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INK JET TYPE RECORDING APPARATUS AND METHOD

This invention relates to an ink jet type
recording'apparatus 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 numbers of computers, fax

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

growing demand for "high quality reproduction and print

quality on different recording medium.  Such demand

necessitates the efficient: supply of ink to recording

apparatus and the development of better means of

- transferrlng the ink to a recording medium.
"hot—melt"

- Ink Jet heads using a ink have been

- disclosed in.prior :patent applications. uUsP 4,593,292,
USP 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

This Sheet Has Been Replaced




I ng apparatus and an ink jet recordi ng and ink supplying nmethod in which
phase chapge ink called "hot-melt ink" is used. 2. Prior Art Wth the
|ncrea5|ng nunber s of cqfiput er s, fax ma- chines, and coﬁ'érs i n-today's
sotiety, there is a growvig demand for high quallty reproductlon and print
quallty on different recording nedium Such demand necessi -

LO
f

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-phese 'ink is changed to a 1liquid-phase ink,
bubbles tend to form in the lnk. If the bubbles remain in
the ink supplylng path, they reduce pressure and the
jetting of the ink mey not be satisfactory.
| Metggde“pf_gupp}xigg_igg_tg_hot-melt ink jet heads
which make use of the phase change involving theé heating
of a solid-phase ink are diselosed in USP 4,593,292 and
usP 4,636,803. - |

The method of Appllcatlon 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
dev1ce and the end of the ink supplying operatlon ls

lengthy, the 1nk supplylng dev1ce, which is located on the
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tates the efficient supply of ink to recording apparatus and the

devel opnent of better means of transferring the ink to a recording nedi um

| nk j et heads using a "hg&:nmelt" ink. have been dis- closeg in prior patent
apblications, US. Pat. N9 4,6593,292, US Pat. No. 4,637,557 and U.S.

Pat. No. 4,609, 924 disclose such ink-jet heads. These i nk jet heads require
a.@late-shaped heater located in an inter- ' :

carriege, must sbe 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 obstructlon 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 6: 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
seperated 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 droplets. United States Patents 4,636,803;

4,682,185, .and 4,631,557 are examples of related art.
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medi ate i nk pool whose purpose is to heat the entire head which is
const'ruct ed out of.naterkgis wi th high coefficients of t mal

conductivity. This heate
the ink supply-

~4s typi- cally located outsidetthe walls form ng
ing path, resulting in a large thermal |oss, and requiring

a large capacity heater. Further, reducing the prepara- tion time between
thg application of vol tage and the start of t he prlntlng operatlon S

dlfflcult

_head.

Thi s |nterval is

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

| 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 ink preheating period. Another difficulty encoun- tered in these Kkinds:
of ,ink jet heads is thatgywhen the solid-phase ink is chﬁhged to a

I|qU|d phase i nk,. bubbl e % end to formin the ink. If thé bubbles remin in
t he ink supplylng path, they reduce pressure and the jetting of the ink may
not be satisfactory. Methods of supplying ink to hot-nelt ink jet heads
which neke use of the phase change involving the heat-

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.

- —— ineemeen e e w apeearee

_. ...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 feature:
are evident from the dependent clalms

The present invention provides an ink jet type recording
apparatus and method in ' -
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ing of a solid-phase ink are disclosed in U S. Pat. No. 4,593,292 and U. S.
Pat. :No. 4,636, 803. -2- The nethod of Application Nunber 98546/ 1986 di s-
cl @ses heating a part of@%}solid-phase bl ock of ink 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 operability 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
proéidesan ink jet recording apparatus and method in'whieh
the ieakage of_.the liquefied ink in an ink jet head
ﬂprovided in the recording apparatus is prevented at all
eimes no matter what posture the ink jet head assumes.
o 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 blocke into an ink containing means, and
‘breaking the solid-phase ink blocks thus ihserted to
seﬁa;ate the solid-phase ink blocks from one another, and
eupplying the solid-phase ink blocks thus separated to the
.printing head. | |
Also, the feregoing objecte and advantages of the inventj.on have
' been achieved by the provision of an ink Jjet type
recording apparetus and method in which an ink supplying

device_heving.an ink container in which solid-phase ink is
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order to formliquid-phase ink which is transferred into an ink pooling
chgnber. The anount of i;_ supplied is likely to be affqgged by the anbi ent
tenperature. Be- cause th& tine interval between the star®¥ of the ink
heating device and the end of the ink supplying opera- tion is lengthy, the -
i nk 'supplying device, which is lo- cated on the carriage, nust be operated
during printing and kept connected to the ink pooling chanber Another
put and a first heater, and an ink jet head mountéd 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 first heater in the ink container is liqﬁefieé. by
heaﬁing 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 _liquefied -and supélied to the
Aead.f Accordingly, ‘the head diméhsion and thermal
capacity, and carriage weight are small, and therefore the
heating time is short.
. o Further, the foregoing objects and advantages of the invention
have been achieved 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 container for containing solid-phase ink, thé
sol&d-phase ihk ih the ink container being supplied near
“to the:nozzlés of the ink jet head, -liquefied by heéting,
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 heéd,land therefore, the quantity

-
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flaw in this method is that part of the ink liquefied in-the ink supplying
device but not supplied§@g the ink pooling chanber resofﬁhlfles in the ink
suppl yi ng device, possi-"bly blocking or partially bIocklng t he operation
of: the ink pushing cylinder Another possible obstruction is the portion of .
t he solid-phase ink which:s softened and deforned by heating and is
Iocated between the liquid and solid portions.

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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The nethod of U S. Pat. No. 4,636,803 discloses al- |ow ng solid-phase ink
parti ol es or pel| et to gapp, Lo the nk pool ing chamberyonever at high,
j ofn together, obstructing the ink supplying opera- tion. To overcone this
difficulty, solid phase ink pellets are | oaded in the ink supplying device
so,that they are separateq from one another. However, |oading the pel-
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 '
Qeans, for genefating 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 méans may comprise a
_;“__,;“;_;u:mgplurality_;of piaterspapedm_membe:s.;stacked.“with gaps C
_ therebetween.

Still further, the specific feature of an ink jet
type recording method according to the invention resides
in that ink in solid phaéé 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 thel
heat of the ink holding means, the ink -thus molten is

e - sucked "into the ink holding means by capi11ary action, and
the molten ink in the ink holding 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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lets.in the ink supplying device is difficult, particularly because

vol unetric capacity of t ink container is small. The igsky used for an ink
jet recordi ng appar at us %' a solid at room tenperature awd, when heated,
melts-into tacky, |iquid-phase ink capable of being jetted in the form of

ink droplets. U S Pat. Nos. 4,636,803, 4.682,185; and 4,631,557 are
exanpl es of related art. . .

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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U S. Pat. No. 4,636,803 discloses a device and nethod in which bl ock-shaped
I nk . not | oaded on the carriage, is supplied at a predet mned rate to the
ink jet head. U S. Pat. @ 4,682,185 di scl oses a devic nd met hod in

whi ch bar shaped solid-phase ink, |oaded on.the car- rlage ‘is fed into
the i'nk jet head which rreltsthelnk. :

=,
-

FIG.. 3 is a perspective view showing a part of a
prlnter to which the ink supply:.ng device shown in FIGS.
lA through 1C is appl:.ed, |

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 .e'mbodimen.t 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 in.
‘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 further embodiment of this invention;
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-3- U S Pat. No. 4,631,557 discloses a device and nethod in which a
cartridge containing sol pe-phase ink is nounted on-the unb j et head and the
ink is melted by a heate¥#l ocated in the head. In the conventional ink jet
head and ink jet recording nethod in which the solid-phase ink is Iiquefied
out si de : :

i
-

FIG. 1l4A is a sectional view showihg an ink jet
head according to a still further embodiment of the
'inventioﬂ;

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. 158 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 ihk container by a
leaf spring (not shown). The slider 105 serves also as-an
indicator. showing the remaining quantity of ink.’
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the head, it is necessary to provide both a heater for |iquefying the ink
aqd one to heat the heag—?nd maintain it at high tenper&tyre Thi s
arrangenent is disadvantd’ geous because it requires an-excessive anount of
space, consunes nore power than is desirable, and costs nore to manufacture
as an additional circuit is needed for the heat er. Conventi onal systens
mhere the solid phase is |iqui- - : _
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
e -. 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.
- :FIGs 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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fied in the ink jet head, also have di sadvantages. First, the ink nelting
pogition is set away frogrihe nozzle section for jettingsThe ink. Also the
contact area of the ink f&fting nenber is snmall conpared“to the vol ume of
thé solid-phase ink. Therefore, the space occupied by the conponents to be
heated is | arge, the anmount of heat necessary to heat themis
coerespondingly large, and the heating tine is long. Secondly, the

- 1'i qui d- phase i nk ' '

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 transmitted through the

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

_—
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deteriorates because it is held in large quantity in the head.at high
tenperature for a prolon d period of time. The | ast drapbﬁck to this
method is that the |iquiktsd nk may | eak out of the ink jet~head should the

" head fall down aCC|dentaIIy In other prior art, the ink is supplied to the
head through fl exi bl e tube-shaped nenbers. The ink in t he tube-shaped-
megber is often affected by accel eration :

‘a reduction gear to the breaking cam 107, to break the
solid—phase 'ink blocks in the fofm of a bar as .was

described above. In this operation, the on-off contrbl 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 apblied. - 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

~__mmm:_fmfw-15. Therefdré,zthe weight . of xhemcarriagenis"maigtained

| unéhanged. :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. aAn 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 bj 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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and decel eration of the carriage on which the ink jet head is nounted, thus
varying the ink pressuregsn or near a pressure generatonf\Also t he |nk S
i sol ated fromthe outsidesair when it is supplied to the*pressure gener-
ator.. The ink is thus affected by the bubbles fornmed in the ink supplying
path, and the ink jet head is therefore not too reliable. In addition,
clogging is possi bl e be- cause of the long distance between a filter -and
the ink '

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 startlng position, and it is coupled to an
1nk container 19 which contains solld-phase ink. The ink
supplying device 18 is sw1ngab1e supported.

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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jet. -4- SUWARY OF THE | NVENTI ON An object of the present invention is
to elimnate the above nentioned defects with the conven.“onal recor d-

» -

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
o Jorinting .operation.... In the printing operation, an ink
- jetting operation' is' carried out; that is, the ends of the
vitrators 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.
1?:::_w" . An ink  container .19, in which ink grains (not
“:...:Shown) are.put,.is.coupléd to the ink supplying device 18,
and is held as shown .in FIG. 5B. _Tne ink supplying device
.18 is turnad so that it is held as shown in FIG. 54, as a
" result of whioh d certain quantity of ink:grains,'which:is

determined according to the volume of a measuring section
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ing apparatus and method. Another object of the present invention is :to
provide an ink jet type gggordlng appar at us and net hod unjwhlch an
operation pause time is Sfforter so that the printing opefétion can be
started quickly and the ink is supplied with ease, the operability is high,
the construc- tion is sinple, and mniaturization of the deV|ce I s easy,
and the |nk I s mai ntai ned unchanged I n characterlstlc

52, are transferred from the ink container into the
measuring section 52 by their own weight. | Under this
condition; the ink.supplyihg de?ice 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 ednduc'tion, so that only the ink in the heater
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even when used for a long period of tinme. A further object -of the present

I nvention:«s to provide an ink jet recordi ng apparatus and nethod i n which
t he | eakage of the quueﬁﬁ@d ink in an ink jet head provkggd in the
recording apparatus is prévented at all times no matter what posture the

I nk jet head assunmes. The foregoing object of the invention has been

achi eved by the provision of a method of supplying

section is heated, and the ink remaining in the ink
container is not heated, with the result that the amount
of heat required-fof 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
.disconnectéd from it. In this case, unlike the case where
the ink container .is mounted on the éarriagé, there is no
11m1tat10n in size or in welght, and a sufficient quantity
of ink can be held.

Furthermore, in the in&ention, the quantity of ink
'in the head- is small) and'aécordingly the head and the

- carriage can .be miniaturized. Therefore, the period of
time required for heating the ink before a printing
operation can 'be__rednced, 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 pérts cut
‘away), -in which -ink balls 32 are put, have a lever 65 for
dropping'the.ink balls one_af;ér another. The ink balls,

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

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

\_
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solid-phase ink to a hot-nelt ink jet type printing head, which conprises
steﬁs of : nolding a solgdjphase ink into a plurality Of/$?|ld phase i nk
bl*ocks; *inserting the s d- phase ink blocks into an irk?containing neans,
and breaklng t he soli.d-phase ink blocks thus inserted to separate the
sol i d- phase ink bl ocks from one another, and supplylng t he solid-phase ink
_ bIocks thus separated to the prlntlng head

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
e . 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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Al so . the foregoing object of the invention has been achi eved by the
prevision of an ink jet @ibe recording apparatus and nethodl in which an ink
suppl yi ng devi ce having af i nk container in which solid- phase ink is put
and a.-first heater, and an ink jet head nmounted on a carriage noved over a
recordi ng nedlun1|n a scanni ng manner and having a second heater and a
plurality of nozzles to jet ink droplets are provided, and a part of
- greatly consumed because it is at room tempefature, but
after the ink has been molten, the heater‘ is at high
' tempe:ature, and therefore elecﬁriclpower is used only for
- 'complementing the dissipation 65 heat throﬁgh radiation.
The;efofe, electric poﬁer is economically used, and it is
unnecessary to_p: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
: economically 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 modification; the operator
R monitors the quantity of ink remaining in the head, and
opéfates a key,'~when  neceséary, to staft'_thé above-
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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the ink in the ink supplying device which can be heated by the first heater
in the ink container is ?gguefled by heating and supplieg~o the head. In
thé apparatus and nethodiifhe quantity of ink in the ink*t head is snall,
and the solid phase ink in-the ink container provided outside the carriage
is.liquefied and supplied to the head. Accordingly, the head di nension and
thermal capacity, and carriage weight are snall, and therefore :

that the invention is not limited thereto or thereby.
~That is, the configuration and weight of the solid-phase
ink should be so désignéd that the ink is éxcellent in
fluidity, énd its volume is smaller than the measuring
unit. |

In'supplyihg ink to the head, the ;ocking of the
ink containe% or the operating of the lever may be
achieved by using a drive source.such as an electric motor
or plungér. pfovided at’ the movable section, or by
Ptiliéing an ekternal movement such as the carriage:
ﬁavement. |

FIG. 7 illustrates' a printer which is provided
‘'with a head shown in FIG. 8; according'to a. still furthef'
embodiment of the preéent 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 maj not be swingable.

The head shown in FIG. 8 includeé a frame 214 made
of heat conducting material; and vibrators (not éhown) and
a nozzle_boérd_zl mounted on the frame. The vibrators are
made up of piezo-electric elements; and the nozzle board
21 has nozzle o:ifices confrbnting.the vibrators. The head
includes a heater 71, an ink quantity deéecting senéo; 34
for detecting an ink ._ level thereby' to detect whether -or
not the quantity of ink in the head is a predetermined

This Sheet

s um:/um/umm?ﬁ?“



the heating tinme is short. Further, the foregoing objects of the
I nventi onr have been achi eved by the provision of an ink 'et type re-

cordi ng device and neth

ich enploys: an ink jet headgfior jetting ink

droplets t hrough a pIura:fty of noz-

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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zles, the ink jet head having a heater and nounted on a carriage which

moves over a recording nediumin a scanning manner; -and g ink container
fot -containing solid-phagg)ink, the solid-phase ink in th& ink container
beifng supplied near to the nozzles of the ink jet head, |iquefied by

heating, and jetted through the nozzles. In the device and nethod, the ink
is.molten in the vicinity of the ink jetting section in the ink jet head,
and there- ' ' : '

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
ﬁélﬁ-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

This Sheet Has Been Replaced

- 24 - l



fore; therquantity of ink_in the head is small. Accord- ingly, the head may

be* small in size and in (%rmal capacity, and the carrlag may be small in
wei ght, and in addition, the heating tine short. Furthernore, the |iquefied
ink in the head is consurred quickly. Still further, the foregoing object of

the invention has been achi eved by the provi si on of an ink jet head pro-
V|Qeq.1n an ink jet apparatus, which conprises: a nozzle

heat .conduct.ion,. and the isolating board 231 i.s a metal
plate having 300-mesh small holes and is held at high
tempefature by the heater. Therefore, the ink ball is
molten beginning with'its portion which is in contect with
the isolating board 231, and the molten ink is allowed to
'_Jflow through the small holes into the nozzle seotlon.
| - ThlS operatlon w1ll be descrlbed 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
oentilevered vibrator elements which is laid over the
' nozzle board 21. 1In the head.thus constructed, the gap
between the.nozzle-board and the vibrator board is about
ten (IO)Ipm ‘and the gap between the nozzle board and
the isolating board is 0.8 mm. The'liquefied ink goes
into those gaps.by capillarj force. 1In this-oonnection,
the invehtors have found it through experiments that, in
- order to prevent the liquefied ihk-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,l.
preferably 0.8 mm or less. In the head, the level of the
liquefied ink in the gap being high, the liquefied ink
will flow to the nozzles quickly. Accordingly, all'the
- liquefied ink is_held in the gap, thus being free from the
above-described disturbance. This will ensure the stable
[
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board having a plurality.Qf nozzle orifices; and a pIura+3 ity of pressure

génerating nenbers arrarggd to con- front Mﬁth t he nozzI*'8"orifices,
respectively, upon appli- cation of voltage the pressure generating nenber
bei ng displaced in the ink in an ink chanber to jet ink drop- lets, in

which at least one of walls formng the ink cham ber and an ink supplying

Fa}hhconnunicating with the ink chanber is-nmade of a heat generating nenber
n the :

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 decreased; 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
holes, it will molten quickly. The small holes of the
lsolatlng board serve as a filter for preventlng the
entrance-of fo:elgn 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 generating resistance element
~ (called “"posister (trademark)").l In this case; it is
unnecessary to provide a temperature control'circﬁit.
Furthermore; in_‘the above-described embodiments,

the quantity of ink in the head is detectd by means of the
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ink jet head thus organized, the one wall made of the heat generating
menmher in the ink chamber is in direct contact with the jnk, and upon
application of voltage qﬁgreto, it generates heat i medFalely, so that the
sodid ink is nolten by thermal conduction, ‘thus being hel'd at high '
tenperature. Still further, the foregoing object of the i nvention has been -
achi eved by the provision of an ink jet head in an

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 operation. |
~In the above-described embodiments, the ink is in
the form of a ball; however, it should be noted tﬁat the
invention 'is ‘not limited thereto or thereby; that is, the
ink may be in ﬁhe fbrm.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
e . 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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ink jet type recording apparatus,

hi gh i n heat conducti on, ae hou5| ng havi ng at | east onefh’aat source, and

arranged to con- front w a recordi ng medi um ink hoI dr¥fg neans ar-

[

~ 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

plurality of cantilevered vibrator elements each being

supported at one end and hangihg 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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ranged i nside the housing, the ink hoiding neans trans- mtting heat
generated by the heat sgmce thereby to nelt the ink and“yoldlng the ink.
thus nolten by capil- |ary action; a nozzle-forned nenber being part of the
i Mk hol di ng menber, and havi ng at.least one nozzle orifice arranged
confronted wwth the recording nme- dium and pressure generating nmenber
ar;anged inside the ink holding neans, for generating a pressure which
ink tank 220 is in solid phase at room temperature. In
the embodiment, the frames'214 and 215 being made up of
the "posister (trade name)" (manufactured by Murata
Seisakusho Co., Ltd.), upon application of a voltage
thereto the walls of an ink chamber 222 and an ink
supplying path 223 generate'heat immediately, so that the
remperature' of .the ink is increased according_ to the
thermal cheracteriétic of the "posister". As a résult,
the solid ink is. molten.at the melting point, thus being
'_supplied into the 'ink chamber. Thus, the ink jetlhead.has
- become ready for a printing operation.

Because_of:.the characteristic of the "posister”,

e e - . Pgiingehomonsfiugfguniiy
T - ]

th; smaller the resistance at room temperature, the‘%arger
the rush current 'end ‘the quicker the temperature' rise.
.Therefore, in order to reduce the tlme of preheating the
ink  jet 'head, it is essential to use the “"posister"
- smallest in resistance at room temperature. ~ The
"posister” has an automatic temperature control functlon,-
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 eectioﬁal 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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causes the ink near the nozzle orifice to jet in the formof ink drops. In
thg ink jet head the inkgﬂ | di ng means may conprise a pkgﬁality of
pl at e- shaped nmenbers statkKed with gaps therebetween. Stit¥ further, the
specific feature of an ink jet type recording nethod according to the
I nvention resides in that ink in solid phase is supplied in such a manner
that the ink is brought into direct contact with the ink hol d-
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 -
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~ing neans; the ink thus supplying is molten by the heat of the ink holding
nmeans, the I nk thus nolten is sucked into the ink hol ding neans by
caplllary action, and thq'hnlten ink in the ink holding ﬁﬁhns is jetted in
the formof ink droplets by the pressure generating by t he pres- sure

generating nmeans. According to the invention, the gap form ng nenbers good
I n,heat conduction are pro- vided in the ink jet head, so that the nolten

ink is held -
the gaps D; the éressure generating members, namely, the

vibrators 24 are .provided. The gaps D forméd by the

plate-shaped memberé 29, 30 and 31 are made in parallel

with one 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 é certain

value or less which is determined from head_configuration,

and ipk ?hysical properties.and'surfacé tension so that

the 1leakage 6f the 1liquefied 1ink 32  is .prevented

- irrespectivg of the postures of the head at all times.

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

they are iﬁ.parallel.with'each other with a certainlgap
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 bélances with the surface

_tension thereof which .occurs between the liquid and the

- surfaces of the .platés 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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in the gap by surface tension. Therefore, even when t he posture of the |nk
jet head i's changed-for ipgstance when the ink jet head fglls down
acti-dental l y-t he quuefléﬁylnk in the head will not |eak'zolt. And when the
power switch is turned on, the solid-phase ink is |ique- i ed qui ckly O her
obj ect, features, and characterlstlcs of the pres- ent invention, as well
as,the nmethods of operation and : '

'lﬁhe'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 tb fhe nozzle orifidés 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 frequenéy.

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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functions of related elenents of the structure, will be- cone apparent upon
consideration of the foll ow ng description and appended clains with
reference to the acconpafyyng drawings, all of which forﬁ?h part of this
speC|f|cat|on wherein |ike reference nuneral s designate ‘¢orresponding
parts in the various figures.

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

e e - 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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-7- BRI EF.DESCRI PTION OF THE DRAW NGS FIGS. 1A, 1B and 1C are exhlanatory
diagrans for a descriptiggaof a solid-phase ink supplyingZyethod pro- vided
in an i nk supplying device according to this in- ventionFIG 2 is an

expl anat ory di agram showi ng the opera-.

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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tion of an ink supplying device showmn in FIGS. 1A through 1C, FIG 3 is a
perspective view showing a part of a printer to which the ink suppl yi ng
devi ce shown in FIGS. 1A(Phrough 1Cis applied; FIG 4 V’\a per spective

viéw of an ink jet type printer according to this |nvent|on

are perspective view of or a descrip-

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 iﬁk 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“desirablejthat 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 ﬁhe reduction of temperature, because of the
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tion of the operation of an ink supplying device used in the printer of
FIG 4; FIG 6is a per gmgctive view showi ng an ink suppt’y- I ng device in
anct her “embodi ment of tFé7invention; FIG 7 is a per specti ve view of an ink
‘jet type printer in another enbodinent of this invention; FIG 8 shows a
perspect i ve view show ng an ink jet head of this inventi on;

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: Flexible members such as piezo-
electric elements are _a:rénged adjacent to the ink holding
means, thereby to genér_ate 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
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FIG 9 is‘'a sectional wea%of the ink jet head shovvn'inEJ)CTiEB; FIG 10 is

a perspectlve

view of anégdk jet head in a nodified enbodizrent of FIG 8;

FIG 11 is a sectional view of an ink jet head in an- other enbodi nent of

the invention;

L

FIG 12 is a sectional view of the ink jet head of FIG 11,

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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FIG 13 is a sectional view of an ink jet head accord- ing to a further
enbodi nent of this invention; FIG 14A is a sectional view show ng an ink

jet head according-to a ill further enbodinent of theffypvention; FIG 14B .

i1 sa sectional VIEM/ShOMkhg an ink jet head according a nodified enbodi ment
of FIG 14A; FI'G 15A is a sectional view show ng an ink jet head according
to, a stiII_further enbodi nent of the invention;

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 ny 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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FIG 15B,is a sectional view taken in the direction of arrow Ain FIG 15A
and FIG 16 is a perspe Fhve view of an ink jet type prtfm;er used for the
|nk j et head shown in FI"&. 11 through 158

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, and" are extended in the
dirgction of gravity, a liquid can be held stable between
the two plates in a c‘:er'tain range of the direction of
gravity, because the weight. of the liquid balances with
the surface tension thereof ‘which occurs between the
-‘Z.!.iquid and the surfaces of the plates which are in contact
with 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 with the
head configﬁrat'ion, i.e., available 'in the ink holding
means, and with which the weight of the ink 32 balances
with thé surfé.ce'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 '-movement 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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8- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FI GS. | A through 1C
Illustrate a solid-phase ink supplying apparatus and net hod according to
one- enbodi ment of the pgPsent invention. Referring to & 1A a plurality
of *sol i d- phase ink bl ock$§¥32 nolded in the formof a bar“dre | oaded into an
I nk container 102 :

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 mesh of stainless steel and "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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through an ink | oading inlet 103 as indicated by the arrow 104. A slider
105 is nenually noved to | ock position through the. sol}_ﬂphase I nk bl ocks
32,-and it is |ocked belng”engaged with a hole forned i n*the ink container
by‘a | eaf spring (not shown). The slider 105 serves also as an indicator
“showi ng the remai ning quantity of ink Thereafter, the ink container 102 is
automatically _ :

generating means, and it.can be determined by.adjusting
the mesh cenfiguration 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'frdn one gap to another; that is, the
ink 32 can be supplied smoothly.
FIG. 14B. is a sectional view showing a second
-;xexample of the head according te the invention, which is
dﬁfferent in the positions of the filter means from the
.above-described first example of the head. In EIG.'14B,
for -simplification in .illustration, the nousing 20, the
e e - piate-shaped membere 29,::30 and 31, and the nozzle plate
. 21 of FiG. 14? are shown as they are. 1In the head 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_compriees a second filter 42 provided as shown in
FIG. :14B. . The filter.42.functions also as ink holding
..means similarly as the plate-shaped members 29, 30 and 31.
It may employ a plnrality ef_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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moved to the position as shown in FIG 1B, and the slide
by" a rel easing pin 106 s&* hat the solid-phase ink bIocka 2 are pushed
agai nst a breaking cam 107 by the elastic force of a spring 108. Under this
condition, as shown in FIG 1C, 'the breaking cam 107 is rotated to break

t he solid-phase ink blocks 32 to cut out a solid-phase ink block 32. The
sol,;i d- phase ink bl ock 32 thus cut out is allowed to drop into an ink
pool i ng

generatlng means, the flow resistance is considerably low,
and the ink holding means is improved in _voiumetrié
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
high 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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chanber 109 as indicated by the arrow 110. The solid- phase ink bl ocks 32
in the formof a bar ardﬁﬁordered by grooves 111 forned#ier ebet ween, for
t he purposes of stabilizing the quantity of ink to be supplied and de-
reasing the torque applied to the breaking cam 107. The solid-phase ink
“bfock thus dropped in the ink pooling chanber is heated by a heater (not .
shown)” and supplied into an printing head (not shown) to performa

the vibrator 24, thus ﬁetéing ink dfoplets. 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-deSCfibed 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
R }n.reliability,:being not affected by the bubbles in the
ihk_holding meéns at_all. |
When it is  detected by an ink 1level detecéing

device 34 that the Qﬁantity of ink rémaining in the head
is a.predetefmined 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
ﬁ - 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“vibrator;'24 go out of the head.. |
.
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pninfing bperationf FIG A illustrates a drive systemfagryrotating the

~breaking cam 107 and ver:fcally SwWi ngi ng the ink con- t afifer 102 shown in
FIGS. 1A to 1C. That is, the drive force of an electric nmotor 113 is

ut-i*l i zed t hrough a.planet gear 114, depending-on the direction of rotation.

'selectjvely to rotate the breaking cam 107 or to swing the ink container
102 with the aid of lever cam126 and

It is desirablé that the ink 32 is small in volume
to the extent that it ﬁill 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 11m1ted thereto or thereby. That is,

a plurallty of heaters may be arranged at a plurality of
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a |l ever 115.
count ercl ockw se, the drFVE force is transmtted througﬁﬁﬁhe pl anet gear
d

114 (indicated by the so

In the enmbodi nent where the notor 113 rotates

liner) and a reduction gear to the |ever cam

116, .so that every 180[err] -rotation of the latter 116 the ink container
102 is swng vertically through the I ever 115. In this opera-

'positidns, with the thermal efficiency taken into account.

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

reqgulating member (noﬁ 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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tion. the on-off control of the drive force of the notor is carried out by
means of a.detector conprising, for instance, a mcreo switch and a cam
“which is so designed as tgndetect the 130[err] rotation gmbthe | ever cam
116.. \Wen the ink contaier is lifted as indicated by t1e& one-dot chain
i ne, the solid-phase ink blocks in the -

30 and 31 1ar§e in thermal capacity and excellent in the
conduction of heat from -the heat source serve as therﬁal
interference members.:as a result of which the ink 32 ne#r
ﬁhe préssure-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 preééure generéting means wﬂich otherwise
may be céused 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 holding means;
.that'is, the ink bubbles can be removed with the directién
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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formof a bar are |oaded into the ink container 102. \Wen the ink container
Is lowered as indicated by the solid line, the solid phase ink blocks are
broken to cut out one. sq;Bg-phase i nk bl ock, which is aldgwed to drop into
t fre i nk pool i ng chanmber . \Wen the ink con- tainer i$*{owered, a st opper
112 is utilized as shown in FIGS. 1A through 1C; that is, the ink container
i's, low ered until it strikes against the stopper 112. '

is high in reliability and exoellent .io ink droplet
jetting characterrstlc.

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 housrng 20 made of

metal material such as alumlnum or S8SUS high and

: macromolecular material such s polysulfone, polyacetal or

ABS is so positioned that an opening 35 formed in its one

'gide is confronted with the recordiog'sheet 10 wound on

_the platen :11. Held behind the opening 35 in the housing

.io are a-nozzle-formed member, namely, a nozzle olate 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 flexiblo 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 eods

thereof confront w1th .the nozzle orifices 22 formed in the

nozzle plate 21, respectlvely. A small gap is held
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In the case when the notog 113 is rotated clockw se, the~drive force is
transmitted through thetgfanet gear 114 (indicated by t®e& two-dot chain
line) and a reduc- tion gear to the breaking cam 107, to break the solid-
phase ink blocks in the formof a bar as was descri bed above. In this

operati on,

the on-off control of the drive force of the notor is achieved

by: detection of the 180 rotation of the breaking cam 107.

between the nozzle plate 22 and the vibrators 24 by the

spacer 23 with high accuracy.

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

plate-shaped 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 Dl and D2 are substantially perpendicular

to each other, and are communicated with each other

through a communicating passageway 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.

This Sheet Has Been RTila

_4;; o HIIIII M




FIG 3 il)Justrates a printer to which the solid-phase ink supplying system
described in FIGS. 1A thznggh 1C is applied. The drive systemincluding the
i nk con-"tainer 102 and &fi¢ breaking cam 107 is arrangedidh a side frane
119 which is substantlally per pendi cul ar to a guide shaft 13 which is used
faor the main scanning oper- ation of the printing head 16; that is, it is
unnecessary to arrange the drive systemon the carriage 15. Therefore,

A second reason .is that the ink held between the plate-

shaped members'2§, 3d'and 31' can be used in its entirety.
In eonnection.with these reasons, it is desirable that the

gép D2 is smaller than the gaps D1 (as described .later).
The pressure generating means, namely, the_vibratore 24
are pfovided in a part of the gap D2 between the wall of |

the housihg 20 and the nozzle plate 21. A gep 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 eand they are extended vertical, 1i.e.,

substantially perpendicular to the direction of scanning

of the carriage .on which the head is moented; 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.inkTBZ is -prevented. When two plates are held

.fﬁ:; .~ .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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the weight of the carriage.is naintained unchanged. In FIG 3, reference
nuneral s 21 and 22 designate a platen and a printing sheet, respectively.
FIG 4 illustrates a printer according to anot her em bodi ment 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 |nk
jet head 16 (herein after referred to nerely as "a head 16",

weight 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 maﬁter 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 ﬁith its surface_tension
" occurring with a member which is in conﬁact with the ink.
It'is necessary to make the gap D2 smaller than tﬁe gaps
Dl so that the ink in the ink holdlng means is led above
the nozzle orifices 22. The fact that the gap D2 is
smaller than the gaps Dl means that 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 DZ._'The gaps
D1 and D2 must be small enough to suppress the variatioh
of the ink level during movemeht of the carriage 15. 1In
addition, the gaps D1 and D2 should be such that bubbles
aré'releaéed when fo;med in thé ink, the ink is supplied
continuously to the nozzles even when jetted continuously,
. or.thé ink is supplied sufficiehtly_tq the nozzles even
when jetted at high frequency. |
An ink level detecting device 34 is provided:in

the ink holding means. When the deVice'§4 detects that
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when applicable) is nmounted on a carriage 15 which is novable in parallel
wi'th the axis of the platen being guided by guide shafts 13 and 14. The
‘head is held at high tenperature by head heaters 70 and 71 so that the ink
thérein is kept in liquid-state. The head 16 has a plurality of nozzles the
ink jetting operations of which :

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.rgceiving 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'mehbers are the wall of the housing 20 and
the nozzle platé 21. In another embodiment, the second
plate-shaped members may be of a plurality of plate-shaped
.gembers which are stacked. 1In this case also, the gaps Dl
and D2 should be set to the predetermined value or less

;r | 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'occur:ing with the plate-shaped
members. | |

The operatlon of the ink jet head thus constructed
will be descrzbed.

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 piezoéglectric effect, while the
metal foils, being high in rigidity, are suppressed in

//
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can be controlled separately formone another, and it is noved along the
plLaten axis, in a main scanning direc- tion, which selectively causing the
nozzles to jet ink, thus formng an inmage on the recording sheet 10. In
this operation. as the platen 11 is rotated, the recording sheet 10 is

moved in an auxiliary scanning: dlrectlon perpendlcular to the main scanning
-direction, so that for _ :

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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I nstance characters are printed on it. In the printer, an ink supplying’
device 18 is provided on the side of .the head novenent starting position,
and it is coupled to an ink container 19 which contains solid-phase ink.
‘The ink supplying device 18 is swi ngabl e supported. The head 16 includes a
frame made of heat conduct- ing material; and vibrators and a nozzle board
nmounted on the franme. The vibrators are nade up of piezoelectric

: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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el ements, and the nozzle board has nozzle orifices con- fronting the
vicbrators. The structure of the head has been described, for instance, in
the specification of Japa- nese Patent Application Publication No. Sho
608953 in detail. The head includes a heater 70 plus the heater 71, and an-
I nk quantity detecting sensor (not shown) for detecting an ink |evel
thereby to detect whether or.not the quantity of ink in.the head is a
pr edet er mi ned val ue, :

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
functioﬁ 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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and has an ink supplying inlet 17. The operation of the printer thus
constructed will be described. At the start of the operation the head
heaters 70 and 71 are driven to heat the head. The head being heated in
thfs manner, the ink closer to the head heaters begins to nelt. In a
predeterm ned period of time, that is, when the ink has been nolten as nuch
as:.necessary for starting a printing operation, the head starts the

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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printing operation. In the printing operation an ink jetting operation ié
carried out; that is, the ends of the vibrators are selectively displ aced
towards the nozzle board to jet the ink through the respective nozzle ori-
fice. Wien the ink quantity detecting .sensor in the head detects when the
quantity of ink in the head is -smaller than the predetern1ned val'ue, an ‘i nk
- supply command signal is outputted.

| 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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Referring to FIGS.. 5A and 5B, an ink supplying operation will be described
héreafter. -11- An ink contatner 19, in which ink grains (not shown) are
put, is coupled to the ink supplying device 18, and is

FIG. 16 illustrates a printer to which the ink jet
head 16 as shown in FIGS. 11, 13, 14a, 14B, 15A and 1SB 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, whichl eliminates the dlfflculty that
resolidification of the ink obstructs the operat1on of the
1nk~supp;y1ng mechanlsm;'that is, the ink can be_supplled
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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held as shown in FIG 5B. The ink supplying device 18 is turned so that it
is held as shown in FIG 5A, as a result of which a certain quantity of ink
grains, which is determ ned according to the volume of a neasuring section
52; are transferred fromthe ink container into the neasuring section 52 by
their owmn weight. Under this condition, the ink supplying device 18 is
tucrned again so that it is held as showmn in FIG 5B. As a result,

As was 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 peribd is reduced. Since the
carriagé'is small in size, it can be moved readily, and
the printer can be simplified and miniaturized as much.

The ink is conéumed ‘quickly after molten, and'
_;herefore.the ink in the head is maintained unchanged in_
-éharacteristic. Furthermére, the liquefied ink is held in -
the small gap.in the head, it is prevented from being

affected by ﬁhe .acégleration or deceleration of the
carriagé, or by the change in posture of Ehe ink supplying
device;'thaf is, it is free from thé 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 preheating ink can be greatly reduced. Furthermore,
the ink chaﬁber and the ink suppiying 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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the ink grains are noved fromthe neasuring section 52 over to a heater
séction 58, where they are liquefied by an ink container heater 60 provided
at the heater section 58. In response to the ink supply request signal from
the head, the latter is noved to the ink supplying position Thereafter, the
I nk supplying device is turned again so that it is held as shown in FIG

SA. As aresult, the liquefied ink is run through an ink supplying pipe 54

> 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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its own weight, thus dripping into the ink supplying inlet 17. At the sane
ti-me, the predeterm ned quantity of ink grains are supplied fromthe ink
contai ner to the neasuring section 52. The ink supplying device 18 is
positioned again as shown in FIG 5B, so that the ink grains are _
transferred fromthe neasuring section into the heater section, where they
are Ilquefled by heating. In response to the ink supply conmand signal, the
i que- '

‘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 headidf
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 proéided 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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fied ink is supplied to the head. Thus, the printing oper- ation is
continued while the ink is being suitably sup- plied with its consunption.
The ink container is.nade up of a material poor in theLnachonduction so
that only the ink in the heater section is heated, and the”ink rema

the ink con- tainer is not heated, with the resul t th

required for

melting the ink grai n§ is mninzed. flm"mﬂrmmlﬁ"heat

Claims File: S 5039-EP

1.

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 e
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Suppl enment of the ink can be achieved nmerely by coupling the ink container
to the ink supplying device Since the ink supplying device is provided on

the printer body, the ink container can be readily—eennected 10 or

di sconnected fromit. In this case, unlike the ¢ k cont ai ner
is nounted on the carriage, there is no |limtat m“mﬁlﬁH“uml wei ght,
and a sufficient quantity of ink can be held.

a breaking cam (107) for breaking blocks of ink from said

ink bar.
4. BAn 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).

5. 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).

6. A method of supplying 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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-12- Furthernore, in the invention, the quantity of ink in the head is
smal |, and accordingly the head and the carriage can be mniaturized.

Therefore, the period of tine required for heati ng H!Iﬂlc”m"lj”ﬂllm*m |

printing oper-

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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ation can be reduced, and the ampbunt of heat for keep- ing the nolten ink
at high tenperature can be alsore- duced. FIG 6 illustrates an ink
suppl yi ng devi ce according-to a ] t of the invention As. :
shbwn in FIG .6, an ink contai ne“mmmmn‘HM‘ parts cut away), in which
ink balls 32 are put, have a |ever 66 flor "dréppfng the ink balls one after
The ink balls,

anot her.

10.

. . 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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bei ng noved by their own wei ght downwardly in the ink container 19, are
hel d stacked on the | ever 65. Wien the |l ever 65 is noved a predeterni ned
distance in the direction of the arrow 63, only the lowernost ink ball is
dropped off the ink container by tmmur muum,unthe | ever, while the
remai ning ink balls are dropped by: and held stacked on
the | ever 65. Wen the lever 65 is rethrded"tosthé ofiginal position as
shown in

1ll1. 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.

12. 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.

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

supplying 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

I

means.
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FIG 6, the ink balls are noved to the bottomof the ink container. On the
ot her hand,

section 35 havi ng i ner heater 60, so that it is nolten inits

the ink ball dropped off the ink container enters a heater

en- tirety. S|n1I i n the above-described first enbodi- nment of the
i nvention, in res m ﬂnulmu!supply request signal fromthe head, the
lafter is noved to= !lnk suppl yi ng deV|ce——£hﬂer-Tﬁ*‘—“————
condi tion,

14.

15.

16.

17.
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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 houeing (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 -



t he heater section is turned with its ink supplying sec- tion held
underneath, to supply the ink into the head. The above-descri bed operation

i's repeatedly carried out so that the ink canbe-eenti-nuousty—supplied with

i nk melting heater may be a heat generating r HH“I (trade name

thé consunption of ink of the head. .In the_abqﬁﬁ ﬂ%ﬂc i bed enbodi ment, the
I
"poesister") having an autonatic tenpera- H ﬂ ﬁm

than said gaps D1 formed between said plurality of plate-'
shaped members (29‘, 307, 31'). '

18. An ink jet head as claimed in claim 16, wherein capillary
action bedtween said nozzle orifice (225 and said molten
~ink is greater than capillary action between said filter
means (40, 41, 42) and said molten ink.

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

20. 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).

21l. 'An ink jet head as claimed in claim 19 or 20 wherein said

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

22. 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.

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

24. 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. '

25. An ink jet head (16) comprising:
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ture control function that resistance is mcreased—afc—thgh—terrperature In

this case, inmediately after the supply of solid-phase i he I nk
suppl yi ng device, electric power is greatly cons mmgmﬁ ﬂ“ s at room
t erfper- ature, but after the ink has been rmlten,* t high
tenperature, and therefore electric power is used only for corrpl enmenting

t he di ssipation of heat through

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.

26. 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, 30’, 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').

28. 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. ' '

'29. 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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-13-

radi ation. Therefore, electric power is economcally used, and it is

uhnecessary to provide a tenperature control circuit. Furthernmore, in the
above-descri bed enbodi nents, imediately after the liquefied ink has been
supplied to ' : -

3

ABSTRACT

An ink jet recording apparatus and method has an ink jet

- head (16) which includes a housing (20) made of a material

having a high coefficient of thermal conducti#ity, including
at least one heat source (27), and arranged so as to confront
a recording . medium (10); an ink holding member (33) 1is
arranged inside the housing (20), the ink holding member (33)
transmitting heat generated by the heat source (27) to melt é

“solid~phase ink (32) put into the housing (20) for holding the

molten ink by capillary action; a nozzle formed member (21)
being part of the ink holding member (33) and having at least
one nozzle orifice (22) arranged so as to confront the
recording medium (1l0). A pressure generating member (24) is
arranged within the ink holding member (33) for generating a
pressure which causes ink near the nozzle orifice (22) to jet
in the form of ink drops. The ink jet recording method is

achieved by the apparatus thus constructed.
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1/79
t he head, the ‘?ol‘ff'a-%t?a'sgﬁnk is led into the ink éont ai ner heater section;
however., for the purpose of econom - cally using electric power, the timng
of op'eration may be so designed that the solid phase ink is transfessed
i pto the ink container heater section imedi ately before the supplying of.
the liquefi.ed ink to the head. In the above-described enbodi ments, the
quamtity of ink in the head is detected by means of the.ink quantity

*
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detecting sensor. However, they may be nndf%(eg'as foll ows A wi ndow for
visual ly detecting the quantlty of ink remaining in the head is provided
(preferably.near the nozzle board). Wth the nodification, the operator
monitors the quantity of ink remaining in the head, and operates a key,
when necessary, to start the above- described ink supplying operation. In
t he ‘above- descri bed enbodi nents, the ink is in the
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forn1of a grain or ball; however, it should‘%é/ﬁ%ted that the invention is
not limted thereto or thereby. That is, the configuration and wei ght of
the solid-phase ink should be so designed that the ink is excellent

in
fluidity, and its volunme is snmaller than the nmeasuring unit. In supplying
ink to the head, the rocking of the ink contai ner or the operating of the
| ever

may be achleved by using a drive source such as an electric notor or

FlG 2

-_
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pl.unger provided at the novable secti ot /6@ by utilizing an external
novenent such as the carriage novenent. ‘FIG 7 illustrates a printer which
is provided with a head shown in FIG 8A according to a still further
embodi ment of the present invention. Like reference nunerals shown in FIG
7 designate corresponding parts in FIG 4. In the printer showmn in FIG 7,
the “i nk supplying device 18 may not be sw ngable. -

.
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The head shown in FIG 8 includes a frane 4 made of heat conducting

mat er.i-al ; and vi brators (not shown) and ﬂozzle board 21 nounted on the
frame. The vibra- tors are made up of piezo-electric elenents;. and the
nezzl e board 26 has nozzle orifices confronting the vibrators. The head
“includes a heater 71, an ink quantlty det eg g sensor 34 for detecting an
i nk -l evel thereby to - )
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-14- detect whether or not the quantity of ink in the head is a

predeterm ned val ue,

t he' sol i d- phase i nk and those provi

mat eri al poor in heat conduction.

and an i nk supplyin

i
QIp&ﬁsjdeéfﬁ heater are made of .
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/77
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 nolten beginning with its portion closer to the heater.
lln a predeterm ned period of tine; s :E¢§rmhegfthe i nk has been nolten as
much as necessary for starting a pRF% | opefation, the head starts the

printing operation. In the printing operation, an ink jetting operation is
carried ) : ' -

placed
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. out; that is, the ends of the vibrators&%&?s&ﬂectively di spl aced towards

the nozzle board to jet the ink through the respective nozzle orifices. -
Since the inven--tion relates to the operation of supplying ink to the
head, the detailed description of the operation of the head will .not be
made here. Wen the-ink quantity detecting sensor 24 detects the quantity
of ink in the head snmaller than the predeterm ned val ue, an ink sup-

FrE 7.
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ply request signal is outputted. Returnla??%p FIG 6, an ink supplying
operation for the head thus constructed be described. As shown in FIG

6, ink balls 32 are put in an ink contai ner coupled to an ink supplying
device. In re- sponse to the ink supply request signal fromthe head, the
latter is moved to the ink supply position so that the ink supplying outl et
of the i nk suppl yi ng device aligns

5

FIG.
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with the ink supplying inlet 17. Under this condition, the ink supplying
l'ever 65 of the ink supplying device i26¢frated to drop the ink balls into
t he head. The ink container (with parts. cut away to show an ink supplying:
mechani smonly) in which the.ink balls 32 is put has the ink supplying

| ever 65 at the bottomwhich is used to drop the ink balls one by one. The
i nk- bal |'s, being noved by their own weight downwardly in the ink
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syppl yi ng device, are held st acked on the h?k supplying | ever 65.. Wen the
i nk supplying Iever 65 is noved a predéy #?ned distance in the direction

of the-arrow 63, only the |owernost is dropped off the ink supplying device
through the cut formed in the |lever, thus being supplied into the head. At
the sanme time, the remaining ink balls are dropped by their own weight, and
hel d stacked on the I ever 65. Wen the lever is returned to

FIG. 0
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the original position as shown in F}gé }3 the ink balls are noved to the
bottom of the ink supplyi-ng device. -ZS- 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 T '

214 .

116

' This Sheet Has Been Replaced |

R




into the head by its own wei ght becagf ¥t,is shaped small in rolling

resi stance, and in the head, it is d 'ﬁéﬁ by an isolating board 23L The

. conponents around the ink ball are of terial poor in heat conduction, and
the isolating board 231 is a netal -plate having 300-nmesh small holes and is
hel d at high tenperature by the heater Therefore, the ink ball is nolten
begi-nning"with-its portion which i's in contact with the isolating board
231, . :
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and the nolten ink is allowed to romuﬁZ(gﬂgh the small holes into the _
nozzl e section This operation wll| be scribed with reference to FIG 9 in

nore detail. The ink ball in contact_with.the isolating board 231 is nolten

as described above The head has a n zIe(EFarﬂﬁgﬂ, and a vibrator board 24
with cantilevered vibrator elements 'which [§ laid over the nozzle board 2%
In the head thus Constructed, the gap :
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between the nozzl e board and .the vibra(g;/%g;rd I s about ten (10) m crons,
and the gap between the nozzle board and the isolating board is 0.8 nm The
i quefied ink goes into those gaps by capillary force. ,In this con- -
nection, the inventors have found it tgaggéﬁﬁfxper@ nts that, in order
to prevent the liquefied ink frombeing aftfectéed by 'the accel erati on
applied to the head or the change in posture of the head, the gap shoul d be
2 .
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mmor |less, preferably 0.8 nm or Ie§gv/éﬁ the head, the |level of the

l'i quefi ed |nk i n the gap being high, liquefied ink wll flowto the
nozzl es quickly. Accord- ingly, all the liquefied ink is held in the gap,
thus-being.free fromthe above-described di sturbance. This will ensure the
stabl e operation of the head. In the head thus designed, the quantity of

I nk. in the head may be snall and there , 7t he ?e dand the carriage can
be mnia- ;f&jitgi. AQ—E%
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turized as nmuch Accordingly, the heatingﬁﬁé%b'prior to the printiﬁg
operation can be reduced, and the anount of heat required for maintaining
the Tiquefied in at high tenperature can be decreased. Furthernore, since
the ink ball is nolten beginning with its rtion Ln,contact with the

I sol ating board which is held at highTI; a- é; d has the snall
holes, it will nolten quickly The snall "fiol'&s of the isolating board serve

as a filter for
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preventing the entrance of forelgn mﬁg/zr -16- FIG 10 illustrates a
head which is different fromthat sho FIGS. 7 and 8 in that an ink

supplylng devi-ce is fixedly nounted on the head. In this case, |p i s unnec-
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essary to nove the head to the ink suppﬁ&'nﬁ'position prior to the ink
suppl ying operation; that is, the ink supplying operation can be started
qui ckly when the ink supply request signal is issued. In the
above-descri bed enbodi nents, the ink nelting heater may be a heat
generating resistance elenent (called "posister (trademark)"). In this
case, it is unnec- essary to provide a tenperature control circuit.
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‘INK JET TYPE RECORDING APPARATUS AND METHOD

This invention relates to an ink jet type
recording apparatus and method in which ink droplets are
jetted to form images on a recording medium such aé 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 numbers of computers, fax

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

growing demand for high quality reproduction and print
quality on different- recording medium. Such demand
necessitates the efficient- supply of ink to recording

apparatus and the development of better means of

- transferring the ink to a recording medium.

Ink jet heads using a "hot-melt" ink have been

.. disclosed in.prior :.patent applications. . USP 4,593,292,

USP 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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is Sheet Has Been Replaced

zmﬁfﬁ ' H||||| N

t he

Itng
he



descti bed.ink supplying operation. In the above-described enbodi ments, the
ink.s in the formof.a ball; however, it should be noted that the
|nvagt|on is not linmted thereto or thereby that is, the ink may be in the
formof a grain, ball or cylinder if the-configuration and size thereof
nmeet the conditions that the ink is excegllent in fluidity, thus flow ng by
its owmnm weight, and is snmaller in volu than the predeterm ned’

heat the entire head which is constructed out of materials
with high coefficients of thermal conductivity. This
heater is typiéally located outside the walls forming the
ink supplying path, resulting in a large thermal loss, aﬁd
requiring a large capacity heater. Further, reducing the
preparation time between the apélication of voltage and
the start of the printing operation is difficult. This
interval is thé ink 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,
;hbbles tend to form in the ink. If the bubbles remain in
the ink supplying path, they reduce pressure and thé
jetting of the ink may not be satisfactory.
Methods of supplylng ink to hot-melt ink ]et heads
‘which make use of the phase change involving the heatlng
of a solid-phase ink are dlsclosed in USP 4,593,292 and
- USP 4,636,803. _

. The method of Application Number 98546/1986
‘discloses heating a part of a solid-phase block of ink in
order to form liquid-phase ink which.is transferred.into
an ink pooling chamber. The amount of ink supplied is
likely to be affected by the ambient temperature. Because
the time interval between the start of the i_nk heating
device and the end of the ink supplying operation .is

lengthy, the ink supplying device, which is located on the

N




valfie. In supplying ink to the head, the | ever may be oper- ated by neans
of a drive source such as an electric notor or plunger provided at. the
nmovwabl e section, or by utilizing an external nobvenent such as the carriage
novenent. FIG 11 is a perspective view show ng a part of an ink jet head
according to a still further enbodinen% of the

carriage, must be operated during printing and kept
connected to the ink pooling chamber. Another flaw in
this method is that part of the ink liquefied in the ink
supplying device but not ‘supplied to the ink pooling
chamber resolidifies in the ink.supplying @evice, possibly
blpcking or partially blocking the operation of the ink
pushing cyiinde;. :. Another possible obstruction is the
portibn of the solid-phase ink which is softened and
deformed by heating and is located between the liquid and
_solid portionms.

The method of USP 4,636,803 discloses allowing
'solid-phase ink partiéles or pellets to drop into the ink
pooling chamber. . However, at high temperatures, it is
possible._for.these particles_orwbellets.to_soften.and join
together, 6bstrpcting the ink supplying operation. To
overcome .this difficulty, solid-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 devige is . difficult, particularly
because volumetric capacity of the ink container is small.

.- The. ink.used for .an ink jet recording apparatus is

* a solid at room temperature and, when heated, melts intq.
tacky, liquid-phase ink capable of  being jetted in the
form of -ink droplets. United States Patents 4,636,803;

4,682,185; .and 4,631,557 are examples of related art.
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i nvehtion. The ink jet head is constituted by a piezo- electric vibrator 24
serving as a pressure generator, the piezo vibrator 24 formed by joining a
pi eafel ectric element 76 and a netal plate 78, a nozzle plate 21 having a
nunber of nozzle orifices; a spacer 23 interposed be.

4

Patent number 4,636,803 discloses a device and method in.
which block-shaped ink, not loaded on the carriage, is
supplied at .a preﬁétermiﬁed. rate to the ink jet head.
U.S. Patent 4,682,185 discloses a device and method in
which bar-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 iﬂk 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 method in which the solid-phase ink is liquefied
- outside the head, it is necessary to provide both a heater-
for liquefying the ink and one to heat the ﬁead and
maintain it at high temperature. This -arrangement is
disadvantageous because it requires an excessive amount of
space, consumes more 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 head, also have disadvantages.
First, the ink melting position is set away from the
nozzle section for jetting the ink. Also the cbntacﬁ area
of the ink melting member is smali compared to the volume

of the solid-phase ink. Therefore, the space occupied by
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-17-"tween the nozzle plate and the piezo vibrator to provide a
predeterm ned gap therebetween; a main frame 214 made up of a heat
gensgrating nenber, the main frane fixing the nozzle plate and formng an

i nk supplying path; and an auxiliary frame 215 nmade of the sanme nmate. rial
as the main frame 214. The frames 214 and 215 are covered with a heat

i nsulating material 216 in order to .

the componénts to be heated is large, the amount of heat
necessary to heat them is correspondingly large, and the
heatin§ time is .long. Secondly, the liquid-phase ink
deteriorates because it is held in large quantity in the
head at high temperature-for a prolonged period of time.
- The last drawback to this method is that the liquid ink
may leak ouﬁ of the ink jet head should the head fall down
accidentally.
In other prior .art, the ink is supplied to the
;head thréugh flexible tube-shaped members. The ink in the
éube-éhaped member -is often affected by acceleration and
. deceleration of .the carriage on which the ink jet head is
.mounted, thus -varying -the ink pressure in or near a
.pressure ‘generator. = 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 possible because of

. the long distance between a filter and the ink jet.

— ..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 supplyin§ and ink jet recording apparatus and the methods
described in the independent claims..Further advantageous feat
are evident from the dependentﬂclaims. .

The present invention provides an ink jet type recordin
apparatus and method in -
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prevent the radi ation of heat through them The piezo-electric vibrator 24
Is made up of a plural- ity of cantilevered vibrator el enents each being
sup-Cported at one end and hanging free at the other end. That is, the
supporting ends of the cantilevered vibrator el ements are coupl ed toget her
to formthe piezo-electric vibrator 24. Each of the vibrator elenents had
on one side a segment electrode layer, & an Au (gold) |ayer,

which an operation pahse time is shorter so that the
printing operation can be started quickly and the ink is
supplied with ease, the operability is high, the
construction is simple, and miniaturization of the device
is easf; and the ink is maintained unchanged in
‘characteristic even when used for a long period of time.
The éresent invention further
providesan ink ﬁet recordiﬁg apparatus and method in which
the leakage of the 1liquefied ink in an ink jet head
”provided in the recording apparatus is prevented at all
éimes no matter what posture the ink ﬁet head assumes..
The:&xeqﬁmgtﬂﬁeﬁtsamﬁla&nmtmxﬁ of the invention have been
achieved by the provision of a method of supplying solid- .
phase ink to a hbt-melt ink jet type printing head, which .
comprises steps of: molding a solid-phase ink into a
piurality of solid-phase ink blocks; inserting the solid-’
phase ink blocks into an ink containing means, and
breakihg the solid-phase ink blocks thus inserted to
separate the solid-phase ink blocks from one another, and
supplying the solid-phase ink-slocks thus separated to the
printing head. |
Also, the foregoing objects 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 having an ink container in which solid-phase ink is
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forned on the piezo-electric elenent 76, and on the other side a conmon

el ectrode | ayer, or the above de- scribed netal plate. The segnent

el ecfrode | ayers of the vibrator ‘el enents are connected to an FPC (flexible
printed 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 10. I'nk 32 supplped froman ink tank

put and a first heater, and an ink jet head mounted 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
thé first heater in the ink container is liquefied Sy
heating 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-:the carriage is 1liquefied and supplied to the
ﬁead.' Accordingly, -the head diménsion and thermal
capacity, and carriage weight are small, and therefore the
heating ﬁime is short.

Further, the foregoing objects and advantages of the invention
have been achieved by the prqvision'oﬁlan ink jet type
recording device and method which employs: an ink jet head
for jetting ink- droplets through-a plurality of nozzles,
the ink jet head'having a heater and mounted on a carriage
"which moves o&er a recording medium in a scanning manner;
and an 'ink container ‘for containing solid-phase ink, the
solid—phase ink iﬁ the ink container being supplied near
-to the:nozzlés of -the ink jet heaa, liquefied by heating,
and jetted through the nozzles. In the device and method,
the ink is molten -in the  vicinity of the ink Jjetting

section in the ink jet head, and therefore, the quantity
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220 1s in solid phase at roomtenperature In the enbodi- nent, the franes
214 and 215 being made up of the "posister (trade nane)" (manufactured by
Mirata Seisakusho Co., Ltd.), upon application of a voltage thereto the
wal I's of an ink chanber 222 and an ink supplying path 223 generate heat

I medi ately,
the thernm

so that the tenperature of the ink is increased according to

characteristic of the "posi§ter". As a result, the

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 1liquefied 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 apparatus, which comprises: a

nozzle board having a plurality of nozzle orifices; and a

plurality of pressure generating members arranged to

confront with the nozzle orifices, respectively, upon
application of voltage the pressure generating member
being displaced in 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 generatlng member. In the
ink jet head thus organized, the one wall made of the heat
generating member in the ink chamber is in direct contact
with the ink, and upon application of voltage thereto, it

generates heat immediately, so that the solid ink is

molten by thermal conduction, thus being held at high

temperature.-

Still further, the foregoing cbjects 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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solidink is nolten at the nelting point, thus being sup- plied into the

I nk chanber. Thus, the ink jet head has becone ready for a printing
operation. Because of the characteristic of the "posister”, the smaller the
resistance at roomtenperature, the larger the rush current and the quicker
the tenperature rise. Therefore, in order to reduce the time of preheating
the ink jet head, it is essential to us@ the "posister" smallest

housing made of a material high in heat conduction, the
housing having at least one heat source, and arranged to
confront with a recording medium; ink"holdihg means
arranged inside the housing, the ink holding means
transmitting heat generated by the heat source thereby to
melt the ink and holding the ink thus molten 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 hedium; and
pressure generating member arranged inside 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 ﬁet.head,;the ink holding means may comprise a
C. e _plurality.. of . plate:spapedm,membens."stacked.uwith gaps . -
therebetween.

Still.further, ﬁhe specific feature of an ink jet
type recording method according to the invention resides
.in that ink in solid phase 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 me;ns by capillary action, and
the molten ink in the ink holding means is jetted in the
form of ink'dioplets by the pressure generating -by the

pressure generating means. According to the invention,
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I n riesi stance at roomtenperature. The "posister” has an automatic
tenperature control function, and therefore the ink is nmaintai ned unchanged
i n tenperature inde- pendently of the change in tenperature of the outside;
that¥is, the ink jet head is stable in ink jet characteristic.

10

the gap forming 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 £alls 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

presenﬁ invention, as well as the methods of operation and
éunctions of related elements of the structure, will
become apparent upon cons;deration of the following
descripfion and appended claims with reference to the
accompanying drawings, all.of which form a part of £his

specification, wherein like reference numerals designate

corresponding parts in the various figures.

FIGS. 1A, 1B and 1C are explanatory diagrams for é:
description of a solid-phase ink supplying method providéd_
in an ink supplying device according to this invention;

FIG. 2 is an .éxplanatory diagram showing the
operation of an ink supplying device shown in ETéS. 1A

through 1C;
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-18-*FIG 13 illﬁstrates a sectional view of an ink jet head according to a
still further enbodi mrent of the invention. As shown in FIG 13, a
cont@i ner-1ike housing 20 made of material high in thermal conduction is so
positioned that an opening 35 fornmed in its one side is confronted with the
recordi ng sheet 10 wound on the pl aten 11 Hel d behind the opening 35 in
| the housing 20 are a
FIG. 3 is a perspective view showing a part of a
printer to which the ink supplying device shown in FIGS.
1A through 1C is applied;
FIG. 4 is a perspective view of an ink jet type
printer according to this invention;
'FIG. S5A and 5B are perspective views
of an ink supplying deviée
used in i:he printer of FIG. 4 illustrating its operation;
FIG. 6 1is .a perspective 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 embodiment of this invention;
.. FIG. .8 shows .a perspective view showing an ink jet
head of this invention; '
PIG. 9 is a sectional view of the ink jet head
Shown in FIG. 8;
ffg.--:.*FIG. 10-.is a perspective view of an ink jet  head
.in a modified embodimént of FIG. 8;
FIG. 11 is a sectional view of an ink jet head in
-another embodiment of the invention;
- ~FIG."1l2.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 further embodiment of this invention;
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nozzZle formi ng nenber, nanely, a nozzle plate 21 hav- ing a plurality of
nozzle orifices 22 arranged al ong the platen axis, a spacer 23, pressure
gendfating nenbers, nanely, vibrators 24, electrical conductors 25, and an
el astic nmenber 26. Each of the vibrators 24 is a lam nate of a piezo
electric element and a nmetal foil of NI or SUS which is flexible Iike a

bi netal plate, and it is cantilev- ered*2nore specifically, its one end
together with the

FIG. 1l4A is a sectional view showihg an ink jet
head according to a still further embodiment of the
invention;

FIG. 14B is a sectional view showing an ink jet
head accérding to a modified embodiment of FIG. 1l4A;

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

FIG. 15B 1is a sectional wview taken in the
direction of the arrow A in FIG. 153; and

FIG. 16 is a perspective view of an ink jet type
printer used for the ink Jjet head shown in PFIGS. 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. 1A, a
plurality of solid-phase ink blocks 32 molded in the form
of a baf are loaded into an ink container 102 through an
ink loading inlet 103 as indicated by the arrow 104.

A slider 105 is manually moved to a lock position
through the solid—-phase ink blocks 32, and it is locked
being engaged 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.
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nozZl e plate 21 and the spacer 23 is fixedly held under a predeternined
pressure by the rigidity of the housing 20 and the elasticity of the

el astic nenber 26, whereas the other end is hung free. The vibrators 24 are
so posi- tioned that the free ends thereof contront with the noz- zle
orifices 22 fornmed in the nozzle plate 21, respec- tively. A small gap is
hel d between the nozzle plate 22 and tH@'vibrators.24 by the spacer 23 with

hi gh accu-

Thereafter, the ink container 102 is automaticallj moved
to the position as.shown in FIG. 1B, and the slider 105 is
reieased by a releasing pin 106 so that the solid-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. 1C, the bfeaking 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 block 32 thus cut out is
"allowed to drop ‘into an ink pooling chamber 109 as
‘indicated by the ‘arrow ilo. The solid-phase ink .blocks 32
‘in .the form of a bar are bofdered by grooves 111 formed

. therebetween, for the purposes of stabilizing the quantity
.of . ink to be supplied.and decreasing 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 printing heaé (not shown) to perform a
printing operation.

':FIGE'? illustrates a drive system for rotating the

-+ ~ breaking cam 107 and vertically swinging the ink container
.102 shown in FIGS. 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 swihg the ink
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racy.

the nozzle plate 21. and pl at e-shaped nenbers 29, 30 and 31 which are

arrgnged with gaps D of 2 mmor |ess therebetween, as shown in FIG 13.
one of the gaps D, the pressure generating nenbers, nanely, the vibrators
24 are provided. The gaps D forned by the pl at e- shaped menbers 29, 30 and

31 are

In the head ink holding neans is fornmed by walls of the housing 20,

In

container 102 with the aid of lever cam 116 and a lever

11s.

In the embodiment, where the motor 113 rotates
counterclockwise, the drive force is transmitted through
the planet gear 114 (indicated by the solid liner) and a
reduction gear to the lever cam 116, so that every 180°
rotation of the latter 116 the ink container 102 is swung
vertically through the lever 115. In this operation, the
on-off control of the drive force of the motor is carried
out by means of a detector comprising, for instance, a
micro-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, the solid-phase ink blocks in the

the ink container is lowered as indicated by the solid
line, the solid-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 container is
lowered, a stopper 112 is utilized as shown in FIGS. 1A
through.lC; that is, the ink container is lowered until it
strikes égainst the stopper 112.

In the case when the motor 113 is rofated
clockwise, the drive force is  transmitted through the

planet gear 114 (indicated by the two-dot chain line) and
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madé in parallel with one another by gap regul ating nmeans (not shown). The
| ower end portions of the pl ates-shaped nenbers 29, 30 and 31, which are in
contact with the bottom of the housing 20, have hol es through which ink 32
flows into the adjacent gaps. In the head in which the level L of the ink
32 is held bel ow the axes of the nozzle orifices 22 at all tinmes as
described later, the gaps D nust be a cettain value or |ess which

; reduction gear to the breaking cam 107, to break the
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. 1A through
1c is “applied. The drive system including the ink
container 102 and the breaking cam 107 is arranged on a
;;ide 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, Theréfore,athe weight .of the..carriage__is .maintained
‘unchanged. :In FIG. 3, reference numerals 11 and 10
designate a platen and é printing 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 ls6",
‘. when applicable) is mounted on a carriage 15 which is
movable in parallel with the axié 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
heet Has Been Reiaced REPLACEMENT SHEET
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is determ ned fromhead configuration, and ink physical properties and
surface tension so that the | eakage of the liquefied ink 32 'is prevented
irrgspective of the postures of the head at all tinmes. Wen two plates are
held in the -19- T

16

therein is kept in liquid state. The head 16 has a
plurality of nozzles the ink jetting operations of which
can be controlled separately form one another, and it is
moved along the platen axis, in a main scanning direction,
which selectively causing the nozzles to jet ink, thus
forming an image on the :ecordiﬁg sheet 10. In this
operation, as the platen 11 is rotated, the recording
sheet 10 is moved in an auxiliary scanning direction
perpendicular to the main scanning direction, so that for
_instance cpafactérs are printed on it. In the printer, an
:ink_supplying device lg is provided on the side of the
head movement starting position, and it is coupled to an
ink container 19 ﬁhich contains solid-phase ink. The ink
sﬁpplying device 18 is s;ingable.supported.

The head 16 includes a frame made of heat
conducting material; and vibrators and a nozzle board
mounted on the frame. The vibrators are made up of piezo—
electric elements, and the nozzle board has nozéle
orifices confronting the wvibrators. The structure of the
head has been described, for instance, in the
specification of Japanese Patent Application Publication
No. Sho 60-8953 in detail. The head includés'a heater 70
plus the heater 71, and an ink quantity.detécting sensor

{(not shown) for détecting an ink level thereby to detect
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air“in such a manner that they are in parallel wth each other with a
certain gap therebetween, and are extended in the direction of gravity, a
liqgid can be held stabl e between the two plates in a certain range of the
direc- tion of gravity, because the weight of the liquid bal- ances with

t he surface tension thereof which occurs between the Iiquid and the
surfaces of the plates which are in codtlact with it. Application of this
principle to a

whether or not the quantity of ink in the head is a
predetermined value, and has an ink supplying inlet 17.
The operation of the printer thus copstructed will
be described. 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 much as necessary
... - for starting a .printing opera;ion, the head starﬁs the
_Qyinting .operation.... In the printing operation, an ink
- jetting operation- is-carried out; that is, the ends of the
visratdrs are selectively displaced towards the nozzle
board to Jjet the--ink .through the respective nozzle
. orifice. When .the ink quantity detecting sensor in the .
- head detects when the quéntity of ink in the head is
smaller than . the predéfermined value, an ink supply
command signal is outputted. |
Referring to FIGS. S5A and 5B, an ink supplying
operation will Ee described hereafter.
BT e ] An ink.;contaiher .19, in which ink grains (not
-....:Shown) are put, .is.coupled to the ink supplying device 18,
and is held as shown .in FIG. 5B. The ink supplying device
.18 is turnea so that it is held as shown in FIG. 5A, as a
. result of whiéh a ceftain-quantity of ink grains, which'is

determined according to the volume of a measuring section
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ink“jet head has result in the present invention. In order that the
above-descri bed principle my be applied no matter what posture the head
assynmes, the gap D should be set to a value or |ess which may be acceptabl e
with the head configuration, i.e., available in the ink holding neans, and
wi th which the weight of the ink 32 balances with the surface tension

t hereof which occurs between the ink and a part which is in contact with
the ink. In

52, are transferred from the ink container into the
measuring section 52 by their own weight. Under this
condition; the ink supplying device 18 is turned again so
that it is held as shown in FIG. 5B. As a result,.the ink
'grains are moved from the measuring section 52 over to a
heateé section 58; where they are liquefied by an ink
container heater 60 provided at the heater section 58. 1In
response to the ink sdpply request signal from the head,
the latter 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 run through an ink supplyiné pipe 54 by
its own weight, thus dripping into the ink sﬁpplying inlet .
17. At the same time, the predetermined quantity of ink
grains aré supplied from the ink conta;ner to the
" measuring section 52. The ink supplying device 18 is
positioned again as shown in FTG. 5B, so that the ink
grains are transferred from the measuring section into the
heater section, where they are liquefied by heating. 1In
response to the ink supply command signal, the liquefied
ink is supplied to the head. Thus, the printing operation
is continued while the ink is being suitably supplied with
its consumption.
The ink container is made up of a material poor:in

thermal conduction, so that only the ink in the heater
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addi'tion, the gap D should be small enough to the ex- tent that the ink in
the ink holding neans is raised to the nozzle orifices 22, and the _
varigati on of the ink level is suppressed during novenent of the carriage
15. Fur- thernore, the gap should be such that, whenever bub- bles are
formed in the ink during Iiquefaction, it can be let themgo, and it all ows
t he continuous supply of ink in the inkSetting operation; that is, it
permts the ink.to

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 suppiying device.
Since the ink supplying device is provided on the printer
body, the ink container can be readily connected to or
disconnected from it. In this case, unlike the case where

" the ink container .is mounted on the carriage, there is no
t}imitation in size or .in weight, and a sufficient quantity
6f ink can be held.

Furthermore, in the invention, the quantity of ink
in the ‘head - is small, and accordingly the héad and the
carriage can .be miniaturized. Therefore, the period of
time required for heating the ink before a printing
6peration can be reduced, 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 embodiment of the invention. As
shown in FIG.~6( an ink container 19 (shown with p&rts cut

‘away), -in which -ink balls 32 are put, have a lever 65 for
dropping the ink balls oﬁe_after another. The ink balls,

being moved by ‘their own weight downwardly in the ink

container 19, are héld stacked on the lever 65. When the
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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
prowi ded in the ink holding nmeans. The device 34 operates to detect when
the level L reaches a predeter- mned value or lower. Wien it is detected
by the device 34 that the level L has reached the predeterm ned val ue or
| ess, the cover 28 of the housing 20 i #%pened, so that
lever 65 is moved a predetermined distance in the
directioh of the arrow 63, only the lowermost ink ball is
dropped off the ink_container by the cut formed in the
lever, while the remaining ink balls are dropped by their
own 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.
Similarly as in the above-described first embodiment of
the invention, in response ﬁo the ink supply request
signal from the head, the latter is moved to just below
the ink supplying device. . .Under. this condition, the
heater section is turned 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
cénsumption of ink of the head.

In the above-describéd embodiment, the ink melting
heater may be a heat generating resistance element (trade
name "posister") having an automatic temperature control
function that resistance is inéreased at high temperature.

In this case, immediately after the supply of solid-phase

ink into the 1ink supplying device, electric power is
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an i'nk block is supplied into a solid-phase ink receiving chanber 33 froma
sol i d- phase i nk container (not shown). The volune of the ink block supplied
intg the solid-phase ink receiving chanber 33 is such that, when it is
conpletely nolten, the level L will not go above the axes of the nozzle
orifices 22, and when it is supplied into the solid-phase ink receiving
chamber, it will be brought into di rect2lcontact with the upper ends of the

- g-reatly consumed because it is at room temperature, ‘but
after the ink has been molten, the heater is at high
" temperature, and therefore electric'power is used only for
complementing ' the dissipation of heat through radiation.
Therefore, electric power is economically used, and it is
unnecessary to provide 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 led into the ink
--container heater . section; however, for the purpose of
. economically 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 sﬁpplying of the liquefied. ink.to .the.head.. ...
In éhe above-described embodiments, the quéntity
of ink in the head is detected by means of the inﬁ
. quantity detecting sensor. However, they may be modified
as follows: A window Ffor visually detecting the quantity
of ink remaining in the head is provided (preferably near
. the nozzle board). -With the modification, the operator
monitors the quantity of ink rémainin§ in the head, and
operates a key, ‘when necessary, to start the above-
described ink supplying operation.
‘In the above-described embodiments, the ink is:in

the form of a grain or ball; however, it should be noted
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pl ate- shaped nmenbers 29, 30 and 31. A heat source, nanely, a heater 27 is
provi ded on one wall of the housing 20 behind the pressure generating
nearRs. FIG 13 shows only one heater 27; however, it - 20-

22

that the invention is not limited thereto or thereby.
That is, the configuration and weight of the solid-phase
ink should be so designed that the ink is excellent in
fluidity, and its volume is smaller than the measuring
unit.

In supplying ink to the head, fhe rocking of the
ink container or the operating of the lever may be
achieved by using a drive source-such as an electric motor
or plunger provided at the movable section, or by
_Ptilizing an external movement such as the carriage
ﬁevement.

| FIG. 7I illustrates a printer which is provided
with a head shown in FIG. 8- according to a still further’
embodiment of the preéent invention. Like. reference
" numerals shown in FIG. 7 designate corresponding parts in
FIG. 4. In the printer shown in FIG. 7, the ink supplying
device 18 may not be swingable.

The head shown in FIG. 8 includee a frame 214 made
of heat conducting material; and vibrators (not shown) aﬁd
a nozzle board 21 mounted on the frame. The vibrators are
made up of piezo—-electric elements; and the nozzle board
21 has nozzle orifices confronting the vibrators. The head
includes a heater 71, an ink quantity de.gecting sensor 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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shoul'd be noted that the invention is not limted thereto or thereby. That
iIs a plurality of heaters nmay be ar- ranged at a plurality of positions,
withgthe thermal effi- ciency taken into consideration. The pl ate-shaped
mem bers 29. 30 and 31 and the gap regul ati ng nmenber (not shown) are
thermally coupled to the housing 20, so that heat generated by the heater
27 is transnmitted quickly to the ink 32280 heat it and nmaintain it at high

t enperature
\}élue, and. an ink supplying inlet 17. Components for
guiding the solid-phasé ink and those provided outside the
heater are made of material poor in heat conduction.
. Thé 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
_9peration, the head starts the printing operation. In the-
;&inting operation, an ink jetting operation is carried
out; that is, the ends of the vibrators are selectively
- r~displaced towards the .nozzle board to jet the ink through
- the .respective. nozzle .orifices.._.. Since ._the_ invention
relates to the operation 6f supplying ink to the head, the
detailed description of the operation of the head will not
be made here. When the ink quantity detecting senéor 24
detects the quantity of ink in the head smaller than the
predétermined value, an ink supply request signal is
outputted.
S . Returning to FIG. -6, an ink supplying operation
~for the head thus constructed will be described.
As shown in PFIG. 6, ink balls 32 are put in an ink

container coupled to an ink supplying device. In response

to the ink supply request signal from the head, the latter
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The "operation of the ink jet head thus constructed will be described. The
head being heated beginning with its portion closer to the heater, the ink
blogk 32 is liquefied begin- ning with its portion closer to the pressure
generating section. In a predeterm ned period of tinme; that is, when a
predeterm ned quantity of molten ink necessary for starting a printing
operation is obtained, the head starts 24

ié moved to the ink supply position so that the ink
supplying outlet of the ink supplying device aligns with
the ink supplying inlet 17. Under this condition, the ink
supplying lever 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 an ink supplying mechanism
only) in which the ink balls 32 is put has the ink
supplying lever 65 at the bottom which is used to drop the
ink balls one by one. The ink balls, being moved by théir
own weight downwardly in the ink supplying device, are
held 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 levef, 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 balls are moved to the bottom of the ink
supplying 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
because it is shaped small in rolling resistance, and in
the heaq, it is detained by an isolating board 231. The

components around the ink ball are of material poor in
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the "printing operation. Wth the head of the invention, the contact areas
of the pl ate-shaped nenbers 29, 30 and 31 and the housing 20 with the ink
bl ock 32 are large, and therefore the aforenenti oned predeterm ned 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. Wen

el ectrical signals are applied selec- 25

heat conduction, and the isolating board 231 is a metal
plate having 300-mesh small holes and is held at high
temperature by the heater. Therefofe, the ink ball is
molten beginning with its portion which is in contact with
the isolating board 231, and the molten ink is allowed to
'_flow through the small holes 1nto the nozzle sectlon.
S Thls operatlon w111 be described with reference to
FIG. 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
contilevered vibrator elements which is laid over the
nozzle board 21. In the head thus constructed, the gap
between the nozzle board and the vibrator board is about
ten (10) um and the gap between the nozzle board and
the isolating board is 0.8 mm. The liquefied ink goes
into those gaps by capillary force. 1In this connection,
the invehtors have found it hhrough experiments that, in
order to prevent the liqﬁefied 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. 1In the head, the level of the
liquefied ink in the gap being .high,” the liquefied ink
will flow to the nozzies quickly. hccordingly, all the
- liquefied ink is held in the gap, thus being free from the

above-described disturbance. This will ensure the stable
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tivéely to the vibrators 24, the piezoelectric el enents contract by

pi ezo-electric effect, while the metal foils, being high inrigidity, are
suppressed i n dinensional change. As a result, each of the vibrators 24 is
curved towards the nozzle plate 21 so that pressure is generated in the
smal| gap between the nozzle plate 21 and the vibrator 24. thus jetting ink
droplets. Wen, thereafter, it is dete&éd by the ink |evel de-

oﬁeration of the head. In the head thﬁs deéigned, the
quantity of ink in the head may be small, and therefore,
the head and the carriage can be miniaturized as much.
Accordingly, the heating time prior to the printing
operation can be reducéd, and the amount of heat required
for maintaining the liquefied in at high temperature can
be decreased. Furthermore, since the ink ball is molten
beginning with its portion in contact with the isolating
board wich is held at high temperature and has the small
holes, it will molten quickly. The small holes of the
isolating board serve as a filter for preventing .the
~entrance of foreign'matters.

FIG. 10 illustrates a head which is different from
that shown in FIGS. 7 .and .8.in _that .an ink supplying
device is fixedly mounted on the head. 1In this case, it
is unnecessary to move the head to tﬁe ink supplying
position prior to the ink supplying operation; that is,
the ink supplying 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 generating resistance element
(called "posistér (tfademark)"). 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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tecting device 34 that the level of the ink in the head is the
predeterm ned value or |lower, an ink supply request signal is outputted.
Theti nk supplying operation will be described. The ink pellet 39 supplied
into the solid-phase in receiving chanber 33 fromthe ink supplying device
as shown in FIG 6 is brought into direct contact with the plate- shaped
menbers 29, 30 and 31. These nenbers, Bé&ing

iﬂk quantity detecting sensor. However, they may be
modified in such a manner that a window for visually
detecting the quantity of ‘ink remaining in the head is
provided (preferably near the nozzle board) so that the
operator monitors the quantity of ink in the head, and
when necessary operates a key to start the above-described
ink suéplying operation.

In the above-described embodiments, the ink is in
the form of a ball; however, it should be noted tﬁat the
invention -is ‘not limited thereto or thereby; that is; the
ink may be in the form of a grain, ball or cylinder if the
configuration and 'size .thereof meet the conditions that
the ink is excellent .in f£luidity, thus flowing by its own

. —... weight, .and .is smaller..in .volume..than..the..predetermined
value.

In supply%ng ink to the head,. éhe 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.

- . w.:.- .FIG. 11l-:is a perspective view showing a part qf an
ink jet head according to a still further embodiment of
the invention.  .The .ink jet head is constituted by a
piezo-electric vibrator"24' serving as a pressure

generator, the piezo vibrator 24' formed by Jjoining a
Y
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heat ed t hrough the housing 20 by the heater 27, starts nelting the ink
pellet 39 quickly. The ink thus nolten is sucked into the gaps D by
capisl lary action, thus raising the ink level L. The capillary action in the
nozzle orifice 22 is greater than that in the gap D. Therefore, as ink
| droplets are jetted, the ink 32 is gra%%ally consuned, and the ink level L
I s decreased. .
piezo-electric element 76 and a metal plate 78; a nozzle
plate zi.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 generating 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 through them.

- The piezo-electric vibrator 24' is made up of a
‘plurality of cantilevered wvibrator elements each being
supported at one end and hanging 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 elemenﬁ 76, and on the other
side a common electrode layer, or the above-described
metal plate. The segment electrode layers of the vibrator
elements are connected to an FPC (flexible printed circuit
board)l 219 so that théy are electrically connected to
external equipment.

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

jet head described in FIG. 11. Ink 32 supplied from an

REPLACEMENT SHEET] -
This Sheet Has Been Rei ce :

laced
{1




-21- Since the ink pellet 39 at roomtenperature is sup- plied into the
head hi gh enough in tenperature to liq- uefy it, the tenperature of the
head may be abruptly decreased. And, when the ink 32 near the pressure gen-
erating neans is decreased in tenperature, it is in-

29

iﬁk tank 220 is in solid phase at room temperature. 1In
the embodiment, the frames 214 and 215 being made up of
the "pdsister (trade name)" (manufactured by Murata
Seisakusho Co., Ltd.), upon application of a voltage
thereto Ehe walls of an ink chamber 222 and an ink
supplying path 223 generate heat immediately, so that the
femperature of “the.-ink is increased according to thg
thermal characteristic of the "“posister". As a result,
the solid ink is.molten.at the melting point, thus being
fupplied into the :ink chamber. Thus, the ink jet head has
-.Bécome ready for a printing operation.

Becausemgi_:ha_pharacterlstlc of the "posister",

—® . e e A a———

'thf smaller the resistance at room temperature, the larger
the 'rush current :and :the quicker the temperature- rise.
.Therefore, in order -to reduce the fime of preheating the
ink Jjet head, it. is essential to use the "posister"
smallest in resistance at room temperature. The
"posister" has an automatic temperature control function,
and therefore the -ink is maintained unchanged‘ in
temperature-independently of the change in temperature of
-the outside; .that is,..the ink 7jet head is stable in ink
-jet characteristic.

-FIG. 13 illustrates a sectioﬁal 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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creased in viscosity thus obstructing the jetting of ink droplets. In the
head of the invention, its interior is partitioned with the plate-shaped
menmers 29, 30 and 31, and the latter, being set away fromthe pressure
generating neans in a sense of heat conduction, serve as therma

interference nenbers. In addition, the ink pel- let supplied into the head
I s brought into |liner contact Mﬁth the tops of the plate-shaped nenbers
29,30 and 31, 30

20 made of materidl high in thermal conduction is so
positioned that an opening 35 formed in its one side is
confronted with the recording sheet 10 wound on the platen
11. BHeld behind the opening 35 in the housing 20 are a
nozzle forming member, namely, a nozzle plate 21 having a
plurality of nozzle orifices 22 arranged along the platen
axis, a spacer 23, pressure denerating members, namely,
vibrators 24, electrical conductors 25, and an élastic _
member 26. Each of the vibrators 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
plate 21 and thei spacer 23 is fixedly held. under a
predetermined pressure by the rigidity of the housing 20
and the elastiéity of the elastic . member 26, whereas the
other end is -hung free. The wvibrators 24 are so
positioned that the free ends thereof confront with the
. nozzle orifices 22 formed iﬂ the. nozzle platé 21,
respectively. A small gap is held  between the nozzle
plate 2] and the vibrators 24 by the spacer 23 with high
accuracy. o |
In the head, ink holding means is formed by walls"
of the housiﬁg 20, the nozzle plate 21, and plate-shaped
members 29, 30 and 31 which are arranged with gaps D‘:of

2 mm or'less therebetween, as shown in FIG. 13. In one of
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and not directly put into the liquefied ink 32. Accord- ingly, the ink near
the pressure generating means is not abruptly decreased in tenperature by
the.ink pellet thus supplied. It is desirable that the ink pellet 39 is
small in volune to the extent that, when conpletely nolten, it will not

fl ow over the ink holding neans. Reasons for this are that, in the
reduction of tenperature, because of tBé

the gaps 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 by‘gap requlating means (not shown). The
lower end portions of the plates-shaped members 29, 30 and
31, which are 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 deseribed later, the gaps D must be a certain
value or less which is determined from head configuration,
and ink physical proﬁerties,and surface tension so that
the leakage of the 1liquefied ink 32 ie prevented
irrespective of the postures of the head at all times.
* When two plates are held in the air in such a manner that
thej 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 liguid 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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small vol ume of the ink pellet 39 the thermal capacity is small, and if the
| iquefied ink fl ows over the ink holding neans, then the ink may | eak out
for 4 nstance when the head is set upside down. In the above-descri bed
enbodi nent, the ink pellet 39 is supplied in such manner that it is brought
into contact with the upper portion of the ink holding neans; how ever,
the invention is not limted thereto &2 thereby.
' 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 éart 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 movement
of the carriage 15. Fruthermore, the gap should be such
ﬁhat, whenever bubbles are formed in the ink during
liquefaction, it can be let them go, and it allows the
continuous supply of ink in the iﬁk jetting opération;
that is, it permits the ink to be éufficiently supplied to
the nozzles while it is being jetted at high frequenéy.
As shown in FIG. 13, an ink level detecting device
34 is provided in the ink holding means. The device 34
operates to detect when the level ﬁ reaches a
predetermined value or lower. When it is detected by the
device 34 that the level L has reached the predetermined
'vélue or less, the cover 28 of the Aousing 20 is opened,
so that an ink block is supplied into a solid-phase ink.
receiving chamber 33 from a solid-phase ink container (not
shown). The yolume'of the ink block suppiied into the

solid-phase ink receiving chamber 33 is such that, when it
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That is, the head may be so designed that ink pellet is supplied in such.a
manner that it contacts the side or |ower portion of the ink hol ding neans
whep necessary because of the structure etc. of the printer. I1n the above
descri bed enmbodi nent, the pressure generating neans enploys the nethod of
bendi ng the cantil evered vibrators 24; however, the invention is not
limted thereto or thereby. For instané8, the follomﬁng
ié completely molten, the level L will not gq ab6ve the
éxes of the nozzle orifices 22, and when it is supplied
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 of the housing 20 behind the pressure generating
means. FIG. 13 shows only one he#ter 27; however, it
should be noted that. the invention is not limited thereto
or thereby. That is, a plurality of heaters may be
a-rranged at a plurality of positions, with the thermal
efficiency £aken into consideration. The plate-shaped
members 29, 30 and 31 and the gap regulating member (not

—.. . shown) are thermally coupled .to the housing._20, so .that
heéat 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'béing.heated beginning with its portion
closer to the heater, the ink block 32 is liquefied
‘beginning with - its portion closer to the pressure
generating section. - :In a predetermined period of time;.
that is, when a predefermined quantity of molten ink
necessary for startlng a printing operation is obtalned,'

the head starts the printing operation. With the head of
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nmet hod nay be enpl oyed: Flexi bl e nenbers such as piezo-electric el enents
are arranged adjacent to the ink holding means, thereby to generate
pregsure in the ink holding nmeans; or |ocal heat generating means is pro-
vided, so that bubbles formed by the heat generated thereby are utilized to
obtain pressure high enough to jet ink3groplets.

the invention, the contact areas of the plate-shaped
members 29, 30 and 31 and the 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 electrical signals are applied
selectively to the vibrators 24, the piezo—electric
elements contract by piezo-electric effect, while tﬁe
metal foiis, being high' in rigidity, are suppressed in
éﬁmensional chahge. As a result, each of the vibrators 24
is curved towards the nozzle plate 21 so that pressure is
génerated in the small gap between the nozzle plate 21 and
the vibrator 24, thus jetting ink droﬁlets.

When, thereafter, it is detected by the ink level
detecting device 34 that the level of the ink in the heﬁd
is the predetermined value or lower, an ink supply request

'signél is outputted. .

The ink supplying operation will be described.
The ink pellet 39 sﬁpplied into the solid-phase ink
receiving chamber 33 from the ink supplying device as
shown in FIG. 6 is brought 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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-22- In the above-descri bed enbodi nent, the ink holding neans utilizes the
gaps forned between the juxtaposed pl ate-shaped nenbers 29,30 and 31 and
the aval I s of the housing 20. The ink hol di ng nmeans may be forned by using
foamed nmenbers having a plurality of mnute

35

sﬁcked into the gaps D by capillary action, thus raising
the ink level L. The capillary action in the nozzle
orifice 22 is greater than that in the gap D. Therefore,
as ink droplets are jetted, the ink 32 is gradually
consumed, and the ‘ink level L is decreased. .

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

*:generating meaﬁs 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.mfromﬁlthe pressﬁre
generating means in a sense of heat conduction, serve as
thermal_interference members. In 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 ipk near the pressure generating 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 f£low over"the.ink holding means. Reasons for this are

that, in the reduction of tempefature, because of the

EEP LACEMENT SHEET This Sheet Has Been Replac

e || [IIDNDINAT




cavilies, or a plurality of pipes small in dianeter. In supplying ink to
the head, the | ever nay be oper- ated by neans of a drive source such as an
el ectric notor or plunger provided at the novable section, or by utilizing

an external novenent such as the carriage novenent. FIG 14A illustrates a
sectional view of an ink jet head accorgéng to a still further enbodi ment
of the

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 the above-described embodiment, the ink pellet
39 is supplied in such manner that it is brought into
contact with the upper portion 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 strﬁcture etc. of 'the printer.

In the above-described embodiment, the pressure
generating me#ns employs the method of bending the
cantileverd vibrators 24;_ however, the invention is not

_limited thereto or thereby. For instance, the following
method may be employed: Flexible members such as piezo-
electric 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 generated thereby.are utilized
to obtain pressure high enough to jet ink droplets.

In the above-described embodiment, the ink holding

means utilizes the gaps formed between the Jjuxtaposed

plate-shaped members 29, 30 and 31 and the walls of the
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i nvention. As shown in FIG 14A a container-Ilike hous- i ng 20 made of
nmetal material such s alum numor SUS high in thermal conduction and
macronol ecul ar mate- rial such as pol ysul fone, polyacetal or ABS is so
posi- tioned that an opening 35 formed in its one side is con- fronted with
the recording sheet 10 wound on the platen 11. Held behind the opening 35
in the housing 30 are a nozzle-forned r?e7nber, nanmely, a nozzle plate 21
hbus‘ing 20. The ink holding means may be formed by using
foamed members having a plurality of minute cavities, or a
plurality 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 movable 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
i.nvention. As .shown in FIG. 14A, a container-like housing
20 made 6f metal material such s alumiﬁum or SUS high in
.thermal - conduction ' and macromolecular material such as
polysulfone, polyacetal or ABS is so pc.nsitioned that an
opening 35 formed in its one side is confronted with the
) 'recording -sheet 10 wound on the platen ll Held behind
the opening 35 in the housing 30 are a nozzlefformed
member, namely, a nozzle plate 21 having a predetermined
number of nozzle ‘orifices 22 arranged along t':he platen
axis, a spacer' 23, pressure generating means, némely,
vibrators 24, electrical conductors 25, and an elastic
member 26. - Each of -the vibrators 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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having a predeterm ned nunber of nozzle orifices 22 arranged al ong the

pl at en axi s,

a spacer 23, pressure generating neans, nanely, vibrators 24,

el egtrical con- ductors 25 and an elastic menber 26. Each of the vibra-
tors 24 is a lamnate of a piezo-electric elenent and a netal foil of N or
SUS which is flexible Iike a binetal plate, and it is cantilevered; nore

specifically,

its one end together with8the nozzie plate 21 and the spacer

23

piate 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 ends thereof confront with the
nozzle orifices 22 formed in the nozzle plate 21,
respectively. A small gép is held between the nozzle
plate 22 and the vibrators 24 by the spacer 23 with high
accuracy.

B In the head, ink holding means is formed by walls
QE the housing 20, the nozzle plate 21, and plate-shaped
members 29, 30 and 31 which are arranged with gaps D of 2
mm or less therebetﬁeen, as shown in FIG. 14A. 1In one of
the gaps 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 by gap regulating. means (not shown).

Cuts are formed in the lower end portions of the plate-
shaped members 29, 30 and 3i which are in contact with the
bottom of the housing 20, to lead the ink 32 into the gap

adjacent thereto. 1In 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
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is fixedly held under a predetermined pressure by the rigidity.of the
housing 20 and the elasticity of the elastic nenber 26, whereas the other
end;is hung free. The vibrators 24 are so positioned that the free ends

t hereof confront with the nozzle orifices 22 formed in the noz- zle plate
21, respectively. A small gap is held between the nozzle plate 22 and the
vi brators 24 by the spacer 23 with higﬁ9accuracy.

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 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 caﬁ 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 occu:é between the
-}iquid and the surfaces of the plates which are in contact
w&th it. - Application of this principle to an ink jet head
has fesult 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.acceptable with the
head configuration, i.e., available -in .the ink holding
means, and wifh.which the weight of the.ink 32 balances
with the surface tension thereof which occﬁrs 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 -movement 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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In the head, ink holding neans is formed by walls of the housing 20, the
nozzl e plate 21, and pl ate-shaped nenbers 29, 30 and 31 which are arranged
withs gaps D of 2 nmor |ess therebetween, as shown in FIG 14A. In one of
the gaps D, the pressure generating nmenbers, nanely, the vibrators 24 are
provi ded The gaps D fornmed by the pl ate-shaped nenbers 29, 30 and 31 are
made in parallel wth one another by g regul ating-
gé, and it allows the continuous supply of ink in the ink
jetting operation; that is, it permits the ink to be
sﬁfficiently supplied to the nozzles while it is being
jetted at high frequency.
As shown in FIG. 14A, an ihk level deteéting
device 34 is provided in the ink holding means. the device
34 operates to detect when the 1level L reaches a
predetermined value or lower. When it is detected by the
device 34 that the level L has reached the predetermined
value or less, the cover 28 of the housing 20 is opened,
so that an ink block is supplied into an ink receiving
chamber 33 from a solid-phase ink container (not shown).
The volume of the ink block supplied into the ink
receifing chamber 33 is such that; when it is completely
molten, the lgvel L will not ‘go above the axes of the
nozzle orifices 22.
Filter ﬁeans, namely, a filter 40, as shown in
FIG. 14a, is dispo;ed 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 mesh of stainless steel and “nyloﬁ"
fibers and a nickel electrocast product. Especially, the
flow resistance of the filter shoulé be so determined that

it will riot greatly retard the flow of the ink 32 which

runs from the ink receiving chamber 33 to the pressure
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-237 neans (not shown). Cuts are formed in the | ower end portions of the
pl ate-shaped menmbers 29, 30 and 31 which are in contact with the bottom of
t he ,housing 20, to lead the ink 32 into the gap D2 adjacent thereto In

41

géneratihg means, and it.can be determined by adjusting
the mesh configuration 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 from 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 to the invention, which is
d-ifferent in the positions of the filter means from the
_.'above—described first example of the head. In PFIG. 14B,
for simplification in .illustration, the housing 20, the
plate-shaped members 29,::30 and 31, and the nozzle 'plate
21 of I-';I'G. 14B are shown as they are. In the head of FIG.
14B, a filter 41 is disposed near the pressure generating
means. Since the filter 41 is located close to the
pressure generating means, the head is not affected by
depositions or bubbles formed in the ink. The head
: fur-ther comprises a second filter 42 provided as shown in
FIG. :14B. . The filter. 42. functions also as ink holding
..means similarly as the plate-shaped members 29, 30 and 31.
It may empioy a plurality 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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the head in which the | eve

L of the ink 32 is held bel ow the axes of the

nozzle orifices 22 at all times as described |ater, the gaps D nust be a-
certain value or less which is determ ned from head configuration, and ink

physi cal

liquefied ink 32 is prevented at al

properties and surface tension so that the | eakage of the
tinmes no matter what posture the head

assumers. Wen two plates are held in £Be air in such a manner that they
are in parallel with

génerating means, the flow resistance is considerably low,
and the ink holding means is improved in volumetric
efficiency; that is, the ink capacity is increased.

It is desirable that the head is so designed that
the capiliafy' action attributing to the suiface tensioﬁ
occurring with the filter means is lower than the
capillary action occurring with the nozzle orifices 22.
With the head 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
Qéme reason, the head is free from the difficulty that the
remaining ink in the head is deteriorated. Thus, the head
of the invention is high in reliability.

The operation of the ink jet head thus constructed
will be described.

First, the ink 32 is sﬁpplied to the vicinity of
the vibrators 44 and the nozzle plate 21. Under this

conditions the ink .is jetted in the form of ink droplets

. as follows: When electrical signals are applied

selectively to the vibrators 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 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
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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
i quid bal ances 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 an |nk j et head has result |n t he present
i nvention. |In order .
the vibrator 24, thus jetting ink droplets. The head
operating on the above-described ink jetting principle is
free from the disadvantage that the jgtting of ink 1is
unsatisfactory being affected by bubbles as long as no
bubbles exist in the ink between the nozzle plate 21 and
. the vibrator.24. - In the above-described embodiment, the
ink jet head is cpmbined with the ink supplying device
which is so designed as to let bubbles go out of the ink.
Theiefore, the ‘head "‘of the invention is considerably high
=+~ .- in .reliability, :being not affected by the bubbles in the
ihk holding means at_ aill.
When it is- detected by an ink level detecéing
"....... device 34 that .the quantity of ink remaining in the head
is a.predétermined wvalue or less, an ink supply request
- signal is outputted thereby. The ink supplied into the
ink receiving chamber 33 is quickly 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 carried out,-
the ink 32 is consumed, as a result of which the ink level
ﬁ -is decreased. - An opening 36 is provided above the.
nozzle orifices 22 .in such a manner that it is

communicated with the air, *so as to let bubbles formed

near the.vibrators 24 go out of the head.
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that the above-descri bed principle my be applied no matter what posture

t he head assunes, the gap D should be set to a certain value or |ess which
may be acceptable with the head configuration, i.e., available in the ink
hol di ng means, and with which the weight of the ink 32 balances wth the
surface tension thereof which occurs between the ink and a part which is in
contact with the ink. In addition, the4fap D should be small enough to

It is desirable 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 is set upside down.

In the above—déscribed embodiment, the ink is
supplied to the ink holding means from above; however, the
invention is not limited thereto or thereby. That is, it
may be supplied to the ink holding means from side or
_pelow, if necessary because of the structure etc. of the
ﬁéad. |

In the above-described 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 holding means may be formed by using
foamed members héving a plurality of minute cavities, or a
pPlurality of pipes small in diameter.

The operation of the head using a hot—meit ink
which is in solid phase at room 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 embodiment, 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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the extent that the ink in the ink hol di ng means is raised to the nozzle

orifices 22,
novement of

whenever bubbles are formed in the ink during |iquefaction,

and the variation of the ink level is suppressed during
the carriage 15. Furthernore, the gap should be such that,

go, and it allows the continuous supply of ink in the ink jetting .
operation; that is, it permts the ink 4% be sufficiently supplied to the

nozzl es whil

e it is being
pésitions, with the thermal efficiency taken into account.
The plate-shapéd. members 29, 30 and 31 and the gap
regulating member (noﬁ shown) are thermally coupled 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 at high temperature.

In the case where the head has the heatef 27, it
is preferable that -the housing 20 1is made of metal

material such as aluminum or stainless steel high in heat

.conduction. - 1In .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 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 first to the plate-shaped members

29, 30 and 31, and therefore the plate~shaped members 29,
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jetted at high frequency. As shown in FIG 14A an ink |evel detecting
device 34 is provided in the ink holding neans the device 34 operates to
detect when the level L reaches a predeter- mned value or lower. Wen it
is detected by the device 34 that the level L has reached the predeterm ned
val ue or less, the cover 28 of the housing 20 is opened, so that an ink

bl ock is supplied into an ink receivi ngéchanber .

30 and 31 large in thermal capacity and excellent in the
conduction of heat from the heat source serve as thermal
interference members, as a result of which the ink 32 near
the pressure generating means is 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 conductivity, and it functions quickly when the power
switch is turned on.
} The hot-melt ink is greatly changed in volume when
molten. Therefore, when it 1is used, bubbles are
unavoidably formed in the ink in the ink holding means.
.In the embodiment, the filter 40 in the ink holding means
serves as an ink trag, thus preventing-the entrance of ink
bubbles into the pressure generating means wﬂich otherwise
may be caused as the ink 32 is consumed.

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

'affected by the ink bubbles in the ink holding means, and
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-24- 33 froma sol i d- phase ink container (not shown). The vol une of the ink
bl ock supplied into the ink receiving chanber 33 is such that, when it is
conpletely nolten, the level L will not go above the axes of the nozzle

47

ié high in reliability and excellent in ink droplet
jetting characteristic.
| FIG. 15A is a sectional view of an ink jet head
according to a still fufther embodiment of the invention.
As shown in FIG. 153, é container-like housing 20 made of
metal material such as aluminum or SUS high and
macromolecular material such s polysulfone, polyacetal or
ABS is so positioned that an opening 35 formed in its one
side is confronted with the recording sheet 10 wound on
u-ﬁhe platen :11. Held behind the opening 35 in the housing
.iouare a "nozzle-formed memberé namely, a nozzle plate 21
having a ﬁredetermined _number of nozzle orifices 22
arranged along - the plate:.axis, a spacer 23, pressure
..-. :=generating : means, - namely, vibrators 24, electrical
| conductors .25, and an elastic membe-r -'26. Each of the
vibrators 24 is a laminate of a piezo—electric element and
a metal foil of Ni or SUS which is flexiblé like a bimetal
plate, and ‘it is cantilevered; more specifically, its one
- end together with the nozzle'plate 21 and the spacer 23 is
fixedly held .under a predetermined preséure 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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orifices 22. Filter means, nanely, a filter 40, as shown in FIG 14A, is

di sposed in such a manner that in the pressure generating neans, it is in
contact with the ends of the plate-shaped nenbers 29, 30 and 31. The filter
40 is made tip of a 100 [err]mnmesh of stainless steel and "nylon" fibers
and a nickel electrocast product. Especially, the flow resistance of the
filter should be so determ ned that 48

between the nozzle pléte 22 and the vibrators 24 by the
spacer 23 with high accuracy.

FIG. 15B is a sectional diagram; as viewed in the
direction of the arrow A in FIG. 15A, showing the ink
holding means in detail. For simplification in
illustration, only the housing 20, nozzle plate 21 and
plate-shaped members Zg, 30 and 313 are shown in FIG. 15B.
As is apparent from FIG. 15B, the ink hoiding means is
made up of first plate-shaped members, namely, the above-
described plate-shaped meﬁbers 29, 30' and 3f, second
plate-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 D1 therebetween, and the nozzle plate
21 and one'wall of the housing 20 are arranged with a gap
D2 therebetween, the gaps D1 and D2 being no more than
2 mm.. The gaps D1 and D2 are substantially perbendicular
to each other, and are communicated with each othe;
through a communicating passégewgy 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 holding'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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it will not greatly retard the flow of the ink 32 which runs fromthe ink
recei ving chanber 33 to the pressure generating neans, and it can be
determ ned by adjusting the nmesh configuration and nunerical 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 nenbers 29, 30 and 31. Therefore,
when the ink 32 flows fromthe gaps tow# ds the pressure generating

A second reason .is that the ink held between the plate-
shaped members 293 30' and 31 can be used in its entirety.
In connection with these reasons, it is desirable that the
gap D2 is smaller than the gaps Dl (as described.later).
The pressure generating means, namely, the vibrators 24
are provided in a part of the gap D2 between the wall of
the housing 20 and the nozzle plate 21. A gap regulating
.members (not shown) is provided to arrange thé gaps D1
formed by the plate-shaped members 29, 30'and 31 in such a
" manner that those gaps are substantially in péfallel with
one another ‘and they are extended vertical, i.e.,
substantially perpendicular to the direction of scanning
of the carriage :on which the head is mohnted. The head is
-~. so designed that the level L of ghe ink 32 is held below
the .axes of the nozzle orifices 22 at all times (as
-.described later in more detail). The gaps D1 and D2

. should be set to the values or less_which'are determined
from the head configuration and- the ink physical
properties and surface’  tension so that, no matter what
..posture the head .thus desighed assuﬁes, the leakage of the
-1iqﬁefied ink .32 is -prevented. When two plates are held

* .z in the  air 'in such a manner that they are in parallel with
- each other .and are extended in the direction of gravity, a
liquid is stably  held therebetween at a certain height'in

the direction of gravity, because between the plates, the
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means, it can readily shift fromone gap to another; that is, the ink 32
can be supplied snoothly. FIG 14B is a sectional view show ng a second
exam ple of the head according to the invention, which is different in the
positions of the filter means fromthe above-described first exanple of the
head. In FIG 14B, for sinplification in illustration, the housing 20, the
pl at e- shaped rrenbers 29, 30 and 31, amP the nozzle

wéight of the 1liquid 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 matter what posture the head assumed, the above-
described principle is applicé.ble, the gaps Dl ana 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 with its surface tension
occurring with a member which is in contact with .the ink.
It is necessary to make the gap D2 smaller than the gaps
151 so that the ink in the ink holding means is led above
the nozzle orifices 22. The fact that the gap D2 is
smaller than the gaps D1 means that a capillary action
with the gap D2 is greater than that with the gap D1l.
.‘l‘her'efore, the ink in the gaps D1 can be stably supplied
to the pressure generating means in the gap D2. The gaps
Dl and D2 must be small enough to suppress the variation
of the ink level during movement of the carriage 15. 1In
addition, the gaps D1 and D2 should be such that bubbles
are releaséd when formed in the ink, the ink is suﬁplied
continuously to the nozzles even when jetted conti:nuously,
or the 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’ 34 detects that
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platé 21 of FIG 14B are shown as they are. In the head of FIG 14B, a
filter is disposed near the pressure gener- ating neans Since the filter 41
is located close to the pressure generating neans the head is not affected
by depositions or bubbles fornmed in the ink. The head further conprises a
second filter 42 provided as shown in FIG 14B. The filter 42 functions
al so as ink holding nmeans sinilarly as5ihe pl ate-shaped nenbers 29, 30 and
thé level L is a.predetermined value or less, a cover 28
closing the top of the container-shaped housing 20 is
opened, and the ink is supplied from an ink container (not
shown) into an ink rgceiving 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 second
plate—-shaped members are the wall of the housing 20 and
the nogzle plate 21. In another embodiment, the second
_plate-shaped members may be of a plurality of plate-shaped
members which are stacked. In this case also, the gaps Dl
and D2 should be set to the predetermined value 6: 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'operation of the ink jet head thus constructed
will be descriéed.
‘First, "the ink 32 is supplied to the vicinity of
the vibratbrs. 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 the. vibrators 24, the piezo-electric

.elements contract by piezo-electric effect, while the

metal foils, being high in rigidity, are suppressed in
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31.
be large in area and in nunerical

1t may enploy a plurality of filters 42. In this case, the filters
aperture. Therefore, when the ink flows

to the pressure generat- ing nmeans, the flow resistance is considerably
| ow, and the ink holding nmeans is inproved in volunetric effi- ciency:

IS,

the ink capacity is increased.

52

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 wvibrator 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
unsétisfactory being affected by bubbles as long as no
bubbles exist in the ink between the nozzle plate 21 and
the vibrator 24. 1In the above-described embodiment, the
}nk jet head is combined with the ink supplying device
which is so designed as to let bubbles go out of the ink.
Therefore, the head of the invention is considerably high
in reliability, being not affected by the bubbles in the
ink holdiﬁg means at all.

When the ink level detecting device 34 detects
that the quantity of ink remaining in the head is a

predetermined value or less, the ink supply request signal

is outputted. The ink supplied 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

can

t hat

jetting operation is carried out, the ink 32 is consumed,

as a result bf which the ink levei L is decreased. .
It is desirable that the ink 32 is small in volume

to the extent that it will no flow over the ink holding
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-25- It is desirable that the head is so designed that the capillary action
attributing to the surface tension occur- ring with the filter neans is

| ower than the capillary action occurring with the nozzle orifices 22. Wth
t he head thus. designed, the ink held in the ink holding neans can be used

t horoughly. Thus, the head is high in

53.
means, for instance because, if the ink flows over the ink
holding means, then the ink may leak out for instance when
the head is set upside down.

In the above-described embodiment, the ink is
supplied to the ink holding means from above; however, the
invgntion is not limited thereto or thereby. That is, iﬂ
may be supplied to'.the ink holding means from side or
below if necessary because of the structure etc. of the
ink jet type printer.

. Furthermore, .in..the above—describgd embodiment,
éhe pressure generating means embloys the method of
bending the cantilevered vibrators 24; however, the
invention is not limitéd thereto or thereby. For
instance, the following method may be employed: Flexible
members suéh as piezo—-electric 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.. 15A, a filter 40 is provided
.between the .first and .second plate-shaped members. The

filter 40 is made up of a 100 pm mesh of stainless steel
and' "nylon" fibers and a nickel electrocast product. The

filter 40 together with the housing 20 and the nozzle
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I nk &onsunptidn efficiency. Furthernore, for the same reason, the head is
free fromthe difficulty that the re- maining ink in the head is
deteriorated. Thus, the head of the invention is highin reliability. The
operation of the ink jet head thus constructed will be described. First,
the ink 32 is supplied to the vicinity of the vibrators 14 and the nozzle
plate 21. Under this condi - 54
pléte 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 provision 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 ink to the ink holding means, it is
difficult for the ink to flow over to the géps D2 because
of the surface tension of the ink which occurs at the
_porder line between the gaps D1 and D2. Thus, Qith the
ihk jet head éccording 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 operation of the head using a hot-melt ink
which is in solid phasé at room temperature will be
described. As shown in FIG. 15A, a heat source, namely, a
heater 27 is moﬁnted on the wall of the housing 20 behind
the pressure generating means. In the embodiment, only
one heater ?7 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

positions, with the thermal efficiency taken into account.
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tions the ink is jetted in the formof ink droplets as foll ows Wen

el ectrical signals are applied selectively to the vibrators 24, the

pi ezeel ectric el'enments contract by piezoelectric effect, while the netal
foils, being high in rigidity, are suppressed in dinmensional change. As a
result, each of the vibrators 24 is curved towards the nozzle plate 21 so
that pressure is generated in the smal 53gap between the nozzle plate 21 and
the vibrator 24,

The plate-shaped members 2§, 30' and 31 and the gap
regulating member (not shown) are thermally coupled 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 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'aé aluminum or stainless steel high in heat

| condnctivity. In the. embodiment, the area of the ink
__holding .means which is in contact with an ink block is
iarge, and the head is miniaturized. Therefore, the time
interval which elapses from the time instant that .the
power switch is.turned on'unﬁil the temperature of the ink
32 reaches .a predetermined 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 temperature is supplied into
the head. Therefore, the ink near the pressure generating
means -is temporarily decreased in temperature and
accordingly increased in wviscosity, so that the ink may
"not be-jetted satisfactorily. However, in the embodiment,
the ink 32 is.supplied first to the plate-shaped members
295 30'and 31, and therefore the latter large in thermal

capacity and excellent in the conduction of heat from the
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thus jetting ink droplets The head operating on the above described ink
jetting principle is free fromthe di sadvantage that the jetting of ink is
unsati sfactory being affected by bubbles as |ong as no bubbles exist in the
i nk between the nozzle plate 21 and the vibrator 24. In the above-descri bed
enbodi ment, the ink jet head is conbined with the ink supplying device
which is so designed as to | et bubbles5§ out of the ink. Therefore,

heat source serve as thermal interference members, as a
result of which the ink 32 near the pressure generating
means is not greatly affecﬁed_in temperature thereby.

In the above—-described embodiment in which the
first and second plate-shaped members are held
perpendicular to each other, the first plate-shaped.
members, namely, the plate-shaped members 29, 3¢ and 31
are all communicated with the gaps D2 formed by the second
plate—-shaped members. Therefore, when the ink 32 is

_caused ‘to flow by the ink jetting operation,' the flow
éesistance of the géps'Dl is low, and accordingly the ink
32 is sufficiently supplied'to the gap D2.

With the head of the invention in which the hot-
melt ink is high in viscosity immediately after molten,
and it is liquefied gradually beginning with its portiomn
closer to the pressuring means, the ink jetting operation
can be sfarted even when the ink 32 in the ink holding
meahs remote from the pressure generating means is still
high in viscosity, having been just molten. That is, the
ink 32 high in viscosity in the gaps D1 is movable because
the flow resistance is low.

It is preferable that, in the émbodiment, the .
filter 40 is made - of metal, because the metal filter is
high in heat conductivity, and it functions quickly when

the power switch is turned on.
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the head of the invention is cohsiderably high in reliabil- ity, being not
affected by the bubbles in the ink holding neans at all. Wen it is
detected by an ink | evel detecting device 34 that the quantity of ink
remaining in the head is a predeterm ned value or less, an ink supply
request signal is outputted thereby. The ink supplied into the ink re-

cei ving chanber 33 is quickly sucked i % the gap by

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 PIG. 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
invention, the solid-phase.ink blocks in the form of a bar
are supplied into the ink pooling chamber as it is.
_?herefore;xthe quantity of ink supplied is constant being
free from the ambient temperature. Furthermore, the time
required £for supplying the ink block can be set
considerably short. In addition, it is not always
necessary 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 dlfflculty that
resolidification of the ink obstructs the operatlon of the
lnk-supplylng mechanism; ' that is, the ink can be supplled
positively. furthermore, the solid-phase ink blocks in
the form of a bar .are used one by one after being broken.
Therefore, the difficultie§ that the ink particles or ink

pellets are  joined together by heating are eliminated, and

the ink container is improved in volumetric efficiency.
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capillary action and held there, thus raising the ink |level L. The
capillary action with the nozzle orifice is greater than the capillary
action with the gap D. Therefore, as the ink jetting operation is carried
out, the ink 32 is consuned, as a result of which the ink level L is de-
creased. An opening 36 is provided abo%% t he nozzl e

As was 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 1is reduced as
much; that is, the pause period is reduced. Since the
cariiage is small in size, it can be moved readily, and
the printer can be simplified and miniaturized as much.

The ink is consumed 'quickly after molten, and
_Fherefore the ink in the head is maintained unchanged in
éharacteristic. Furthermore, the liquefied ink is held in
the small gap in the head, it is prevented from being.
affected by the acceleration or deceleration of the
carriage, or by the change in posture of Ehe ink supplying
device; thaé is, it is free from the difficulties that it
is §hifted, its sﬁrface is ruffled, or bubbles are formed
in it. This will ensure 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 ﬁalls in conact with the ink are so
designed as to generate heat immediately, whereby the time
of preheating ink can be greatly reduced. Furthermore,
the ink chaﬁber and the ink supplying path can be made
into one unit by using the heat generating member, and

therefore the number of components forming the ink jet
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26- orifices 22 in such a manner that it is conmunicated with the air, so
as to let bubbles fornmed near the vibra- tors 24 go out of the head. It is
desifable that the ink 32 is small in volume to the extent that it will not
fl ow over the ink holding neans, for instance because, if the ink flows

over the ink hold-
59

head can be reduced as much. Thus, an ink jet head low in
manufacturing cost and small in size can be provided
according to the invention.

As was described above, according "to the
invention, the quantity of ink in the head méy be small,
and therefore the head and the carriage can bé
miniaturized as- much. Accordingly, the amount of heat
required for melting the ink 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 printer can be simplified and miniaturized
as much. '

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

Furthermore, in the head ofr the invention, the
distance between the. filter means and the pressure
generating.means'is short, and therefore the probability

. is high that, after being rémoved by the €£ilter, ink
bubbles or:-deposits are -newly formed. Thus, the ink jet
head of. the . invention is high' in reliability. In
addition, in the head of the invention, the filter means .
is .provided in the ink holding means, and therefore, no
.matter what -posture the head assumes, the ink ié passed

through the filter means before jetted in the form of ink
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ing nmeans, then the ink may | eak out for instance when the head is set
upsi de down. In the above-described enbodinent. the ink is sup- plied to

t he i nk hol di ng means from above; however, the invention is not limted
thereto or thereby. That is, it nay be supplied to the ink hol ding neans
fromside or below, if necessary becau%% of the structure etc. of the head.

droplets. This also contributes to the improvement of the
reliability of the ink jet head of the invention.

Furthermore, the.ink contained in the head is held
in the narrow gaps by capillary action, and preferably the
plate-shaped members are held substantially perpendicular
to the direction of scanning of the carriage. Therefofe,
no matter what posture the head assumes, no ink leaks out
qf 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
poéture of 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 héld substantially'perpendiéular
to the gap formed by the second plate-shaped members,.and
therefore the flow resistance provided thereby 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 stablj_ink supplying
operation. That is, the ink jet head according to the

invention is high in reliability and in operability.
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I n fhe above-described enbodi nent, the ink holding means utilizes the gaps
formed between the juxtaposed pl ate-shaped nenbers 29,30 and 31 and the -
wal I,s of the housing 20. The ink hol ding means may be forned by using

f oaned nenmbers having a plurality of mnute caV|t|ezgrﬁiﬂgpruLaL++y*Tﬁ
pi pes small in dianeter. The operation of the head a hot-nelt

which is in §o| i d phase at room tenper&lure will be (“]\i“\ m““ \\ “nk

Claims File: S 5039-EP

1. 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.

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

said inserting step.

3. A solid-phase ink supplying appératus comprising:
an ink container (102) for holding 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 REPLACEMENT SHEET
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As shown in FIG "14A. a heat source nanely, a heater 27 is nmounted on the
wal | of the housing 20 behind the pressure generating neans. In the
enbodi nent, only one heater 27 is used; however, it sheuld-be noted that
the invention is not limted thereto or thereby. That i
heaters may be arranged at a plurality of positions, MAD

a plurality of
efficiency taken into ac- count. The plé& e shaped nenbe HIM,!quMIHmand

t he

a breaking cam (107) for breaking blocks of ink from said

ink bar.
4. An ink jet recording apparatus comprising:

a carriage (1l5) which moves 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).

5. An ink Jjet recording apparatus as claimed in claim ¢,
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).

6. A method of supplying 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;
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gap regul ati ng nember (not shown) are thernally cou- pled to the housing
20, so that heat generated by the heater 27 is transmtted quic

ink.block to nelt it and maintain the nolten ink at hi
the case where the head has the heater 27, it is pref eamﬂﬁr’mﬁmﬂﬂ E !’
housing 20 is nmade of nmetal material such as al um num or stain

hi gh in heat conduc- tion. In the embo®B ment, the area of the ink hol di ng

heating a portion of said solid-phase ink located in said
ink container of said ink supplying device, thus liquifying
. said solid-phase ink; '

supplying said liquified ink to said ink jet head when the
quantity of- ink in said ink jet head becomes less than a
predetermined value:

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

maintaining said ink in said ink jet head in a liquid phase
by a second heater. '

7. 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.

8. 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

REPLACEMENT SHEET
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means which is in contact with an ink block is | arge, and the head is

mniaturized. Therefore, the period of tine mhich_eLapses_iLen¥%he—%+nE

i nsttant that the power switch is turned on until .the tenperature of ‘the
ink 32 reaches a predetermined val ue; that is, themmmmm“ﬂﬂmmllleady f or
a printing operation is considerably sggrt

9. 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 carriage which moves over a recording medium

in a scanning 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. |

10. An ink jet head (16) which comprises:

a nozzule plate (21) having a plurality 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. '
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-27: In the ink supplying operation, the solid phase ink 32 which is held

at roomtenperature is supplied into the head. Therefore;—t+he-ink near the
pressure generating neans is tenporarily decreased$ﬂi"h§ﬁﬁerature and ac-
* c L

cordingly increased in viscosity, so that the ink 'm”m””m
M5

11. An ink jet head as claimed in claim 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.

12. 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 jet head so
as to immediately generate heat for melting said solid-
phase ink.

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

supplying 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 hdusing made of a material
having a high coefficient of thermal heating conductivity,
said housing including at least one heat source;

transmitting heat generated by said heat source via said
ink holding means;

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

sucking said molten ink into 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.

JHIATA
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be jetted sa

I R L 100 Ao & vér;.in t he enbodinent, the ink 32 is
N -SHEE

supplied fir 'ERKAEEﬁﬁﬂ ped nenbers 29, 30 and 31, and therefore the
pl at®- shaped} ngrmbers 29, 30 gnd 31 large in thermal capacity an el | ent

in the condﬁ
|nterferencq
generating

t+ﬁg£?§¢ﬁ@q¢ﬁ#%“ the heat source seérve as therma
m , as a resplt of h the in ssure
alts_,-'»-s—ne{—-gr-e-af af f ec}t,\/g5| in terrpenlﬁm m“ﬂ“ ﬂm

1 v e el

l4. An ink jet head comprising:

a housing (20) made of a material having a high coefficient
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 housing (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) for generating a pressure which
causes ink near said nozzle orifice (22) to jet in the form
of ink drops.

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

l6. An ink jet head as claimed in claim 14, further comprising
filter means (40, 41, 42) arranged in said ink holding
means (33).

17. 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 is smaller

Sheet Has Been Replaced

Hllllll v



In the embodi ment, it is desirable that the filtér 40 is nade of netal,
because the netal filter is high!in heat conductivity and it functions
qui ckly when the power switch is turned on. efhe%fﬂETt‘*’R”T§—§7eatly

changed in vol une when nolten. Therefore, mhen it S are
unavoi d- ablyforrred|nthe|nk|nthe|nk hol di ﬁHma“““ T
embodi ment, the filter 40 in the ink h&7di I ng nea

than said gaps D1 formed between said plurality of plate- '
shaped members (29’, 30‘, 31').

18. 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.

19. 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').

20. An ink jet head as claimed in claim 19 wherein said first
plate means (297, 307, 317) are arranged to be
substantially perpendicular to the direction of scanning of

a carriage (15).

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

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

22. 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.

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

material.

24. An ink 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 ¢ ) 8 ......................-.“. g - s
REPLACEMENT SHEET
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serves as an ink trap, thus preventing the entrance of ink bubbles into the
pressure generating neans which oth- erwi se may be caused as the ink 32 is
consuned. When the filter is disposed in the gap D as indicated—at 41 in

FIG 14B, and is held oblique, then it can reg ink 32 in
the ink holding neans; that is, thelnkegbubbles""l’ mmwththe

direction of flow of the I nk 32 mai nt ai ned unchange

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.

26. An ink jet head as claimed in claim 25, further comprising
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’, 30’, 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’).

28. 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.

29. An ink jet head as claimed in one of élaims 25 to 28,
further comprising detector means (34) provided in said
housing (20) for detecting the quantity of ink remaining in
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can provide an ink jet head in which supplying the ink 32 is achieved with
hi gh efficiency, and which is not affected by the ink bubbles in the ink
hol di ng means, and is high in reliability and excellent in ink droplet
jetting characteristic. FIG 15A is a sectional view of an ink jet head ac-
cording to a still further enbodiment of the invention. As shown in FIG
15A, a container-1like housing 20 '

INK JET TYPE RECORDING APPARATUS AND METHOD

ABSTRACT

An ink jet recording apparatus and method has an ink jet
head (16) which includes a housing (20) made of a material
having- a high coefficient of thermal conductivity, including
at least one heat source (27), and arranged so as to confront
a recording medium (10); an ink holding member (33) is
arranged inside the housing (20), the ink holding member (33)
transmitting heat generated by the heat source (27) to melt a
solid-phase ink (32) put into the housing (20) for holding the
molten ink by capillary action; a nozzle formed member (21)
being part of the ink holding member (33) and ha&ing at least
one nozzle orifice (22) arranged so as to confront the
recording medium (10). A pressure generating member (24) is
arranged within the ink holding member (33) for generating a
pressure which causes ink near the nozzle orifice (22) to jet
in the form of ink drops. The ink jet:'recording' method is
achieved by the apparatus thus constructed.-

FIGURE 13
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made of metal material such as alum numor SUS high and macronol ecul ar

material such s polysul fone, poly- acetal or ABS is SO p03|t|oned that an
openi'ng 35 forned in its one side is confronted w thiiE
wound on the platen 11. Hel d behind the open- ing 3588
a nozzl e-fornmed nmenber, 1

3 L) kALl Ct 10
"5f:$h?§ﬁﬂﬁm are
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nanely, a nozzle plate 21 having a predeterm ned num ber of nozzle
orifices 22 arranged along the plate axis, '‘a spacer 23, pressure generating
means, namely, vibrators 24, electrical conduct or s 25, and an elastlc :
menber 26. Each of the vibrators 24 is a |amnate of apgtezo=

el ement and a netal foil of Ni or SUS which is flexibl dRE
plate, and it is cantilevered; nore spe€ifi-
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cally, its one end together with the nozzle plate 21 and the spacer 23 is
fixedly held under a predeternined pressure by the rigidity&gT] ST
20 and the elas- ticity of the elastic nenber 26, whereas RE?IQA )
hung free. The vibrators 24 are so positioned that the freg #nds thereof

confront with the nozzle orifices 22 fornmed in the nozzle ’I%Q,g;ﬁgg-mjg

respectively. A small gap is held between the nozzle platej}22 and the r
vi brators 24 1=

71

70
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by the spécer 23 with high accuracy. FIG 15B is a sectional diagram as
viewed in the direction of the arrow Ain FIG 15A, show ng the ink holding
means in detail. For sinplification in illustra- tion, onlymthe hou5|ng 20,

né"" Aeloani 2
' 4 4,
a5

nozzle plate 21 and plate- shaped menbers 29, 30 and 31,
15B. As is apparent fromFI G 15B, the ink Rol ding neans
first plate-shaped nenbers, nanely, the
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above- descri bed pl at e- shaped nmenbers 29, 30 and 31, second pl at e-shaped
menbers, nanely, walls of the housing 20, and the nozzle plate 21 in such a
manpner that the pl ate-shaped nenbers 29, 30 and 31 and two walls of the .
housi ng 20 are arranged with a gap D1 therebetween, and the nozzle plate 21
and one wall of the housing 20 are arranged with a gap D2 therebe- tween,
the gaps D1 and D2 being no nmore than 2 mm

32 FIG. 6
(o
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The gaps D1 and D2 are substantially perpendicular to each other, and are
comuni cated with each other through a conmuni cati ng passageway which is an
opening formed in the | ower portion of the housing 20 as viewed in the
direction of gravity. A first reason why the comunicati on passage way is

| ocated in the | ower portion of the housing is that, in initially supplying
ink to the ink holding neans, the wat er®head of the ink 32 in

23 %
. TR
FlG. 9
24\_/? \_/23132
21 v-;y ‘ J
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the gaps D1 can be utilized to send the ink 32 in the gap D2. A second
reason is that the ink held between the plate-shaped nenbers 29, 30 and 31
can Be used in its entirety. In connection with these reasons, it is
desirable that the gap D2 is smaller than the gaps D1 (as de- scribed

| ater). The pressure generating neans, r'17arrely,
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-29- the vibrators 24 are provided in a part of the gap D2 between the wall
of the housing 20 and the nozzle plate 21. A gap regul ating nenbers (not
showh) is provided to arrange the gaps D1 forned by the_pl.ate-shaped.
members 29, 30 and 31 in such a manner that those gajfis R EENatEERd Y in
parallel wth one another and they s E%&&*ag%
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are extended vertical, i.e., substantially perpendicular to the direction
of scanning of the carriage on which the head is nounted. The head is so
desi gned that the level L of the ink 32 is held belo .
nozzle orifices 22 at all times (as described |ater i
gaps D1 and D2 should be set to the values or |ess wh
fromthe head configuration and the inkgphysical pr oper
tension so that,

FIG. 13 )3
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no matter what posture the head thus designed assunes, the |eakage of the
Ilquefled ink 32 is prevented. Wen two plates are held in the air in such
a manner that they are in parallel with each other and are extended in the
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principle to the ink jet head has resulted in the present invention In
orderythat, no matter what posture the head assuned, the above-descri bed
principle is applica- ble, the gaps D1 and D2 should be set to the val ues
or less which is available i.n the head; i.e., in the ink holding neans, and
with which the weight of the ink 32 bala ces with its_surface. tensi.on

occurring with a menber which is in contact with the gL ACEMENTSHEER
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/7 D2+smaller than the gaps Dl so that the ink in the ink holding means is led

@bove the nozzle orli es122. The fact that the gap D2 is snaller than the
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SOLID INK SUPPLY FOR INK JET

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an ink jet type recording
apparatus and method in which ink droplets are jetted
to form images on a recording medium such as a record-
ing sheet, and more particularly to an ink jet head and
ink supplying apparatus-used in an ink jet type record-
ing apparatus and an ink jet recording and ink supplying
method in which phase-change ink called “hot-melt
ink” is used.

2. Pdor Art

With the increasing numbers of computers, fax ma-
chines, and copiers in today’s society, there is 2 growing
demand for high quality reproduction and print quality
on different recording medium. Such demand necessi-
tates the efficient supply of ink to recording apparatus
and the development of better means of transferring the
ink to a recording medium.

Ink jet heads using 2 “hot-melt” ink have been dis-
closed in prior patent applications. U.S. Pat. No.
4,593,292, U.S. Pat. No. 4,631,557 and U.S. Pat. No.
4,609,924 disclose such ink jet heads. These ink jet
heads require a plate-shaped heater located in an inter-
mediate ink pool whose pw,"2se is to heat the entire
head which is constructed out of materials with high

- coefficients of thermal conductivity. This heater is typi-
cally located outside the walls forming the ink supply-
ing path, resulting in a large thermal loss, and requiring
a large capacity heater. Further, reducing the prepara-
tion time between the application of voltage and the
start of the printing operation is difficult. This interval is
the ink preheating’ period. Another difficulty encoun-
tered in these kinds of ink jet heads is that, when the
solid-phase ink is changed to a liquid-phase ink, bubbles
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.

. Methods of supplying ink to hot-melt ink jet heads
which make use of the phase change involving the heat-

" ing of a solid-phase ink are disclosed in U.S. Pat. Nc
4,593,292 and U.S. Pat. No. 4,636,803.
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The method of Application Number 98546/1986 dis-
closes heating a part of a solid-phase block of ink in
order to form liquid-phase ink which is transferred into
an ink pooling chamber. The amount of ink supplied is

- likely to be affected by the ambient temperature. Be-
cause the time interval between the start of the ink
heating device and the end of the ink supplying opera-
tion is lengthy, the ink supplying device, which is lo-
cated on the carriage, must be operated during printing
and kept connected to the ink pooling chamber Another
flaw in this method is that part of the ink liquefied in the
ink supplying device but not supplied to the ink pooling
chamber resolidifies in the ink supplying device, possi-
bly blocking or partially blocking the operation of the
ink pushing cylinder Another possible obstruction is the
portion of the solid-phase ink which is softened and
deformed by heating and is located between the liquid
and solid portions.

The method of U.S. Pat. No. 4,636,803 discloses al-
lowing solid-phase ink particles or pellets to drop into

* the ink pooling chamber However, at high tempera-

tures, it is possible for these patrticles or pellets to soften
and join together, obstructing the ink supplying opera-
tion. To overcome this difficulty, solid phase ink pellets
are loaded in the ink supplying device so that they are
separated from one another. However, loading the pei-
lets in the ink supplying device is difficult, particularty
because volumetric capacity of the ink container is
small. _ . )

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 droplets. U.S. Pat. Nos. 4,636,303,
4,682,185; and 4,631,557 are examples of related art.
U.S. Pat. No. 4,636,803 discloses a device and method in
which block-shaped ink, not loaded on the carriage, is
supplied at a predetermined rate to the ink jet head. US
Pat. No. 4,682,185 discloses a device and method in
which bar shaped solid-phase ink, loaded on the car-
riage, is fed in to the ink jet head which melts the ink.



supplied sufficiently to the nozzles even when jEtﬁiﬁ
i.-nk I evel detecting device 34 is provided in the ifK

the device 34 detects that the level L is a predetfer
cover 28 closing the top of the container shaped HoysiQ@ Qggiwp n¢d, and
the ink is supplied froman ink containeL3(not shg into an I nkjre¢ceiving
chanmber 33. The —

U.S. Pat. No. 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

" method in which the solid-phase ink is liquefied outside
the head, it is necessary to provide both a heater for
liquefying the ink and one to heat the head and maintain
it at high temperature. This arrangement is disadvanta-
geous because it requires an excessive amount of space,
consumes more 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 liqui-
fied in the ink jet head, also have disadvantages. First,
the ink melting position is set away from the nozzle
section for jetting the ink. Also the contact area of the
ink melting member is small compared to the volume of
the solid-phase ink. Therefore, the space occupied by
the components to be heated is large, the amount of heat
necessary to heat them is correspondingly large, and the
heating time is long. Secondly, the liquid-phase ink
deteriorates because it is held in large quantity in the
head at high temperature for & prolonged period of
time. The last drawback to this method is that the liquid
ink may leak out of the ink jet head should the head fail
down accidentally.

In other prior art, the ink is supplied to the head
through flexible tube-shaped members. The ink in the
tube-shaped member is often affected by acceleration
and deceleration of the carriage on which the ink jet
head is mounted, thus varying the ink pressure in or
near a-pressure generator. Also, the ink is isolated from
the outside air when it is supplied to the pressure gener-
ator. 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 possible be-
cause of the long distance between a filter and the ink
jet. - . :



vol dime of the ink thus supplied is such that the level L is held

bel ow t he

agxes of the nozzle orifice In the above-described enbodlnent_'phe second

pl at e-shaped nenbers are the wall of the housing 2=z e 4] 20
21. In. another enbodi nent, the second pl at e- shapBifaBibisting
plurality of plate-shaped rrenbers whi ch_gre stacec.
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SUMMARY OF THE INVENTION

An object of the present invention is to eliminate the
above mentioned defects with the conventional record-
ing apparatus and method.

Another object of the present invention is :to provxde
an ink jet type recording apparatus and method in
which an operation pause time is shorter so that the

~ printing operation can be started quickly and the ink is
supplied with ease, the operabtlxty is high, the construc-
tion is simple, and miniaturization of the device is easy,
and the ink is maintained unchanged in characteristic
even when used for a long period of time.

- A further object of the present invention is to provide
an ink jet recording apparatus and method in which the
leakage of the liquefied 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.

Tae foregoing object of the invention has 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 blccks 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 supplying the solid-phase ink blocks thus separated
to the printing head.

Also, the foregoing object of the invention has been
achieved by the provision of an ink jet type recording
apparatus and method in which an ink supplying device

. having an ink container in which solid-phase ink is put
and a‘first heater, and an ink jet head mounted 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 first heater in the ink container is liquefied by
heating 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 the carriage is liquefied and supplied to the
head. Accordingly, the head dimension and thermal
capacity, and carriage weight are small, and therefore
the heating time is short.



m ned val ue or
hel di ng neans,

surface tension occurring with the plate-shaped nmenbers,
the ink jet head thus constructed will be described. Fifs
supplied to the vicinity of the vibratogs 14 and the nc" :

this condi-
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| ess which is available in the head; i.e., in the ink
and with which the weight of the ink 32 balances with the
The__woperat_l__on of

T T e

Further, the foregoing objects of the invention have
been achieved by the provision of an ink jet type re-
cording device and method which employs: an ink jet
head for jetting ink droplets through a plurality of noz-
zles, the ink jet head having a heater and mounted on a

-carriage which moves over a recording medium in a
scanning manner; and an ink container for containing

solid-phase ink, the solid-phase ink in the ink container

‘being supplied near to the nozzles of the ink jet head, -

liquefied by heating, and jetted 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, and there-
fore, the quantity of ink in the head is small. Accord-
ingly, 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.

Sdill further, the foregoing object of the invention has
been achieved by the provision of an ink jet head pro-
vided in an ink jet apparatus, which comprises: a nozzle
board having a plurality of nozzle orifices; and a plural-
ity of pressure generating members arranged to con-

. front with the nozzle orifices, respectively, upon appli-

cation of voltage the pressure generating member being
displaced in the ink in an ink chamber to jet ink drop-
lets, in which at least one of walls forming the ink cham-
ber and an ink supplying path communicating with the
ink chamber is made of a heat generating member In the
ink jet head thus organized, the one wall made of the
heat generating member in the ink chamber is in direct
contact with the ink, and upon application of voltage
thereto, it generates heat immediately, so that the solid
ink is molten by thermal conduction, thus being held at
high temperature.

Still further, the foregoing object of the inventicn has
been achieved by the provision of an ink jc' dead in an
ink jet type recording apparatus, camprising: a2 housing
made of a material high in heat conduction, the housing
having at least one heat sourcs, , and arranged to con-
front with a recording medium; ink holding means ar-



tion, the ink is jetted in the formof ink droplets as fol - |ows: When
electrical signals are applied selectively to the VihEd, e
pi ezoel ectric el ements contract by piezo-electric e%!‘- ﬂﬁ ' iﬁ‘ll 3
foils, being high inrigidity, are suppressed in dii Té, si onal changej

result, each of the vibrators 24 is curygd towards’ 22 PFEEED S8t
that pressure is generat ed in the small gap between t‘ e nozzl e pl at|
the vibrator 24,
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ranged inside the housing, the ink holding means trans-
mitting heat generated by the heat scurcs theredy o
melt the ink and holding the ink thus moitea by capil-
lary action; a nozzle-formed member being part of the
ink holding member, and having at least one nozzle
orifice arranged confronted with the recording me-

. dium; and pressure generating member arranged inside
the ink holding means, for generating a pressure which
causes the ink near the nozzle orifice to jet in the form
of ink drops. In the ink jet head., the ink holding means
may comprise a plurality of plate-shaped members
stacked with gaps therebetween.

Still further, the specific feature of an ink jet type
recording method according to the invention resides in
that ink in solid phase is supplied in such a manner that
the ink is brought into direct contact with the ink hold-
ing means; the ink thus supplying is moiten 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 holding means is jetted in the form
of ink droplets by the pressure generating by the pres-
sure generating means. According to the invention, the
gap forming members good in heat conduction are pro-
vided 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 lique-
fied quickly

Other object, features, and characteristics of the pres-
ent invention, as well as the methods of operation and
functions of related elements of the structure, will be-
come apparent upon consideration of the following
description and appended claims with reference to the
accompanying drawings, all of which form a part.of this
specification, wherein like reference numerals designate
corresponding parts in the various figures.

t al
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thus jetting ink droplets.

The head operating on the above-described ink

j.etting principle is free fromthe di sadvantage that .the Jettin of ink is

enbodi nent ,

the ink jet head is conblneq Wi th t:fﬂ-:' 3
“which is so designed as to | et bubbles go out of

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B and 1C are explanatory diagrams for a
description of a solid-phase ink supplying method pro-

vided in an ink supplying device according to this in-

vention;

FIG. 2 is an explanatory diagram showmg the opera-
tion of an ink supplying device shown in FIGS 1A
through 1C;

FIG. 3 is a perspective view showing a part of a
printer to which the ink supplying device shown in
FIGS. 1A through 1C is applied:;

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

FIG. SA and 5B are perspective view of or a dcscnp-
tion of the operation of an ink supplying device used in
the printer of FIG. 4;

FIG. 6 is a perspective view showmg an mk supply-
ing device in another embodiment of the invention;

FIG. 7 is a perspective view of an ink jet type printer
in another embodiment of this invention;

FIG. 8 shows a perspective view showing an ink jet
head of this invention;

FIG. 9is a secticnal view of the ink jet head shown in

FIG. 8;

FIG. 10 is a perspective view of an ink jet h&d ina
modified embodiment of FIG. 8;

FIG. 11 is a sectional view of an ink jet head in an-
other embodiment of the inveation;

FIG. 12 is a sectional view of the ink jet head of F1G.
11;

FIG. 13 is a sectional view of an ink jet head accord-
ing to a further embodiment of this invention;

FIG. 14A is a sectional view showing an ink jet head
according to a still further embodiment of the invention;

FIG. 14B is a sectional view showing an ink jet head
according 2 modified embodiment of FIG. 14A;

FIG. 15A is a secticnal view showing an ink jet head

| according to a still further embodiment of the invention:

FIG. 15B is a sectional view taken in the direction of
arrow A in FIG. 15A; and

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

Sec®d St in the
'_descrlbed
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1A through 1C illustrate a solid-phase ink
supplying apparatus and method according to one-
embodiment of the present invention. Referring to FIG.
1A, a plurality of solid-phase ink blocks 32 molded in

- the form of a bar are loaded into an ink container 102

through an ink loading inlet 103 as indicated by the
arrow 104.

A slider 105 is manually moved to a lock position
through the solid-phase ink blocks 32, and it is locked
being engaged with a hole formed in the ink container
by a leaf spring (not shown). The slider 10§ serves also
as an indicator showing the remaining quantity of ink.
Thereafter, the ink container 102 is automatically
moved to the position as shown in FIG. 1B, and the
slider 105 is released by a releasing pin 106 so that the
solid-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. 1C, 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 block 32
thos cut out is allowed to drop into an ink pooling
chamber 109 as indicated 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 de-

cressing 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 printing head (aot shown) to perform a
printing operation. - .

FIG. 2 illustrates a drive system for rotating the
breaking cam 107 and vertically swinging the ink con-
tainer 102 shown in FIGS. 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 container 102 with the aid of lever cam 126 and
a lever 118.

In the embodiment, where the motor 113 rotates
counterclockwise, the drive force is transmitted

_through the planet gear 114 (indicated by the solid liner)

and 2 teduption gear to the lever cam 116, so that every
180° rotation of the latter 116 the ink container 102 is

swung vertically through the lever 115. In this opera-



the'quantity of ink remaining in the head is a predeter- m ned val ue or

l.ess, the ink supply request signal is outputted. | nEredi nto t he
i nk receiving chanmber 33 is quickly sucked into t gfes gl ¥§ stEdifl - |ary
action. The capillary action with the nozzle orif] is greater than that
with the gap D1. Therefore, as the ink 'etting'o_erat@qpftg rifed out

the ink 32 is con- suned, as a result of which the § nk Ievelﬁﬁgi : ,
decr eased. :

tion. the on-off control of the drive force of the mator
is carried out by means of 1 detector comprising, for
instance, a micro switch and a cam which is so designed
as to detect the 130° rotation of the lever cam 116.
When the ink container is lifted as indicated by the

_one-dot chain line, the solid-phase ink blocks in the

form of a bar are loaded into the ink container 102.
When the ink container is lowersd as indicated by the
solid line, the solid phase ink blocks are broken to cut
out one solid-phase ink bicck, which is allowed to drop
into the ink pooling chamber 109. When the ink con-
tainer is lowered, a stopper 112 is utilized as shown in

FIGS. 1A through 1C; that is, the ink container is low-

ered until it strikes against the stopper 112.

In the case when the motor 113 is rotated clockwise,

the drive force is transmitted through the planet gear
114 (indicated by the two-dot chain line) and a reduc-
tion gear to the breaking cam 107, to break the 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. 1A through
1C is applied. The drive system including the ink con-
tainer 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 oper-
ation of the printing head 16; that is, it is unnecessary to

~ arrange the drive system on the carriage 15. Therefore,

the weight of the carriage is maintained unchanged. In
FIG. 3, reference numerals 21 and 22 designate a platen
and a printing sheet, respectively.

FIG. 4 illustrates a printer according to another sm-
bodiment 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 167,
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 therein is kept in liquid state. The head 16 has a
plurality of nozzles the ink jetting operations of which



It i's desirable that the ink 32 is small in volune to the extent that it
will no flow over the ink holding means, for instance because, if the ink
fl ows over the ink hold- ing neans, then the ink may | eak out for |nstance
when the head is set upside down. In the above-dedigs®e )

ink is sup- plied to the ink hol ding nggns from akgies
invention is not limted thereto or thereby. That

can be controlled separately form one another, and it is
moved along the platen axis, in 2 main scanning direc-
tion, which selectively causing the nozzles to jet ink,
thus formmg an image on the recordmg sheet 10. In this

* operation, as the platen 11 is rotated, the recording
sheet 10 is moved in an aunlmry scanning direction
perpendicular to the main scanning direction, so that for
instance characters are printed on it. In the printer, an
ink supplying 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 swingabie supported.

The head 16 includes a frame made of heat conduct-
ing material; and vibrators and a nozzle board mounted
on the frame. The vibrators are made up of piezoelectric
elements, and the nozzle board has nozzle orifices con-

. fronting the vibrators. The structure of the head has
been described, for instance, in the specification of Japa-
nese Patent Application Publication No. Sho 60-8953 in
detail. 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 whether or not
the quantity of ink in the head is 2 predetermined value,
and has an ink supplying inlet 17. :

The operation of the printer thus constructed will be
described. At the start of the operation, the head heaters
70 and 71 are driven to heat the head. The head bdeing
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 moiten 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 displaced towards the nozzie
board to jet the ink through the respective nozzle ori-
fice. When the ink quantity dctccting sensor in the head
detects when the quantity of ink in the head is smaller
than the predetermined value, an ink supply command
signal is outputted.

Referring to FIGS..5A and 5B, an ink supplying
operatxon will be described hereafter.
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An ink container 19, in which ink grains (not shown)
are put, is coupled 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. 5A, as a2
result of which a certain quantity of ink grains, which is
determined according to the volume of a measuring
saction 52, are transferred from the ink container into
the measuring section 52 by their own weight. Under
this condition, the ink supplying device 18 is turned
again so that it is held as shown in FIG. 5B. As a result,
the ink grains are moved from the measuring section 52
over o a heater section 58, where they are liquefied by
an ink container heater 60 provided at the heater section
58. In response to the ink supply request signal from the
head, the latter is moved to the ink supplying position
Thereafter, the ink supplying device is turned again so
that it is held as shown in FIG. SA. As a result, the
liquefied ink is run through an ink supplying pipe 54 by
its own weight, thus dripping into the ink supplying
inlet 17. At the same time, the predetermined quantity
of ink grains are supplied from 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.
In response to the ink supply command signal, the lique-
fied ink is supplied to the head. Thus, the printing oper-
ation is continued while the ink is being suitably sup-
plied with its consumption. _ '

The ink container is made up of a material poor in
thermal conduction, so that only the ink in the heater
section is heated, and the ink remaining in the ink con-
tainer 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 achicved merely by
coupling the ink container to the ink supplying device
Since the ink supplying device is provided on the
printer body, the ink container can be readily connected
to or disconnected from it. In this case, unlike the case
where the ink container is mounted on the carriage,
there is no limitation in size or in weight, and a sufficieat
quantity of ink can be beld.



ber$ such as piezo-electric elements are arranged adja- cent to the ink
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hol di ng nmeans, to generate pressure in the ink hoIding means; or
generating nmeans is provided so that bubbles for -f L
thereby are utilized to obtain pressure high enougs
shown in FIG 15A, a filter 40 is prOV|dﬁp be- tme
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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 oper-
ation can be reduced, and the amount of heat for keep-

" ing the molten ink at high temperature can be also re-
duced.

FIG. 6 illustrates an ink supplying device according
to a further embodiment of the invention As shown in
FIG. 6, an ink container 19 (shown with parts cut
away), in which ink valls 32 are put, have a lever 65 for
dropping the ink balls one after ancther. The ink balls,
being moved by their own weight downwardly in the
ink container 19, are held stacked on the lever 65. When
the lever 65 is moved a predetermined distance in the
dirsction of the arrow §3, aonly the lowermost ink ball is
dropped off the ink container by the cut formed in the
lever, while the remaining ink balls are dropped by their
own 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 bail dropped off
the ink container enters a heater section 35 having an
ink container heater 60, so that it is molten in its en-
tirety. Similarly as in the above-described first embodi-
ment of the invention, in response to the ink supply
request signal from the head, the latter is moved to just
below the ink supplying device. Under this condition,
the heater section is turned with its ink supplying sec-
tion held undemeath, 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
consumption of ik of the head. '

In the above-described embodiment, the ink melting
heater may be a heat generating resistance element
(trade name “posister””) having an automatic tempera-
ture control function that resistance is increased at high
temperature. In this case, immediately after the supply
of solid-phaslc ink into the ink supplymg device, electric
power is greatly consumed because it is at room temper-
ature, but after the ink has been molten, the heater is at
high temperature, and therefore electric power is used
only for complemennng the dissipation of heat through

kgdilet s.
econd

As



filter 40 is made up of a 100 [err]m nesh of stainl EES ST
fibers and a nickel electrocast product. The filt er |2tk ﬁ‘
housi ng 20 and the nozzle -32- plate 21 defines

40 is in contact
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radiation. Therefore, electric power is economically

used, and it is unnecessary to provide 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 led into the ink container
heater section; however, for the purpose of economi-
cally 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 the above-described embodiments, the quantity of
ink in the head is detected by means of the ink 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 modification, the operator

" monitors the quantity of ink remaining in the head, and

operates a key, when necessary, to start the above-
described ink supplying operation.

In th= above-described embodiments, the ink is in the
form of a grain or ball; however, it should be noted that
the invention is not limited thereto or thereby. That is,
the configuration and weight of the solid-phase ink
should be so designed that the ink is excellent in fluidity,
and its volume is smaller than the measuring unit.

In supplying ink to the head, the rocking of the ink
container or the operating of the lever may be achieved
by using a drive source such as an electric motor or
plunger provided at the movable section, or by utilizing
an external movement such as the carriage movement.

FIG. 7 illustrates a printer which is provided with a
head shown in FIG. 8A according to a still further
embodiment of the present invention. Like reference

gumerals shown in FIG. 7 designate corrssponding
parts in FIG. 4. In the printer shown in FIG. 7, the ink
ing device 18 may not be swingable.
SP?XP‘-.:Z‘;egad shown in FIYG. 8 includes a frame 214. made
of heat conducting material; and vibrators (not shown)
and 1 gozzle board 21 mounted on the frame. Thc_ vibra-
tors are made up of piezo-electric slements; and the
nozzie bcard 26 has nozzie orifices confronting the

 vibrators. The bead includes a heater 71, an ink quantity

detecting sensor 34 for detecting an ink level thereby to

pn’

.the
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wi t'h the ends of the- plate-shaped nmenbers 29. 30 and 31, allow ng the ink
32 to snoothly flow fromthe gaps D1 to the gap D2. The provision of the
filter inproves the function of the gap D2 as the ink holding neans. and in

addi ti on,

elimnates the difficulty that,

ininitially supplying the ink to

the ink holding nmeans, it is difficultijfler the ink to flow over to the gaps
D2 because of the surface tension of the ink which occurs at the bor der

detect whether or not the quantity of ink in the head is
a predetermined value, and an ink supplying inlet 17.
Components for guiding the solid-phase ink and those
provided outside the heater are made of material pocr ia
heat conduction.

The operation of the pnnter 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 operadon. In the
printing operation, an ink jetting cperation is carried
out; that is, the ends of the vibrators are selectively
displaced towards the nozzle board t0 jet the ink
through the respective nozzle orifices. Since the inven-
tion relates to the operation 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 sup-
ply request signal is outputted.
Returning to F1G. 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. In re-
sponse to the ink supply request signal from the head,

the latter is moved to the ink supply position so that the
ink supplying outlet of the ink supplying device aligns

with the ink supplying iniet 17. Under this condition,
the ink supplying lever 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 an ink supplying

mechanism only) in which the ink balls 32 is put has the
ink supplying 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 held 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 bemg
supplied into the head. At the same tme, the remaining
ink balls are dropped by their own weight, and held
stacked on the lever 65. When the lever is retumed to
the ofiginal position as shown in FIG. 6, the ink balls
are moved to the bottom of the ink supplying device.

REPLACEMENT SHEE]
02 FEB 1998




liné between the gaps D1 and D2. Thus, with the ink jet

the invention, the ink is supplied stably; that is, theji e

invention is highin reliability. In addition, the prov
40 can prevent the entrance of not only foreign matter
al so bubbles into the pressure generating nmeans and the
The operation of the head using a hot-mel t13mk which

The ink ball in the head is molten by the beater. Th'at is,
the ink ball dropped into the ink supplying inlet 17 is led
into the head by its own weight because it is shaped
small in rolling resistance, and in the head, it is detained
by an isolating board 231. The components around the
ink ball are of material poor in heat conduction, and the
isolating board 231 is a metal plate having 300-mesh
" small holes and is held at high temperature by the heater
Therefore, the ink ball is molten beginning with its
portion which is in contact with the isolating board 231,
and :he molten ink is allowed o flow through the small

holes into the nozzle section

This operation will be described with reference to
FIG. 9 in more detail. The ink ball in contact with the’
isolating board 231 is moiten as described above The
‘head has a nozzle deard 21, and a vibrator board 24 with
cantileverad vibrator elements which is laid over the
nozzie board 21. In the head thus coanstructed, the gap
between the nozzle board and the vibrator board is
about tea (i10) micTons, and the gap between the nozzle
board and the isoiating board is 0.8 mm. The liquefied
ink gces into those gaps by capillary force. In this con-
nection, the inveators have found it through experi-
ments 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 0.3 mm or less. In the head, the
level of the liquefied ink in the gap being high, the
liquefied ink will flow to the nozzles quickly. Accord-
ingly, all the liquefied ink is held in the gap, thus being
free from the above-described disturbance. This will
ensure the stable operation of the head. In the head thus
designed, the quantity of ink in the head may be small,
and therefore, the head and the carriage can be minia-
turized as much Accordingly, the heating time prior to
the printing operation can be reduced, and the amount
of heat required for maintaining the liquefied in at high
temperature can be decreased. Furthermore, since the
ink ball is molten beginning with its portion in contact
with the isolating board which is held at high tempera-
ture and has the small holes, it will molten quickly The
small holes of the isolating board serve as a filter for

preventing the entrance of foreign matters.



is i'n solid phase at roomtenperature will be described. As shown in FIG
15A, a heat source, nanely, a heater 27 is nmounted on the wall of the
housi ng 20 behind the pressure generating nmeans. In the enbodiment, only
one heater 27 is used; however, it should be noted that the i nvention is
not limted thereto or thereby. That is, a pIurallty;:,,t,f.E 5

arranged at a pIurallty of positions. Mﬁth -16re t her Al
into ac-

FIG. 10 illustrates a head which 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 unnec-
essary to move the head to the ink supplying position
prior to the ink supplying operation; that is, the ink
supplying 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 generating resistance element
(called “posister (trademark)™). In this case, it is unnec-
essary to provide a temperature control circuit.

Furthermore, in the above-described embodiments,
the quantity of ink in the head is detected by means of
the ink quantity detecting seasor. However, they may
be modified in such 2 manner that a window for visually
detecting the quantity of ink remaining in the head is
provided (preferably near the nozzle board) so that the
operator monitors the quantity of ink in the head, and
when necessary operates a key to start the above-
described ink supplying operation.

In the above-described embodiments, the ink is in the
form of a ball; however, it should be noted that the
invention is not limited thereto or thereby; that is, the
ink may be in the form of a grain, ball or cylinder if the
conﬁgurauon and size thereof meet the conditions that
the ink is excellent in fluidity, thus flowing by its own
weight, and is smaller in volume than the predetermined
value.

In supplying ink to the head, the lever may be oper-
ated by means of a drive source such as an electric
motor or plunger provided at the movable sectnon.
by utilizing an external movement such as the carriage

~ movement.

FIG. 11is a perspective view showing a part of an ink
jet head according to a still further embodiment of the
invention. The ink jet head is constituted by a piezo-
electric vibrator 24 serving as a pressure generator, the
piezo vibrator 24 formed by joining a piezo-electric
eiement 76 and a metal plate 78: a nozzle plate 21 having
a number of nozzle orifices; a spacer 23 interposed be-



(not shown) are therrrally cou- pl ed to the housi
generated by the heater 27 is transmtted qU|ckI ) AL

it and maintain the nolten ink at high tenperature B‘Fn the case
head uses the heater 27. it is preferable that t
such.as al um num or stainl&¥s sted
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tween the nozzle plate and the piezo vibrator to provide
a predetenmncd gap thersberween; 1 main frame 214
made up of a heat generating member, the main frame
fixing the nozzle plate and forming an ink supplying
path; and an auxiliary frame 215 made of the same mate-

. rial 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 through them.

The piezo-electric vibrator 24 is made up of a plural--
ity of cantilevered vibrator elements each being sup-
ported at one end and hanging 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 clements had on one
side a segment electrode layer, or an Au (gold) layer,

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

other side a common electrode layer, or the above de--
scribed metal plate. The segment electrode layers of the
vibrator elements are connected to an FPC (flexible
printed circuit board) 219 so that they are clcctncally
connected to external equipment.

F1G. 12 illustrates a sectional view of the ink jet head
described in FIG. 10. Ink 32 supplied from an ink tank
220 is in solid phase at room temperature In the embodi-
ment, the frames 214 and 215 being made up of the
“posister (trade name)”(manufactured by Murata
Seisakusho Co., Ltd.), upon application of a voltage
therceto the walls of an ink chamber 222 and an ink
supplying path 223 generate heat immediately, so that
the temperature of the ink is increased according to the
thermal characteristic of the “posister”. As a result, the
solid ink is molten at the melting point, thus being sup-
plied into the ink chamber. Thus, the ink jet head has
become ready for a printing operation.

Because of the characteristic of the “posister”, the
smaller the resistance at coom temperature, the larger
the rush current and the quicker the temperature rise.
Therefore, in order to reduce the time of preheating the
ink jet head, it is essential to use the “posister” smallest
in resistance at room temperature. The “posister” has an
automatic temperature control function, and therefore
the ink is maintained unchanged in temperature inde-
pendently of the change in temperature of the outside;
that is, the ink jet head is stable in ink jet characteristic.



tivity. In the enbodinent, the area of the ink hol ding neans which is in

power switch is turned on until the tenperature of tg e
predeterm ned val ue; that is, the head be- comes reg
operation is considerably short - -18-

FIG. 13 illustrates a sectional view of an ink jet head
according to a still further embodiment of the invention.
As shown in FIG. 13, a container-like housing 20 made
of material high in thermal conduction is so positioned
that an 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 forming member, namely, a nozzle plate 21 hav-
ing a plurality of nozzle orifices 22 arranged along the
platen axis, a spacer 23, pressure generating members,
namely, vibrators 24, electrical conductors 25, and an
elastic member 26. Each of the vibrators 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 cantilev-
ered; more specifically, its one end together with the
nozzie 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 posi-
tioned that the free snds thereor contront with the noz-

zie orificas 22 formed in the nozzle plate 21, respec-
tively. A small gap is held between the nozzle piate 22
and the vibrators 24 by the spacer 23 with high accu-
racy.

In the head, ink holding means is formed by walls of
the housing 20, the nozzie piate 21, and plate-shaped
members 29, 30 and 31 which are arranged with gaps D

- of 2 mm or less therebetween, as shown in FIG. 13. In
one of the gaps 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 by gap regulating
means (not shown). The lower end portons of the
plates-shaped members 29, 30 and 31, which are 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 leakage of the
liquefied ink 32 is prevented irrespective of the postures
of the head at all times. When two plates are heid in the

't he



In the ink supplying operation, the solid-phase ink-32.which.is held at

roomtenperature is supplied into the head. Therefqg

pressure generating
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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 direc-
tion of gravity, because the weight of the liquid bal-
ances 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 rasult 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 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 ex-
tent that the ink in the ink holding means is raised to the
nozzle crifices 22, and the variation of the ink level is

suppressed during movement of the carriage 15. Fur-

thermore, the gap should be such that, whenever bub-
bles are formed in the ink during liquefaction, it can be
let them g0 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
Jjetted at high frequency.

As shown in FIG. 13, an ink level detecting device 34
is provided in the ink hoiding means. The device 34
operates to detect when the level L reaches a predeter-

" mined value or lower. When it is detected by the device

34 that the level L has reached the predetermined value
or less, the cover 28 of the housing 20 is opened, so that
an ink block is supplied into a solid-phase ink receiving
chamber 33 from a solid-phase ink contairer (not
shown). The volume of the ink block supplied into the
solid-phase ink receiving chamber 33 is such that, when
it is completely moiten, the level L will not go above
the axes of the nozzle orifices 22, and when it is supplied
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 of the housing 20 behind the pressure generating
means. FIG. 13 shows only one heater 27; however, it

ture



cordingly increased in viscosity, so that the ink hd LAQEM&“\H&&H

satisfactorily. However, in the enbodi nent. the i fiirst to
t he pl at e-shaped nenbers 29, 30 and 31, and therefforje % E lfanjge in
thermal capacity and excellent in the conduction df heg F grﬁﬁéﬁe'h at
source serve as thermal interference nenbers, as Qo s ST e ST s T

32 near the pressure generat- ing neangors not grgatly affected in
tenperature »

he i nk

should be acted that the invention is'not limited thereto
or thersby. That is, a piurality of heaters may be ar-
ranged at a plurality of positions, with the thermal effi-
ciency taken into consideration. The plate-shaped mem-
bers 29. 30 and 31 and the gzap regulating member (not
shown) ars thermally coupled to the housing 20, so that
heat generated by the heater 27 is transmitted quickiy 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 portion
closer to the heater, the ink block 32 is liquefied begin-
ning with its portion closer to the pressure generating
section. In a2 predetermined period of time; that is, when
a predetermined quantity of molten ink necessary for
starting a printing operation is obtained, the head starts
the printing operation. With the head of the invention,
the contact areas of the plate-shaped members 29, 30
and 31 and the 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 electrical signals are applied selec-
tively to the vibrators 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 result, each of the vibrators 24 is curved
towards the nozzle plate 21 so that pressure is generated
in the small gap between the nozzie plate 21 and the
vibrator 24, thus Jettmg ink droplets.
. When, thereafter, it is detected by the ink level de-
tecting device 34 that the level of the ink in the head is
the predctcnnined value or lower, an ink supply request
signal is outputted.

The ink supplying operation will be described. The
ink pellet 39 supplied into the solid-phase in receiving
chamber 33 from the ink supplying device as shown in
FIG. 6 is brought 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
sucked into the gaps D by capillary action, thus raising
the ink level L. The capillary action in the nozzle orifice
.22 is greater than that in the gap D. Therefore, as ink
droplets are jetted, the ink 32 is gradually consumed,
and the ink level L is decreased.



theréby. In the above-described enbodi ment in which the first and second

pl-at e-shaped nenbers are hel d perpendicu- lar to gach
pl at e- shaped nenbers, nanely, the plate-shaped nmehg
all communi-cated with the gaps D2 forned by the
menbers. Therefore, when the ink 32 is caused to
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Since the ink pellet 39 at room temperature is sup-
plied into the head high enough in temperature to lig-
uefy it, the temperature of the head may be abruptly
decreased. And, when the ink 32 near the pressure gen-

- erating means is decreased in temperature, it is in-
creased in viscosity thus obstructing the jetting of ink
droplets. In the head of the inventon, its interior is
partitioned with the plate-shaped members 29, 30 and
31, and the latter, being set away from the pressure
generating means in a sense of heat conduction, serve as
thermal interference members. In addition, the ink pel-
let 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 liquefied ink 32. Accord-
ingly, the ink near the pressure generating means is not
abruptly decreased in temperature by the ink pellet thus
supplied.
~ Itis desirabie 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
small velume of the ink peiiet 39 the thermal capacity is
small, and if the liquefied ink flows cver the ink holding
means, then the ink may leak out for instancs when the
head is set upside down.

In the above-described embodiment, the ink peilet 39
is supplied in such manner that it is brought into contact
with the upper portion of the ink holding means; how-
ever, 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 means employs the method of bending the
cantilevered vibrators 24; however, the invention is not
limited thereto or thereby. For instance, the following
method may be employed: Flexible members such as
piezo-electric elements are arranged adjacent to the ink
holding means, thereby to generate pressure in the ink
holding means; or local heat generating means is pro-
vided, so that bubbles formed by the heat generated
thereby are utilized to obtain pressure high enough to
jet ink droplets.



resi stance of the gaps Dl is |low, and accordingly the ink 32 is
sufficiently supplied to the gap D2. Wth the heade=gi=thetryerit
which the hot-nelt ink is high in viscosity i nmedijd Rk

it is liquefied gradually beginning with its portijo
pressuring nmeans, the ink jetting opera%éon can bsg
ink 32 in the ink holding neans renote ffomthe prje
is still high ' i‘

In the above-described 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 holding means may be formed by
using foamed members having a plurality of minute
cavities, or a plurality of pipes small in diameter.

In supplying ink to the head, the lever may be oper-
ated by means of a drive source such as an electric
motor or plunger provided at the movable 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 hous-
ing 20 made of metal material such s aluminum or SUS
high in thermal conduction and macromolecular mate-
rial such as polysulfone, polyacetal or ABS is so posi-
tioned that an opening 35 formed in its one side is con-
fronted with the recording sheet 10 wound on the
piaten 11. Held behind the opening 35 in the housing 30
are a nozzle-formed member, namely, a nozzle plate 21
having a predetermined number of nozzle orifices 22
arranged along the platen axis, a spacer 23, pressure
generating means, namely, vibrators 24, electrical con-
ductors 25, and an elastic member 26. Each of the vibra-
tors 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 plate 21 and the spacer 23
is fixedly held under a predetermined pressure by tt}e
rigidity of the housing 20 and the clasticity of the clastic
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 noz-
zle plate 21, respectively. A small gap is held between
the nozzle plate 22 and the vibrators 24 by the spacer 23
with high accuracy. '

In the head, ink holding means is formed by walls of
the housing 20, the nozzle plate 21, and plate-shaped
members 29, 30 and 31 which are arranged with gaps D
of 2 mm or less therebetween, as shown in FIG. 14A. In
one of the gaps 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 by gap regulating
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means {not shown). Cuts are formed in the lower =nd
portions of the plate-shaped members 29. 30 and 31
which are in contact with the bottom of the housing 20,
to lead the ink 32 into the gap D2 adjacent thereto In
‘the head in which the level L of the ink 32 is held beiow
the axes of the nozzie orifices 22 at all times as described
later, the gzaps D must be a certain value or less which

is determined {rom head configuration, and ink physical -

properties and surface tension so that the leakage of the
liquefied ink 32 is prevented at al times no matter what
posture the head assumers. When twao plates are zeid 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 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 shouid
" be set to a certain value or less which may be acceptabie
with the head configuration, ie., 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 orifices 22, and the varniation of the ink
level is suppressed during movement of the carriage 15.
Furthermore, the gap should be such that, whenever
bubbles are formed in the ink during liquefaction, it can
let them 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 detect when the level L reaches a predeter-
mined value or lower. When it is detected by the device
34 that the level L has reached the predetermined value
or less, the cover 28 of the housing 20 is opened, so that
an ink block is supplied into an ink receiving chamber



as shown in FIGS. 11, 13, 14A. 14B, 15A and 15B is attached. Like reference
nunerals shown in FIG 16 desi gnate correspondi ng i . 4 and 7.
Ac- cordingly, the explanation of the operation of : 16
is omtted. ot 3

-24-

33 from a solid-phase ink container (not shown). Thc
volume of the ink block supplied into the ink receiving
chamber 33 is such that, when it is completely moiten,
the level L will not go above the axes of the nozzle
orifices 22.

Filter means, namely, a filter 40, as shown in FIG.
14A, is disposed 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 um mesh of stainless steel and “nylon™
fibers and a nickel electrocast product. Especially, the
flow resistance of the filter should be so determined that
it will not greatly retard the flow of the ink 32 which
runs from the ink receiving chamber 33 to the pressure
generating means, and it can be determined by adjusting
the mesh configuration 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 from one gap to another; that
is, the ink 32 can be supplied smoothly.

~ FIG. 14B is a sectional view showing a second exam-
ple of the head according to the invention, which is

different in the positions of the filter means from the
above-described first example of the aead. In FIG. 14B,
for simplification in illustration, the housing 20, the
plate-shaped members 29, 30 and 31, and the nozzle
plate 21 of FIG. 14B are shown as they are. In the head
of FIG. 14B, a filter is disposed near the pressure gener-
ating means. Since the fliter 41 is iocated close to the
pressurc generating means, the head is nct affected by
depositions or bubbles formed in the ink. The head
further comprises a second filter 42 provided as shown
in FIG. 14B. The {ilter 42 functions also as ink holding
means similarly as the plate-shaped members 29, 30 and
31. It may employ a plurality of filters 42, In this case,
the filters can be large in area and in numerical aperture.
Therefore, when the ink flows to the pressure generat-
ing means, the flow resistance is considerably low, and
the ink holding means is improved in volumetric effi- -
cienc_y: that is, the ink capacity is increased.



pooling chanber as it is. There- fore, the quantity Jofj
constant being free fromthe anbient tenperature. Fyrtihernore, °
required for supplying the ink block can be set congi Tty

addition, it is not always necessary to =25~

It is desiraoic wnat tne neaa is sO designed that the
capillary action attributing to the surface tension occur-
ring with the filter means is lower than the capillary
action occurring with the nozzle orifices 22. With the
head thus designed, the ink held in the ink holding
means can be used thoroughly. Thus, the head is high in
ink consumption efficiency. Furthermore, for the same
reason, the head is free from the difficulty that the re-
maining ink in the head is deteriorated. Thus, the head
of the invention is high in reliability.

The operation of the ink jet head thus constructed
will be described.

First, the ink 32 is supplied to the vicinity of the
vibrators 14 and the nozzle plate 21. Under this condi-
tions the ink is jetted in the form of ink droplets as
follows When electrical signals are applied selectively
to the vibrators 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
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 unsatisfactory
being affected by bubbles as long as no bubbles exist in
the ink between the nozzle plate 21 and the vibrator 24.
In the above-described embodiment, the ink jet head is
combined with the ink supplying device which is so

. designed as to let bubbles go out of the ink. Therefore,
the head of the invention is considerably high in reliabil-
ity, being not affected by the bubbles in the ink holding
means at all.

When it is detected by an ink leve] detecting device
34 that the quantity of ink remaining in the head is a
predetermined value or less, an ink supply request signal
is outputted thereby. The ink supplied into the ink re-
ceiving chamber 33 is quickly sucked into the gap by
capillary action and held there, thus raising the ink level
L. The capillary action with the nozzle orifice is greater
than the capillary action with the gap D. Therefore, as
the ink jetting operation is carried out, the ink 32 is
consumed, as a result of which the ink level L is de-
creased. An opening 36 is provided above the nozzle



mount the ink suppl yi ng device on the carriage, which allows reduction of
the weight of the carriage. In the ink supplying device, the ink is not

| i quefied, which elimnates the difficulty that resol Egﬁ;w

obstructs the operation of the ink supplying nechani syrtih J
can be supplied pcsitively. Furthernore, the solid- phps I nk bl ocks 1; n
formof a bar are used one by one after_pgi ng broken., eD PEB. 1598
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orifices 22 in such a manner that it is communicated
with the air, so as to let bubbles formed near the vibra-
tors 24 go out of the head.

It is desirable that the ink 32 is smail 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 hold-

'ing means, then the ink may teak out for mstance when
the head is set upside down.

In the above-described embodiment. the ink is sup-
plied to the ink holding means from abave; however,
the invention is not limited thereto or thereby. That is,
it may be supplied to the ink holding means from side or
below, if necessary because of the structure etc. of the
head.

In the above-described embodiment, the ink holding
means utilizes the gaps formed between the juxtaposed
plate-shaped members 29, 30 and 31 and the walls of the
bousing 20. The ink holding 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-melt ink which
is in solid phase at room 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 embodiment, 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
positions, with the thermal efficiency takea into ac-
count. The plate shaped members 29, 30 and 31 and the
gap regulating member (not shown) are thermally cou-
pled 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 at high temperature.

In the case where the head has the heater 27, it is
preferable that the housing 20 is made of metal material
such as aluminum or stainless steel high in heat conduc-
tion. 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 temperature of the ink 32
reaches a predetermined value; that is, the head be-

comes ready for a printing operation is considetably
short.



the difficulties that the ink particles or ink pellets are joined together
by heating are elimnated, and the ink container |is_inproved in volunetric
efficiency. As was described above, according to {mBpiARGERtNG Pors

~quantity of ink in the head may be snall, and theff gr—torE- 4 and t he
carriage can be mniaturized as much. Accordingly§ # he anount of jheht
required for nelting the ink in the hgad is reducied a@%ﬁfﬂﬁ’ﬁﬁ%atf i,

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 generating
means is temporarily decreased in temperature and ac-
cordingly increased in viscosity, so that the ink may not
be jetted satisfactorily. However, in the embodiment,
the ink 32 is supplied first to the plate-shaped members
29, 30 and 31, and therefore the plate-shaped members
29, 30 and 31 large in thermal capacity and excellent in
the conduction of heat from the heat source serve as
thermal interference members, as a result of which the .
ink 32 near the pressure generating means is 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
conductivity, and it functions quickly when the power
switch is turned on.

The hot-melt ink is greatly changed in volume when
molten. Therefore, when it is used, bubbles are unavoid-
ably formed in the ink in the ink holding means. In the
embodiment, the filter 40 in the ink holding means

_ serves as an ink trap, thus preventing the entrance of ink
bubbles into the pressure generating means which oth-
erwise may be caused 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 regu-
late the flow of ink 32 in the ink holding means; that is,

" the ink bubbles can be removed with the direction of
flow of the ink 32 maintained unchanged. This method

can provide an ink jet head in which supplying the ink
32 is achieved with high efficiency, and which is not

ffected by the ink bubbles in the ink holding means,
and is high in reliability and excellent in ink droplet
jetting characteristic.

FIG. 15A is a sectional view of an ink jet head ac-
cording to a still further embodiment of the invention.
As shown in FIG. 13A, a container-like housing 20
made of metal material such as aluminum or SUS high
and macromolecular material such s polysulfone, poly- -
acetal or ABS is so positioned that an opening 35
formed in its one side is confronted with the recording
sheet 10 wound on the platen 11. Held behind the open-
ing 35 in the housing 20 are a nozzle-formed member,



noved readily,

and the printer can be sinplified and J¥5
The ink is consunmed quickly after nolten, and there- f¥tk
head i s maintai ned unchanged in characteristic. FurtHh
ink is held in the snmall gap in the head, it is preve
affected by the acceleration or decel eggtion of the @

namely, a nozzie plate 21 having a predetermined num-
ber of nozzle orifices 22 arranged along the plate axis, a
spacer 23, pressure generating means, namely, vibrators
24, electrical conductors 2§, and an elastic member 26.

. Each of the vibrators 24 is a laminate of a piezo-electric

element and a metal foil of Ni or SUS which is flexibie
like a bimetal plate, and it is cantilevered; more specifi-
cally, 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 elas-
ticity 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 between the nozzle plate 22 and the vibrators 24
by the spacer 23 with high accuracy. -

FIG. 1SB is a sectional diagram, as viewed in the
direction of the arrow A in FIG. 15A, showing the ink
holding means in detail. For simplification in illustra-
tion, only the housing 20, nozzle plate 21 and plate-
shaped members 29, 30 and 31, are shown in FIG. 15B.
As is apparent from FIG. 15B, the ink holding means is
made up of first plate-shaped members, namely, the
above-described plate-shaped members 29, 30 and 31,
second plate-shaped members, namely, walls of the
housing 20, and the nozzle plate 21 in such 2 manner
that the plate-shaped members 29, 30 and 31 and two
walls of the housing 20 are arranged with a gap D1
therebetween, and the nozzle plate 21 and one wall of
the housing 20 are arranged with a gap D2 therebe-
tween, the gaps D1 and D2 being no more than 2 mm.
The gaps D1 and D2 are substantially perpendicular to

" each other, and are communicated with each other

through a communicating passageway 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 holding means, the water head of the ink 32 in
the gaps D1 can be utilized to send the ink 32 in the gap
.D2. A second reason is that the ink held between the
plate-shaped members 29, 30 and 31 can be used in its
entirety. In connection with these reasons, it is desirable
that the gap D2 is smaller than the gaps D1 (as de-
scribed later). The pressure generating means, namely,



riage, or by the change in posture of the ink supplying device; that is, it
Is free fromthe difficulties that it is shifted, its surface is ruffled,
or bubbles are formed in it. This will ensure the shighe=epenall of the
head. As was described above, in the ink jet head uV¥td A{HGIERY Slmat
changes in physical phase, according to the inventifor “ertt-s

with the ink are so de- signed as to géﬁ@Fate heat; N '"Zﬁh§b¥i whdr gby t he

the vibrators 24 are provided in a part of the gap L2
between the wall of the housing 20 and the nozzle plate
21 A gap regulating members (not shown) is provided
to arrange the gaps D1 formed by the plate-shaped
. members 29, 30 and 31 in such 2 manner that those gaps
are substantially in parallel with one another and they
are extended vertical, i.e., substantially perpendicular to
the direction of scanning of the carriage on which the -
head is mounted. The head is so designed that the level
L of the ink 32 is held below the axes of the nozzie
arifices 22 at all times (as described later in more detail).
The gaps D1 and D2 should be set to the values or less
which are determined from the head configuration and
the ink physical properties and surface tension so that, -
no matter what posture the head thus designed assumes,
the leakage of the liquefied ink 32 is prevented. When
two plates are held in the air in such a manner that they
are in parallel with each other and are extended in the
direction of gravity, a liquid is stably held therebetween
at a certain height in the direction of gravity, because
between the plates, the weight 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 matter what posture the
head assumed, the above-described principle is applica-
ble, 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
with its surface tension occurring with a member which
is in contact with the ink. It is necessary to make the gap
D2 smaller than the gaps D1 so that the ink in the ink
holding means is led above the nozzle orifices 22. The
fact that the gap D2 is smaller than the gaps D1 means
that a capillary action with the gap D2 is greater than
that with the gap D1. Therefore, the ink in the gaps D1
can be stably supplied to the pressure generating means
in the gap D2. The gaps D1 and D2 must be ‘small
enough to suppress the variation of the ink level during
movement of the carriage 15. In addition, the gaps D1
and D2 should be such that bubbles are released when
formed in the ink, the ink is supplied continuously to the
nozzies even when jetted continuously, or the ink is



tinme of preheating ink can be greatly reduced. Further- nore, the ink

chanber and the ink supplying path can -35- be n
usi ng the heat generating nenber, and therefore themmgﬁ%m;
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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 34 detects that the
level L is a predetermined value or less, a cover 28

. closing the top of the container shaped housing 20 is
opened, and the ink is supplied from an ink container
(not shown) into an ink receiving chamber 33. The
volume of the ink thus supplied is such that the level L
is heid below the axes of the nozzle orifice.

In the above-described embodiment, the second
plate-shaped members are the wall of the housing 20
and the nozzle plate 21. In another embodiment, the
second plate-shaped members may be of 2 plurality of
plate-shaped members which are stacked. In this case
also, the gaps D1 and D2 should be set to the predeter-
mined value or less which is available in the head; i.c., in
the ink holding means, and with whick the weight of
the ink 32 balances with the surface tension occurring
with the plate-shaped members.

The operation of the ink jet head thus constructed
will be described.

First, the ink 32 is supplied to the vicinity of the
vibrators 14 and the nozzle plate 21. Under this condi-
tion, the ink is jetted in the form of ink droplets as fol-
lows: When clectrical signals are applied selectively to
the vibrators 24, the piczo-electric elements contract by
piezo-electric effect, while the metal foils, being high in
rigidity, are suppressed in 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 unsatisfactory
being affected by dubbles as long as no bubbles exist in
the ink between the nczzle plate 21 and the vibrator 24.
In the above-described embodiment, the ink jet head is
combined with the ink supplying device which is so
designed as to let bubbles go out of the ink. Therefore,
the head of the invention-is considerably high in reliabil-
ity, being not affected by the bubbles in the ink holding
means at all. ;



formng the ink jet head can be reduced as nuch. Thus, an ink jet head | ow
.n manuf acturing cost and small in size can be provided according to the

i nvention. As was descri bed above, according to the invention, the quantity
of ink in the head may be small, and there- fore t rriage
can be mniaturized as nuch. Accordingly, %gg_anDL RERd for
nelting the ink in the head is reduced as h; tHh ¥

When the ink level detecting device 34 detects that
the quandty cf ink rematning in the head is a predeter-
mined value or less, the ink supply request signal is
outputted. The ink supplied into the ink receiving
chamber 33 is quickly sucked into the gaps D1 by capil-
lary action. The capillary action with the nozzie orifice

- is greater than that with the gap D1. Therefore, as the
ink jetting operation is carried out, the ink 32 is con-
sumed, as a result of which the ink level L is decreased.

It is desirable that the ink 32 is small in volume to the
extent that it will no flow over the ink holding means,
for instance because, if the ink flows over the ink hold-
ing means, then the ink may leak out for instance when
the head is set upside down.

In the above-described embodiment, the ink is sup-
plied to the ink holding means from above; however,
the invention is not limited thereto or thereby. That is,
it may be supplied to the ink holding means from side or
below if necessary because of the structure etc. of the
ink jet type printer.

Furthermore, in the above-described embodiment,
the pressure generating means employs the method of
bending the cantilevered vibrators 24; however, the
invention is not limited thereto or thereby. For instance,
the following method may be employed: Flexible mem-
bers such as piezo-electric elements are arranged adja-
cent 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. 15A, a filter 40 is provided be-
tween the first and second plate-shaped members. The
filter 40 is made up of a 100 pm mesh of stainiess steel
and “nylon” fibers and a nickel electrocast product. The
filter 40 together with the housing 20 and the nozzle



can be noved with ease, and the printer can be sinplified agj ‘ o r7e
as much. The ink is consuned quickly after nolten, and ther ¢NEFLRSEMESE JHt
in the head is nmaintai ned unchanged in characteristic. Furthej
head of the invention, the dis- tance between the filter rre‘n

pressure generat -

]

plate 21 defines the gap D2. The filter 40 is in contact
with the ends of the plate-shaped members 29, 30 and
31, allowing the ink 32 to smoothly flow from the gaps
D1 to the gap D2. The provision of the filter improves
the function of the gap D2 as the ink holding means, and
in addition, eliminates the difficulty that, in initiaily

" supplying the ink to the ink holding means, it is difficuit

for the ink to flow over to the gaps D2 because of the
surface tension of the ink which occurs at the border
line between the gaps D1 and D2. Thus, with the ink jet
head according to the invention, the ink is supplied
stably; that is, the ink jet 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 bubblies into the pressure generating means
and the nozzle orifices 22.

The operation of the head using a hot-melt ink which
is in solid 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 generating means. In the embodiment, 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

positions, with the thermal efficiency taken into ac-
count. The plate-shaped members 29, 30 and 31 and the
gap regulating member (not shown) are thermally cou-
pled 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 at high temperature.

. In the case where the head uses the heater 27, it is
preferable that the housing 20 is made of metal materia]
such as ajuminum or stainless steel high in heat conduc-
tivity. 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 time interval
which elapses from the time instant that the power
switch is turned on until the temperature of the ink 32
reaches a predetermined value; that is, the head be-
C:ﬂ;:‘ ready for a printing operation is considerably
sho

In the ink supplying operation, the solid-phase ink 32 -

which is held at room temperature is supplied into the
head. Therefore, the i_nk near the pressure generating




I ng means is short, and therefore the probability is hifgmt e mais Ghyrs
renoved by the filter, ink bubbles or deposits are new &%Pbmmsw

“ink jet head of the invention is highin.reliability. In

head of the invention, the filter nmeans is provided injthe gmkrbBl19o89
means, and therefore, no matter what posture the head gsqunes, the iInk
passed through the filter neans before j€l3ed in the fdrnrof~—Trk—drop
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addition, in t
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means is temporarily decreased 1n temperature and ac-
cordingly increased in viscosity, so that the ink may not
be jetted satisfactorily. However, in the embodiment,
the ink 32 is supplied first to the plate-shaped members

~ 29, 30 and 31, and therefore the latter large in thermal
capacity and excellent in the conduction of heat from
.the heat source serve as thermal interference members,
as a result of which the ink 32 near the pressure generat- -
ing means is not greatly affected in temperature

thereby.

In the above-described embodiment in which the first
and second plate-shaped members are held perpendicu-
lar to each other, the first plate-shaped members,
namely, the plate-shaped members 29, 30 and 31 are all
communicated with the gaps D2 formed by the second
plate shaped members. Therefore, when the ink 32 is
caused to flow by the ink jetting operation, the flow

resistance of the gaps D1 is low, and accordingiy
32 is sufficiently supplied to the gap D2.

theink

With the head of the invention in which the hot-melt
ink is high in viscosity immediately after molten, and it
is liquefied gradually beginning with its portion closer
to the pressuring means, the ink jetting operation can be
started even when the ink 32 in the ink holding means

- remote from the pressure generating means is still high
in viscosity, having been just molten. That is, the ink 32
high in viscosity in the gaps D1 is movable because the

flow resistanice is low.

It is preferable that, in the embodiment, the filter 40 is
made of metal, because the metal filter is high in heat

conductivity, and it functions quickly when the
switch is turned on.

power

FIG. 16 illustrates a printer to which the ink jet head

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. Ac-
cordingly, the explanation of the operation of the

printer in FIG. 16 is omitted.



contributes to the i nprovenent of the reliability of the i nk Jet head of
the invention. Furthernore, the ink contained in the fheag-ts—treto e
narrow gaps by capillary action, and preferably the g ) ng S
are held substantially perpendic- ular to the directijorf of scanning ¢f {t he
carriage. There- fore, no matter what posture the hedd |as NEER %i Kk

| eaks out of it. That is, the head of t he-Béventi on ifs hig? '

As was described above, in the method of the inven-
tion, the solid-phase ink blocks in the form of a bar are
supplied into the ink pooling chamber as it is. There-
fore, the quantity of ink supplied is constant being free
from the ambient temperature. Furthermore, the time
required for .supplying the ink block can be set consid-

" erably short. In addition, it is not always necessary 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 liqueiied,

~ which eliminates the difficulty that resolidification of
the ink obstructs the operation of the ink supplying
mechanism; that is, the ink can be supplied positively.
Furthermore, the solid-phase ink blocks in the form of a
bar are used one by ane after being broken. Therefore,
the difficulties that the ink particles or ink pellets are
joined together by heating are eliminated, and the ink
container is improved in volumetric efficiency.

As was described above, according to the invention,
the quantity of ink in the head may be small, and there-
fore 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 period 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 consumed quickly after molten, and there-
fore the ink in the head is maintained unchanged in
characteristic. Furthermore, the liquefied ink is held in
the small gap in the head, it is prevented from being
affected by the acceleration or deceleration of the car-
riage, or by the change in posture of the ink supplying
device; that is, it is free from the difficulties that it is
shifted, its surface is ruffled, or bubbles are formed in it.
This will ensure the stable operation of the head.

As was described above, in the ink jet head using the
ink which changes in physical phase, according to the
invention the walls in contact with the ink are so de-
sxgned as to generate heat immediately, whereby the
time of preheating ink can be greatly reduced. Further-
more, the ink chamber and the ink supplying path can



both in reliability and in security. Furthernmore, the ink in the head is

prevented from being affected by the -36- acceleration or deceleration

of the carriage or by the change in posture of the ink{&URpl VA=W

that is, REPLACEMENT SHEET
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be made into one unit by using the heat generating

member, and therefore the number of components

forming the ink jet head can be reduced as much. Thus,

an ink jet head low in manufacturing cost and small in
- size can be provided according to the invention.

As was described above, according to the invention,
the quantity of ink in the head may be small, and there-
fore 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 period is reduced. Since the carriage can be
smaller in size, it can be moved with case, and the
printer can be simplified and miniaturized as much.

The ink is consumed quickly after molten, and there-
fore the ink in the head is maintained unchanged in
characteristic.

“Furthermore, in the head of the invention, the dis- i

. tance between the filter means and the pressure generat-
ing means is short, and therefore the probability 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 of

' the invention, the filter means is provided in the ink
holding means, and therefore, no matter what posture
the head assumes, the ink is passed through the filter
means before jetted in the form of ink droplets. This also
contributes to the improvement of the reliability of the
ink jet head of the invention.

Furthermore, the ink contained in the head is held in
the narrow gaps by capillary action, and preferably the
plate-shaped members are held substantially perpendic-
ular to the direction of scanning of the carriage. There-
fore, no matter what pasture 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



the head of the invention is free fromthe difficulties that the ink in the
head is shifted, its surface is ruffled, or bubbles are fornmed init. In
the head of the invention, alnost all the plate- shaped nenbers are held
substantially perpendicular to the gap formed by the second pl ate-shaped
menbers, and therefore the flow resistance _provided thereby is | ow Thus,
the head of the invention is substantiallf3BFee

acceleration or deceleration of the carriage or by the
change in posture of 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 ruffied, or
"bubbles are formed in it.

In the head of the invention, almost all the plate-
shaped members are held substantiaily perpendicular to
the gap formed by the second plate-shaped members,
and therefore the flow resistance provided thereby is
low. Thus, the head of the inveation 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, the ink jet head according

~ to the invention is high in reliability and in operability.
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fromthe pressure variation which nmay be caused when the ink is supplied
thereto, thus allow ng the stably ink supplying operation. That is, the ink
jet head according to the invention is highin reliability and in
operability. - 37-
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What is claimed is: .
1. A method of supplying solid-phase ink-to a hot-
_ mglt 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.
2. A method as claimed in claim 1, further comprising
the step of lowering said ink containing means to a
predetermined position where said solid-phase ink
blocks re broken after said inserting step.
3. A solid-phase ink supplying apparatus comprising:
an ink container for holding a bar of solid phase ink;
a spring provided in said ink container;
a slider element which is movable within said ink
. container and moves by elastic force of said spring
for pushing said bar of ink out of said container;
a breaking cam for breaking blocks of ink from said
ink bar; and _
an ink pooling chamber into which said blocks bro-
ken from said bar fall, said blocks being melted in
said ink pooling chamber.
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What is claimed is: 1. A

melt ink jet printing head conprising the steps of:
nol ded in the formof a bar

i nk bl ocks,

met hod of supplying solid-phase ink to a hot-
~inserting solid-phase
into an i nk containi ng neans;

br eaki ng sai-d solid-phase ink blocks along grooves forned in said bar, said
grooves provided at regular intervals;
.1._
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all owi ng sai d solid-phase ink block to fal

heati ng said solid-phase ink block, thus nelting said
liquid ink; and supplying said liquid ink to said ink

A nmethod as clained in claim1,

further conprising thdRs4

said ink containing means to a predeterm ned position

sol i d- phase ink

i nk
[

i 0 o

into an i nk pooling chanber;

block and"havin
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bl ocks re broken after said inserting step. 3. A solid-phase ink supplying

apparatus conprising: an ink container for holding a bar of solid phase

ink; a spring provided in said ink container, a slider elenment which.is. .
DPK (RS

(4T HEEY
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novabl e within said i nk contai ner and noves by elastic foﬂR
for pushing said bar of ink out of said container; a breal
br eaki ng bl ocks of _i nk fromsaid -3-




i nk bar; and an ink pool i ng chanmber into which said bl ocks bro- ken from
said bar fall. said blocks being nelted in said ink pooling chanber.
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ABSTRACT

-------------------

DATE OF RECEIFT IS MAY _'998
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SOLID INK SUPPLY FOR INK JET

An ink jet recording apparatus and method having an
ink jet head. The ink jet head includes a housing made
of a material having a high coefficient of thermal con-
ductivity, including at least one heat source, and ar-
~ranged so as to confront a recording medium; an ink
holding member arranged inside the housing, the ink
holding member transmitting heat generated by the heat
source to melt a solid-phase ink put into the housing for
holding the molten ink by capillary action; a nozzie
formed member being part of the ink holding member
and having at least one nozzle orifice arranged so as to
- confront the recording medium; and a pressurs generat-
ing member arranged within the ink holding member
for generating a pressurs which causes ink near the
nozzle orifice to jet in the form of ink drops. The ink jet

recording method is achieved by the apparatus thus
constructed.

Figure. 1C



