position so thaﬁ the ink
sdpplying.outlet of the.ink supplying device aligns with
the ink suppiying inlet 17. Under this condition, the ink
supplying’levef 65 of the ink'supplying device is operated
to drop the ink balls into the head. The ink container
(with parts cut away to show #n ink supplying mechanism
only) in which the “ink _bails 32 is put has the ink
supplyihg lever 65 at the bottom which is used to drop the
ink balls one by one. The ink balls, being moved by their
own weight downwardly in the ink supplying device, are
helﬁ-stacked on the ink supplying lever 65. When.the ink
supplying lever 65 is moved a predetermined distance in
the direction of the arrow 63, only the lowermost is
dropped off the ink supplying device through .the cut.
formed in the lever, thus being supplied into the head.
At the same time, the remaining ink balls are dropped by
their own weight, and held stacked on the lever 65. When
the lever is returned to the original position as shown in
FIG. 6, the ink bailé are moved to the bottoﬁ of the ink
suppiying device. The ink'ball in the head is molten by
‘the heater. That is, the ink ball dropped into the ink
supplying inlet 17 is led into the head by its own weight
becausé it is shaped small in roiling resistance, and in
‘the head, it is detained by an isolating board 231. The

components around the ink ball are of material poor in
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heat .conduct.ion,. and the isolating board 231 i.s a metal
plate having 300-mesh small holes and is held at high
temp'er'ature Iby the heater. Therefore, the ink ball is
molten beginning with'its portion which is in cont_acﬁ with
the isolating board 231, and the molten ink is allowed to
o flow through the small holes into the nozzle seot:.on.
| o ThlS operatlon w:.ll be descr:.bed with reference to
PIG. 9 in more detail. The ink ball in contact with the
.isolating board 231 is molten as described above.  The
head has a nozzle board 21, and a vibrator board 24 with
o-antilevered vibrator elements which is laid over the
' nozzle board 21. 1In the he’ad. thus constructed, the gap
between the. nozzle board and the vibrator board is about
ten (10) .pm ‘and the gap betwéen the nozzle board and
the isolating board is 0.8 mm. The liquefied ink goes
into those gapé.by capillarj force. In this 'connect'ion,
_i:he invehtors’ have found it through exper_iments that, in
- order to prevent the liquefied ink. from being affected by
the acceleration applied to the head or the change in
posture of the head, the gap should be 2 mm or less,_".
preferably 0.8 mm or less. In the heod,' the level of the
liquefied ink in the gap being high, the liquefied ink
will flow to the nozzles quickly. Accordingly, all t_ho
- liquefied ink is_held in the gap, thus being free from the
above-described disturbance. This will ensure the stable
[
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operation ef the head. In the head thus deeigned, the

quaﬁtity of ink in the head may be small, and therefore,
tf;e head and the "carriage can be miniaturized as much.

Accordingly, the heating time prior lto the printing
operation can be reduced, and the amount of heat required
for maintaining the liquefied in et high temperature can
be deereased; Furthermore, since the ink ball is molten
beginning with iﬁs portion in contact with the isolating
board wich is'held et high temperature and has the small
_poles, it will molten quickly. The small holes of the
lsolatlng board serve as a filter for preventlng the
entrance-of foreign matters.

FIG. .10 illustrates a head whieh is different from
that shown in .FIGS. 7 .and . 8. in _that .an ink supplying.
device is fixedly mounted on the head. In this case, it
is unnecessary to move the head to tﬁe ink supplying
p051t10n prlor to the ink supplying operation; that is,
the ink supplylng operation can be started quickly when
the ink supply request signal is issued.

In the above-described embodiments,'.the ink
melting heater may be a heat generat;ng re51stance element
; (called "posister (trademark)"). In this case, it is
unnecessary to provide a temperature control circuit.

Furthermore; in_‘the above-described embodiments,

the quantity of ink in the head is detectd by means of the
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ink quantity detecting sensor. However, they m&y be
modified in such a manner that a window for visually
detecting the quantity of ‘ink remaining .i.'n the .head is
provided (preferably'near the nozzle board) So that the
operator monitors the quantity of ink in the head, and
ﬁhen necéssary operates a key Eo start the above-déscribed
ink suéplying operatidn. |

~In the above-descrlbed embodiments, the ink is in

the form of a ball; however, it should be noted that the

}nvention'iS'not limited thereto or thereby; that is, the

ink may be in ﬁhe form of a grain, ball or cylinder if the
configuration:and ‘size .thereof meet the conditions that
the ink.is excellent .in fluidity, thus flowing by its owh
weight, .and .is smallen.in_yolumenthanmihempredeterﬁinea
value.

In supplY%ng ink to the head,. the lever may be
operated by means of a drive source such as én electric
motor or'plunger provided at the movable section; or by
utilizing' an external movement such as the carriage
movement. |

.FIG. 11 :is a perspective view showing a part of an
ink jet head according to a still.furthe: embodiment of
the invention. _.The -ink jet head is constituted by a
pie#o-electric 'vibrator'"24. serving as a pressure

generator, the piezo vibrator 24' formed by joining a
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~ piezo-electric element 76 and a metal plate 78; a nozzle

pla‘té 21 having a number of nozzle orifices; a spacer 23

'interposed between the nozzle plate and the piezo vibrator

to provide a predetermined gap therebetween; a main frame
214 made up of a heat ger,ier'at’ing member, the main frame
fixing the nozzle plate and forming an ink supplying path;
and an auxiliary frame 215 made of the same material as
the main frame 214. The frames 214 and 215 .are covered

with a heat insulating material 216 in order to prevent

the radiation of heat throu'gh them.

The piezo-electric vibrator 24’ is made up of a
plural.ity of cantilevered wvibrator elements .each being
supported at one end and hanéihg free at the other end..
That is, the supporting ends of the cantilevered vibrator

elements are coupled together to form the piezo-electric

" vibrator 24‘. Each of the vibrator elements had on one

side a segment electrode layer, or an Au (gold) layer,'

formed on the piezo-electric element 76, and on the other

-gide a common electrode layer, or the above-described

metal plate. The segment electrode léyers of the vibrator
elements are connected to _-an FPC (flexible printéd_ circuit
board) 219 so that they. are electrically connected to
external equipment; '

. FIG. -12 .illustrates a sectional view of the ink

jet head described in FIG. 1l. Ink 32 supplied from an

—
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~ink tank 220 is in solid phase at room temperature. In
the embodiment, thé frames'214 and 215 being made Qp of
the "pqsister ~(trade name)" (manufactured by Murata
Seisakusho Cd., Ltd.), upoﬂ applicatibn of a voltage
thereto the walls of an ink chamber 222 and an ink
supplying path 223 génerate'heat immediately, so that the
Eeﬁperature' of .the. ink. is increased according_ to the
thermal characteriétic of the "posister". As a résult,
the solid ink is. molten.at the melting point, thus being

| ;gupplied into thegink chamber. "Thus, the ink jetlhead.has

'.Sécome ready for a printing operation.

Because_of - the characteristic of the "posister",

R e 1

1

th; smaller the resistance at room temperature, the‘%arger
the rush current :énd ‘the quicker thé_ temperature' rise.
.Theréfore, in ordér'to reduce the time of preheating the
ink  jet 'head,. it is essential to uée the “"posister"
" smallest in resistance at room temperature. ~ The
"posister"” has an automatic temperature cont:ol funétion,-
‘and therefore the ink is maintained unchanged. in
temperaturenindependently of the change in temperature of
.the outside; .that is, .the ink jet head is stable in ink
.jet characteristic.
-fIG;.13 illustrates a éectioﬁal view of an ink jet
head according to a still further embodiment of the.

invention. . As shown in FIG. 13, a container-like housing
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20 made of material high in thermal conduction is sd_
positioned_that.én opening 35 formed in its one side is
confronted with the recording sheet 10 wound on the platen
11. Held behind the opening 35 in the housing 20 are a
nozzle fofminé member, namely, a nozzle plate 21 having a
plurality of nozzle orifices 22 arranged along the platen
'axis,_a spader 23, pressure generating members, namely,
vibrators 24, electrical conductors 25, and an elastic
'membér 26. Each of the vibrators 24 ié a laminate of a
 piezo-électric element and a metal foil of Ni or SUS which
is flexible like a bimetal plate, and it is cantilevered;
mofé specifically, its one end together with the nozzle
plate 21 and the spacer 23 is fixedly held. under a
predetermined pressure by the rigidity of the housing 20
and the elasticity of the elastic -member 26, whereas the
other end is -hung free. The vibrators 24 are so
positioned that the free ehds thereof confront with the
nozzle orifices 22 formed iﬂ the nozzle plate 21,
' respectively. A small 'gap is held between the nozzle
--plate 21 and the vibrators 24 by the spacer 23 with high
accuracy.

In the head, ink holding meaﬁs is formed by walls
of the housing 20, the nozzle plate 21, and plateQShaped
members 29, 30 and 31 which are arranged with gaps D :of

2 mm or less therebetﬁeen, as shown in FIG. 13. In'ohe of -

This Sheet Has Been Repl

- : - mr




L

the gaps D; the éressure generating members, namely, the
vibrators 24 are .provided. The gaps D formed by the
plate-shaped memberé 29, 30 and 31 are made in parallel
witheone another'bylgap regulating means (not shown). The
lower end portions of'the plates-shaped members 29, 30 and
31, which afe in contact with the bottom of the housing
20, . have .holes through which ink 32 flows into the
adjacent gaps. In the head in which the level L of the

ink 32 is held below the axes of the nozzle orifices 22 at

-all times as described later, the gaps D must be a certain

value or less which is determined from head configuration,
and ink physical properties.and'surface tension so that
the 1leakage of the 1liquefied ink 32 1is prevented

irrespective of the postures of the head at all times.

"When two plates are held in the air in. such a manner that

they are in parallel with each other with a certain gap

- therebetween, and are extended in the direction of

gravity, a. liquid can be held stable between the two
plates in a certain range of the direction of gravity,

because the weight of the liquid balances with the surface

.tension thereof which .occurs between the liquid and the

. surfaces of the plates which ‘are in contact with it.

Application of this principle to a ink jet head has result
in the present 'invention, . In order that the above-

described principle may be applied no matter what posture
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" the head assumes, the gap D should be set to a value or

less which may be acceptable with the head configuration,
i.e., available in the ink holding means, and with which
the weight of the ink 32 balances with the surface tension
thereof which occurs between the ink and a part_which is
in contact with the ink. In addition, the gap D should be

small enough to the extent that the ink in the ink holding

means is raised to the nozzle orifides 22, and the

variation of the ink level is suppressed during movement
of the carriage 15. _Fruthe:ﬁore, the gap should be such
£ﬁat) whenever bubbles are formed in the ink during
liquefaction, it can be let them go, and it allbws the
continuous supplj' of ink in the ink jetting operation;

that is, it permits the ink to be sufficiently supplied to

 the nozzles while it is being jetted at high frequency.

As shown in FIG. 13, an ink level detecting device
34 is provided in the ink holding means. The device 34
operateé to detect when 'the level ﬁ reaches a
predgtermined value or lower. When it is détected by the
device 34 that the level L has reached the predetermined
value or less, the cover 28 of the ﬁousing 20 is ppened,
so that an ink block is supplied into a solid-phase ink
receiving chamber 33l£r6m'é solid-phase ink container (not
shown). The volume of the ink block supplied into the

solid-phase ink receiving chamber 33 is such Ehat, when it
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is éompletely molten, the level L will not go above the
axes of the nozzle orifices 22, and when it is suppliéd
‘into’ the solid-phase ink receiving chamber, it will be
brought into direct contact with the upper ends of the
plate—shaped members 29, 30 and 31.

A heat source, namely, a heater 27 is provided on
one'wall_bf the housing 20 behind the pressuré generating
means, FIG. 13 shows only one heater 27; however, it

- should be noted that the invention is not limited thereto
or thereby. That is, a plurality of heaters méy be
a;radged at a plurality of positionmns, with the thermal

- efficiency £aken into  consideration. The plate—shaped
membérs'Zé, 30 and 31 and the gap regulating member (not

S - shown) are thermally cpupled.tb the  housing._20, so that
‘heat generated by the heater 27 is transmitted quickly to
" the ink 32 to heat it and maintain it at high temperature;
- The operation of the ink jet head thus constructed

will be described.
| | The head'being.heated beginning with its pdrtion'
closer to the lheater, the ink block 32 is 1liquefied
beginning _with ~its portion <closer to the pressure'
genérating- section.. - :In a predetermined’ per:.od of time;
that is, when a predetermlned quantlty of molten ink
necessary for startlng a printing operatlog is obtained,

the head startS'the'printing operation. With the head of
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the invention, the eontact__areas of the plate-sheped
members 29, 30 and 31 and the l.housing_ 20 with the ink
block 32 are large, and therefore the aforementioned
predetermined .period of time is short; that is, the
printing operation can be started quickly. |

‘Now, the ink jetting operation of the head will be
described. When electricel. eignals are applied
selectlvely to the vibrators 24, .the piezo-electric
elements contract by piezo-electric effect, while tﬁe
metal fo:.ls, being high in rigidity, are suppressed in
'dimensional change. As a result, each of the vibrators'24
is curved towards the npzzle plate 21 so fhat pressuie is
generated in the small gap between the nozzle plete 21 and
the vibrator 24, thus jetting ink drqélets.

When, thereafﬁer, it is detected by the 'ink level -
detecting device 34 that the.level oflthe ink in the head

is the predetermined value or lower, an ink supply request
'SLgnal is outputted.

The ink supplylng operation will be described.
The ink pellet 39 supplied into the solid-phase ink
receiving chamber 33 from the ink supplying device as
shown in FIG. 6 is b:ought into direct contact with' the
plate-shaped members 29, 30 and 31; These members, being
heated through the housing 20 by the heater 27, starts
melting the ink pellet 39_quickly. The ink thus molten is
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sucked into the gaps D by.capillery action, thus raising
the ink level L. The capillary ection ,ih the nozzle
qrifice.zz is greater than that in the.gap D. Therefore,
as ink droplets are jetted, the ink 32 is gradually
consumed, and the lnk level L is decreased.

Since the ink pellet 39 at room temperature is
supplied .into the .head high enough in tempereture ‘to
liquefy'it, the.temperature of the head may be abruptly
decreased. And, when the ‘ink 32 near the pressure

- generating means is decreased ' in temperature, it is
increased in viscosity thus obstructing the jetting of ink
droplets. In the head of the invention, its interior is

... partitioned -with the plate-shaped members_29,-30 and 31,
and the -latter, being -set away.wfromflthe pressure
generating means in a sense of heat'conductien, serve as
thermal interference members. 1In addition, the ink pellet
.supplied into the head is brought into linear contact with

- the tops .of the plate-shaped members 29, 30 and 31, and
not directly put into the iiquefied ink 32. Accordingly,
the ink near the pressure gegerating means is not abruptly
decreased in temperature by the ink.pellet thus supplied.

- It is desirable ‘that the ink pellet 39 is small in
volume to the extent that, when completely molten, it will

' ‘not flow over ‘the.ink holding means. Reasons for this are

that, in the reduction of temperature, because of the
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small volume of the ink pellet 39 the thermal capacity is
‘small, and if the liquefied ink flows over the ink holding
means, then ‘the ink. may leak out for instance when the
head is set upside down. -

In th_e_above-described embodiment, the ink pellet
39 is supplied in such manner that it is brought into
contact with the upper portién of the ink holding means;
however, the invention is not limited thereto or thereby.
‘That is, the head may be so designed that ink pellet is
supplied in such a manner that it contacts the side or
lower portion of the ink holding means, when necessary.
because of the structure etc. of the printer.

In the _above-described embodiment, the pressure
generating r_ﬁeans employs the method of bending the
cantileverd vibrators 24';_ however, the invention is not
limited thereto or thereby. For instance, the followiné
method may be employed: Flexlble members such as pz.ezo-
electrlc elements are arranged adjacent to the ink holding
means, thereby to generate pressure in the ink holding
means; or local heat generating means is provided, .so that
bubbles formed by the heat generatea thereby are utilized
| to" obtain pressure high enough to jet ink droplets.

In the above~described emboaiment s the ink holding
means utilizes the gaps formed between the Jjuxtaposed

plate-shaped members 29, 30 and 31 and the walls of the

I
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housing. 20. <The ink holding means may be formed by using
foamed members having a plurality of minute cavities, or a
plufality of pipes small in diameter. |

| In supplying ink to the head, the lever may be

operated by means of a drive source such as an electric

-motor or plunger provided at the movabi_e section, or by

utilizing an external movement such as the carriage

movement.

FIG..14A illustrates a sectional view of an ink

jet head according ‘to a still further embodiment of the

- invention. As shown in FIG. 14A, a container-like housing

20 made of metal material such s aluminum or SUS high in

-thermal conduction and macromolecular material such as

polysulfone, polyacetal or ABS is so positioned that an

- opening 35 formed in its one side is confronted with the

. recording -sheetllo wound 6n the platen 11. Held behind

th_e,opening 35 'in. the housing 30 ‘are a nozzle-formed
member, namely, a _nbzzle plate 21 having a predetermined
numk_:er of nozzle orifices 22 arranged along t‘hle- platen
axisy a spacer 23, pressufe generéting means, némely,

vibrators 24, electrical conductors 25, and an elastic

" memb_er 26. < EBach of the vibr_at_ors.24 is a laminate of a

piezo-electric element and a metal foil of Ni or SUS which

is flexible like a bimetal plate, and it is cantilevered;

‘more 'specifically, its one end together with the nozzle
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plate 21 and the spacer 23 is fixedly held under a
predetermined pressure by the rigidity'of £he housing 20-
and the elasticity of the elastic member 26, whereas the
other end is hung free. The vibrators 24 are so
positioned that the free ends thereof confront with the
nozzle orifices 22 formed in the nozzle plate 21,
fespectively. A. small gap is held between 'the nozzle.
plate 22 and the vibrators 24 by the spacef 23 with high
accuracy. | |
B In the head, ink holding means is formed by walls
of the hou51ng 20, the nozzle plate 21, and plate-shaped
members 29, 30 and 31 whiéh are arranged with gaps D of 2
mm or less therebetﬁeen, as shown in'FIG; 14A. In one of
the Qaps D, the pressure generating members, namely, the
vibrators 24 are provided. The 'gaps D formed by the
plate-shaped members 29, 30 and -31 are made in parallel
with one. another Ey gap regulating means (not shown).
Cuts are fﬁrmed in the lower end portions of the plate-
shaped members 29, 30 and 31 which are in contact with the
bottom'of'the housing 20, ﬁb-lead the ink 32 into the gap
~adjacent thereto. In the head in which the level L of
the ink 32 is held below the axes of the nozzle orifices
22 at all times as described later, the gaps D must be a
certain value. or less which is _détermined- from head

configuration, 'and ink physical properties and surface
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tension so that the leakage of the liquefied ink 32 is
prevented at al times no matter what posture the head
assumers. When two plates are held in Ehe air in such a
. manner that they are in parallel with each other with a
certain. gap therebetween, and3 are extended in the
dirgction of gravity, a liquid can be held stable between
the two plates in a éertain range of the direction of
gravity, because the weighf of the liquid balances with
the surface tension thereof ‘which occurs between the
-}iquid and the surfaces of the plates which are in contact
wﬁth it. - Application of this principle to an ink jet head
has result in the present invention. In order that the
above-described principle may be applied no matter what
posture'the head assumes, the gap D.should be set to a
certain'value'or'less which may be.acceptéble ﬁith'the
head configﬁration, i.e., available 'in the ink holding
means, and with which the weight of the ink 32 balances
with thé surféce'tension thereof which occurs between the
ink and .a part which is in contact with the ink. In
-'addition, the.gap D should be small enough to the extent
that the ink in the ink holding means is raised.to the
nozzle orifices 22, and the variation of the ink level is |
suppressed during 1movement of the carriage 15.
~Furthermore, the gap should be such that, whenever bubbles

are formed in the ink during liquefaction, it can let them
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go, and it allows the continuous Supply of ink in the ink
jetting operation; that is,- it permits the ink to be
sufficiently supplied to the nozzles while it is being
jetted at high frequency.
 As shown in FIG. 14A, an ink level detecting

device 34 is provided in the ink holding means. the device
34 operates to deteét when the 1level L reaches a
p:edeﬁermined value or lower. When it is detected by the
device 34 that the level L has reéched the predetermined
‘yalueldr less, ﬁhe cover”és of the housing'zo is opened,
so that an ink block is supplied into an ink receiving
chamber 33 from a'solid—phase ink container (nét shown).
The volume of the ink block supplied into the ink
receiving chamber 33 is such that; when it is completely
molten, the level L will not ‘go above the axes of the
‘nozzle orifices 22.

Filter ﬁeans, namely, a filter 40, as shown" in
FIG. 14a, is dispoéed in such a manner that ‘in the
preSsure generating means, it is in contact with the ends
- of the plate-shaped members 29, 30 and 31. The filter 40
is made up of a 100 pm meéh of stainless steel aﬁd "nylon®
fibers and a nickel electrocast product. Especially, the
flow resistance of the filter s@oulé be so determined that
it will rot greafly retard‘fhe'flow of the ink 32 which
runs from the ink receiving chamber 33 td. thé pressure

e
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generating means, and it.can be determined by .adjusting
the mesh cenfi'guration and numerical aperture of the
filter 40. As shown in FIG. 14A, the filter 40 is held in
direction contact with the ends of the plate-shaped
members 29, 30 and 31. Therefore, when the ink 32 flows
from the gaps towards the pressure generating means, it
can readily shift 'fro'm. one gap to another; that is, the
ink 32 can be supplied smoothly.
FIG. 14B. is a sectional view showing a second
_example of the head according te the invention, which is
d-ifferent in the positions of the filter means from the
.above-described first example of the head. In FIG. 14B,
for -simplification in .illustration, the nousing 20, the
piate-shaped me’mbers. 29,::30 and 31, and the nozzle plate
. 21 of FITG. 14? are shown as they are. 1In the h_ead of FIG.
' 14B, a filter 41 is disposed near the pressure generating
means. Since the filter 41 is located close to the
pressure generating meane, the head is not affected by
.depositions or bubbles formed in the ink. The head
' further_ comprises a second filter 42 provided as shown in _
FIG. :14B. . The Eilter. 42. functions also as ink holding
..means similarly as the plate-shaped members 29, 30 and 31.
It may employ a plnrality of filters 42. 1In this case,
‘the filters can be large in area and in numerical

. aperture. Therefore, ‘when the ink flows to the pressure
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generatidg means, the flow resistance is considerably low,
and the ink holding xixeans is improved in _vo'lumet,ric':
efficiency; that is, the ink capacity is increased.

It is desirable that the head is so designed thét
the capillary action attfibuting to the surface tension
occurring with the 'filter' means is lower than the
capillary action occurring with the nozzle orifices 22,
With the heéd thus designed, the ink held in the ink
holding means can be used thoroughly. Thus, the head is
Pigh in ink consumption efficiency; Furthermore, for the
same reason, the heaé is free from the difficulty that the
reméining ink in the head is deteriorated. Thus, the head
of the invention is high in reliability.

The operatibn of the iﬁk jet head thus constructed
wili be described;

First, the ink 32 is supplied to théIVicinity of
the vibrators 24 and the nbzzle plate 21. Under this
conditions the ink is jetted in the form of ink droplets
as follows: When electriéal' signals are applied
selectively to the .Gibrators 24, the piezo-electric
elements contract by piezo-electric effect, while the
metal foils, being high. in rigidity, are suppressed in
dimensional change. As a reéult, each of the vibrators 24
is curved towards the nozzle plate 21 so that pressure-is

generated in the small gap'between the nozzle pléte 21 and
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the vibrator 24, thus ﬁetéing ink dboplets. The head
operating on thé'above-described ink jetting principle is
free from the disadvantage that the jgtting of ink is
unsatisfactory being affected by bubbles as long as no
bubbles exist in the ink betweeﬁ the nozzle plate 21 and
the vibrator-24. ' In'the:above-deSCbibed embodiment, the
ink jet head is combined with the ink supplying device
which is so designed as to let bubbles gb out of the ink.
Therefore, the head of the invention is considerably high
in reliability, :being not affected by the bubbles in the
ibk_holding meéns at all. |
When it is detected by an 1nk level detectlng
device 34 that .the quantlty of ink remalnlng in the head
is a.predetermlned value or less, an ink supply request
- signdl is outputted thereby. The ink supplied'into.the
ink receiving chamber 33 is quicklj sucked into the gép by
‘capillary action and held 'there;. thus raising the ink
level L. The capillary action with the nozzle orifice is
greater than the capilléry- action with the gap D.
Therefore, as the ink -jetting operation is:cérried out,
the ink 32 is 6onsumed, as a :ésult of which the ink level
b - is dec;eased. " An opening 36 is provided above the
nozzle orifices- 22 .in such a manner that it is
communicated 'With the éir, so as to let bubbles formed
near the. v1brators 24 go out of the head..
.
This Sheet Has Been R

ce- NI



It is desirablé that the ink 32 is small in volume

to the extent that it will not flow over the ink holding

means, for instance because, if the ink flows over the ink
‘holding means, then the ink may leak out for instance when
the head lS set upside down.

- In the above-descrlbed embodlment, the' ink is
supplied to the ink holding means from above; however, the
invention is.not limitéd'thereto or thereby. That is, it
may be supplied to the ink holding means from side or
below, if necéssary because of the structure etc. of the
ﬁéad. |

" In the éboveddescribed_embodiment,‘the ink holding
means utilizes the gaps formed between the 'juxtaposed_
plate-shaped members 29, 30 and 31 and the walls of the
housing 20. The ink holdiﬁg means may be formed by using
foamed members having a plurality of minute cavities, or a
plurality of pipes small in diameter.

The operation of the head using a hot-meit ink
which is in solid phase at réom temperature will be
described. As shown in FIG. 14A, a heat source, namely, a
heater 27 is'mounted on the wall of the housing 20 behind:
the pressure generating means. In the embodimenﬁ, only
one heater 27 is used; however, it should be noted that
the invention is not limited thereto or thereby. That is,

a plurality of heaters may be arranged at a plurality of
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'positidns, with the thermal efficiency taken into account.

The  plate-shaped members 29, 30 and 31 and the gap

reqgulating member (no£ showh)'are thermally_éoupled to the

_housing 20, so that heat generated by the heater 27 is

transmitted quickly to the ink block to melt it and
maintain the.molten ink'af high temperature.

In the case ﬁhere the head has the heater 27, it
is prefefable that the housing 20 is made of metal

material such as aluminum or stainless steel high in heat

‘conduction. - In .the embodiment, the area of the ink

holding means which is in contact with an ink block is

large, and the head is miniaturized.  Therefore, the

-period of time which elapses from;the time instant that

”the'power switch is turned on until the temperéture of the.

-ink 32 reaches a piedetermined value; that is, the head

becomes ready for a printing operation is considerably
short. |
In ‘the ink supplying operation, the solid-phase

ink 32 'which is held at room temperaturé'is supplied into

..the head. Therefore, the ink near ‘the pressure generating

means .is temporarily decreaséd in temperature and

accordlngly increased 'in viscosity, so that the ink may

‘not be jetted satlsfactorlly. However, in the embodiment,

the ink 32 is supplled first to the plate-shaped members

29, 30 and 31, and therefore the plate-shaped members 29,
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30 and 31 1ar§e in thermal capacity and excellent in the
conduction of heat from -the heat source serve as therﬁal
interference members.eas a result of which the ink 32 neer
ﬁhe pressure-generating means 1is not greatly affected in
temperature thereby. |

In the_embodiment, it is desirable that the filter
40 is made of metal, because the metal filter is high in
heat cohductivity, and it functions qﬁickly when fhe power
switch is turned on. |
i The hot-melt ink is gieatly changed in volume when
molten. Therefore, when it is used,._bubbles are
unavoidably formed in the ink in the ink holding means.
In the embodiment, the filter 40 in the ink holding means
ser&es as an ink trag, thus preventing the entrance of ink
bﬁbbles into the preeeure genereting means wﬂich otherwise
may be ceused as the ink 32 is consumed.

When the filter is disposed in the gap D as
indicated at 41 in FIG. 14B, and is held oblique, then it
can regulate the flow of ink 32 in the ink holdlng means;
.that is, the ink bubbles can be removed with the dlrectlon
of flow of the ink 32 maintained unchanged. This method
can provide an ink jet head in which supplying the ink 32
is achieved withl high efficiency, and whicﬁ is not

affected by the ink bubbles in the ink holding means, and
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is high in reliability and excellent ~in ink droplet

jetting character1st1c.

FIG. 15A is a sectlonal view of an ink jet head
accordlng to a still further embodiment of the invention.
As shown in FIG. 153, a contalner-llke housxng 20 made of

metal material such as alumlnum or SUS high and

. macromolecular material such s polysulfone, polyacetal or

ABS is so positioned that an 6pening 35 formed in its one

'gide is confronted with the reccrding'sheet 10 wound on
the platen :1l. Held behind the opening 35 in the housing

.20 are a-nozzle-formed member, namely, a nozzle ?late 21

having. a predetermined number of nozzle orifices 22
arranged along - the plate.. axis, a spacer 23, pressure
generatlng means, namely, vibrators 24,. electrical
conductors 25, and an eldstic member 26. Each of the
vibrators 24 is a laminate of a piezo4e1ectric element and

a metal foil of Ni or SUS which is flexible like a bimetal

‘plate, and ‘it is.cantilevered; more specifically, its one

- end together with the nozzle plate 21 and the spacer 23 is

fzxedly ‘'held .under a predetermlned pressure by the

. rigidity of the ‘housing 20 and the elasticity of the

‘elastic member 26, whereas the other end is hung free.

The vibrators 24 are so positioned that the free ends
thereof confront'with.the'nozzle orifices 22 formed in the

nozzle plate 21, respectively. A small gap is held
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between the nozzle plate 22 and the vibrators 24 by the
spacer 23 with high accuracy. o

FIG. 15B is a sectional diagram, as viewed in the
direction of the arrow A in FIG. ISA, showing the ink
holding meaﬁs in_'detail. For simplification in
illustration, only the housing 20,. nozzle plate 21 and
plate-shapéd members 25, 30‘and.31: are.shown in FIG. 15B.
As is apparent.ftom FIG. 15B, the ink holding meahs is
made up of first plate4shaped members, namely, the above-
_described. plate-shaped members 29, 30' and 31, second
éléte-shapéd members, namely, walls of the housing 20, and.
the nozzle plate 21 in such a manner that the plate-shaped
members 29: 30" and 31' and two walls of the housing 20 are
arranged with a gap Dl thérebetween} and the nozzle plate
21 and one.wall of the housing.zo are arranged with A_gap
D2 therebetween, the gaps D1 and D2 béing' no more than
'2 mm. The gaps Di'énd D2 are substantially perpendicular
to each other, and afe communicated with each 'othé;
through a communicating passégeﬁ;y which is an opening
.formed in the lower portion of the housing 20 as viewed in
the direction of gravity. A first reason why the
communication passage way is located in the lower portion
of the housing is that, in initially supplying-ink to the
ink hoiding means, the water head of the ink 32 in the

gaps D1 can be utilized to send the ink 32 in the gap D2.
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A second reason .is that the ink held between the plate-
shaped members'2§, 3d'and 31' can be used in its entirety.
In gonnection.with these reasons, it is desirable that the
gap D2 is smaller than the gaps D1 (as described.later).
The pressure generating means, namely, the_vibratoré 24
are pfovided in a part of the gap D2 between the wall of |
the housihg 20 and the nozzle plate 21. A gép regulating
ﬁembers (not shown) is provided to arrange the gaps Dl
.formed by the plate-shaped members 29', 30'and 3I' in such a
.:manner that those gaps are substantially in parallel with
one another  and they are extendéd vertical, 1i.e.,
substantially perpendicular to the direction of scanning
of the carriage .on which the head is moﬁnted; The head is
so designed that the level L of the ink 32 is held below
the .axes of the nozzle orifices 22 at all times (as
'-.described later in more detail). The gaps Dl and D2
. should be set to the values or less.which are determined
from the head configuration and. the 1ink physical
properties and surface’ tension so that, no matter what
...posture the head thus designed assumes, the leakage of the

liqﬁefied ink .32 is prevented. When two plates are held

.;Q:; .+ .z in the air in such a manner that they are in parallel with

- each other and are extended in the direction of grav1ty, a
liquid is stably" held therebetween at a certaln height:in
the dlrectlon of gravity, because between the plates, the
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wei_ght of the. liquid balances with the surface tension
thereof. Application of this principle to the ink jet
head has resulted in the present invention. In order
that, no ma.tter what posture the head assumed, the above-
" described principle 'is applicable, the gaps D1 and D2
should be set to the.' values or less which is available in
the head; i.e., in the ink holding means, and with which
'the weight of the ink 32 balances _iwith its surface tension
" occurring with a member which is in cont‘act with the ink.
__It' is necessary to m_ake__ the gap D2 smaller than tfxe gaps
11;1 so that the ink in the ink holding means is led above
the nozzle orifices 22. The facﬁ that thé gap D.Z is
smaller than the gaps Dl means Ehat a capillary action
with the gap D2 is greater than that with the gap Dl.
Therefore, the ink in the gaps Dl can be stably supplied
to the pressure generatihg- means in the gap D2. ‘The gaps
D1 and D2 must be small enough to suppress the variatiori
of the ink level during movemexit of the carriag_e_ 15. 1In
addition, the gaps D1 and D2 should be such that bubbles
are releaéed- when fo;:med in thé 'ink, the ink is supplied
continuously to the nozzles even when jetted continuously,
. or .i__:h.e ink is supplied sufficiently_to. the nozzles even
when jetted at high frequency. |

An ink level detecting device 34 is provided +in

the ink holding means. When the device’ 54 detects that
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the level L i$ a.predetermine_d value or less', a cover 28
ciosing the top of the container—shapéd housing 20 is
opened, aﬁd .the ink is supplied from an ink container (not
shown) into an ink re_ceiving chamber 33. The volume of
the ink thus supplied is such that the level L is held
below the axes of the nozzle orifice. | |

In '.the . above-described .'embodiment, the sécpnd
plate-shaped'meinb_ers are the wall of the housing 20 and
the nozzle pla.tle. 21. In another embodiment, the second
plate-shaped members may be of a plurality of plate-shaped
.n_tembers which are stacked. 1In this case also, the gaps Dl
and D2 should be set to the predetermined value or less
which is available in the head; i.e., in the .ink holding
means, and with which the weight of the ink 32 balances
with the surface tension ‘occurring with the plate-shaped
members. | |

The operat:.on of the ink jet head thus constructed
will be descnbed. '

Pirst, the ink 32 is supplied to the vicinity of
the vibrators 14 and the nozzle plate 21. Under this
condition, . the._ink is. jetted in the form of ink droplets
as follows: - When .electrical signals are applied
selectively to thé.. vibrators 24, the piezo-electric
.elements - cdntract_ by piezo_—e_lectri'c effect, while the
metal foils, being high in rigidity, are suppressed in

//
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dimensional change. As a result, each of the vibrators 24
is curved towards the nozzle plate 21 so that pressure is
generated in the small gap between the nozzle plate 21 and
the vibrator 24, thus jetting ink droplets. The head
operating on the above-described ink jetting principle is
free from the disadvantage that the jetting of ink is
unsatisfaétory being #ffected. by bubbles as long as no
bubbles exist in the ink betwéenlthe nozzle plate 21 and
the vibrator 24. In the above-described embodiment, the
ink jet head is .cqmbiﬁed. with the ink supplying device
which is so-designed as to let bubbles g6 out of the ink.
Therefore, the heéd of the invention is considerably high
in reliability,.being nét affected by the bﬁbbles in the
ink holding means at all.

When the ink level detectlng device 34 detects
that the quantity of ink remaining in the head 1is a
predetermined value or less, the ink supply requéstlsignal
is outputted. Thé ink suﬁplied into the ink receiving
chamber 33 is quickly sucked into the gaps D1 by capillary
“action. The capillary action with the nozzle orifice is
greater than that with the gap Dl. Therefore, as the ink
jetting operation is carried'out, the ink 32 is consuméd,
as a result of which the ink level L is decreased._

It is desirable that the ink 32 is small in volume
tb the extent that it will no flow over the ink holding

T
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:means, for'instance becaﬁse, if the ink floﬁs over the ink_
holding means, then the ink may leak out for instahce when
the head is set upside down. | |

In the above-described embodiment, the ink is

supplied to the ink holding ﬁeans from above; howevei, the
invention'is not'limited thereto or thereby. That is, it
may be supplied to the ,ink holding means frem. side or.
below if necessary because of the structure etc. of the
ink jet type printer.
. .Furthermore,_.in..the ebove-described embodiment,
the pressure generating 'means embloys the method of
bending the cantilevered vibretors 24; however, the
inﬁention is not 1limited thereto or thereby.' For
instance, the follewing method may be employed: Flexible
members such as piezo-elecfric elements are arranged
adjacent to the ink holding means, to generate pressure in
the ink holding means; or local heat generating means is
provided so that bubbles formed by the heat geranted
thereby are ‘utilized ‘to obtain pressure high enough to jet
ink droplets. _

As shown in :FIG.' 154, a fllfer 40 is prov1ded
between the -first and .second plate-shaped members. The
filter 40 is made up of a 100 pm mesh of stainless steel
and' "nylon" fihers and a nickel electrocast product. The

filter 40 together with the housing 20 and the 'pozzle
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plate 21 defines the gap D2. The filter 40 is in contact
'with the ends of the.plate—shaped members 29, 30 and 31,
éllowing the ink 32 to smoothly flow from the gaps Dl to
the gap D2. The proviéion of the filter improves the
function of the gap D2 as the ink holding means, and in
addition, eliminates the difficulty that, in initially
supplying the 1ink to the ink holding means, it. is
difficult for the ink to flow over to the géps D2 because
of the surféce tension of tﬁe ink which occurs at the
‘border line between the gaps D1 and D2. Thus, with the
ihk jet head according to the invention, the ink is
supplied stably; that is, the ink jef head of the
invention is high in .reliability. In addition, the
provision of the filter 40 can prevent'the entrance of not
only foreign matter such as dust but also bubbles into the
pressure generating means and the nozzle orifices 22.
| The ope_ratibn of the head using a hot-melt ink
which 1is in sblid phase at room temperature will be
described. As shown in FIG. 15A, a heat source; namely, a
heater 27 is mounted on the wall of the housing 20 behind
the pressure'ggnerating means. In the embodiment, only
oné heater 27 is used; however, it should be noted that
the invention is not limited theret§ or théreby. That is,
a plurality of heaters.may be arranged at a plurality: of

positions, with the thermal efficiency taken into account.
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The plate-shaped members 2§,_ 30 and 3f and the gap
regulating mgmber (not shoﬁnj afe thermally coupled to the
housing 20; so that heat generated by the hgatef'27 is
transmitted quickly to the ink block to melt it and
maintain the molten ink at high temperature.

In the case where the head uses the heater 27, it
is preferable .that. the _housing _20 is made of metal
material such as aluminﬁm or stainless steel high in heat
conductivity. In the._embodiment,' the area of the. ink
_.holding 3 'meané which is in contact with an ink block is
iarge, and the head is miniaturized. Therefore, the time
interval which elapses froml the time instant Ehat the
bower sWitch is .turned on until the temperature of the ink_
32 'reéches a predetermined value; that is, the head .

 becomes Teady for a ‘printing operation is considerably
short. |
| .In. the ink Supplying operation, the solid-phase
ink .32 which is held at room temperature is supplied into
the head. Therefore, the ink near the pressure genefating
means -is temporarily decreased in temperature and
accordingly increased in viscosity, so that the ink may
‘not be jetted satisfactorily. However, in the embodiment,
the ink 32 is.supplied firét_to the plate-shaped members
29, 30' and 3f, and therefore the latter large in thermal

capacity and excellent in the conduction of heat from the
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heat source serve as thermal interférence members, as a
fesult of which_the ink 32 near the pressure génerating
means is not greatly affected in temperature thereby.

In the above—deécribed embodiment in which the
first and second plate-shaped members are held
perpendicular to each other, the first plate-shaped
members, namelj, the plate-shaped members 29, 30' and 31
are all communicated with thé gaps D2 formed by the second
plate-shaped members. Therefore, whén the ink 32 is
caused to flow by the ink jetting operation, the flow
resistance of the gaps D1l is low, and accordingly the lnk
32 is sufficiently supplied to the gap D2.

| Withdthe head of the invention in which the hot-
melt ink is high in viscosity immediately after molten,
and it is liquefied gradually begiﬁning'with its portion
closer to the prESSuring means, the ink jetting operation
dan be started even when the ink 32 in the ink holding
‘means remote from the pressure .generating meahs is still
high in viscosity, having been just molten. That is, the
ink 32 high in viscosity in the gaﬁs Dl is movaﬁle.because
the flow resistance is low.

It is preferable that, in the embodiment, the
filter 40 is made of métai,'because the metal filter is
high in heat conductivity, and it functions'quiékly when

| the power switch is turned on.
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FIG. 16 illustrates a printer to which the ink jet
head 16 as shown in FIGS. 11, 13, 14A, 14B, 15A and 15B is
attached. 'Like reference numerals shown in FIG. 16
designate corresponding parts in FIGS. 4 and 7.
Accordingly, the -explanation of the opefation of the

| _printer in FIG. 16 is omitted.

As was described above, in ‘the method of the
invehtion, the solid-phase.ink blocks in the form of a bar
are supplied into the ink pooling chamber as it is.
’?herefore;nthe qdantity of ink supplied is constant being
éree from the ambient temperature. Furthermore, the time
required for supplying the ink block can be set
considerably short. - In addition, it is not always
neceesary to mount the ink supplying device on the
carriage, which allows reduction of the weight of the
carriage. .. |

In the ink supplying device, the ink is not
liquefied, which. eliminates the difficuity that
resolidification of the ink obstructs the eperatioﬁ of the
ink~supp;ying mechaniem;'that is, the ink can'be_sepplied
posiﬁively. Furthermore, the soiid-phase ink blocks in
the form of a bar. are used one by one after being broken.
Therefore, the dlfficultles that the ink partlcles or ink
pelletS'are'Jo;ned together by heating are ellmlnated, and

the ink container is improved in volumetric efficiency.
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As wae described above, . according to the
invention, the quantity of ink in the head may be small,
and._therefore the head and the carriage can - be
miniaturized as much. Accordingly, the amount of heat
required for melting the ink in the head is reduced as
much; that is, the pause peried is reduced. Since the
carriage'is small in size, it can be moved readily, and
the printer can be simplified and miniaturized as much.

The ink is coneumed ‘quickly after molten, and'
_;herefore.the ink in the head is maintained unchanged in_
-eharacteristic. Furthermere, the liquefied ink is held in -
the small gap.in the head, it is prevented from being
affected by ﬁhe .aceeleration or deceleration of the
carriage, or by the change in posture of Ehe ink supplying
device;'thaf is, it is free from the difficulties that.it
is shifted,.its surface is ruffled, or bubbles are formed
in it. This wiil ensufe the stable operation of the head.

As was described above, in the ink jet head usiﬁg
the ink which changes in physical phase, according to the
invention the walls in contact with the ink are so
designed as to generate heat immediately, whereby the time
of preheatlng ink can be greatly reduced. Furthermore,
the ink chamber and the ink supp1y1ng path can be made
into one unit by using the heat generating member, and

therefore the number of componeﬁts forming the ink jet
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head can be reduced as much. Thus, an ink jet head low in
manufacturing cost and sméll in size can be provided
according to the invention. |
As was described above, according to the

invention, the quantity of ink iﬁ the head may be small,
and therefore the head and the carriage can be
miniaturized as much. Accordingly, the amount of heat
required fof melting the iﬁk in the head is reduced as
much; that is, the -pause period is reduced. Since the
carriage can be. smaller in size, it can be moved with
ease, and the printe: can be simplified and miniaturized
as much. . | |

| The ink :is consumed quickly after molten, and
therefore the ink in the head is maintained unchanged in
characteristic. :

Furthermore, in the head of‘. the invention, the

'diétancé between the. filge; means and the pressure
generating means is short, and thereforelthe prdbability
is high that, after being removed by the £filter, ink
bubbles or:-deposits are newly formed. Thus, the ink jet
head of. the.. invention is high' in reliability. In
addition, in the head'qf the invention, the filter means
is.provided'in the ink holding means, and therefore, no
- .matter what -posture the head assumes, the ink is'paséed

through the filter means before jetted in the form of ink
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‘droplets. This also cdﬁtributes to the improvement of the
reliability of the iﬁk jet head of the invention.

 Furthermore, the ink eontained.in the head is held
ih the narrow gaps by'capillery aerion, and preferably the
plate-shaped members are held substantially perpendicular
to the directien of scanning of the carriage. Therefore,
no matter what posture the_head assumes, no ink leaks out
of it. That is, the head of the invention is'high both in
reliability and in security. Furthermore, the ink in the
‘head is prevented from being affected by the.acceleration
or deceleration of the carriage or by the change in
'posture or the ink supplying device; that is, the head of
the invention is free from the difficulties that the ink
in the head is shifted, its surface is ruffled, or bubbles
are formed in it. |

In the head of the invention, almost all the
‘plate-shaped members are held substantially perpendicular
to the gap formed by the second plate-shaped members,.and_
therefore the flow resistance preéided rhereby is low.
Thus, the head of the invention is substantially free from
the.pressure variation which may be caused when the ink is
supplied thereto, thus allowing the stably'ink supplying
operation. That is, rhe ink jet-heed according to the

invention is high in reliabiliry and in operability.
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Claims File: S 5039-EP

A method of supplying solid-phase ink to a hot-melt ink jet
printing head comprising the steps of:

inserting solid-phase ink blocks, molded in the form of a

bar, into an ink containing means;

breaking said solid-phase ink blocks along grooves formed

in said bar, said grooves provided at regular intervals;

allowing said solid-phase ink block to fall into an ink

pooling chamber;

heating said solid-phase ink block, thus_melting said . ink
block and having liquid ink; and '

_supplying said liquid ink to said ink ‘jet printing head.

A method as claimed in claim 1, further comprising the step'
of lowerlng said ink containing means to a predetermined
position where said solid-phase ink blocks are broken after
said inserting step. |

A solid-phase ink supplying apparatus comprising'

~an ink container (102) for holdlng a bar (32) of solid-
phase ink:

a spring (108) provided in said ink container (102);

a slider element (105) which is movable within said ink
container (102) and moves by elastic force of said spring

(102) for pushing said bar (32) of ink out of said
container (102); and Y
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a breaking cam (107) for breaking blocks of ink from said

ink bar. .
An ink jet recording apparatus comprising:

a carriage (15) which'mqves over a recording medium (10) in

a scanning manner; .

an ink supplying device (18) having an ink container (19)
in which solid-phase ink is put and a first heater (60),
said ink supplying device (18) being arranged at a

predetermined position;'and

an ink jet head (16) having a plurality of nozzles (22) for
jetting ink droplets through said nozzles, said ink jet
head (16) having a second heater (70, 71) and being mounted
on said carriage, said ink jet head receiving ink from said
ink supplying device, said ink being liquifiéd in said ink
container by said first heater (60) and kept liquified by
said second heater (70,71).

An ink jet recording apparatus as claimed in claim ¢4,
wherein when said ink jet head (16) is moved to said
predetermined position, said liquified ink is supplied from
said ink supplying device (18) to said ink jet head (16).

A method of sﬁpplying ink to an ink jet head in an ink jet
recording apparatus comprising the steps of:

putting solid-phase ink into an ink container of an ink

supplying device, said ink supplying device having a first
heater and arranged at a predetermined position;

62
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heating a portion of said solid-phase ink located in said
ink container of said ink supplying dev1ce, thus llqulfylng
said solid-phase ink;

supplying said liquified ink to said'ink jet head when the
quantity of ink in sald ink jet head becomes less than a

predetermlned value:

jetting ink droplets through a plurality of nozzles in said
ink jet head;

maintainihg said ink in said ink jet head in a liquid phase

by a second heater.

A method as claimed in claim 6, further comprising the step
of moving said ink jet head to said predetermined position
when supplying said liquified ink to said ink jet head.

An ink jet recording apparatus comprising:
an ink container (19) for containing solid-phase ink (32);

an ink jet head (16) having a plurality of nozzles (22) for
jetting ink droplets through said plurality'of nozzles;

ink supplying means (18, 65) for supplying said solid-phase
ink from said ink container (19) to said ink jet head (16)
close to said nozzles:

'a heater (60) for heating and liquifying said solid-phase
ink in said ink jet head (16); '

a carriage (15) on which said ink jet head (16) is mounted,
 said carriage (15) being movable over a recording medium
(10) in a scanning manner. ' '
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. . An ink jet recording method comprising the steps of:

putting solid-phase ink into an ink container;

supplying said solid-phase ink close to nozzles of an ink
jet head, said' ink jet head having a heater and being
mounted on a carrlage Wthh moves over a recordlng medium

in a scann:.ng manner,

liquifying said solid-phase ink using said heater in said
ink jet head; and

jetting said liquified ink through said nozzles of said ink
jet head. ' '

An ink jet head (lG)lwhich comprises:

a nozzule plate (21) having a plurallty of nozzle orifices
(22);

pressure generating means (24, 24’) arranged in ink so as

" to confront said nozzle orifices (22) and being displaced

in said ink to jet ink droplets;

an ink chamber(222) containing said nozzle plate (21) and
said pressure generating means (24, 24') and

an ink supplying means (220, 223) communicating with said
ink chamber (222) for supplying said ink toward said nozzle
orifices (22) of said nozzle plate (21); '

wherein at least one of said ink chamber (222) and said ink
supplying means (220, 223) being made of a heat generating
material. _

T
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An ink jet head as claimed in ciaim 10, further comprising

heat insulating means (216) surrounding said ink chamber
(222) and said ink supplying means (220, 223) to prevent
the radiation of heat therethrough.

A method of supplying ink to an ink jet head comprising
the steps of:

supplying solid-phase ink from an ink tank to said ink jet
head; and

applying voltage to an_ink chamber of said ink jét head so
as to immediately generate heat for melting said solid-

phase ink.

An ink jet recording method for an ink jet head comprising
the steps of:

suppiying ink which is solid in phase at room temperature
so that said ink is brought into direct contact with an ink
holding means arranged within a housing made of a material
having a high coefficient of thermal heating conductivity,
said housing including at least one heat source;

transmlttlng heat generated by sald heat source via said
ink holding means;

using said transmitted heat to melt said solid-phase ink;

sucking said molten ink intd said ink holding means by
capillary action; and '

jetting said molten ink which is close to'a nozzle orifice
in the form of ink droplets-by a pressure generated by a

~ pressure generating member arranged within said ink holding

means.
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'An ink jet head comprising:

a houeing (20) made of a material having a high eoefficient
of thermal conductivity, said housing’ (20) including at
least one heat source (27) and being arranged so as to

confront a recording medium (10);

ink holding means (33) arranged inside said houéing (20)

and having minute gaps (D) which provide capillary action,

said ink holding means transmitting heat generated by said
heat source (27) to melt a solid-phase ink put into said
housing (20), for holding said molten ink by said capillary

action;

a nozzle formed member (21) having at least one nozzle
orifice (22) arranged so as to confront said recording
medium (10) and '

pressure generating means (24, 25, 26) arranged within said
ink holding means '(33) fer generating a pressure which
causes ink near said nozzle orifice (22) to jet in the form
of ink drops.

An ink jet head as claimed in claim 14, wherein said ink
holding means comprises first plate means (29, 30, 31/ 29',
307, 31’) having a plurality of plate-shaped members
stacked with minute gaps D1 therebetween.

An ink jet head as claimed in claim 14, further comprising
filter means (40, 41, 42) arranged in said ink holding
means (33). '

An ink jet head as claimed in claim 15, wherein a minute
gap D2 is formed between said nozzle formed member (21) and
a part of said housing (20) said minute gap D2 lS smaller -
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than said gaps D1 formed between said plurality of plate-'
shaped members (29‘, 30’, 31'). S

An ink jet head as claimed in claim 16, wherein capillary
action bedtween said nozzle orifice (22) and said molten

~ink is greater than capillary action between said filter

means (40, 41, 42) and said molten ink.

An ink jet head as claimed in claim 15, further comprising
second plate means disposed substantially perpendicular to
said first plate means (29‘, 30’, 31’). '

An ink jet head as claimed in claim 19 wherein said first
plate means (297, 307, 31’) are arranged to be
substantially perpendiéular to the direction of scanning of
a carriage (1l5).

'An ink jet head as claimed in claim 19 or 20 wherein said

second plate means'includes a part of said housing (20).

An ink jet head as claimed in claim 19, further comprising
filter means (40) provided at the intersection. of said
first and second plate means.

An ink jet head as claimed in claim 16 or 22, wherein said
filter means (40, 41, 42) is made of heat conductive

material.

An iﬁk jét head as claimed in one of claims 15 to 23
wherein said plate-shaped members (29, 30, 31) are provided
with cuts which are formed in the lower end: portions

'_thereof to lead the ink into said minute gaps adjacent

thereto.

An ink jet head (16) comprising:'
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a housing (20) arranged' so as to confront a recording

medium (10),

ink holding means (33) arranged inside said housing (20)
and having minute gaps (p ) for holding an ink therein by
capillary action of said gaps,

a nozzle formed member (21) having at least one nozzle
orifice (22) arranged so as to confront said recording

medium (10), and

pressure generating means (24, 25, 26) arranged within said
ink holding means (33) for generating a pressure which
causes ink near said nozzle orifice to jet in the form of

ink drops.

An ink jet head as claimed in claim 25, further éomprising
filter means (40, 41, 42) provided in said ink holding
means (33). '

27. An ink jet head as claimed in claim 25 or 26, wherein said ink

holding means (33) includes a plurality of first plate-

shaped members (29', 307, 31’) stacked with minute gaps

therebetween and a second plate-shaped member being
arranged to be substantially perpendicular said first
plate-shaped members (29’, 30’, 31').

An ink jet head as claimed in one of claims 25 to 27,
wherein said ink chamber (33) is integrally formed with
said ink supplying means. ' '

An ink jet head as claimed in one of claims 25 to 28,
further comprising detector means (34) provided in said
housing (20) for detecting the quantity of ink remaining in
said housing (20).
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