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TRANSFER TYPE | NK JET' PRF‘NTER The present inventio#ztel ates tg
transfer type ink pri nt er . Ink jet printers aré known in Wgﬁch an
I nk _J ef ‘type | THIS SHEET HAS BEEN
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TRANSFER TYPE INK JET PRINTER

The present invention relates to a transfer type

ink jet printer.
5 Ink jet ©printers are known in which

an ink jet type line recording head adapted to jet ink droplets

from its nozzles is driven accordiﬁg to printing data to be

recorded, and ink droplets jetted from the nozzles are received

10 by a recording medium (recording sheet) so that a pattern
corresponding to the printing data ia recorded thereon.

An ink jet printer of this type wherein ink'droplets are

directly jetted onto a recording sheet is advantageous in that

15
it is simple in construction. -However, it is disadvantageous
in that it is necessary for the printer to use a recording
. sheet which is receptive to ink adhering thereto, but which
20 does not cause the ink to spread in a blotting effect. Hence,

with the printer, improvements of the printing quality are

‘limited by the quality of the printina sheet.

"In order to overcome the above-described difficulty, an

25 ink jet printer has been proposed in which ink droplets jetted
according to printing data are received by an ink image holding

drum made of a material from which ink can be readily removed,
thereby to form an ink pattern on the ink image holding drum,

30 and the ink pattern thus formed, after being partially dried,
is transferred onto a recording sheet (see, for example, U.S.

Patents Nos. 4,538,156 and 5,099,256).

35
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line recor di ng head adagted to jet ink droplets fromi tg WHIstlmm%sﬂfaEéﬁ\?
accordlng to printing dafa to be recorded, and ink dropl ts | BEPIegHp om t e

nozzl es are received by a recording nedlun1(record|ng sheet) so that=

patern correspondineg doddieddy Pl had H@Eﬁo&s inecarided diel P Npattern”] inRK
jet:-printer of this type wherein ink droplets are directly jetted onto a

recordi ng shdfiagey 88vpareiallgodeied ddtithdn tratidi&-dd o@ﬁ:beTar HéEbQHLng

However,

it

IS
sheet is advantageous in that the ink image can be printed

without the ink running on the recording sheet. In addition,
a printer employing the method is also advantageous in that it
is free from the difficulty that the ink jetting nozzles are
clogged through unintentional contact with the recording sheet
or by paper powder. That is, the printer is high in
reliability.

| However, the printer is still disadvantageous in that, in
transferring the ink image onto the printing sheet, the ink is
already partially dried, which lowers the adhesion of the ink
to the recording sheet. Hence, in the case where the ink image
is a pattern such as a segment made up of a series of dots, the
ink image may not_completely be transfe%red onto the printing

sheet, so that the resultant print is low.in quality.
Japanese Patent Application (OPI) No. 70785/1992 has

disclosed a technique wherein, in a printer of the type that an
image is formed on an image holding drum and then transferred
onto a recording sheet, a speed difference is provided between
the speed of rotation of the image holding drum and the speed
of movement of the recording sheet, thereby to improve the
image transferring efficiency.

In this technique, the image is held by an electrostatic
force, and it is transferred onto the reéording sheet by an
electrostatic force. Hence, the technique cannot be applied to
a printing system in which, as in the case of an ink jet
printer, no electrostatic force is used to transfer the. image

onto the recording sheet.
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di sadvant ageous in that 4% is necessary for the printerp use a recording
sheét which is receptlve to ink adhering thereto, but_which does not cause
the ink.t'o spread in a blotting effect. Hence, w th t hgHI SHEEI HAS BEEN

rpeoverents of 08 LA RlLY SrscLid et by e dudmace. Ll
an ink jet prdowiste has beansﬁéﬂpoqmél indi gbti nErdneer «leich | eivicddls the
according t%ﬂéﬂéﬂﬁ%dﬁ 8L8w |ve(¥ b]¥n0m printers. This object is
solved by ink jet printers according to independent claims 1,
2 and 3. Further advantageous features, aspects and details
of the invention are evident from the dependent claims, the
description and the drawings. The c¢laims are to be
understood as a first non-limiting approach to define the

invention in general terms.

The present invention relates to transfer type ink jet
printers, and more particularly to a transfer type ink jet
printer of the type wherein ink droplets are jetted from
nozzles to ink image holding device according to printing data
to form an ink image thereon, and the ink image thus formed is
The invention also

transferred onto a recording medium.

relates to an image transferring technigque used in such a

transfer type ink jet printer.

In view of the foregoing, an aspect of this invention is
to provide a transfer type ink jet printer in which an ink
image formed on ink image holding means can be positively
transferred onto a recording sheet irrespective of the degree
"of dryness of the ink.

The foregoing aspect and other aspects of the invention
have been achieved by the provision of a transfer type ink jet
printer which, according to the invention, comprises: an ink
jet recording head for jetting ink droplets according to

recording data; ink image holding means for receiving ink
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|nk Fmage hol di ng drum-gade of a material from which ,i}k'can be readily

renoved, thereby to forinan ink pat- tern on the ink_inage hnld-n% UM

and the;ink pattern thus formed, after being parti a| hyisisHeERt HAS B EN
transf-erred onto a recording sheet (see, for exanpl g, U. REPRACER; S S.
4,538, 156 and 5, 099, 256). The above=destri bed nEThAod 1 n which an ink

pat- tern (ink image) is partially dried and then transferred onto a
recording ﬁgﬁﬁﬁehg 3d¥aBHagearSthe 1AR! jéberéférding head, the ink image

holding means being elastically deformable; and a push roller
arranged movable to and from the ink image holding means, the
speed of rotation of which is so set that the push roller slips
on the ink image holding means with a nipping pressure applied
thereto.

Preferably, the printer further comprises data size
increasing or decreasing means for increasing ox decreasing the
recording data in size according to a slip factor between the
10 ink image holding means and the push roller and applying the
recording data thus increased or decreased to the recording
head, and/or means for determining the timing of jetting ink
droplets from the recording.head according to the slip factor.

The nature, utility and principle of the invention will be
more clearly understood from the following detailed description

15
and the appended claims when read in conjunction with the

accompanying drawings.

In the accompanying drawings:
20 Fig. 1 is an explanatory diagram showing the arrangement

of a transfer type ink jet printer, which constitutes a first
embodiment of this invention;
Figs. 2(I), 2(II) and 2(I1I) are explanatory diagrams for

a description of the operation of the first embodiment;

\\ -— 4
1This Sheet Has

i !ﬁ!



i mage can be printed w fhout the ink runni ng on the re€dy di ng sheet In

additi on,

powder .

a printer enpl’dying the nmethod is al so advantageous in that it

is free fromthe difficulty that the ink jetting nozzles re
t hrough™ unintentional contact with the recording she§ttHis SHEET|
That is, the printer is highin reliability. HRIERLASGE

printer is still _di sadvgntageo in that, .in transferring the ink inmage
inting?® §neg‘t 5 RS eﬁilﬁrgeaﬁ B A gt E e A lf%@h%m% 3 GRS

onto the printin
the adhESIOnf the first embodiment, for a description of the operation of

10

15

20

the first embodiment;

Fig. 4 is a graphical representation indicating nipping
pressures with slip factors and transfer effects;

Fig. 5 is a block diagram_showing the arrangement of one
example of a control unit in the first embodiment;

Fig. 6 is a block diagram showing the arrangement of
another example of the control unit;

Fig. 7 is an explanatory diagram showing an example of a
pushing :oller in the first embodiment;

Fig. 8 is an explanatory diagram showing the arrangement
of a second embodiment of the invention;

Fig. 9 is a perspective view showing the arrangement of a
third embodiment of the invention;

figs. 10(a) and 10(b) are explanatory diagrams for a
description of the operation of the third embodiment;

Fig. 11 is a perspective view showing the arrangement of
a fourth embodiment of the invention;

Figs. 12(a) and 12(b) are explanatory diagrams for a
description of the operation of the fourth embodiment;

Fig. 13 is a perspective view showing the arrangement of

a fifth embodiment of the invention;
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of the ink to the record1~ﬂg sheet Hence, in the case V\/néae the ink inmage is
a pattern such as a segnehnt made up of a series of dots,”the ink inage nay
not com®pletely be transferred onto the printing sheet, sqhthat t he N

l . W bt

resuktant print is lowin quality. . L REPLAééD

Fig. 14 is a front view of an ink image holding drum

and a push roller in the fifth embodiment as viewed in

the direction of an arrow J in Fig. 13; and

Fig. 5 is a plan view of the ink image holding drum

5 and the fush roller.

Preferred embodiments of this invention will be described
with reference to the accompanying drawings.

" First Embodiment

10 A transfer type ink jet printer, which constitutes a first

embodiment of the invention, is constructed as shown in Fig. 1.

In Fig. 1, reference numeral 1 designates an ink image

holding drum, which is rotatably supported bj a frame (not

shown). The shaft 21 of the drum 1 is coupled through a

15 transmission mechanism 20 such as an endless belt to a pulse
motor 23, so that the drum 1 is rotated at a predetermined

speed in the direction of the arrow A in Fig. 1. The ink image

holding drum 1 includes a drum body 24 made of metal in the

form of a cylinder, and an elastic layer 25 formed on the

20 "~ cylindrical surface of the drum body 24 using a material such
as silicone rubber which is excellent in ink wettability. The

elastic layer 25 may be made of fluorosilicon rubber or

fluororubber.
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Japanese Pat ent, Application (OPl) No. 70785/ 19892 has disclosed a

-2 "

techni que wherein, in a “pfinter of the type that an imagé is formed on an

| mage hot ding dr um _ THIS SHEET HAS BEEN
—— - REPLACED

N %
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Further in Fig. 1, reference numeral 2 designates an ink

jet type recording head. In this embodiment, in order to print

each horizontal line of a recording sheet of maximum size in
one scan, for instance 2000 nozzle openings are arranged on a

5 straight line, or they are arranged staggered up and down

between two adjacent lines.

The ink jet type recording head 2 may be such that a
plurality of nozzles, for instance 400 nozzles, are arranged at
intervals of a few dots (for instance five dots), in a main

10 scanning direction (in the direction of the axis of the ink
image holding drum 1 in the embodiment), and the recording head
is moved one dot every revolution of the ink image holding &rum
so that an ink image correspondiﬁg to one page is formed on the
ink image holding drum 1 as the latter undergoes plural
15 revolutions (for instance, five revolutionms).

The nozzles of the recording head 2 are communicated with
pressure chambers to which, similarly to the case of an
ordinary serial printer, ink is supplied from an ink tank. 1In
the pressure chambers, energy generating sources such as
piezoelectric elements or heat generating elements are operated

20

according to printing data to .be recorded to jet ink droplets

from the pressure chambers.

The ink jet printer further includes a push roller 3
having a friction layer 3a on its surface, which is made of a

25 material which has a larger coefficient of friction with

-_— - 7 -
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and then transferred ont9, a recordi ng sheet, a speed derbrence S prOV|ded
rota{lon of the inmage holdlng drun1and the speed of

bet ween the speed of
nmovenent* of the recording sheet, thereby to inprove t B ing
effjeiency. - I'n thi-s techni que, the image-is held: b?mérﬁ c,f atli c
force, and it is transferred onto the recording sheet lby anREPAGHhetarilc

force. Hencgeqphes! 86"Q AUEoLARNG" sREeEPEhAE kO P il AoTUShY bk 1.

The push ro;ler 3 is rotatably mounted through a shaft 30 on a
base stand 31, and is coupled through a transmission mechanism
32 such as a timing belt to a pulse motor 33 which is fixedly
5 mounted on the base stand 31. The push roller 3 is driven by
the pulse motor 33 at a peripheral speed V, which differs by a
value AV (hereinafter referred to as “a peripheral speed
difference AV", when applicablé) from the peripheral speed Vl
of the ink image holding drum 1 so that it slips on the latter.
10 The base stand 31 is mounted on a pushing mechanism 34 so that
it is moved back and forth, or in the directions of the arrow
C in Fig. 1.
The ink jet printer further includes a control unit 35
which detects a rotational position of the ink image holding
15 drum 1, and applies printing data to the recording head 2 when
the home position of the drum 1 reaches the recording héad 2.
After the formation of an ink image has been accomplished, the
control unit 35 operates to convey a recording sheet P to the
space between the ink image holding drum 1 and fhe push roller
20 3 in synchronization with the arrival of the home position of
the ink image holding drum 1 at the transfer region, and to
move the pushing mechanism 34 so that the push roller 3 is
pushed against the cylindrical surface of the ink image holding
drum 1 with a predetermined nipping pressure. In addition, the

25 control wunit controls the pulse motor 33 so that the

ITh|s Sheet Has Been Replacec




the case.of an ink jet @ninter, no electrostatic force {s; used to transfer
the image onto the recoiding sneet. It is therefore the object of the
present tnvention to provide a transfer type ink jet printer which avoids

t he, abovenentioned drawbacks of known printers. This o ved b
ink.jet printers according to inde- pendent “claim 1. TENS SHEET HAS BEEN

advant ageous features, aspects and details of the invention_ HFE frirdent
fromthe dem&ﬂaﬁemﬁmm peripheral speed difference AV is provided

between the peripheral speeds of the ink image holding drum 1
and the push roller 3.
Further in Fig. 1, reference numeral 38 designates a pair

5 of sheet feeding rollers for supplying a recording sheet P to

the transfer region.

The operation of the printer thus constructed will be

described with reference to Fig. 2.
With the push roller 3 spaced away from the ink image
10 holding drum 1 (as shown in Fig. 2(I)) the latter is rotated at
the steady speed V,. When the home position of the ink image
holding drum 1 confronts the ink jet recording head 2, a host

computer or the like applies printing data to the ink jet

recording head 2. 1Ink droplets jetted from the recording head

15 2 form an ink image on the cylindrical surface of the ink image
holding drum 1 in correspondence to the printing data.

As the ink image is formed on the ink image holding drum

1 rotated in the above-described manner, then it is partially

dried because the solvent of the ink evaporates. When the

20 required ink image is formed, for instance, an image of one

page, the sheet feeding rollers 38 supply the recording sheet

P to the transfer region in synchronization with the arrival of

the home position of the ink image holding drum 1 at the

transfer region. When the front edge of the recordihg sheet P

25 reaches the transfer region, the pushing mechanism 34 moves the
_ | _ 9.
—_—
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t he. descrlptlon and the’uramnngs The present invedfbon relates to
transfer type ink jet pri'nters, and nore particul arly t{oyams sHEEIfiexs BEE
ink jet sprinter of the type wherein ink droplets are jetted REPDACEIXZI| es jt o
i nk .i mage hol di ng- device according to print- -ing data to—formran | nk | nage
théreon, and the ink inmage thus fornmed is transferred onto a recording

Tedi um - ThephBKCHIINA! $0 1l Syl PoBRibRGE EANSAREELND L85 Menltd ihe
used in sucl tran ype in printe
latter is pushed against the 1nk image holding drum 1 at the

predetermined nipping pressure (as shown in Fig. 2(II})).

As a result, the recording sheet P is held between the ink

5 image holding drum 1 and the push roller 3, so that it is
pushed against the ink image holding drum 1 ﬁith a predetermined force F
attributed to the pushing force of the push roller 3 (as shown

in Fig. 2(III)). Under this condition, the ink image is

transferred from the ink image holding drum 1 onto the

10 recording sheet P.

When one page of the ink image has been transferred, the
pushing mgchanism 34 is released, so that the push roller 3 is
moved away from the ink image holding drum 1. Thus, the
recording operation for one page is completed.

15 In the above-described ink image transferring operation,

the recording sheet P is moved at a speed V; which is

substantially equal to the periphery speed V, of the push
roller 3, because the latter has a larger coefficient of
friction with respect to the recording sheet P than the ink
20 image holding drum 1. Hence, the recording sheet P has a speed
difference AV = |V, - V,] with respect to the peripheral speed
Vy of the ink image holding drum 1, so that the ink image 37
slips on the ink image holding drum, that is, a shearing force
occurs to éeparate the ink image 37 from the cylindrical

25_ surface of the ink image holding drum 1. In other words, the

- 10 -
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In view of the foregoi ng» an aspect of this invention | 87t 0 provide a
transfer type ink jet printer in which an ink i mge fornmed_on ink i
hol di ng wveans can be pos- itively transferred onto a recloTHISTSHEETa#AS BEEN
irrespective of the degree of dryness- of the-ink The] f or e@EPACERS pect
and ot her aspects of the invention have been achieved by the provision of a
transfer ty e ' r.ai he ntion, .Co | ses:
an ink jet gggéggnh f% %%@#e%&@es %&Os@p%g:attﬂogl Br K& lelg image 'Trom
the cylindrical surface of the ink image holding drum 1. On

the other hand, since the cylindrical surface of the ink image
holding drum is made of an elastic material such as silicone
5 rubber as described above, as shown in Fig. 3 a recess is
formed in the cylindrical surface of the ink imége'holding drum
1 at the region where the ink image holding drum 1 contacts the
push roller 3, i.e., at the region where the recording sheet is
in contact with the drum 1 and the roller 3. More

10 specifically, convex portions X and I, and a concave portion J

are formed in the narrow transfer region, so that the ink image

on the cylindrical surface of the ink image holding drum is
bent, thus causing fine cracks to form. This contributes
greatly to improving the ink image transferring’efficiency.

15 The inventors have carried out research on the effects of

the above-described ink image slipping and bending actions on
the ink image transferring efficiency, and found that the
nipping pressure relates greatly to the slip factor as shown in
Fig. 4.

20 That is, in order to obtain a certain transferring
efficiency which is satisfactory in practice, the slip factor
may be small when the nipping pressure is large, and the slip
-factor must be increased when the nipping pressure is small.

In Fig. 4, the curve M indicates the lower limit values under

25 those conditions. .Therefore, where both the slip factor and

- 11 -
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ting ink droplets accorghng to recording data;
receiving ink droplets Jétted fromthe ink jet recordig HQSW@EN
i mage. hol di ng neans bei ng elastlcally defornable and ﬁg?

arranged

10

15

20

25

the nipping pressure are above the curve M, then the ink image
can be satisfactorily transferred onto the recording sheet.

It is true that, where both the slip factor and the
nipping pressure are abové the curve M, then the ink image
transferring characteristic is satisfactory. However, if, in
this case, the slip factor is.larger than 5%, then the image
transferred onto the recording sheet tends to be distorted;
that is, the resultant print is low in quaiity.

On the other hand, in the case where the printer is of

practical size, the upper limit of the nipping pressure is about 14.7 N/
(about 1500 gf/cm) because application of a maximum of 50 kg to
a recording sheet having a width of 35 cm is allowable.

In practice, there is a limit to the slipping of the ink
image under a large nipping pressure. With those conditions
taken into consideration, it has been found that if the nipping
pressure and the slip factor are selected.from the hatched
region in Fig. 4 with reference to the paper quality of the
recording sheet and the ink holding force of the ink image
holding means, then the ink image can be transferred onto the
recording sheet with high éfficiency.

Particularly in the case where the printing sheet is a

sheet of a type often used in offices, it is desirable that the

nipping pressure be fixedly set to a value in a range

I nk |nag§;hold|ng means for

cm

of from 1.47 to

5.9 N/em (150 to 600 gf/cm), and the slip factor is set to a suitable

value with the paper quality of the recording sheet and the ink

- 12 -
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novabl e to and fromthemk image hol ding means, the spged of rotation of
which is so set that the push roller slips on the I nk i 1S SHBET! HKS BEENS
Wi th a mi pping pressure applied thereto. REPLACED

holding force of the ink image holding means taken into

account; that is, the nipping pressure and the slip factor are

so selected that the speeds of rotation of the ink image

holding drum 1 and the push roller 3 can be adjusted
5 externally.

Fig. 5 shows an example of a data processing device which
is used when a large slip factor is required to improwve the
above-described ink image transferring characteristic.

The data processing device, as shown in Fig. 5, includes

10 a slip factor setting unit 40 which, in response to a speed
reference signal from ink image holding drum driving unit (not
shown), sets a speed difference AV between the speeds of
rotation of the ink image holding drum 1 and the push roller 3
to provide a desired slip factor. The data set by the slip

15 factor setting unit is applied to a motor driving un;t 41,
which is provided for the pulse motor 33 connected to the push
roller 3, to control the speed of the pulse motor 33. The data
processing device further includes a data size
increasing/decreasing unit 43 which receives a printing signal

20 from the host computer, and, in correspondence to the data from
the slip factor setting unit 40, increases or decreases the
size of bit map data developed in an image buffer 42 in the
auxiliary scanning direction, i.e., in the circumferential

direction of the ink image holding drum 1. It can be readily

- 13 - -
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Preferably, the print erzhurther conprises data size inex¥asing or

decreasi ng means for in&feasing or decreasing the recorﬁhﬂ’sggkgﬂdg§?é$e
according to a slip factor between the ink inmage holdir neaﬂgqg D

roller.- and a t he, rec rd|n dat a, t'hus i'ncreased o &
recor di ng H%%glyzaﬁfg/‘&}tﬂeﬁﬁgt’f"BF d&CerdhTRTi Al 1Y n'?'ﬂﬁrﬁ?s?ef’trl ﬁﬁe ﬁ'ﬁ(as

dropl ets frisagehadatxoini nhehadbvecsdripdd hdensti p Redewence miftesral
hature, Utwdta%§H5L£¥é£C|ph%l%&dguiﬂlvegélogﬁglink jet type recording

head 2.
The data processing device has the following effects and

JSh

merits: Even if a high slip factor is set with the slip factor
5 . setting unit 40 to make the ink image transferring
characteristic sufficiently high, the image obtained upon
transferring is free from distortion because the bit map data
formed from the printing daté is corrected by the data size
increasing/decreasing unit 43 with the distortion taken into

10 account.
Fig. 6 shows another example of the data processing
device, which includes a position detecting unit 46 and a
printing position calculating unit 45. The position detecting
unit 46 operates to output a signal corresponding to the
15 position-of the ink image holding drum 1 according to an output
signal of an encoder 47 adapted to detect the position of the
ink image holding drum 1. The printing position calculating
unit 45 operates as follows: In order for the image
transferred onto the printing sheet to be free from distortion
20 irrespective of a slip factor set by the slip factor setting
unit, the printing position calculating unit 45 calculates a
dot forming position in the most suitable auxiliary scanning
direction, i.e., in the sheet feeding direction, and causes a

printing pulse generating unit 48 to output a printing timing

25 signal according to the result of calculation.

- 14 - —
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be nore cIearIy understend fromthe follow ng detail ed déscrlptlon and the
appended cl ai ns when re&d in con- junction with the accohpanying deawi-ngs.
I n the acconpanying drawings: Fig. 1 is an expl anat orly TAISSHEER BHOBEEY) [t he
arrangement .of a transfer type ink jet printer, which { consREPRAGED a fj rst
enbodi nent of this invention; Figs. 2(1), 2(1l) and 2(111) are explanatory

diagrans for a descrlgtlon of t he operation of the first enbod-
a processing device can be realized with circuits

relatively small in scale because only data to be printed are
subjected to calculation.
Fig. 7 shows another example of the push roller. The push
S roller 50 has a braking unit 51 for applying a load to the
roller 50. The braking unit 51 is fixedly mounted on the base
stand 31, which is driven by the pushing mechanism 34.
Thé ink jet printer with the push roller 50 operates as

follows: When an ink image has been formed on the ink image

10 holding drum 1, a recording sheet P is fed to the transfer
region, while the pushing mechanism 34 is operated. As a
result, the push roller 50 pushes the recording

sheet P against the ink image holding drum 1. The torque of
the ink image holding drum 1 is applied through the recording
15 sheet P to the push roller 50, so that the latter tends to turn
in synchronization with the ink image holding drum 1. In this
operatipn,_a load is applied to the push roller 50 by the
braking unit 51, and the friction force with the recording
sheet P is larger than that with the ink image holding drum 1,
20 and therefore the push roller slips relative to the recording
sheet P on the ink image holding drum 1, thus providing a speed
difference AV, between the speeds of rotation of the push
roller and the ink image holding drum. As a result, similarly
as in the above-described case, a shearing force occurs to

25 separate the ink image on the ink image holding drum 1 from the

- 15 -
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Fig. 3 is an'enkarged explanatory dlagran1shomnng a part of the
first enmbodi ment, for a-description of the operation of the first

enbodi nent ;
pressures wi-th slip factors and transfer -etfects; Fi g 5 igeadteErek

di-agram showi ng the arrangenent of one exanple of a C

Fig. 4 is a graphical representation |nd|0@ﬁmqmmyﬂnAsgmng

o Uit L ne

first embody 11£5E1¢a1 surface of the latter 1, so that the ink image is

10

15

20

positively transferred onto the recording sheet P.

The speed difference AV between the speeds of rotation of
the push roller 50 and the ink image holding drum 1 depends on
the load applied to the push roller 50. Hence, the ink image
transferring characteristic ﬁan be adjusted by changing the
load wifh the braking unit 51.

Second Embodiment

A.second embodiment of the invention will be described
ﬁith reference to Fig. B8, in which the ink image holder is
formed by an endless belt.

In Fig. 8, reference numeral 60 designates the ink image
holder, which is composed of an endless belt made of an elastic
material such as silicone rubber. The ink image holder 60 is
provided with a pair of rollers 61 and 62 to provide a flat
surface in the region where it confronts the recording head 2,
and it is supported by a driving roller 63 of relatively large
diameter in the region where it confronts the push roller 3.
The driving roller 63 is coupled through a transmission

mechanism 64 to a pulse motor 65.

When the driving roller 63 is turned in the direction of
the arrow, the ink image holder 60 passes over the recording
head at a predetermined speed. When, under this condition,

printing data is applied to the recording head 2, the latter

- 16 -
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Fig.°6 is a block diagram showi ng the arrangenment of aryot her exanpl e of

the control unit; Fig. “7"is an explanatory di agram sh | e
of a pushing roller in the first enbodinent; Fig. 8 |%'Qﬁg§% EBHASBBEN
di agram showi ng the arrangenent of a second enbodi men LAGEDN-
tion; Fig. 9is a perspective view showi ng the arrange- nent of a third

enbodlnent of the invention;
jets ink droplets to form an ink pattern on the outer surface

of the ink image holder 60.

When the data has been recorded on the ink image holder 60
- as much as required, the push roller 3 is moved towards the ink
image holder 60 in synchronization with the arrival of the home
position of the holder 60 to theltransfer region, while a
recording sheet P is fed by the sheet feeding rollers 38 to the
transfer region. As a result, the recording sheet P is moved
while being pushed against the ink image holder 60 by the push
10 roller 3, so that, similarly as in the case of the first
embodiment, the ink image is positively transferred onto the
recording sheet P.

In the second embodiment, the distance between the record
region and the transfer region can be freely increased.
15 Because of this feature, the period of time between fhe time
when an ink pattern is formed and the time when the ink pattern
is transferred onto the recording sheet can be sufficiently
long. Hence, the ink image can be sufficiently dried, and it
is possible, when necessary, to provide a cleaning device for
20 removing an ink image left on the ink image holder 60, and a
heater or air blower for evaporating the solvent from ink which

is slow in drying speed.

Third Embodiment

A third embodiment of the invention will be described with

25 reference to Fig. 9.
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Figs.” 10(a) and 10(b) ares expl anatory diagrans for a deggription of the
operation of the third é€mbodi - nent; o
R B T THIS SHEET HAS BEEN |
REPLACED
In Fig. 9, reference numeral 101 designate i

holding drum, which is fundamentally the same in construction
as the ink image holding drum 1 in the above-described first
embodiment.

In this embodiment, the recording head 102 is a line type
ink jet recording head having a plurality of nozzles at
predetermined intervals extending in the direction of the axis
of the ink image holding drum 101. |

The recording head 102 has, for instance, 512 nozzles
10 arranged at intervals of 0.67 mm (16/600 inch). The recording head 102

is moved by a head moving device 121 along the axis of the ink

image holding drum 101 as much as 0.0423 mm (1/600 inch) per revolution of

the drum 101, so that an image of one page is formed on the ink

image holding drum 101 when'fhe latter has made sixteep (16)
15 revolutions.

The cylindrical surface of the ink image holding drum 101
is an elastic layer, and it is divided into two regions: a
recording region 111 indicated hatched in F;g. 9, and a non-
recording region 112. In this embodiment, the ink image

20 holding drum 101 is, for instance, 80 mm in diameter.

The ink image holding drum 101 is provided with a push
roller 103, which is fundamentally the same in construction to
the push roller 103 of the first embodiment. However, it
should be noted that the push roller 103 is rotatably supported

25 by a pushing lever 132 which is swingable about a supporting

- 18 -
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-4- 7 Fig. 11 is a pesspective view showi ng the arrafge- ment of a

fourth enbodi nent of tH&%i nvention; Figs. 12(a) and~“12(b) are

expl anatory di agrans for a description of the operation of the fourth
enbqdi - - ment - Fig. 13 is a perspective view §hosGERRe A7 §

' ' REPLACED

shaft 131 fixedly secured to a frame (not shown). An

eccentric-cam-shaped pushing shaft 134 is rotatably supported
~on the frame and abutted against the pushing lever 132.
Therefore, as the pushing shaft 134 is rotated by an eiectric
motor 135, the pushing lever 132 is swung, being abutted
against the pushing shaft 134, so that the push roller 103 is
swung up and down in the directions of the arrow C, so that.it
is pushed against and moved away from the ink image holding

drum 101. The pushing force of the push roller 103, namely; an

0 ink image transferring force, is generated by a pressure

applying spring 133. The ink image transferring force is, for
instance, in a range of 49 to 490N (5 to 50 kg).

The ink image holding drum 103 is coupled through a drum

gear 153, a first intermediate gear 152 (on the side of the

15 drum 101), and a motor gear 151 to a pulse motor 105, so that

the drum is turned in the direction of the arrow A in Fig. 9.

The push roller 103 is coupled through a roller gear 155,

and a second intermediate gear 154 (on the side of the push

roller 103) to the first intermediate gear 152. With the aid

20 of the first intermediate gear 152, the push roller 103 is

rotated in the direction of the arrow B at a speed V, which
differs by AV from the peripheral speed V, of the ink image

holding drum 101 so that the push roller 103 slips on the ink

image holding drum 101.

- 19 -
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nent of a fifth enbodi memy of the invention; Fig. & is a front view

of ‘an ink image hol di ng“dr um and a push roller in the fifth enbodi nent
as vi ewed in the direction of an arrow J in Fig. 13; and Eig.
is a ptan vi-ew of- the ink i mage hol di ng dram and tjhreHIS SHEET HASEBEEN
Preferred enbodi nents of this invention will be descriljed w RBPULASTE®Y ence |t 0

the acconpanyingTﬁéaﬁfove-described gears form a transmission mechanism,
‘the transmission ratio of which is as follows:
(D1/Dz) # (Zs3/2ss).
where D; is the outside diameter of the ink image holding drum
5 101, D, is the ocutside diameter of the push roller 103, 2 is
the number of teeth of the drum gear 153, and 255 is the number
of teeth of the roller gear 155.
The transmission mechanism may be replaced by a toothed
belt mechanism or a pulley mechanism.

10 Further in Fig. 9, reference numeral 113 designates a drum
origin detecting board, which is fixedly mounted on the shaft
of the ink image holding drum 101. The drum origin detecting
board 113 operates as follows: As the ink iﬁage holding drum
101 rotates, the front edge of the recording region 111 of the

15 ink image holding drum 101 reaches the recording head 102,
whereupon the dfum origin detecting board 113 causes an origin
detector 114 to output an origin signal. In response to the
origin signal, printing data is applied to the recording head
102, so that the latter jets ink droplets to form an ink image

20 on the recording region 111 of the ink image holding drum 101.

The operation of the ink jet printef thus constructed will
- be described with reference to Fig. 10.
Similarly as in the case of the above-described first

embodiment, with the push roller 103 spaced away from the ink

- 20 -
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i ngs.”

constitutes a first enbedi ment of ‘the inventi on,

Flg 1. °*

drum which is rotatably supported by a _ _ _
< - : . ' REPLACED

10

Fi rst Enbodi nent —, A transfer type ink jet prizpter, which

is consfructed as shown
an ink innge holdj

THIS SHEET HAS BEEN"

In Fig. 1, reference nuneral 1 designates

image holding drum 101 (as shown in Fig. 10(a)), the ink image
holding drum 101 is rotated at a predetermined speed V,.

When the origin signal is produced, that is, when the
writing start position confronts the recording head 102, a host
computer or the like applies printing data to the recording
head 102 to cause the latter to jet ink droplets. The ink
droplets thus jetted form an ink image on the recording region

111 of the ink image holding drum 101 according to the printing

data.
Similarly as in the case of the first embodiment, the ink

image thus formed is partially dried.

After the ink image has been formed on the ink image

holding drum 101, for instance, in an amount corresponding to

" one page, a recording sheet P is fed into the transfer region

15

20

25

by sheet feeding rollers 137 in the direction of the arrow D in
synchronization with the arrival of the writing start position
of the ink image holding drum 101 at the transfer region.
Upon arrival of the front edge of the recording sheet P at
the transfer region, the pushing shaft 134 is ﬁurned. As a
result, the push roller 103 is moved by the pressure applying
spring 133 in the direction of the arrow E (Fig. 10(b)), so

that it is pushed against the ink image holding drum 101 at a

predetermined nipping pressure.

Thus, similarly as in the case of the first embodiment,

the recording sheet P is held between the ink image holding

- 21 -
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frante (not shown). The ghaft 21 of the drum1 is cou- RER
transm ssion nmechani sm*40 such as an endl ess belt to a Htf
that the drum 1 is rotated at a predeternined speed in tfhe
arrow Ain Fig. 1. The ink image hol di ng-drum 1 |nclude*vv. F
made of netal in the forn1of a cylinder, and an elastic Iayer 25 formed on
the cylindr d t h s
si-licone ru %xgﬁll‘ Whl c [ Eﬁéx%{eigpe%gml’ﬁfl n ﬂ-j.fq"h[r;g’lsfitgE %%e ggtal%&é'ms
the ink image on the drum 101 by the push roller 103 at a

d throu.h a

predetermined force E as shown in Fig. 10(b), as a result of
which the ink image is transferred onto the recording sheet P.

When one page of the ink image has been transferred, the
pushing shaft 134 is turned, so that the push roller 103 is
moved away from the ink image holding drum 101. Thus, the
printing of one page of the ink image on the recording sheet P

is completed.

10 In the ink image transferring operation, similarly in the
case of the first embodiment, the ink image is suitably slipped
and bent, thus improving the ink image transferring efficiency.
The third embodiment is advantageous in the following
points: Even if the pushing force changes, the speed
15 difference AV between the speeds of rotation of the ink image
ﬁolding drum 101 and the push roller 103 is maintained
unchanged owing to the transmission ratio of the transmission.

Thus, the ink jet printer is simple in construction, positive

in operation, and low in manufacturing cost.

20 Fourth Embodiment

A fourth embodiment of the invention is constructed as

shown in Fig. 11.

In the fourth embodiment, the ink image holder is
implemented with a belt 106 having two ends (hereinafter

25 referred to as "an ink 4image holding belt 106", when

- 22 -
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| ayer- 25 may be made.of A uorosilicon rubber or fluor- grubber.
Further in Fig. 1, refer:2hce nunmeral 2 designates an i Ak’ jet type
recording head. In this enmbodinent, in order to print each. horizontal Iane

of @ recordi ng sheet of naxinunlsize i n one scan, for | THISSHEETZ0GOBEEN §| e
openi ngs are. arranged on a straight line-er -they are Jarran8EBLAGERgere
up ‘'and down between two adj acent |ines.

applicable). The belt is formed by bonding an elastic material

such as silicone rubber to the surface of a thin-plate-shaped
material such as a spring steel sheet.
The ink image holding belt 106 has a recording region, the
5 length of which is equal to that of at least one recording
sheet P. The ink image holding belt 106 is laid over a feeding
drum 165 with one end connected to a supply roll 161 and the
other end to a take-up roll 162. When the printer is in
standby.state, the front edge'of the recording region 111 of
10 the ink image holding belt 106 is confronted with a recording
head 107, and the ink image holding belt is stretched tight,
being wound on the supply roll 161.
The ink image holding belt 106 is held between the feeding
drum 165 and a pinch roller 166. That is, the pinch roller 166
15 is pushed through the belt 106 against the feeding drum 165 by
a pressure applying device (not shown), so that the pinch
roller 166 is rotated by a frictional force produced between
itself and the belt 106.
When the feeding drum 165 is rotated by a pulse motor 105
20 in the direction of the arrow F in Fig. 11, the ink image
holding belt 106 is moved in the direction of the arrow G (this
direction being hereinafter referred to as "a main scanning
direction, when applicable), and its recording region 111 is

unwound from the supply roll 161, while a take-up motor 164

- 23 -
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.py’
The ink jet type recordy&g head 2 may be such that a plufgllty of nozzl es,

for |nstance 400 nozzl es::ware

THIS SHEET Has
BEEN
REPLACED

.

operates to wind the ink image holding belt 106 toward the
taken up roll 162 so that the latter i§ kept stretched tight.
The recording head 107 is a serial type ink jet recording
head composed of piezoelectric elements; that is, it has a
plurality of nozzles at predetermined intervals in the main
scanning direction. For instance, the recording head 107 has

sixty-four (64) nozzles at intervals of 0.0423 mm (1/600 inch) in the

direction of movement of the ink image holding belt 106. The

recording head 107 is set in front of the ink image holding

10 belt 106 with a predetermined space therebetween. The

recording head 107 thus set is moved back and forth in a

direction perpendicular to the main scanning direction

(hereinafter referred to as "an auxiliary scanning direction",

when applicable).
15 The feeding drum 165 is coupled through a drum gear 153,
a first intermediate gear 152 (on the side of the drum 165) and
a motor gear 151 to a pulse motor 105, so that it is rotated in
the direction of the arrow F. A push roller 103 is coupled
through a roller gear 155, a second intermediaté gear 154 (on
20 the side of the push roller 103) to the first intermediate gear
152. With the aid of the first intermediate gear 152, the
push roller 103 is rotated in the direction of the arrow H at
a speed V; which differs by AV from the peripheral speed V, of
the ink image holding belt 106 so that the push roller 103

25 slips on the ink image holding belt 106. The transmission

- 24 -
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arranged at intervals of—ma few dots (for instance five gats), in a main

scanni ng direction (in t4t¢ direction of the axis of the ¥nk image hol di ng
drum1 tn the enbodi- nment), and the recording head i.s m
revol ution of the ink inmage hol ding drumso that an ink e SHEET BAS BFENN

to-one page is formed on the ink - REPLACE

mechanism according to the present invention, other than as

described above, may also be a belt-mechanism having sprockets

or a pulley mechanism. The above-described gears form a

transmission mechanism, the transmission ratio of which is as
5 follows:

(Vi/Va) # (253/2s5),

where V, is the peripheral speed of the ink image

holding belt 106, V, is the peripheral speed of the pushing

roller 103, 253 is the number of teeth of the druh gear 153, and
10 Zss is the number of teeth of the roller gear 155.

The operation of the fourth embodiment thus constructed
will be described with reference to Fig. 12.

When the printer is in a standby state, as was described
before the front edge of the recording region 111 of the ink
15 image holding belt 106 is held confronted with the recording
head 107, and the push roller 103 is held spaced away from the
ink image holding belt 106, as shown in Fig. 12(a).

Upon provision of a recording start instruction, a head
driving device 171 causes the recording head 107 to move in the
20 auxiliary scanning direction, while a host computer or the like
applies printing data to the recording head 107 in
correspondence to the position of the recording head 107 which

is being moved in the auxiliary scanning direction, so that

writing (forming) of an ink image is started from its first

25 line.
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i magé hol ding drum 1 -as e |atter undergoes plural revsnplutions (for
g g Iy E 5

i nstance, five revolutibﬁs). The nozzles of the re
communi - cated with pressure chanbers to which, simla !5§H6§§EENf an
ordi.nary ser-ial printer, ink is supplied froman ink t & LAEEBr essuf e

chanmbers, energy generating sources such as piezoelectric elenments or heat
ool {09, <L PGS SIF SN 1B A0 ARG "Bl 107 B ene
auxiliary scanning direction in this manner has been
accomplished, that is, when the first line of the ink image has
been formed, the ink image holding belt 106 is fed by the
feeding drum 165 by one pitch (for instance, 2.7 mm (64/600 inch)), and
held there. Then, the head driving device 171 causes the
recording head 107 to return in the auxiliary scanning
direction, while a host computer or the like applies printing
data to the recording head 107 in correspondance to the
10 position of the recording head 107 which is - in the
auxiliary scanning direction, so that writing (forming) of an
ink image is started from its second line.

When the return movement of the recording head 107 has
been accomplished, that is, when the second line of the ink

15 image has been formed, the ink image holding belt 106 is fed by
the feeding drum 165 by one pitch (2.7 mm (64/600 inch)}). Thereafter,
the recording head 107 is reciprocated while the ink image
holding belt 106 is fed intermittently until the printing data
is printed out as required; that is, the desired ink image is

20 formed on the ink image holding belt 106.

While the ink image is being formed in the above-described
manner, the solvent is evaporated from the ink image, so that
the latter is partially'dried.

A recording sheet P is fed into the transfer-region by

25 sheet feeding rollers 137 in the direction of the arrow D in
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The ink jet: pgpnter further includes a push rﬁhler 3 having a

bers.

friction layer 3a on its>surface, which is made of a maig ‘
| arger .coefficient of friction with respect to a recordi bh Tt Ak BERR
i nk i mage hol.ding.drum. 1. The push roller.3 is rotatabl ylioun LAGERugh
shaft 30 on a base stand 31, and is coupled through a transm ssion

mechani sm 32 such as. a timng belt to a pulse notor 33 which is-fixedly
mount ed on t$¥chronization with the arrival of the writing start position

of the ink image holding belt 106 at the transfer region.
Upon arrival of the front edge of the recording sheet P at
the transfer region, a pushing shaft 134 is turned. Aas a
5 result, the push roller 103 is moved by the pressure applying
spring 133 in the direction of the arrow E in Fig. 12(5), so
that it is pushed against the ink image holding belt 106 at a
predetermined nipping pressure.
Thus, similarly as in the case of the first embodiment,
10 the recording sheet P is held between the ink image holding
belt 106 and the push roller 103, that is, it is pushed against
the ink image on the belt 106 by the push roller 103 at a
predetermined force F, as shown in Fig. 12(b), as a result of
which the ink image is transferred onto the recording sheet P.
15 When one page of the ink image has been transferred, the
pushing shaft 134 is turned, so that the push roller 103 is
moved away from the ink-image holding belt 106. Thus, the ink
image of one page has been printed on the recording sheet P.
Thereafter, the ink image holding belt 106 is moved in the
20 direction opposite to the main scanning direction by the
feeding roller 165 while being wound on the supply roll 161
driven by an electric motor 163, and it is stopped when the
front edge of the recording region 111 of the ink image holding
belt 106 confronts the recording head 107. Thus, the printing

25 operation has been accomplished.
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base stand 31. The push
peri pher al

£T9
speed V2 whicti differs by a value [err]V (herg
“a peripheral speed difference AV', when applicabl ¢)THI$ SHEEDhHAS BEEN
of the ink image hotding drum1 1 heREBLACED| ps o

speed V[err]

to as

peri pher al

the latter.
that it
Fig. 1.

10

15

20

25

Iler 3 is driven by the pul seZiptor 33 at a

The base stand 31 is nounted on a push- I ng mechani sm 34 so

' f th C.in
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jet print
case of the first embodiment, the ink image is suitably slipped

and bent, which improves the ink image transferring onto the
recording sheet P efficiency.
The fourth embodiment is advantageous in the following

points: Even when the load (pushing force) changes, the

- predetermined speed difference AV between the speeds of

rotation of the ink image holding belt 106 and the push roller
103 is maintained unchanged owing to the transmission ratio of
the transmission. Thus, the ink jet printer is simple in

construction, positive in operation, and low in manufacturing

cost.

Furthermore, in the fourfh embodiment, the distance
between the recording region and the transferring region can be
increased. Hence, the period of time between the time when an
ink pattern is formed and the time when the ink pattern is
transferred onto the recording sheet can be increased, too.
Thus, the ink image can be sufficiently dried, and when
necessary it is possible to provide a cleaning device for
removing ink image left on the ink image holder 106, and a
heater or air blower for evaporating the solvent from ink which
is slow in drying speed.

Fifth Embodiment

A fifth embodiment of the invention will be described with

reference to Figs. 13 through 15.

- 28 -
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whi ch detects a rotatioma position of the ink i mage haff@- ing drum1, and
applies printing data t®*the recording head 2 when the hdme position of the
drum 1l.reaches the recording head 2. After the formatiop_of an ink inmage
has been acconplished, the control unit 35 oper- ates t) THIS|SREERHAS®EEN! N0
sheet P to the space between the ink inage hol ding drunfl and®BPh&cEBISh
rol 'er 3 in synchronization with the arrival of the hong posrtTon orTie

i nk i mage holding drum1 at the transfer
A specific feature of the fifth embodiment resides in that

the axis of a push roller 108 (hereinafter referred to as "a

skewed push roller 108", when applicable) forms an angle § with

the axis of an ink image forming drum 101 when viewed from
5 above.

As is apparent from in Fig. 14, in front view the axis of
the ink image holding drum 101 appears to be parallel to the
axis of the roller 108; however, in the top view as shown in
Fig. 15, these axes cross each other at the middle, forming a

10 skew angle 6.

The ink image holding drum 101 is coupled through a drum
gear 153 and a motor gearllsl to a pulse motor 105, so thaf it
is rotated in the direction of the arrow A in Fig. 13.

The operation of the ink jet printer thus constructed will

15 be described.

| With the push roller 108 spaced away from the ink image
holding drum 101, the drum 101 is rotated at a predetermined
speed V,. When an origin signal is produced with the aid of an
origin detecting board 113, that is, when the writing start

20 - position of the ink image holding drum 101 confronts the ink
jet recording head 102, a host computer or the liké applies
printing data to the recording head 102 so that an ink image
115 is formed on the ink image holding drum 101, which forms
the skew angle O with the axis of the drum 101 as shpwn in Fig.

25 13. 1Ink droplets. jetted from the recording head 102 form an
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region, and to nove t'hegpushi ng mechani sm-34 so that sy
Sk . v

THIS SHEET HAS BEEN
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ink image on the recording region 111 of the ink image holdipg
drum 101 in accordance with the printing data.

When the required ink image has been formed on the ink
image holding drum 101, as shown in Fig. 15 a printing sheet P

5 _ is fed into the transfer.region forming a right angle with the
axis of the skewed push roller 108.

Upon arrival of the front edge of the recording sheet P at
the transfer region, the skewed push roller 108 is pushed
against the ink image holding drum 101 at a predetermined

i0 nipping pressure.

Thus, the recording sheet P is held between the ink image
holding drum 101 and the skewed push roller 108, that is, it ié
pushed against the ink image on the drum 101 by the skewed push
roller 108 at a predetermined force F, as a result of which the

15 ink image is transferred onto the recording sheet P.

'In the ink image transferring operation, the recording
sheet P is moved while‘forming a right angle with the axis of
the skewed push roller 108, because the skewed push roller 108
has a larger coefficient of friction with respect to the

20 recording sheet P than the ink image holding drum 101. That
is, the recording sheet P is moved while forming the skew angle
O with a direction perpendicular to the axis of the ink image
holding drum 101, so tha; the recording sheet P slips on the
ink image holding drum 101 in the nipping region (i.e., in the

25 transfer region). The amount of slip is [(nip width) x tan §].
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the push roller 3 is pu&hed agai nst the cyllndrlcal sur“n face of the ink
i mage hol ding drum 1 WitH a predeter- m ned ni ppi ng pressure. In
additioen, the control unit controls the pulse notor 33 so-that the

predeternined peri pheral speed difference [err]Vis f—CH e
peripheral speeds-of the ink image hol ding—drum1 and | ™IS s:;f&ggg BEEN

Hence, a shearing force occurs with the ink image to cause the

latter to slip between the ink image holding drum 101 and the

recording sheet P. In addition, the cylihdrical surface of the
ink image holding drum 101 is made of a material which permits

5 the easy removal therefrom of an ink image, and the ink image

adheres to the recording sheet P. Therefore, the ink image is

peeled off the surface of the ink image holding drum 101 and A
transferred onto the recording sheet P with high efficiency; .
When one page of ink image has been transferred onto the
10 recording sheet P; the skewed push roller 108 is moved away
from the ink image holding.drum 101. Thus, one page of ink
image has been printed.
In.the ink image transferring operation, similarly as in
the first embodiment, the ink image on the cylindrical surface
.15 of the ink _image holding drum is bent, thus causing fine
‘cracking to occur. This contributes to improve the ink image
transferring efficiency.
The skew angle 6 is 5 degrees or less (or the axis of the
push roller forms an angle of 85° to 95° with respect to the
20 | direction of movement of the ink holding medium). If the skew
angle is larger than 5°, then both end portions-of the skewed
push roller 108 will not be in engagement with the ink image
holding drum 101, thus not pushing the latter. Preferably, the

skew angle should be set to 3° or less (or the axis of the push

25 roller forms an angle of B7° to 93° with respect to the
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t he phsh roller 3. " oFurther in Fig. 1, reference nfiyeral 38 designates
- sheet P to the

a.pair of sheet feeding*Follers for supplying a recorﬂrﬁﬁ

transfer region. The operation of the printer thu

be described with reference to Fig. 2. ._ .Wth the pJd3®S SHEERHAS BEENcld
2(REPLACER | at tler

away, fromthe ink I mge holding drum1 (as shown in FLg

i t the steady speed V1. When the hone position
'S rotat edd{irection o% %\O\Pement of the ink holdielg medium). In this

case, the amount of slip between the skewed push roller 108 and
the ink image holding drum 101 is relatively small, and
therefore the ink image is scarcely shifted when transferred.
Thus, with the inventive ink jet printer, the resultant ink
image is high in picture quality.

The fifth embodiment is advantageous in that even when the
load, or the pushing force, changes, the slip factor is
maintained unchanged because the skewed push roller pushes the
10 ink image holding drum at the pfedetermined skew angle. Thus,

the ink jet printer is simple in construction, positive in
operation, and low in manufacturing cost.

While preferred embodiments of this invention have been

described, it will be obvious to those skilled in the art that

15 various changes and modifications may be made therein without

departing from the invention, aﬁd it is aimed, therefore, to

cover in the appended claims all such changes and modifications

as fall within the true spirit and scope of the invention.
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of the i nk i mage hol di ngadrum 1 confronts the ink jet #mecording head 2, a
host conputer or the |i¥é applies printing data to th&"ink jet recordlng
head 2—fmnk droplets jetted fromthe recording head 2 forman ink inmge on

t he eyl of the ink inmage holding drum 1

to thenﬂg “lmlmm‘lmm As the ink image is formed on t é'mfnﬁﬂ 65 BEEN
ding = deumtl votated iin the above-descri bed manner, the i REPLACE

partlally dri ed because the sol vent of £A%M§nk evapo-

1. A transfer type ink jet printer comprising:

an ink jef. recording head (2;102;107) for jetting ink
droplets according to recording data;

ink image holdihg means for receiving ink droplets jetted
10 from said ink jet recording head (2; 102; 107), said ink
image holding means being elastically deformable; and

a push roller (3; 103; 108) arranged movable to and from
said ink image holding means, the speed of rotation of
15 which is so set that said push roller (3; 103; 108) slips
on said ink image holding means with a nipping pressure

applied thereto.

20 2. A transfer type ink jet printer comprising:

an ink jet recording head (102) for jetting ink droplets

according to recording data;

25 ink image holding means for receiving ink droplets jetted
from said ink jet recording head (102), said ink image
holding means being elastically deformable; and

a push roller (108) arranged in such a manner that said
30 push roller (108) is movable to and from said ink image
holding means, and is rotated around an axis which forms
a predetermined angle with the direction of movement of
said ink image holding means so that said push roller
(108) slips on said ink image holding means with a

- 35 nipping pressure applied thereto.
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rates. Wien the | ink image is forned, for msfﬁmce an i mage of
one page, the sheet feedlng roll- ers 38 supply the ré&eording sheet P to

the tr M m!“mml“ synchroni zation with the arrival of the hone
positi gm e holding drum1 2t the transfer region. V\hen t he
front edye ‘f ‘thé recordlng sheet P reaches the transfe¥ v

' é?ﬁgﬁ‘g BREN,

pushi ng mechani sm 34 noves the push roller 3 in the dir LA
Dso that the latter is pushed agai nst the ink imge hol

di ng

3. A transfer type ink jet printer comprising:

an ink jet recording head (2; 102; 107) for jetting ink
5 droplets according to recording data;

ink image holding means for receiving ink droplets jetted
from said ink jet recording head (2; 102; 107) said ink
image holding means being elastically deformable; and
10
a push roller (3; 103; 108) arranged movable to and from
said ink image holding means, the speed of rotation of
which is so set that said push roller (3; 103; 108) slips
through a recording sheet P on said ink image holding
15 means with a nipping pressure applied through said

recording sheet thereto.

4. A transfer type ink jet printer according to one of the

20 preceding claims further comprising:

data size increasing or decreasing means for increasing
or decreasing said recording data in size according to a
slip factor between said ink image holding means and said
25 push roller, and applying said recording data thus

increased or decreased to said recording head.

5. A transfer type ink jet printer according to one of the

30 preceding claims further comprising:

means for determining the timing of jetting ink droplets
from said recording head ( 2; 102; 107) according to a
slip factor between said ink image holding means and said

- 35 push roller (3; 103; 108).
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drunil_aL_Lne_gregeégrGrmed ni pping pressure (as showfyn Fig. 2(11)).
the1e di“‘hg sheet P is held between the”ink inmage hol di ng

As a result

hoI

condrtron

lel,m roller 3, so that it is pushed agai nst the |nk I mage
m’mﬂ ~a predetermned ford F attribut¢g T

force of the"push foller 3 (as shown in Fig. 2(111)). Bt g L4

the ink imge is transferred fromthe ink

onto the recordrng sheet P.

10

15

20

25

30

- 35

6.

10.

11.

A transfer type ink jet printer according to one of the
preceding claims wherein said ink image holding means and
said push roller (3; 103; 108) have respective drive

mechanisms, which are coupled to each other.

A transfer type ink jet printer according to one of
claims 2 or 4 to 6 in which said predetermined angle
between the axis of said push roller (108) and the
direction of movement of said ink image holding means is

in a range of from 85° to 95°.

A transfer type ink jet printer according to claim 7 in
which said predetermined angle between the axis of said
push roller (108) and the direction of movement of said

ink image holding means is in a range of from 87° to 93°.

A transfer type ink jet printer according to one of
claims 3 to 6 in which the surface of said push roller
(3; 103; 108) has a larger coefficient of friction with
respect to said recording sheet P than the surface of

said ink image holding means.

A transfer type ink jet printer according to one of the
preceding claims, in which said ink image holding means

comprises a drum (1; 101).

A transfer type ink jet printer according to one of
claims 1 to 9, in which said ink image holding means

comprises an endless belt (60).

—_—
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Wien one_page of the inkaimage has been trans- 2

. l * [ L M S * 4

THIS SHEET HAS BEEN
REPLACED

12. A transfer type ink jet printer according to one of
claims 1 to 9, in which said ink image holding means
comprises a belt (106) with two ends, and a pinch roller

5 (166) for supporting said belt (106) provided downstream
of a transfer region in the path of movement of said belt
(106).

10 13. A transfer type iﬁk jet printer according to one of

claims 3 to 12, in which a slip factor between said ink

image holding means and said recording sheet is in a

range of from 0.2% to 5%, and said nipping pressure of

said push roller (3; 103; 108) is in a range of from 1.47
15 to 14.7 N/cm (150 gf/cm to 1500 gf/cm).

14. A transfer type ink jet printer according to one of
claims 3 to 12, in which a slip'factor between said ink
20 image holding means and said recording sheet and a
nipping pressure of said push roller (3; 103; 108) is

within the hatched area of Fig. 4.

-
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-7- ferred, the pushingynechanism 34 is released, so that the push roller
3.is moved away fromthe'ink i mage hold- ing drun11 TH&S, the recording

operatiion for one page is conpleted. In the above-described i nk I mage
transferring oper- ation, the recording sheet Pis

ABSTRACT

A transfer type ink jet printer includes an ink jet recording
5 head (2) for jetting ink droplets according to recording
data, an elastically deformable ink image holder such as a
drum (1) or belt for receiving ink droplets jetted from the
ink jet recording head (2), and a push roller (3) movable to
and from the ink image holding means, the speed of rotation
10 of which is so set that it slips on the ink image holder with
a nipping pressure applied to the latter, whereby an ink
image on the ink image holding means can be positively
transferred onto a recording sheet P irreSpective of the
_ degree of dryness of the ink.
15
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which is substantiallyspqual to the periphery speed V[£ry] of. the push
rol 1 er 3, because the [atter has a l'arger coeffi- cienf of frictfon with”’.
respect to the recording sheet P than the ink inmage hol ding drum.l. ct,

t he recbdghxw ErSRECORPORATIONpeed di fference [err]V = |[V[err] - V[err]

with reseedp tapplieatsdnpheral speed V[err] of 1S SHEETHWE B i ng rf;@
1, so the62YTheER nk i mage 37 slips on the ink ing e rum khat s

a shear |d}? f(orce occurs to separate the i'nk. I mag i ndri _cal

oy

surf

1This Sheet Has Been Replaces -
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the i'nk i mage hol di ng- dﬁyﬁ]l I n other words, the she

of the 4ink inmage hol ding drum 1. On the other hand,
surface® of the ink image holding drumis nmade of an
as Sjlicone rubber as described above, as _ shown in

af=Zy ing force
accelerates the separat¥on of the ink image fromthe- cyllndrlcai

surface

since the cyllndrlcaﬁz

a -“‘-
IS

formed in the cyllndrlcal sur- face of the ink |nage
region where the ink |n%?e hol di ng3drum 1 '

O
I..(I = ’
ij) : i
3 m
34 S Lp
38
D 3
- _— (
33 :
@
F:jg(.ﬂ:):r )

@.ztﬂ)- ¥

31
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I.e.;, at-the region mheré%ﬁhe recording sheet is in contagy W th the drum
vex portions*K and L, and a..

1 and the. rdller 3. Mire specifically, con- _
concave portion J are formed in the narrow transfer region, so that the'?>
ink image on the cylindrical surface of, the_ink image holdlng drumis ,///
bent, thus causing f,ine cracks to form This con- tributes greatly to

The inventors have

inprOV|ng the ink image transferring efficiency.
25
THIS SHEET HAS BEEN

carried out researéi on the _
F{ Q‘- /J ' REPLACED
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ef fects of the above-desnribed ink image slipping and hendi ng actions on
the ink iage transferring efficiency, and found that the ni pping presgﬂLg
relates greatly to the slip factor as shown in Fig. 4. That is, in
order to obtain a certain transferring effi= ciency which is satisfactor l

I n practice, the slip factor may be smalt when the nipping pressure is ;Z_‘
| arge, and the slip factor nust be increased when the nipping pres- sure is

snall. In Fig. 4, the curve Mindicates the | ower
| THIS SHEET HAS BEEN
REPFLACED .
HEF
(%)

_——
-—— e,

L]
O : 1] 13 »

200 400 600 BOC 1000 1200 1400 {600 TRBOO 2000
{gf/e=)*

nipping pressure

—_— * 1 gf = 9.8 x 10°°N
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limt values under thosgiconditions. Therefore, where /7

S A

REPLACEMVENT SHEET ) '
Fl q- S | | - THIS SHEET HAS BEEN

REPLACED
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both the slip factor arrtﬂt he ni ppi ng pressure are abovegthe curve M then
the ink image can be sati'sfactorily transferred onto t hé-'r ecor di ng sheet.
It is true that, where both the slip factor and the nip- ping pressure are

above tHe curve M then the ink image transferrlng characteristic is é/

satisfactory.’ How- -

N
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ever:_iT, in this case,xhe slip factor is larger thani then the inage
transferred onto the recording sheet tends to be distorFtlegistSHHEET Eas BEEN |
I NRE e

resultant print is lowin quality. On the ot her hard,
where the printer is of practical size, the upper |imt o Tenrpptrg
pressure is about 14.7 N cm (about 1500 gf/cn), because appli- cation of a

maxi mum of 50 kg to a recording sheet hav- ing a wwdth of 35 cmis

' | ?12.

v
w 2
Q ~.
~
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In pfactice, there is'g@yimt to the-slippinmg of the igk inmage under a

| arge ni ppi ng pressure.~Wth those con- ditions taken it o considerati on,

it has ‘been found that if the nipping pressure and the sli _
sel ected fromthe hatched region in Fig. 4 with reference t¢ ki SHEBEHAS BEEN
qualjty of the recording sheet and the ink holding force of Lthe i L8R

AEERe

hol di ng neans, then the ink i mage can be transferred onto the recording

sheet with high efficiency.
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Parti-cularly in the caggiwhere the printing sheet is asSheet of a type

oft-en used in offices, it is desirable that the nipping pressure be fixedly
set toa value in a range of from1l.47 to 5.9 NNcm (150 to ¢88~—gtierr—aid
the slip factor is set to a suitable value with the paper qgéﬁ'$§ﬂg$ff‘ﬁ§BEEN
recordi ng sheet and the ink holding force of the ink image holdi BFPHAGER

taken into account; that is, the nipping pressure and the slip factor '_arg
so selected that the speeds of rotation of the ink inmage holding drum1l /12,

o

1This Sheet Has Been
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and, the push roller 3'£an be adj usted externally. GBig. 5 shows an

é%anple of a data proc&Ssing device which is used mhen | Iarge slip feagtpr
is required to inprove the above-described ink i rgees ] //p
characteristic. The data processing device, ap ;21
i nciudes a slip factor setting unit 40 which, in

reference signal fromink inmage hol di ng drunldr|V|ﬁg uni t

, sets
a speed difference

”“'sﬁiiii [ u’ir




[err]V between the spé€gs of_ rotation of the ink inmagesn

E
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-

hol ding drum 1 and the.@sh roller 3 to provide a desi rfq slip factor. The
data set by the slip factor setting unit is applied to a notor driving unit.

41, which is pro- vided for the pulse notor 33 connected to the push roller
3, to control the speed of the pulse notor 33. The |

vice -
furthar includes a data size increasing/decreasing \irmls m&m% ves a
printing | RERLACGED :
1o/ l 2

Fla 14 o

r | | __;___———————'\{ | r
L

‘\"..
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S|gnal fr@n1the host conputer, and, in correspondence to the data fromthe
slip factor’ setting unit 40, increases or decreases the size of bit map

data devel oped in an image buffer 42 |nathe aux1llary SC§ g :
i.e., in the circunferential direction of the.-ink.i mage tnﬁg? 'aﬁghfﬁﬁﬂ

can be readily realized with software to1d|rec- tional ly ™™g m——
decrease image data in the above- descri bed manner. Referen, | AHEET
designates a driving unit for the ink jet type recordi ng hepd| 2.

TRANSFER TYPE INK JET PRINTER

2 1 SEP 199

The present invention relates to a “Transrer typT—
ink jet printer. h
Ink jet ©printers are known in which

an ink jet type line recording head adapted to jet ink droplets
from its nozzles is driven accordihg to printing data to be
recorded, and ink droplets jetted from the nozzles are received
by a recording medium (recording sheet) so that a pattern
corresponding to the printing data ig recorded théreon.

An ink jet.printer of this type wherein ink'droplets are
directly jetted onto a recording sheet is advantageous in that
it is simple in constru;tion. -However, it is disadvantageocus
in that it is necessary for the printer to use a recording
sheet which is receptive to ink adhering thereto, but which
does not cause the ink to spread in é blotting effect. Hence,

- with the printer, improvements of the printing quality are
‘limited by the quality of the printinag sheet. |

In order to overcome the above-described difficulty, an
ink jet printer has been proposed in which ink droplets jetted
according to printing data are received by an ink image holding
drum made of a material from which ink can be readiiy removed,
thereby to form an ink pattern on the ink image holding druﬁ,
and the ink pattern thus formed, after being partially dried,
is transferred onto a recording sheet (sée, for example;'U.S.
Patents Nos. 4,538,156 and 5,099,256).

—_—_—
T ———

——
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The data processing device has the followi ng effects a
high slip factor is set with the slip factor setting ufpi
ink i mage transferring characteristicf A%
upon transferring is free fron1disto% i on ngqgﬁggt e
fromthe printing data is corrected by=tire—data—stze—
uni 43 w th t hend siRkid-ofkdcHaed HhEcREROYA! which =
exanpl e of the data process-

image) is partially dried and then transferred onto a recording

| t 12 RiSEro® btai ned
I map data

sheet is advantageous in that the ink image can be printed
without the ink running on the recording sheet. In addition,
a printer employing thé method is also advantageous in that it
is free from the difficultj that the ink jetting nozzles are
clogged through unintentional contact with the'recording sheet
or by paper powder. That 4is, the printer is "high in
reliability. |

- However, the printer is still disadvantageous in that, in
transferring the ink image onto the printing sheet, the ink is
already partially dried, which lowers the adhesion of the ink
to the recording sheet. Hence, in the case where the ink image
is a pattern such as a segmenf made up of a series of dots, the
ink image may not completely be transfe;red onto the printing

sheet, so that the resultant print is low.in guality.
Japanese Patent Application (OPI) No. 70785/1392 has

disclosed a technique wherein, in a printer of the type that an
image is formed on an image holding drum and then transferred
onto a recording sheet, a speed difference is provided between
the speed of rotation of the iﬁage holding drum and the speed
of movement of the recording sheet, thereby to improve the
-image transferring efficiency.

In this technique, the image is held by an electrostatic
force, and it is transferred onto the recording sheet by an
electrostatic force. Hence, the technigue cannot be applied to
é.printing system in which, as in the case of an ink jet

printer, no electrostatic force is used to transfer the image

onto the recording sheet.
This Sheet Has Been Replaced
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I ng device, which |ncludes a position detecting unit 46 and a printing

position calculating unit 45. The position detecting unit 46 operates to
out put a signal corre- sponding to the.pasjtion of th WS{ ?
drum 1 according to an output signal of THIS SHEBTUEAS AFH t he
position of the ink image holding~drunf 1. TREPDAGED i n 05|t|on cal culating -
unit 45 operates as fol- lows: In order for an2fleSERA9%nt p | he
printing sheet to be free fromdistortion irrespective ¢f a slip fac-

It is therefore the object of the pfresent invention b:o

provide a transfer type ink jet printer which avoids the
abovementioned drawbacks of known printers. This object is
solved by ink jet printers according to 'independent claims 1,
2 and 3. Further advantageous features, aspects and details
of the invention are evident from the dependent claims, the
description and the drawings. The claims are to .be
understood as a first non-limiting approach- to define the
invention in gene_i‘al terms.

The present invention relates to transfer type ink jet

printers, and more particularly to a transfer type ink jet
printér of tﬁe type whe#:ein ink dropiets are jetted from
nozzles to ink image holding device according to printing data
.t.o form an ink image thereon, and the ink image thus foxrmed is
transferred onto a recording medium. The invention also-
relates to an image -transferring technique used in such a

transfer type ink jet printer.

In view of the foregoing, an aspect of this invention is
‘to provide a transfer type ink jet piinter Iin which an ink
image formed on ink image holding means can be positively
- transferred onto a recording sheet irrespective of the degree -
of dryness of the ink.

The foregoing aspect and other aspects of the invention
have been achieved by the provision of | a transfer type ink jet
printer which, according to the invention, comprises: an ink
jet recbrding head fér jetting ink droplets according to

recording data; ink image holding means for receiving ink

This Sheet Has Been RT
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d causes a

W7u
évice ¢ n

tor set by the slip factor setting unit, the printing pogHten-ta
unit 45 calculates a dot formng position in the nost su
scanning direction, i.e., in the sheet feeding direction
printing pul se generating unit 48 to-gut Lnting ti
according to the-result of calcul ation. S

be realized with cir- cuits relatively s | RERLG@kp DE(

be printed arg, Y 8eitdd @08 EHe?ihRNjet recording heads—

holding means being eiastically deformable; and a push roller

9

arranged movable to and from the ink image holding méans, the
speed of rotation of which is so-éet that the push roller slips
on the ink image holding means wiéh & nipping pressure applied
thereto. '
pPreferably, the printer further comprises data size
increasing ox decréasinﬁ:meéns for increasing or decreasing the
-recording data in size according to a slip factor between the
ink image holding means and the push roller and_applyiﬁg the
-retprding data thus.incréased or'decréésed to the reéording
'héad{ and/or means for determining the timing of jett;ng ink'
d;oplets from the recording head according to the slip factor.
The nature, utility and principle of the lnventlon'w1ll.be
more clearly'understood.fromtthe follow1ng'detalled.dcscrlptlon

and the appended claims when read in conjunction with the

accompanying drawings.

. In the accompanying drawings: -

Fig. 1 is an explanatory diagram showing the arrangement
of a transfer type ink jet printer, which conétitutes a first
embodiment of this invention; |

Figs. 2(I), 2(II) and 2(III) are explanatory diagrams for

a description of the operation of the first embodiment;

Thls She.
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Fig. 3 is an enlarged explanatory diagram showing a part
df the first embodiment, for a description of the operation of
the first embodiment;

Fig. 4 is a graphical representation indicating nipping
pressures with slip factors and transfer effects; |

Fig. 5 is a block diagram showing the arrangement of one
example of a control unit in the first embodiment;

Fig. 6 is a block ‘diagram showing the arrangement of
another example of the control unit;

Fig. 7 is an explanatory diagram showing an example of a
pushing roller in the first embodiment;

Fig. 8 is an explanatory diagram showing the arrangement
of a second embodiment of the invention;

Fig. 9 is a perspective view showing the arrangement of a
third embodiment of the invention;

Figs. 10(a) and 10(b) are explanatory diagrams for a
description of the operation of the third embodiment; .

Fig. 11 is a perspective view showing the arrangement of
a fourth embodiment of the invention;

Figs. 12(a) and 12(b) are explanatory diagrams for a
description of the operation of the fourth embodiment;

Fig. 13 is a perspective view showing the arrangement of

a fifth embodiment of the invention;

—_———
—_—
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Fig. 7 shows another exanple of the push roller. The *

braking unit 51 for applying a load to rol I er 50. ' o
is fixedly nmounted on the base stand 31f THIS SiepSy I by the pushi
mechani sm 34. The ink jet printer wWith thzepp,&@ébr r2 IGERHYRt €

follows: Wen an ink i mage has been fornmed on tire—t+hk lge hol di ng dr
a recording sheet Pis fed to -6~
Fig. 14 is a front view of an ink ima

X

drum
and a push roller in the fifth embodiment as viewed in
the direction of an arrow J in Fig. 13; and

Fig. & is a plan view of the ink image holding drum

and the push rollexr.

Preferred embodiments of this invention will be described
with reference to the accompanying drawings.

" First Embodiment

A transfer type ink jét printer, which constitutes a first

embodiment of the invention, is constructed as shown in Fig. 1.

In Fig. 1, reference numeral 1 designates an ink image

- holding drum, which is rotatably supported by a frame (nbt
shown). The shaft 21 of the drum 1 is coupled through a
transmission mechanism 20 such as an endless belt io a pulse
motor.23, so that the drum 1 is rotated at a predetermined
speed in the direction of the arrow A in Fig. 1. The ink image
holding drum 1 includes a drum body 24 made of metal in the
form of a cylinder, and an elastic layer 25 formed on the
cylindrical surface of the drum body 24 using a material such
as silicone rubber which is excellent in ink wettability. The
elastic layer 25 may be made of fluorosilicon. rubber or

fluororubber.

_This Sheet Has Been Re[ilaced
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~the transfer region, while the pushing nechanism34 is-
result, the push roller 50 pushes the recording sheet P|8a48
I mage holdlng drum 17 The torque of the
t hrough the recording sheet P to the pu
tends to turn in synchronization with t
operation, .a l'oad is applied to the -push-roller e uua“ing uni t

and the friction force with the recordifrg sheet P is |drger ‘—-J

Further in Fig. 1, reference numeral 2 designates an ink-

jet type recording head. 1In this embodiment, in order to print
each horizontal line of a recording sheet of maximum size. in
one scan, for instance 2000 nozzle openings are arranged on a
straight line, or they are arranged staggeréd up and down
between two adjacéht lines. | '

The ink jet type recording head 2 may be such that a
plurality of nozzles, for instance 400 nozzles, are arranged at
intervals of a few dots (for instance five dots), in a main
scanning direction (in the direction of the axis of the ink
image holding drum 1 in the embodiment), and the recording head
is moved one dot every revolution of the ink image_holding drmn
éo that an ink image corresponding to one page is formed on the
ink image holding drum 1 as the latter undergoes plural
revolutions (for instance, five revolutions).

The nozzles of the recording head 2 are communicated with
pressure chambers to which, similarly to the case of an
ordinary serial printer, ink is supplied from an ink tank. In
the pressure chambers, energy generating sources such as
pie%oelectric elements or heat generating elements are operated
according to printing data to be.recorded to jet ink droplets
from the pressure chambers.

The ink jet printer further includes a push roller 3
having a friction layer 3a on its surface, which is made of a

material which has a larger coefficient of friction with

This Sheet Has Been Repla
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than that with the ink imge holding drum1, and there- fore the push

roller slips relative to the recording sheet P on the in
t hus providing a speed differencg [ e
rotation of the push roller and tne ink f '
simlarly as in the above-descri bed case;
separate the ink image on the ink image hol di ng
surface of the latter 1, so that the ink inmage is posit v-

drum 1,

sa=Tol=8 holdlng

—

O CUFS tO

HeSER 1199
transferre

——

-8 -

respect to a recording sheet than the ink image holding drum 1.
The puSh roller 3 is rotatably mounted through a shaft 30 on a
base stand 31, and is coupled through a transmission meéhanism
32 such as a timing belt to a pulse motor 33 which is fixedly
mounted on the base stand 31. The push roller 3 is driven by
the pulse motor 33 at a peripheral speed V, which differs by a
value AV (hereinafter referred to as "a peripheral speed
difference AV", when applicable) from the peripheral speed V,
of the ink image holding drum 1 so that it slips on the latter.
The base stand 31 is mounted on a pushing mechanism 34 .so that
it is moved back and forth, or in the directions of the arrow
C.in Fig. 1.

The ink jet printer further includes a control unit 35
which detects a rotational position of the ink image hqlding
drum 1, and applies printing data to the recording head 2 when

the home position of the drum 1 reaches the recording.head 2.

After the formation of an ink image has been accomplished, the

control unit 35 operates to convey a recording sheet P to the
space between the ink image holding drum 1 and the push roller
3 in synchronization with the arrival of fhe home position of
the ink image holdinj drum 1 at the transfer region, and to
move the pushing mechanism 34 so that the push roller 3 is
pushed against the cylindrical_surface of the ink image holding
drum 1 with a predetermined nipping pressure. In addition, the

control unit controls the pulse motor 33 so that the

_—
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onto the recording sheet P The speed difference [er
speeds of rotation of the push roll ep=50 ' i TREP
depends on the load applied to the p éﬁﬂ$GHt@f
transferring characteristic can be aljus
braking unit 51. Second Enbodi nent

predetermined peripheral speed difference

between the peripheral speeds of the ink image holdiﬁg drum 1
and the push roller 3.

Further in Fié. 1, reference numeral 38 designates a pair
of sheet feeding rollers for supplying a recordiné sheet P to
the transfer region. |

The operation of the printer thus constructed will be
described with reference to Fig. 2.

With the push roller 3 spaced away from the ink image
holding drum 1 (as shown in Fig. 2(I)) the latter is rotated at
the ;teady speed V;. When the home position of the ink image
holding drum 1 confroﬁts the ink jet recording head 2, a host
computer or the like applies printing data to the ink jet
recording head 2. Ink droplets jetted from the recording head
2 form an ink image on the cylindrical surface of the ink image
holdiné'drum 1 in correspondence to the printing data.

lAs the ink image is forﬁed on the ink image holding drum

1 rotated in the above-descrlbed manner, then it is partially
dried because the solvent of the ink evaporates When the
required ink image is formed, for instance, an image of one-
page, the sheet feeding rollers 38 supply the recording sheet
P to the trénsfer region in synchronization with the arrival of
the home position of the ink image holding drum 1 at the
transfer region. When the front edge of the recording sheet P

- reaches the transfer region, the pushing'mechanism.34 moves the

\____‘__‘___;___“_-"
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A second enbodi ment of the invention will be described wth reference to
Fig. 8, in which the ink I mage hol dg arned by -an eng
Fig. 8, reference nunmeral 60 design ISt SHEETTHA 9 FE0E
conposed of an endl ess belt made of

t

: : _ a2l BERLACEpRL ef | §
rubber. The ink image holder 60 is provided w
-10~

push roller 3 in the direction of the arrqgw D so that the

latter is pushed against the ink image holding drum 1 at the
predetermined nipping pressure_(as shown in Fig. 2(II)). |
As a result, the recording-sheet P is held between the ink
image holdJ.ng drum 1 and the push roller 3, so that it is
pushed aga;Lnst the ink :unage holding drum 1 with a predetermmed force F
attributed to the pushing force of the push roller 3 (as shown
in Fig. 2(III)). - Under this condition, the ink image is
transferred from the ink image hoiding ‘drum 1 onto the
record:.ng sheet P. | |
When one page of the ink image has been transferred the
pushing mechan:.sm 34 is released, so that the push roller 3 is
moved eway from the ink image holding drum 1. Thus, the
. recording operation for one page is.completed, |
In the above~described ink image transferring operation,
_the recording sheet P is moved at a. speed V, which is |
substantially equal to the periphery speed V, of the push
roller 3, because the latter has a larger coefficient of
friction with respeet to the recording sheet P than the ink
image holding drum 1. Hence, the recording sheet P has a speed
difference AV =1V, - V5] with respect to the peripheral speed
| V, of the ink image holding drum 1, so that the ink image 37
slips on the ink image holding drum, that is, a shearing force
occurs to separate the ink image 37 from the cylindrical

surface of the ink image holding drum 1. In other words, the

[
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shearing force accelerates.the separation of the ink image from
the cylindrical surface of fhe ink image holding drum 1. On
the other hand, since the cylindrical surface of the ink image
holding drum is made of an elastic material such as silicone
rubber as described above; as shown in Fig. 3 a recess is
formed in the cylindrical surface of the ink image holding drum
1 at the region where the ink image holding drum 1 contacts the
push roller 3, i.e., at the region where the recording sheet is
in confact with the drum 1 and the roller 3. More
specifically, convex portions X and L, and a concave portion J
are formed in the narrow transfer region, so that the ink image
‘on the cylindrical surfaée of the ink image holding drum is
bent, thus causing fine_cracks to form. This contributes
greatly to improving the ink image transferring efficiency.

The inventors have carried out research on the effects of
the above-described ink image slipping and bending actioﬁs on
the ink image transferring efficiency, and found that the
.nipping pressure relates greatly to the slip factor as shown in
Fig. 4.

That is, in order to obtain a certain transferring
efficiency which is satisfactory in practice, the slip factor
may be small when the nipping pressure is large, and the slip
factor must be increased when the nipping pres;ure is small.
In Fig. 4, the curve M indicates the lower limit values under

those conditions. Therefore, where both the slip factor and
-

T




recording head 2, and it is supported by a driving REP EBT tieek] Vel y
| arge di aneter in the region where ~anfronts the pps on -
driving roller 63 is coupled thro o FHES $H chanlsn164 to pul se

121 SEP=1996 0

no head at a

not or 65. When the driving rollde
arrow, the ink imge hol der 60 passesi2over
predet er mi ned speed. When, under

the nipping pressure are above the curve ¥, re—i ingage

can be satisfactorily transferred onto the recording sheet..

It is true that, where both the slip factor and the
nipping pressure are above the curve M, then the ink image
transferring characteristic is satisfactory. However, if, in
this case, the slip factor is larger than 5%, then the image
transferred onto the recording sheet tends to be distorted;
that is, the resultant print is low in gquality.

On the other hand, in the case where the printer is of

practical size, the upper limit of the nipping pressure is about 14.7 N/cm
(about 1500 gf/cm), because application of é maximum of 50 kg to
a recording sheet having a width of.35 cm is allowable.

In practice, there is a limit to the slipping of the ink
image under a large nipping pressure. With those conditions
taken into consideration, it has been found that if the nipping
pressure and thg-slip factor are éelected from the hatched
region in Fig. 4 with reference to the paper quality of the
recording sheet and the ink holding force of the ink image
holding means, then the ink image can be transferred onto the
recording sheet with high efficiency.
| Particularly in the case where the printing sheet is a

sheet of a type often used in offices, it is desirable that the

nipping pressure be fixedly set to a value in a range of from 1.47 to

5.9 Njcm (150 to 600 gf/cm), and the slip factor is set to a suitable

value with the paper quality of the recording sheet and the ink
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this condition, printing data is'applied to the recordi
| atter jets ink droplets to forman ink pattern on the

i nk i mge hol der 60. When the data has been recordeg pn
hol der 60 as nuch as required, the p (oller 3is nov df t @vq
i mage hol der 60 in synchroniza- tior] VHISISHERS 7 is h
of the holder 60 to the transfer region, mﬁqﬁ%E
by the sheet feeding rollers 38 to i13e tra

holding force of the ink image holding means taken into
account; that is, the nipping pressure and the slip factor are
so selected that the speeds of rotation of the ink image
holding drum 1 and the push xoller 3 can be adjusted
externally. -

Fig. 5 shows an example of a data processing device which
is used when a large slip factor is required to improve the
above-described ink image transferring characteristic.

The data processing device, as shown in Fig. 5, includes
a slip factor setting unit 40 which, in-resbonse to a speed
reference signal from ink image holding drum driviné unit (not
shown), sets a speed difference AV between the speeds of
rotation of the ink image holding drum 1 and the push roller 3
‘to provide a desired slip factor. The data set by the-slip
factor setting unit is.applied to a motor driving uﬁ}t 41,
which is provided for the'pulse motor 33 connected to the push
roller 3, to control the speed of the pulse motor 33. The data
processing device further includes a ~ data size
inc;eaéing/decreasing unit 43 which receives a printing signal
from the host computer, and, in correspondence to the data from
the slip factor setting unit 40, increases or decreases the
size of bit map data developed in an image buffer 42 in the
auxiliary scanning direction, i.e., in the circumferential

direction of the ink image holding drum 1. It can be readily

\
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resul t,

t he recording sheet. P is noved while being pu the ink
I mge hol der 60 by the push roller 2 Lzzﬁﬂﬂﬂ“ﬁ TR

the first enbodiment, the ink inmagg THS gag
recording sheet P. In the secohd e
record region and the transfer reglgp
this feature, the period of tine betmeen the tinme wheph a

so that, simlar of

sflerregd omnte

i $t enft pe
c easgﬁpéﬁ‘ _ f

formed and th%Jzed with software to directionally i or decreage

image data in the above-described manner. Reference ngmeral
44 designates a driving unit for the ink jet type recording

. head 2.

The data processing device has the following effects and
merits: Even if a high slip factor is set with the slip factor
setting unit 40 to make .the ink image-_transferring
characteristic sufficiently high, the image obtained upon
transferring is free from distortion because the bit map data
formed from the printing data is corrected by the data size
increasing/decreasing unit 43 with the distortion taken into
account.

Fig. 6 shows another example of the data processing
device, which includes a position'detecting unit 46 and a
printing position calculating unit 45. The position detecting
unit 46 operates to output a signal‘ corresponding to the
position of the ink image holding drum 1 according to an output
signal of an encoder 47 adapted to detect the pdsition of the
ink image holding drum 1. The printing position calculating
unit 45 operates as follows: In order for the image
transferred onto the printing sheet to be free from distortion
irrespective of a slip f;ctor set by the slip factor setting
unit, the printing position calculating unit 45 calculates a
dot forming position in the most suitable auxiliary scanning
direction, i.e., in the éheet feeding direction, and causes a
printing pulse generating unit 48 to output a printing timing

signal according to the result of calculation.

x,
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time when the ink pattern is transferred onto the record- ing sheet can be

sufficiently long. Hence, the ink imge can be suffici ly dried. and it
I s possi-ble, when neces- sary, to provide a cleaning d GEMENf ' an
ink image left on the ink inmage hol der 60, Jand a heate et Hﬂﬁgr

evaporating the solvent fromink which is
Enbodi nent . =15-

speed. Third
“‘%5,%]1 SEP 19%

The data processing device can be real

relatively small in scale because only data to be printed are
subjected to calculation.

Fig. 7 shows another example of the push roller. The push
roller 50 has a braklng unit 51 for applYLng a load to the .
roller 50. The braklng unit 51 is fixedly mounted on the base
sfand 31, which is driven by the pushing mechanism 34.

Thé ink jet printer with the push roller 50 operates as
follows: When an ink image has been formed on the ink image
holding drum 1, a recording sheet P is fed to the transfer
regidn, while the pushing mechanism 34 is operated. As a
result, the push roller 50 Pushes the recording
sheet P against the ink image holding drum 1. The torgue of
the ink image holding drum 1 is applied through the recording
sheet P to the push roller 50, so that the latter tends to turn
in synchronization with the ink image holding drum 1. In this
operatign, a load is applied to the push roller 50 by the

"braking unit 51, and the friction force with the recording
sheet P is larger than that with the ink image holding drum 1,
and therefore the push roller slips relative to the recording
-sheet P on thé ink image-hoiding drum 1, thus providing a speed
difference AV, between the speeds of rotation of the push
roller and the ink image holding drum. As a result, similarly
as in the above-described case, a §hearing force occurs to

separate the ink image on the ink image holding drum 1 from the

//
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A third enbodi nent of the invention will be described with referenCe to

Fig. 9. In Fig. 9, reference nuneral 101 designate nk i mage
hol di ng drum which is fundanmentally the sane in const'RERﬂ' '
i mge holding drum 1l in the above-descri pm enbo .

enbodi nent, the recording head 102 is a

-=16—-

cylindricél surface of the latter 1, so that the ink image Is
positively transferred onto the recording sheet P.

The speed difference AV between the speeds of rotation of
the push roller 50 and the ink image holding.drum 1 depends on
the load applied to the push roller 50. Hence, the ink image
transferring characteristic can be adjusted by changing the
load wiéh the braking unit 51.

Second Embodiment

A second embodiment of the invention will be described
with reference to Fig. 8, in which the ink image holder is
formed by an endless belt.

In Fig. 8,'referen¢e numeral 60 designates the ink image
holder, which is composed of an endless belt ﬁade of an elastic
material such as silicone rubber. The ink image holder 60 is.
provided with a pair of rollers 61 and 62 to provide a flat
surface in the region where it confronts the recording head 2,
and it is supported by a driving roller 63 of relatively large
diameter in the region where it confronts the push roller 3.
The driving roller 63 is coupled through a transmission
mechanism 64 to a pulse motof 65.

When the driving roller 63 is turned in the direction of
the:arrow,-the ink image holder 60 passes over the recording
head at a predetermined speed. When, under this condition,

printing data is applied'to the recording head 2, the latter
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jets ink droplets to form an ink pattern on the outer surta

of the ink image holder 60.

When the data has been recqrded on the ink;image holder 60
as much as required, the push roller 3 is moved towards the ink
image holder 60 in synchronization with the arrival of the home
position of the holder 60 to the transfer region, while a
recording sheet P is fed by the sheet feeding rollers 38 to the
transfer region. As a resuit, the recording sheet P is moved
while being pushed against the ink image holder 60 by the push
roller 3, so that, similarly as in the case of the first
embodiment, the ink image is positively transferred onto the
recording sheet P.

In the second embodiment, the distance between the record
region and the transfer region can be freely increased.
Because of this feature, the period of time beﬁween the time
when an ink pattern is formed and the time when the ink pattern
is transferred onto the recording sheet can be sufficiently
long. Hence, the ink imaée can be sufficiently dried, and it
is possible, wheh necessary, to provide a cleaning device for
removing an ink image left on the ink image holder 60, and a
heater oxr air blower for evaporating the solvent from ink which
is sléw in drying speed.

Third ﬁmbodiment

A third embodiment of the invention will be described with

reference to Fig. 9.

: Tixié Sheet Has Been Replaced -

-

|

Ml

I



at predeterm ned interval s extendi hg in the direction of the axis of the

I nk 1 mage hol di ng drum 101. The recordi ng head 102 h : | ance,
512 noz- zles arranged at intervals of O. 6/ 600 | L

head 102 is noved by a head novi ng devi ce [1PHISSHERG iy .

| mage hol ding drum 101 as nuch as 0.0423 llﬂmmLAd@Bhﬁh‘ v ééfion
the drum 101, so that an image of one page is for ' |%a§ de96
hol di ng drum 101 when the |atter has ~18-

Iin Fig. 9, reference numeral 101 designates &
holding drum, which is fundamentally the same in construction
as the ink image holding drum 1 in the above-described first
embodiment.

In this embodiment, the recording head 102 is a liﬁe type
ink jet recording head having a plurality of nozzles at
predetermined intervals extending in the direction of the axis
of the ink image holding drum 101.

The recording head 102 has, for instance, 512 nozzles
'arranged at intervals of 0.67 mm (16/600 incfx). The recording head 102
is moved by a head moving device 121 along the akis of the ink
image holding drum 101 as much as 0.0423 mm (1/600 inéh) per revolution of
the drum 101, so that an image of one page is formed on the ink
image holding druh 101 when the latfer has made sixteep (16)
revolutions.

The cylindrical surface of the ink image holding drum 101
is én elastic layer, and it is divided ihto two regions: a
recording region 111 indicated hatched in Fig. 9, and a non-
recording region 112. In this embodiment, the ink image
hoiding drum 101 is, for instance, 80 mm in diameter.

The ink image holding drum 101 is provided with a push
roller 103, which is fundamentally the same in construction to
the push roller 103 of the first embodiment. However, it
should be noted that the push roller 103 is rotatably supported

by a pushing lever 132 which is swingable about a supporting

______————————”‘—'—’—‘,
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made si xteen (16) revol utions. The cylindrical surf of the ink imge

hol ding drum 101 is an elastic layer, and it is divide REp A suern
recording region 111 indicated hatched in Fig. 9, and #R‘ Qg@ﬂ? :

region 112. In this enbodi- nment, the ink i ol din rum 101 is; r
instance, 80 mmin dianeter. The ink i SaE; 2 16ER 198" qui
with.a push roller 103, which is fundaneg{_ tRBPL S - Nc n-

']

shaft 131 fixedly secured to a frame (not showi)s
eccentric-cam-shaped pushing shaft 134 is rotatably supported

on the frame and abutted against the pushing lever 132,

- Therefore, as the pushing shaft 134 is rotated by an electric

motor 135, the pushing lever 132 is swung, being abutted
against the pushing shaft 134, so that the push roller 103 is

swung up and down in the directions of the arrow C, so that it

.is pushed against and moved away from the ink image holding

drum 101. The pushing force of the push roller 103, namely, an

.ink image transferring force, is generated by a pressure

applying spring 133. The ink image transferring force is, for
instéﬁce, in a range of 49 to 490N (5 to 50 kg).

The ink image hqlding drum 103 is coupled through a drum
gear 153, a first intermediate gear 152 (on the side of the
drum 101), and a motor gear 151 to a pulse motor 105, so that

the drum is turned in the direction of the arrow A in Fig. 9.

The push roller 103 is coupled through a roller gear 155,'

and a second intermediate gear 154 (on the side of the push

" roller 103) to the first intermediate gear 152. With the aid

of the first intermediate gear 152, the push roller 103 is

‘rotated in the direction of the arrow B at a speed V, which

differs by AV from the peripheral speed V, of the ink image
holding drum 101 so that the push roller 103 slips on the ink

image holding drum 101.

“This Sheet Has Been ¥ Rerlaoe
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struction to the push roller 103 of the first enbodi nent
shoul d be noted that the push roller 103 is rotatably SLBQEER@§EQEUESHEET

pushi ng |l ever 132 which is sw ngabl e about a supportlng shaft 131 fixedly
secured to a frame (not shown). An eccentri ¢-g sh2 1 SEP by t 134
is rotatably supported on the frane and abufte Bag gReyPUShi ng 1evpr
132. Therefore, as the pushing shaft 134 is hn e T o

135, the pushing | ever 132 is swung, beigng abutted agal

The above-described gears form a transmission mechanism,
the transmission ratio of which is as follows:

(D1/Dz) # (2Zs3/2s5),
where D, is the outside diameter of the ink image holding drum
101, D, is the outside diameter of the push rollé; 103, 24 is
the number of teeth of the drum gear 153, and 355 is the number
of teeth of the roller gear 155.

The transmission mechanism may be replaced by.a toothed
belt mechanism or a pulley mechanism. '

Further in Fig. 9, reference numeral 113 designétes a drum
origin detecting board, which is fixediy mounted on the shaft
of the ink image holding drum 101. The drum origin detecting
board 113 operates as follows: As the ink image holding drum
101 rotates, the front edge of the recording region 111 of the
ink image holding drum 101 reaches the recording head 102,
whereupon the dfum origin detecting board 113 causes an origin
detector 114 to output an origin signal. 1In response to the
or;gin signal, printing data is applied to the recording head
102, so that thé latter jets ink droplets to form an ink image
on the recording region 111 of the ink imagé holding drum 101.

The operation of the ink jet Printer thus constructed will
be described with reference to Fig. 10.

Similar}y as in the case of the above—descfibed first

embodiment, with the push :oller 103 spaced away from the ink
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t he pushing shaft 134, so that the push.rdller 103 is s p_and down in

the directions of the arrow C, so that it is pushed agaijR§
fromthe ink imge holding drum 101. The Jushing force ¢ : - ]
| 2¥ sé»éessur
| ng drum 103 |s

103, nanely, an ink image transferring f'rnﬁss!-
appl ying spring 133. The ink inmage trans ern
a range of 49 to 490N (5 to 50 kg). ~_,41
coupled t hr ough

image holding drum 101 (as shown in Fig. 10(a)),

holding drum 101 is rotated at a predetermined speed V,.

When the origin signal is produced, that is, when the
writing start position confronts the recording head 102, a host
computer or the like applies printing data to the recoxrding
head 102 to cause the latter to jet ink droplets. ' The ink
droplets thus jetted form an ink image on the recording region

111 of the ink image holding drum 101 according to the printing

data.

Similaily as ih the case of the first embodiment, the ink
image thus formed is partially dried. |

After the ink image has been. formed on the ink image
holding drum 101, for instance, in an amount corresponding to

" one page, a recording sheet P is fed into the transfer region

by sheet feeding rollers 137 in the direction of the arrow D in
synchronization with the arrival of the writing start position
of the ink image holding drum.101 at the transfer region.

Upon arrival of the front edge of the recording sheet P at
the transfer region, the pushiﬁg shaft 134 is turned. As a
result, the push roller 103-is moved by the pressure applying
spring 133 in the direction of the arrow E (Fig. 10(b)), so
that it is pushed against the ink image holding drum 101 at a
predetermined nipping pressure.

Thus, similarly as in the case of the first embodiment,

the recording sheet P is held between the ink image holding

I —
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a drumgear 153. a first internediate gear 152 (on the

101), and a notor gear 151 to a pulse notor 105, so th e %ed
in the direction of the arrow Ain Fig. 9. The push Jroll er 103
coupl ed through a roller gear 155, and i_nt errfedi aRe1 ggpr 4{(gn
the side of | | THIS SHEET e 9964 |
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drum 101 and the push roller 103, that is, it is pushed against
the ink image on the drum 101 by the push roller 103 at a
predetermined force E as shown in Fig. lO(b), as a result of
which the ink image is transferred onto the recording sheet P.

When one page of the ink image has been.transferred, the
pushing shaft 134 is turned, so that the push roller 103 is
moved away from the ink image holding drum 101. Thus, the
printing of one page of the ink image on the recording sheet P

is completed.

In the ink image transferring operation, similarly in the

case of the first embodiment, the ink image is suitably slipped

and bent, thus.improfing'the ink image transferring efficiency.

The third embodiment is advantageéus in the following
points: Even if the pushing force changes, the speed
difference AV between the speeds of rotation of the ink image
ﬁolding drum 101 and the push roller 103 is maintained
unchanged owing to the transmission ratio of the transmission.
Thus, the ink jet printer is simple in construction, positive

in operatioh, and low in manufacturing cost.

Fourth Embodiment
A fourth embodiment of the invention is constructed as
shown in Fig._ll.
In the fourth embodiment, the ink image holder is
impleménted with a belt 106 having two ends (hereinafter

referred to as "an ink image holding belt 106", when
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- 13 - the push roller 103) to the first internedi g o152 LDt he
aid of the first intermediate gear 152, the push REPEACENE%HTSHEET
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applicable). The belt is formed by bondi

P
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such as silicone rubber to the surface of a thin-plate-~shaped
material such as a spring steel sheet.

The ink image holding belt 106 has a recbrding region, the
length of which is equal to that of at least one recording
sheet P. The ink image holding belt 106 is laid over a feeding
drum 165 with one end connected to a supply.roll 161 and the
other end to a take-up roll 162. When the printer is in
standbylstate, the front edge of the recording region 111 of
the ink image holding belt 106 is confronted with a recording
head 107, and the ink image holding belt is stretched tight,
being wound on the supply roll 161.

The ink image holding belt 106 is held between the feeding
drum 165 and a pinch roller 166. That is, the pinch roller 166
is pushed through the belt 106 against the feéding drum 165 by
a pressure applying device (not shown), so that the pinch
roller 166 is rotated by a frictional force produced between
itself and the belt 106.

When the feeding drum 165 is rotated by a pulse motor 105
in the direction of the arrow F in Fig. 11, the ink image
holding belt 106 is moved in the direction of the arrow G (this
direction being heréinafter referred to as "a main scanning
direction, when applicable), and its recording region 111 is

unwound from the supply roll 161, while a take-up motor 164
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roller 103 is rotated in the direction of the arrow B at a speed VQ mhlch
differs by [err]V fromthe peripheral speed V[err] P

drum 101 so that the push roller 103 s
101. The above-descri bed gears fo
transm ssion ratio of which is as foI
[err])[err](Z [err]/Z [err]),

operates to wind the ink image holding bd
taken up roll 162 so that the latter is kept stretched tight;

The recording head 107 is a serial type ink jet recording
head composed of piezoelectric elements; that is, it has a
pluralitj of nozzles at predetefmined intervals in the main
scahning direction. For instance, the'reéording head 107 has

sixty-four (64) nozzles at intervals of 0.0423 mm (llsoo_inch) in the

direction of movement of the ink image holding belt 106. The
recording head 107 is set in front of the ink image holding
belt 106 with a predetermined space therebetween.  The
recording head 107 thus set is moved back and forth in a
direction perpendicular to the main scanning direction
(hereinafter referred to as "an auxiliary scanning direction",
when applicable). |

The feeding drum 165 is coupled through a drum gear 153,
a first intermediate gear 152 (on the side of the drum 165) and
a-motor gear 151 to a pulse motor 105, so that it is rotated in
the direction of the arrow F. A push roller 103 is coupled
through a roller gear 155, a second intermediate gear 154 (on
the side of the push roller 103) to the first intermediate gear
;52. With the aid of the first intermediate gear 152, ‘the
push roller 103 is -rotated in the direction of the arrow H at
a speed V, which differs by AV from the periphgral speed V, of
the ink image holding belt 106 so that the push rollér 103

slips on the ink image holding belt 106. The transmission

y :'This Sheet Has Been RTlaced




where Derr] is the outside dianeter of the ink imge h
Dierr] is the outside dianeter of the push roller 103,
of teeth of the drum gear 153, and Z[err] is the nunber
rol |l er gear 155. The transm ssion nechani sm may be |
toot hed belt nmechanismor a pulley nmechani sm FurtRerf in
reference nuneral 113 designhates -

. 2B

mechanism according to the present invention, other than as
described above, may also be a belt-mechanism having sprockets
or a pulley mechanism. The above-described gears form a
transmission mechanism, tﬁe-transmission ratio of which is as
follows: _ : .
(V;/sz # (Zs3/Zss),

where V, is the peripheral speed of the ink image

holding belt 106, V; is the peripheral speed of the pushing
roller 103, 2Zs3 is the number of teeth of the drum gear 153, and
Zss is the number of teeth of the roller gear 155.

The operation of the fourth embodiment thus constructed
will be described with reference to Fig. 12.

When the printer is in a standby state, as was described
before the front edge of the recording region 111 of the ink

. image holding belt 106 is held confronted with the recording
head 107, and the push roller 103 is held spaced away from the
ink image holding belt 106, as shown in Fig. 12(a).

Upon provision of a recording start instruction, a head
driving device 171 causes the recording heéd 107 to move in the
auxiliary scanning direction, while a host computer or the like
applies printing data to the recording head 107 in
correspondence to the position of the recording head 107 which
is being moved in the auxiliary scanning direction, so that

writing (forming) of an ink image is started from its first

line. ' -
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a drun1origin'detecting board, which is fixedly nounted on the shaft of the

I nk 1 mage hol di ng drum 101. The drunlorlgln detectl
follows: As the ink inmage holding dru v ]
recording region 111 of the ink inmage fhoI'th
recordi ng head 102, whereupon the drurme«igft
origin detector 114 to output an origin signal.

signal, printing data is applied to thgzggcording

es as
t he

bes an
gin

When the movement of the recording: head 107 I the
auxiliary scanning direction in this manner has been
accomplished, that is, when the first liﬁe of thé ink image has
been formed, the ink image holding belt 106 is fed by the
feeding drum 165 by one pitch (for instance, 2.7 mm (64/600 inch)), and
held there. Then, the head diiving device 171 causes the
recording head 107 to return in the auxiliary scanning
direction, while a host computer or the like applies printing
data to the recording head 107 in correspondance to the
position of the recording head 107 which is ~in the
auxiliary scanning direction, so that writing (forming) of an
ink image is started from its second line.

When the return movement of the.recording head 107 has
been éccomplished, that is, whén the‘second line of the ink
image has been formed, the ink image holding belt 106 is fed by
the feeding drum 165 by oﬁe pitch (2.7 mm (64/600 i1_-1ch)). Thereafter,
the recording head 107 is reciprocated while the ink image
holding belt.lﬂs is fed intermittently until the printing.data
is printed out as required; that is, the desired ink image is
formed on the ink image holding belt 106.

While the ink image is being formed in the above-described
manher, the solvent is evaporated from the ink image, so that
the latter is partially dried.

A recording sheet P islfed'into the transfer region by

sheet feeding rollers 137 in the direction of.the arrow D in
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Fig. 10. Simlarly as in the case L}t FSgri :
enbodi ment, with the push roller ' 8 séhﬂ@éﬁh
drum 101 is ¥

the i nk i mge holdln

drum 101 (as shown in Fig. 10(a)).

rotated at asynchronization with the arrival of the writing start positién

i ng

of the ipk image holding belt 106 at the tfansfer region.

Upon arrival of the front edge of the recording sheet P at
the transfer region, a pushing shaft 134 is turned. As a
resuit, the push roller 103 is moved by.the pressure applying
spring 133 in the direction of the arrow E in Fig. 12(b), so
that it is pushed against the ink image holding'belt 106 at a
predetermined nipping pressure.

Thus, similarly as in the case of the first embodiment,
the recording sheet P is held between the ink image holding
belt 106 and the push roller i03, that is, it is pushed against
the ink image on the belt 106 by'the push roller 103 at a
predetermined force F, as shown in Fig. 12(b), as a result of
which the ink image is transferred onto the reco;ding sheet P.

When one page of the ink image has been transferred, the
pushing shaft 134 is turned, so thaf fhe push roller 103 is
moved away from the iﬁk-image holding belt 106. Thus, the ink
imége of one page has been printed on the recording sheet P.

Thereafter, the ink imége holding belt 106 is moved in the
‘direction opposite to the main scanning direction by the
feeding roller i65 while being wound on the supply roll 161
driﬁen by an electric motor 163, and it is stopped when the
front edge of the recordiné région 111 of the ink image holding
belt 106 confronts the recording head 107. Thus, the printing

operation has been accomplished.

-
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predeterm ned speed V[err]. When the origin signal |} : )
I's, when the witing start position confronts the recorﬁu cghﬁﬁﬂ%§

host conputer or the like applies printi
to cause the latter to jet ink

e,arding head 1

h 2 1SEP 199

-28- ]

In the ink image transferring operation, similarly as in the
case of the first embodiment, the ink image is suitably slipped
"and bent, which improves the ink image transferring onto the -

recording sheet P efficiency.

The fourth embodiment is advantageous in the following
points: . Even when the .load (pu;hing' force) changes, the
predetermined speed difference AV - between the speeds of
rotation of the ink image holding belt 106 and the push roller
103 is maintained unchanged owing to the transmission ratio of
the transmission. Thus, the ink jet-printef is simple in
construction, positive in operatién, and low in ﬁénufacturing
cost. - - “w

Furthermore, in the fouréh embodiment, thé"distance
between the recording region and the transferring region can be
increased. Hence, the period of time between the time when an
ink pattefﬁ is formed and the time when the ink pattern is
transferred onto the'recordiﬁg sheet can be increased, too.
Thus, the ink image can be .sufficiently dried, and when
necessary it is possible to provide a cleaning device for.
removing ink image left dn the ink image holder 106, and a
heater or air blower for evaporating the solvent from ink which
lis slow in drying speed. ,

Fifth Embodiment

A fifth embodiment of the invention will be described with

reference to Figs. 13 throuéh 15.

This Sheet Has Been Rep
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- 14 - droplets. The ink droplets thus jetted forman ink inmage on the

recording region 111 of the ink inmge | ding drum 101 Rﬁﬂﬁ& [ENﬁp
ACEMENT SHEET

printing data.
] 2 1SEP 1996

A specific feature of the fifth embodiment resides in that

the axis of a push roller 108 (hereinafter referred to as "a
skewed push roller 108", when applicable) forms an angle 6 with

the axis of an ink image forming drum 101 when viewed frxom

?

above.

As is apparent from in Fig. 14, in front view the axis of
the ink image holding drum 101 appears to be parallel to the
axis of the roller 108; however, in the top view as shown in
Fig. 15, these axes cross each other at the middle, forming a
skew angle 0.

The ink image holding drum 101 is coupled through a drum
gear 153 and a motor gear 151 to a pulse motor 105, so that it
is rotated in the direction of the afrow A in Fig. 13.

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

With the push roller 108 spaced away from the ink image
holding drum 101, the drum 101 is rotated at a predetermined
speed V;. When an origin signal is produced with the aid of an
origin detecting board 113, that is, when the writing start
position of the ink image holding drum 101 confronts the ink
jet recording head 102, a host computer or the liké applies
printing data to the recording'head 102 so that an ink image
115 is formed on the ink image holding drum 101, which forms
the skew angle 6 with the axis of the drum 101 as shown in Fig.
13. Ink droplets jetted from the recofding head 102 form an

ﬂ_,,ﬂ__—-——~”—““”—
Has Been Reﬁaced
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Simlarly as in the case of the first enbodi nent, the

one page,
feeding rollers 137 in the direction o
with the
drum 101 at the transfer region.

formed is partially dried. After the ink |nage has
[ i mage hol ding drum 101, for instanceyyg S5 BaAEH
a recording sheet Pis fed i ,glon by sheet].

bV nohd YER; B%60n
_inaqe hol d-

arrival of the witing start posi430en o

ink image on the recording region 111 of the
drum 101 in accordance with the printing data.

When the required ink image has been formed on the ink
image holding drum 101, as shown in Fig. 15 a printing sheet P
is fed into the transfer.regién forming a right angle with the
axis of the skewed push roller 108.

Upon arrival of the front edge of the recording sheet P é;
the transfer region, the skewed push roller 108 is pushed
against the ink image holding drum 101 at a predetermined
nipping pressure. |

Thus, the recording sheet P is held between the ink image
holding drum 101 and the skewed push roller 108, that is, it ié
pushed against the ink image on the drum 101 by the skewed push
roller 108 at a predetermined force F, as a result of which the
ink image is transferred onto the recording.sheet P.

In the ink image transferring operation, the recording
sheet P is moved whilelforming a right angle with the axis of
the skewed push rdiler 108, because the skewed push roller 108
has a larger coefficient of fiiction. with respect to the
recording sheet P than the ink image holding drum 101. That
is, the recording sheet P is moved while forming the skew angle
O with a direction perpendicular to the axis of the.ink image
holding drum 101, so that the'recording sheet P slips on the
ink image holding drum 101 in the nipping region (i.e., in the

transfer region). The amount of slip is [ (nip width) x tan 9].
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Upon arri val
region, the
i s noved by

E (Fig. 10(b)), so that it is pushed aga
101 at a predeterm ned ni pping pre§§UFe.

case of the

ink "inmage g aish@akihgaFdridee odal st @lildr the3 inkirat

of the front edge of the recording sheet
pushi ng shaft 134 is turned. “1
the pressure applying spring

Thus, sim
first enbodi- nent, the recording sheet P

latter to slip between the ink image holding drum 101 and the
recording sheet P. In addition, the cylindrical surface of the
ink image holding drum 101 is made of a material which permits
the easy removal therefrom of an ink image, and the ink image
adheres to the recording sheet P. Therefore, the ink image is

peeled off the surface of the ink image holding drum 101 and

 transferred onto the recording sheet P with high efficiency.

When one page of ink image has been transferred onto the
recoxrding sheet P, the skewed push roller 108 is moved away
from the ink image holding drum 101. Thué, one page of ink
image has been printed.

In the ink image transferring operation, similarly as in
the first embodiment, the ink image on the cylindrical surface
of the ink image holding 'di:um is bent, thus causing fine

cracking to occur. This contributes to improve the ink image

transferring efficiency.

The skew angle 6 is 5 degrees or less (or the axis of .the
push roller forms an angle of 85° to 95° with respect to the
direction of movement of the ink holding medium). If the skew
angle is larger than 5°, then both end portions.of the.skewed
push roller 108 will not be in engagement with the ink image
holding drum 101, thus not pushing the latter. Preferably, the
skew angle should be set to 3° or less (or the axis of the push

roller forms an angle of B7° to 93° with respect to the

—_—
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It is pushed against the ink inmage on the drum 101 by the ouSh roIIer 103
at a predetermned force E as shown In Fig. 10(b), as a ref i
the ink image is trans- ferred onto the recording sheet P.
page of the ink inmage has been trans- ferred{ L

turned, so that the push roller 103 is noved}a
hoIding drum 101. Thus, ‘the printing of,.one Tree

recordi ng sheet P is conpleted

direction of movement of the ink holding mediids) In this
case, the amount of slip between thelskewed push roller 108 and
the " ink image holding drum iOl is relatively small, and
therefore the ink image is scarcely shifted when transferred.

’

'Thus, with the inventive ink jeé printer, the resultant ink
image is high in pictureféuality. |

The fifth embodiment is advantageous in that even when the
load, or the pushing forxce, changes, the slip factor is
maintained unchanged because the skewed push roller pushes the
ink image holding drum at the predetermined skew angle. Thus,
the ink jet printer is simple in construction, positive in
operation, and low in manufacturing cost.

While preferred embodiments of this invention have been
described, it will be obvious to those skilled in the art that
various changes and modifications may be made therein without
departing from the invention, aﬁd it is aimed, therefore, to
cover in the appended claims.all such changes and modifications

as fall within the true spirit and scope of the invention.

S
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In the ink image transferring operation, sinmilarly in the case of thé first
enbodinment, the ink image is suita- bly slipped and bent, thus inproving
e ink |naﬁe transferrlng efficiency. The third enmbodifeat——ieSmm

t _
advant ulul Hﬂ ﬂl | owi ng points: Even if the pushi n%}ﬂﬁm
m I | ibetween t he sy3eeds of rotation of QF TR rr.uy?,sﬁﬁfﬂ

hol di ng drum 101" and the push roller 103 is maintained unc
t he transm ssion

the sp
9F1 3 e, °

LATMS

1. A transfer type ink jet printer comprising:

an ink jef recording head (2;102;107) for jetting ink
droplets according to recording data;

ink image holding means for receiving ink droplets jetted
from said ink jet recording head (2; 102; 107), said ink
image holding means being elastically deformable; and

a push roller (3; 103; 108) arranged movable to and from
said ink image holding means, the speed of rotation of
which is so set that said push roller (3; 103; 108) slips
on said ink image holding means with a nipping pressure

applied thereto.

2. A transfer type ink jet printer comprising:

an ink jet recording head (102) for jetting ink droplets
“according to recording data;

ink iﬁage holding means for receiving ink droplets Jjetted
from said ink jet recording head (102), said ink image

holding means being elastically deformable; and

a push roller (108) arranged in such a mannér that said
push roller (108) is movable to and from said ink image
holding means, and is rotated around an axis which forms
a predetermined angle with the direction of movement of
said ink image holding means so that said push roller
(108) slips on said ink image holding means with a
nipping pressure applied thereto. )
[ —
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ratio of the transmssion. Thus, the ink jet printer is sim ple in

constructi ﬂ","])m'" "lmml Inmper ation, and | ow i n manuf aCtlmgm SHEET

-34-

2 1 SEP 1996

3. A transfer type ink jet printer comprising:

THIS SHEET
HAS Bg
REPLACER EN

an ink jet recording head (2; 102; 107) for 3je
droplets according to recording data;

ink image holding means for receiving ink droplets jetted
from said ink jet recording head (2; 102; 107) said ink
image holding means being elastically deformable; and

a push roller (3; 103; 108) arranged movable to and from
said ink image holding means, the speed of rotation of
which is so set that said push roller (3; 103; 108) slips
through a recording sheet P on said ink 'image holding
means with a nipping pressure applied through said
recording sheet thereto.

4. A transfer type ink jet printer according to one of the
preceding claims further comprising:

data size increasing or decreasing means for increasing
or decreasing said recording data in size according to a
slip factor between said ink image holding means and said
push roller, and applying said recording data thus

increased or decreased to said recording head.

5. A transfer type ink jet printer according to one of the

preceding claims further comprising:

means for determining the timing of jetting ink droplets
from said recording head ( 2; 102; 107) according to a
slip factor between said ink image holding means and said
push roller (3; 103; 108).

This Sheet Has Been Replaced
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- 15 - Fourtn Embodiment A fourth enbodi nent of the invention is

const rlm"ﬂmlﬂ"mmm"r Fig. 11.

10.

11.

THIS SHEET HAS BEEN
REPLACED

A transfer type /J.nk jet printer according to one of the
preceding claims wherein said ink image holding means and
said push roller (3; 103; 108) have respective drive
mechanisms, which are coupled to each other.

A transfer type ink jet printer according to one of
claims 2 or 4 to 6 in which said predetermined angle
between the axis of said push roller (108) and the
direction of movement of said ink image holding means is
in a range of from 85° to 95°. ;

A transfer type ink jet printer according to claim 7 in
which said predetermined angle between the axis of said
push roller (108) and the direction of movement of said

ink image holding means is in a range of from 87° to 93°.

A transfer type ink jet printer according to one of
claims 3 to 6 in which the surface of said push roller
(3; 103; 108) has a larger coefficient of friction with
respect to said recording sheet P than the surface of

said ink image holding means.

A transfer type ink jet printer according to one of the
preceding claims, in which said ink image holding means
comprises a drum (1; 101).

A transfer type ink jet printer according to one of
claims 1 to 9, in which said ink image holding means
comprises an endless belt (60).

This Sheet Has Been Repl
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In the fourth enbodi nent, the ink inmage holder is inpl £

106 hav " u%ﬂmu inaf- ter referred to as "an RMJAWSHE—@
bel t 10 mf The belt is forned by bondi g ametastrc

material such as

materi al such as a spring steel sheet The ink inma

has a recording region, the length of which is equal tjo ithat—of _at_| edst
one recording sheet P. The ink imge holding belt 106 {is laid

i 15 cdne rubber to the surface of at

ho|23 ?}Eﬁb@p pegf

-36—

12. A transfer type ink ﬂet printer according to one of

13.

14.

claims 1 to 9, in which said ink image holding means
comprises a belt (106) with two ends, and a pinch roller
(166) for supporting said belt -(106) provided downstream
of a transfer region in the path of movement of said belt

(106).

A transfer type ink jet printer according to one of
claims 3 to 12, in which a slip factor between said ink

- image holding means and said recording sheet is in a

range of from 0.2% to 5%, and said nipping pressure of
said push roller (3; 103;' 108) is in a range of from 1.47
to 14.7 N/cm (150 gf/cm to 1500 gf/cm).

A transfer type ink jet printer according to one of
clailrrs 3 to 12, in which a slip factor between said ink
image holding means and said recording sheet and a
nipping pressure of said 'push roller (3; 103; 108) is
within the hatched area of Fig. 4. |

. This Sheet Has Been Rerlaced .
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over a feeding drum 165 wth one end connected to a supply rol

161 and t he

other end to a take-up roll 162. When the printer is in andby state, -the

confronted with a recording head 107, and the ink imge
stretched tight, being wound on the supply roll 161, he
hol ding belt 106 is held between the feeding drum 165 ah

front edge of the recording region 111 of the ink inmage %qg Msb
in

166. That

is, the

k i mage

1b1ﬁﬁﬂ’ﬁwble

=

-37-

TRANSFER TYPE INK JET PRINTER [ THjs ¢

ABSTRACT

A transfer type ink jet printer includes an ink jet recording
head (2) for jetting ink droplets according to recording
data, an elastically deformable ink image holder such as a
drum (1) or belt for receiving ink droplets jetted from the
ink jet recording head (2), and a push roller (3) movable to
and from the ink image holding means, the speed of rotation
of which is so set that it slips on the ink image holder with
a nipping pressure applied to the latter, whereby an ink
image on the ink 'image holding means can be positively

S

transferred onto a recording sheet P irreépective of the -

degree of dryness of the ink.

FIGURE 1

This Sheet Has Been Re
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pinch roller 166 is pushed through the bélt 106 agai nst the feeding drum
165 by a pressure applying device (not shown), so that the pinch roller 166

is rotated by a fric- tional force produced:-between itself a bolt

106. When the feeding drum 165 is rotated by a pul se not
direction of the arrow F in Fig. 11, the ink inmage hol ding
noved in the direction of the arrow G (this direction beingfh reé
referred to as "a main scanning direction, when applicable) nd

"PSEE 996

-1

—

FIGURE 1
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recording region 111 is unwound fromthe supply rol
not or.
up roll 162 so that the latter
head 107 is a serial type ink jet

161, while a take-up

164 operates to wind the ink inmage holding belt 106 tomard the taken
is kept stretched tight.
recordi ng head conpose

el enents; that is, it has a pIuraIityﬁgf nozzl es at predgt Fls
in the nmain scanning direction. For iTfStance,
FIGURE 2Ag ' 3 21 SEP 996
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FIGURE 3
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the recording head 107 has sixty-four (64) nozzle at intervals of 0.0423 mm

(1/600 inch)

106 with a predeterm ned -space therebetween. (3ﬂMENTI |
set is nmoved back and forth in a direction perpendi cul ar tjo prre—+e SHEET
scanni ng direction (hereinafter
when applicabl e).

direction",

' FIGURE 4

(%)

v

%’

Ry
)
ey
Q
~

W
1

in the direction of novenent of the ink i mage hol ding belt
106. The recording head 107 is set

in front of the ink i - _ing belt

The recordi ng '

referred to as "an auxiligry scan- ning

2 1 SEP 1994
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The feeding drum 165 is coupled through a drum gear 153, a first
internediate gear 152 (on the side of the drum 165) and a notor gear 151 to
a pulse notor 105, so that it is rotated in the directi ongdm? ¢

push roller 103 is coupled through a roller gear 155, a SJ&' Mmmr
gear 154 (on the side of the push roller 103) to the firgt |{i nternedi ate

gear 152. Wth the aid of the first internediate gear 153, {the PBEP 996! 4"
103 is rotated in the direction of the art™w H at a speed \2 -

FIGURE 5 slip -{bcrcram. +
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which differs by AV fromthe peripheral speed V1 of theink |nage holdlng _
belt 106 so that the push roller 103 slips on the ink i|pgg g

- 106. The transm s- sion nmechani smaccording to the presg A
than as described above, may also be a belt- nechani sm paying spro
a pulley mechanism The above-described gears forma trp -nqpq
anism the transm ssion ratio of which is as foll ows:

FIGURE 7

-
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(Merr]/Vierr]) [err] (Z[err]/Z[err]), where V[err] is the peripheral
speed of the ink imge hold- ing belt 106, V[err] is the peripheral speed
of the pushing roller 103, Zerr] is the nunber of teeth'oW
153, and Z[err] is the nunber of teeth of the roller gear ('EMEN]! :
operation of the fourth enbodi ment thus con- structed w | |f e desTT Lu,égHEEﬂ
with reference to Fig. 12.

9 1. 2 1SEP:-1994
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Wien the printer is in a standby state, as was described {
edge of the recording region 111 of the ink inmage hol di ng{jep
confronted with the recording head 107, and the push rollk
spaced away fromthe ink image hol ding belt 106, as sho '
Upon provision of a recording start instruction. a

FIGURE 9 .

This Sheet Has Been Rerlaced- :
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- 17 - head driving device 171 causeé'the recordi ng thg 107

. |REPLACEMENT SHEET|

FIGURE 10A

FIGURE 10B
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to nove in the auxiliary scanning direction, while a host conputer or the
| i ke applies printing -data to the record- ing head 107
the position of the recording head 107 which is being
iary scanning direction, so that witing (form ng) of
started fromits first |ine. When t he novenent of

107 in the auxiliary scanning direcfg-on in this manner
acconplished, that is, when the first line of the ink‘

FIGURE

This Sheet Has Been Replaced -
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| mmge has been fornmed, the ink inmage hol ding belt 106_ié'fed by the feeding
drum 165 by one pitch (for instance, 2.7 nm (64/600 i7f - d there.
Then, the head driving device 171 causes the recordi ng C

in the auxiliary scanning direction, while a host compuferor—tfe .HEE
applies printing data to the recording head 107 in co r,sg$ q§§§e to fh
position of the recording head 107 which is in the aukiji 3 a

direction, so that witing (formng) of an ink inmage
-1t

96 i hg

FIGURE 12A

o/ |37 4P

\

FIGURE 12B
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i sstarted fromits second |ine. Wien the return nove LRCE :&n:s
recordi ng head 107 has been acconplished, that is, when ecoHa= 1]

the ink i mage has been forned, the ink image holding belf 106 is fed by th
f eedi ng drum 165 by one pitch (2.7 nm (64/600 inch)). Ther¢af2drSER @96
recordi ng head 107 is reciprocated while the ink inmage h¢l ging belt 106 |s
fed intermttently until. the printing data is printed ouf as required, 1%'
I's, the desired ink inage is S

- WY

Lo

=12- [ THIS SHEET g BEEN ]
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formed on the ink i mage hol ding belt 106. Wil e t heg
formed in the above- described manner, the solvent is e

ink image, so that the latter is partially dried.
is fed into the transfer region by sheet feeding roller

-13-

FIGURE 14 _ 10/

FIGURE 15
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. :
Upoa,; ar rﬁi val of the front edge of the recording sheet P at. REPLACEMENH SHEET
region, a pushing shaft 134 is turned. As a result, the pugh Frer— 103 1S
noved by the pressure applying spring 133 in the direction |of i: otgg
in Fig. 12(b), so that it is pushed agai gt t he i nk i mage Holldi g géﬂ g 6

at 'a predeterm ned ni ppi ng pressure.
. TRANSFER TYPE INK JET PRINTER

The present invention relates to a transfer typeLﬁk'

printer.

Ink jet printers are known in which an ink jet type

line recording head adapted to jet ink droplets from its
nozzles is driven according to printing data to be
recorded, and ink droplets jetted from the nozzles are
received by a recording medium (recording sheet) so
that a pattern correspondmg to the printing data is
recorded thereon. .

An ink jet printer of this type wherein ink droplets
are directly jetted onto a recording sheet is advanta-
geous in that it is simple in construction. However, it is
disadvantageous in that it is necessary for the printer to
use a recording sheet which is receptive to ink adhering
thereto, but which does not cause the ink to spread in a

" blotting effect. Hence, with the printer, improvements of

- the printing quality are limited by the quality of the print-
ing sheet.

_ In order to overcome the above-described difficuity,
an ink jet printer has been proposed in which ink drop-
lets jetted according to printing data are received by an
ink image holding drum made of a material from which
ink can be readily removed, thereby to form an ink pat-
tern on the ink image holding drum, and the ink pattern
thus formed, after being partially dried, is transferred
onto a recording sheet (see, for example, U.S. Patents
Nos. 4,538,156 and 5,099,256).

The above-described method in which an ink pat-
tern (ink image) is partially dried and then transferred
onto a recording sheet is advantageous in that the ink
image can be printed without the ink running on the
recording sheet. In addition, a printer employing the
method is also advantageous in that it is free from the
difficulty that the ink jetting nozzles are clogged through

~ unintentional contact with the recording sheet or by
paper powder. That is, the printer is high in reliability.

However, the printer is still disadvantageous in that,
in transferring the ink image onto the printing sheet, the
ink is already partially dried, which lowers the adhesion
of the ink to the recording sheet. Hence, in the case

‘where the ink image is a pattern such as a segment .

made up of a series of dots, the inkimage may not com- L‘c/ 0 / qy
pletely be transferred onto the printing sheet, so that the

resultant print is low in quality. _
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-.lé;- : Thus, simlarly as in the case of the first

rec6trding sheet P is held between the ink
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Japanese Patent Application (OPI) No. 70785/1992
has disclosed a technique wherein, in a printer of the
type that an image is formed on an image holding drum
and then transferred onto a recording sheet, a speed
difference is provided between the speed of rotation of
the image holding drum and the speed of movement of
the recording sheet, thereby to improve the image trans
ferring efficiency.

In this technique, the image is held by an electro
static force, and it is transferred onto the recording
sheet by an electrostatic force. Hence, the technique
cannot be applied to a printing system in which, as in

the case of an ink jet printer, no electrostatic force is

used to transfer the image onto the recording sheet.

it is therefore the object of the present invention to
provide a transfer type ink jet printer which avoids the
abovementioned drawbacks of known printers. This
object is solved by ink jet printers according to inde-
pendent claim 1. .

Further advantageous features, aspects and details
of the invention are evident from the dependent claims,
the description and the drawings.

The present invention relates to transfer type ink jet

. printers, and more particularly to a transfer type ink jet

printer of the type wherein ink droplets are jetted from -
nozzles to ink image holding device according to print-
ing data to form an .ink image thereon, and the inkimage
thus formed is transferred onto a recording medium.
The invention also relates to an image transferring tech-
nique used in such a transfer type ink jet printer.

in view of the foregoing, an aspect of this invention
is to provide a transter type ink jet printer in which an ink
image formed on ink image holding means can be pos-
itively transferred onto a recording sheet irrespective of
the degree of dryness of the ink.

The foregoing aspect and other aspects of the

- invention have been achieved by the provision of a

transfer type ink jet printer which, according to the
invention, comprises: an ink jet recording head for jet-
ting ink droplets according to recording data; ink image
holding means for receiving ink droplets jetted from the
ink jet recording head, the ink image holding means
being elastically deformable; and a push roller arranged
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Thus, the ink image of one page has been printed

movable to and from the ink image holding means, the
speed of rotation of which is so set that the push roller
slips on the ink image holding means with a nipping

pressure applied thereto.

Preferably, the printer further comprises data size
‘increasing or decreasing means for increasing or
decreasing the recording data in size according to a slip
factor between the ink image holding means and the
push roller and applying the recording data thus
increased or decreased to the recording head, and/or
means for determining the timing of jetting ink droplets

from the recording head according to the slip factor.

The nature, utility and principle of the invention will
be more clearly understood from the following detailed
description and the appended claims when read in con-

junction with the accompanying drawings.

In the accompanying drawings: ]
Fig. 1 is an explanatory diagram showing the

arrangement of a transfer type ink jet printer, which
constitutes a first embodiment of this invention;
Figs. 2(I), 2(lf) and 2(lll) are explanatory diagrams
for a description of the operation of the first embod-
iment;

Fig. 3 is an enlarged explanatory diagram showing
a part of the first embodiment, for a description of
the operation of the first embodiment;

Fig. 4 is a graphical representation indicating nip-

~ ping pressures with slip factors and transfer effects;
Fig. 5 is a block diagram showing the arrangement

of ona example of a control unit in the first embodi-
ment; '

Fig. 6 is a block diagram showing the arrangement

of another example of the control unit;

Fig. 7 is an explanatory diagram showing an exam-

ple of a pushing roller in the first embodiment;

Fig. 8 is an explanatory diagram showing the
. arrangement of a second embodiment of the inven-

tion;

Fig. 9 is a perspective view showing the arrange-

ment of a third embodiment of the invention;

Figs. 10(a) and 10(b) are explanatory diagrams for

a description of the operation of the third embodi-

ment; _ '
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electric nmotor 163, and it is stopped when the front edge ofthe recording.

region 1 1 1 of the ink image holding belj 106 confronts the|rteordtrmg~tead
107. Thus, the printing operation has been accom plished. :

Fig. 11 is a perspective view showing the arrange-"
ment of a fourth embodiment of the invention;

Figs. 12(a) and 12(b) are explanatory diagrams for
a description of the operation of the fourth embodi-
ment; '

Fig. 13 is a perspective view showing the arrange-
ment of a fifth embodiment of the invention; '
Fig. 14 is a front view of an ink image holding drum
and a push roller in the fifth embodiment as viewed
in the direction of an arrow J in Fig. 13; and -

Fig. 5 is a plan view of the ink image holding drum
and the push roller.

Preferred embodiments of this invention will be
described with reference to the accompanying draw-

ings.
First Embodiment

A transfer type ink jet printer, which constitutes a
first embodiment of the invention, is constructed as
shown in Fig. 1.

- In Fig. 1, reference numeral 1 designates an ink
image holding drum, which is rotatably supported by a
frame (not shown). The shaft 21 of the drum 1 is cou-
pled through a transmission mechanism 20 such as an
endless belt to a pulse motor 23, so that thedrum 1 is
rotated at a predetermined speed in the direction of the
arrow A in Fig. 1. The inkimage holding drum 1 includes
a drum body 24 made of metal in the form of a cylinder,

“and an elastic layer 25 formed on the cylindrical surface
of the drum body 24 using a material such as silicone
rubber which is excellent in ink wettability. The elastic
layer 25 may be made of fluorosilicon rubber or fluor--
orubber. '

Further in Fig. 1, reference numeral 2 designates
an ink jet type recording head. In this embodiment, in
order to print each horizontal line of a recording sheet of
maximum size in one scan, for instance 2000 nozzle
openings are arranged on a straight line, or they are
arranged staggered up and down between two adjacent

“lines. :

The ink jet type recording head 2 may be such that

a plurality of nozzles, for instance 400 nozzles, are i
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' dots), in a main scanning direction (in the direction of
the axis of the ink image holding drum 1 in the embodi-
ment), and the recording head is moved one dot every
revolution of the ink image holding drum so that an ink
image corresponding to one page is formed on the ink
image holding drum 1 as the latter undergoes plural rev-
olutions (for instance, five revolutions).

The nozzles of the recording head 2 are communi-
cated with pressure chambers to which, similarly to the
case of an ordinary serial printer, ink is supplied from an
ink tank. In the pressure chambers, energy generating
sources such as piezoelectric elements or heat generat-
ing elements are operated according to printing data to
be recorded to jet ink droplets from the pressure cham-
bers. |

The ink jet printer further includes a push roller 3

. having a friction layer 3a on its surface, which is made
of a material which has a larger coefficient of friction
with respect to a recording sheet than the ink image
holding drum 1. The push roller 3 is rotatably mounted
through a shaft 30 on a base stand 31, and is coupled
through a transmission mechanism 32 such as a timing
belt to a pulse motor 33 which is fixedly mounted on the
base stand 31. The push roller 3 is driven by the pulse
motor 33 at a peripheral speed V, which differs by a
value AV (hereinafter referred to as "a peripheral speed
difference AV", when applicable) from the peripheral
speed V, of the ink image holding drum 1 so that it slips
on the latter. The base stand 31 is mounted on a push-
ing mechanism 34 so that it is moved back and forth, or
in the directions of the arrow C in Fig. 1.

The ink jet printer further includes a control unit 35
which detects a rotational position of the inkimage hold-
ing drum 1, and applies printing data to the recording
head 2 when the home position of the drum 1 reaches
the recording head 2. After the formation of an ink
image has been accomplished, the control unit 35 oper- -
ates to convey a recording sheet P to the space
between the ink image holding drum 1 and the push
roller 3 in synchronization with the arrival of the home
position of the ink image hoiding drum 1 at the transfer
region, and to move the pushing mechanism 34 so that

D,
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the puéh roller 3 is pushed against the cylindrical sur-
face of the ink image holding drum 1 with a predeter-
mined nipping pressure. In addition, the control unit
controls the pulse motor 33 so that the predetermined
peripheral speed difference AV is nrovided between the

" peripheral speeds of the ink image holding drum 1 ana

the push raller 3. _

Further in Fig. 1, reference numeral 38 designates
a pair of sheet feeding rollers for supplying a recording
sheet P to the transfer region.

The operation of the printer thus constructed will be
described with reference to Fig. 2.

With the push roller 3 spaced away from the ink
image hoiding drum 1 (as shown in Fig. 2(I)) the latter is
rotated at the steady speed V4. When the home position
of the ink image holding drum 1 confronts the in§< jet
racording head 2, a host computer or the like applies
«inting data to the ink jet recording head 2. Ink droplets

jetted from the recording head 2 form an ink image on

the cylindrical surface of the inkimage holdingdrum 1in
correspondence to the printing data. |

~ Astheink imag'e is formed on the ink image holding
deum 1 rotated in the above-described manner, then itis
partially dried because the solvent of the ink evapo-
rates. When the required ink image is formed, for

~ jnstance, an image of one page, the sheet feeding roil-

ers 38 supply the recording sheet P to the transfer

region in synchronization with the arrival of the home

position of the ink image holding drum 1 at the transfer

“region. When the front edge of the recording sf!eet P
* reaches the transfer region, the pushing mechanism 34

moves the push roller 3 in the direction of the arrow D so
that the latter is pushed against the ink image holding
drum 1 at the predetermined nipping pressure (as
shown in Fig. 2(11)).

As a result, the recording sheet P is held between
the ink image holding drum 1 and the push roller 3, so
that it is pushed against the ink image holding drum 1
with a predetermined force F attributed to the pushing
force of the push roller 3 (as shown in Fig. 2(lll)). Under
this condition, the ink image is transferred from the ink
image holding drum 1 onto the recording sheet P.

When one page of the ink image has been trans-
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ferred, the pushing mechanism 34 is released, so that
the push roller 3 is moved away from the ink image hold-
ing drum 1. Thus, the recording operation for one page
is completed.

in the above-described ink image transferring oper-
ation, the recording sheet P is moved at a speed V,
which is substantially equal to the periphery speed V of
the push roller 3, because the latter has a larger coeffi-
cient of friction with respect to the recording sheet P
than the ink image holding drum 1. Hence, the recording
sheet P has a speed difference AV =V, - V,| with
respect to the peripheral speed V, of the ink image

- holding drum 1, so that the ink image 37 slips onthe ink

image holding drum, that is, a shearing force occurs to
separate the ink image 37 from the cylindrical surface of
the ink image holding drum 1. In other words, the shear-
ing force accelerates the separation of the ink image
from the cylindrical surface of the ink image holding
drum 1. On the other hand, since the cylindrical surface
of the ink image holding drum is made of an elastic

material such as silicone rubber as described above, as
shown in Fig. 3 a recess is formed in the cylindrical sur-

face of the ink image holding drum 1 at the region where
the ink image holding drum 1 contacts the push roller 3,
i.e., at the region where the recording sheet is in contact
with the drum 1 and the roller 3. More specifically, con-

- vex portions K and L, and a concave portion J are
formed in the narrow transfer region, so that the ink
image on the cylindrical surface of the ink image holding
drum is bent, thus causing fine cracks to form. This con-
tributes greatly to improving the ink image transferring
efficiency.

The inventors have carried out research on the
effects of the above-described ink image slipping and
bending actions on the ink image transferring efficiency,
and found that the nipping pressure relates greatly to
the slip factor as shown in Fig. 4.

That is, in order to obtain a certain transferring effi-
ciency which is satisfactory in practice, the slip factor
may be small when the nipping pressure is large, and
the slip factor must be increased when the nipping pres-
sure is small. In Fig. 4, the curve M indicates the lower
limit values under those conditions. Therefore, where
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~ both the slip factor and the nipping pressure are above

the curve M, then the ink image can be satisfactorily
fransferred onto the recording sheet.

it is true that, where both the slip factor and the nip-
ping pressure are above the curve M, then the ink
image transferring characteristic is satisfactory. How-
ever, if, in this case, the slip factor is larger than 5%,
then the image transferred onto the recording sheet
tends to be distorted; that is, the resultant print is low in
quality. '

On the other hand, in the case where the printer is
of practical size, the upper limit of the nipping pressure
is about 14.7 N/cm (about 1500 gf/cm), because appli-
cation of a maximum of 50 kg to a recording sheet hav-
ing a width of 35 cm is allowable.

In practice, there is a limit to the slipping of the ink
image under a large nipping pressure. With those con-
ditions taken into consideration, it has been found that if
the nipping pressure and the slip factor are selected
from the hatched region in Fig. 4 with reference to the
paper quality of the recording sheet and the ink holding
force of the ink image hoiding means, then the ink
image can be transferred onto the recording sheet with
high efficiency.

Particularly in the case where the printing sheetisa
sheet of a type often used in offices, it is desirable that
the nipping pressure be fixedly set to a value in a range
of from 1.47 to 5.9 N/cm (150 to 600 gf/cm), and the slip
factor is set to a suitable value with the paper quality of
the recording sheet and the ink holding force of the ink
image holding means taken into account; that is, the
nipping pressure and the slip factor are so selected that
the speeds of rotation of the ink image holding drum 1
and the push roller 3 can be adjusted externally.

Fig. 5§ shows an example of a data processing
device which is used when a large slip factor is required

to improve the above-described ink image transferring
characteristic.

The data processing device, as shown in Fig. §,
includes a slip factor setting unit 40 which, in response
to a speed reference signal from ink image holding
drum driving unit (not shown), sets a speed difference
AV between the speeds of rotation of the ink image
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holding drum 1 and the push roller 3 to provide a
desired slip factor. The data set by the slip factor setting
unit is applied to a motor driving unit 41, which is pro-
vided for the pulse motor 33 connected to the push

roller 3, to control the speed of the pulse motor 33. The
data processing device. turther includes a data size

increasing/decreasing unit 43 which receives a printing
signal from the host computer, and, in correspondence
to the data from the slip factor setting unit 40, increases
or decreases the size of bit map data developed in an
image buffer 42 in the auxiliary scanning direction, ie.,
in the circumferential direction of the ink image hoiding
drum 1. It can be readily realized with software to direc-
tionally increase or decrease image data in the above-
described manner. Reference numeral 44 designates a

driving unit for the ink jet type recording head 2.

The data processing device has the following
effects and merits: Even if a high slip factor is set with
the slip factor setting unit 40 to make the ink image
transferring characteristic: sufficiently high, the image

~obtained upon transferring is free from distortion
because the bit map data formed from the printing data
is corrected by the data size increasing/decreasing unit

43 with the distortion taken into account.

Fig. 6 shows another example of the data process-
ing device, which includes a position detecting unit 46
and a printing position calculating unit 45. The position
detecting unit 46 operates to output a signal corre-
sponding to the position of the ink image holding drum 1
according to an output signal of an encoder 47 adapted
to detect the position of the ink image holding drum 1.
The printing position calculating unit 45 operates as fol-
lows: In order for the image transferred onto the printing
sheet to be free from distortion irrespective of a slip fac-
tor set by the slip factor setting unit, the printing position
calculating unit 45 calculates a dot forming position in
the most suitable auxiliary scanning direction, i.e., in the
sheet feeding direction, and causes a printing pulse
generating unit 48 to output a printing timing signal

according to the result of calculation.

The data processing device can be realized with cir-
cuits relatively small in scale because only data to be

printed are subjected to calculation.
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Fig. 7 shows another example of the push roller,
The push roller 50 has a braking unit 51 for applying a
load to the roller 50. The braking unit 51 is fixedly
mounted on the base stand 31, which is driven by the
pushing mechanism 34.

The ink jet printer with the push roller 50 operates
as follows: When an ink image has been formed on the
ink image holding drum 1, a recording sheet P is fed to
the transfer region, while the pushing mechanism 34 is

~ operated. As a result, the push roller 50 pushes the
recording sheet P against the ink image holding drum 1~

The torque of the ink image holding drum 1 is applied
through the recording sheet P to the push roller 50, so
that the latter tends to turn in synchronization with the
ink image holding drum 1. In this operation, a load is
applied to the push roller S0 by the braking unit 51, and
the friction force with the recording sheet P is larger
than that with the ink image holding drum 1, and there-
fore the push roller slips relative to the recording sheet
P on the ink image holding drum 1, thus providing a

speed difference AV, between the speeds of rotation of
the push roller and the ink image holding drum. As'a’

result, similarly as in the above-described case, a
shearing force occurs to separate the ink image on the
ink image holding drum 1 from the cylindrical surface of
the latter 1, so that the inkimage is positively transferred
onto the recording sheet P.

The speed difference AV between the speeds of
rotation of the push roller 50 and the ink image holding
drum 1 depends on the load applied to the push roller
50. Hence, the ink image transferring characteristic can
be adjusted by changing the load with the braking unit
51.

Second Embodiment

A second embodiment of the invention will be
 described with reference to Fig. 8, in which the ink
* image holder is formed by an endless belt.

In Fig. 8, reference numeral 60 designates the ink
image holder, which is composed of an endless beit
made of an elastic material such as silicone rubber. The
ink image holder 60 is provided with a pair of rollers 61



wi |l be descri bed. Wth the push roller 108 spaced away fREMGEMEM SHEET
i‘mage hol ding drum 101, the drum 101 is rotated at a predeternmjned speed
Vierr]. Wen an origin signal is pro- duced with the aid of 3an orz' 9i BAN 1253
detecting board 1 13, that is, when the witing start positiqn]of the ink"
I mge hold- ing drum 101 confronts the ink jet recordi ng heaq 62;—a—host
conputer or the like applies printing-dat=a to the recording Read 102 so

that an ink inmage 115 is forned
and 62 to provide a flat surface in the region where it
confronts the recording head 2, and it is supported by a
driving roller 63 of relatively large diameter in the region.
where it confronts the push roller 3. The driving roller 63
is coupled through a transmission mechanism 64 to a
pulse motor 685.

When the driving roller 63 is turned in the direction
of the arrow, the ink image holder 60 passes over the
recording head at a predetermined speed. When, under
this condition, printing data is applied to the recording
head 2, the latter jets ink droplets to form an ink pattern
on the outer surface of the ink image holder 60.

When the data has been recorded on the ink image
holder 60 as much as required, the push roller 3 is
moved towards the ink image holder 60 in synchroniza-
tion with the arrival of the home position of the holder 60
to the transfer region, while a recording sheet P is fed by
the sheet feeding roilers 38 to the transfer region. As a

~result, the recording sheet P is moved while being
‘pushed against the ink image holder 60 by the push
roller 3, so that, similarly as in the case of the first
embodiment, the ink image is positively transferred onto
the recording sheet P. |

In the second embodiment, the distance between

the record region and the transfer region can be freely

increased. Because of this feature, the period of time
between the time when an ink pattern is formed and the

fime when the ink pattern is transferred onto the record-
ing sheet can be sufficiently long. Hence, the ink image
can be sufficiently dried, and it is possible, when neces-
sary, to provide a cleaning device for removing an ink
image left on the ink image holder 60, and a heater or
. air blower for evaporating the solvent from ink which is

slow in drying speed.
ird Embodimen

A third embodiment of the invention will be
Jescribed with reference to Fig. 9.

In Fig. 9, reference numeral 101 designates an ink
image holding drum, which is fundamentally the same
in construction as the ink image holding drum 1 in the
above-described first embodiment.

in this embodiment, the recording head 102 is aline
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type ink jet recording head having a plurality of nozz
at predetermined intervals extending in the direction of
the axis of the ink image holding drum 101.

The recording head 102 has, for instance, 5§12 noz-
zles arranged at intervals of 0.67 mm (16/600 inch). The
recording head 102 is moved by a head moving device
121 along the axis of the ink image holding drum 101 as
much as 0.0423 mm (1/600 inch) per revolution of the
drum 101, so that an image of one page is formed on
the ink image holding drum 101 when the latter has
made sixteen (16) revolutions.

The cylindrical surface of the ink image holding
drum 101 is an elastic layer, and it is divided into two
regions: a recording region 111 indicated hatched in
Fig. 9, and a non-recording region 112. In this embodi-
ment, the ink image holding drum 101 is, for instance,
80 mm in diameter.

The ink image holding drum 101 is provided with a
push roller 103, which is fundamentally the same in con-
struction to the push roller 103 of the first embodiment.
However, it should be noted that the push roller 103 is
rotatably supported by a pushing lever 132 which is
swingable about a supporting shaft 131 fixedly secured
to a frame (not shown). An eccentric-cam-shaped push-
ing shaft 134 is rotatably supported on the frame and
abutted against the pushing lever 132. Therefore, as the
pushing shaft 134 is rotated by an electric motor 135,
the pushing lever 132 is swung, being abutted against
the pushing shaft 134, so that the push roller 103 is
swung up and down in the directions of the arrow C, so
that it is pushed against and moved away from the ink
image holding drum 101. The pushing force of the push
roller 103, namely, an ink image transferring force, is
generated by a pressure applying spring 133. The ink
image transferring force is, for instance, in a range of 49
to 490N (5 to 50 kg).

The ink image holding drum 103 is coupled through
a drum gear 153. a first intermediate gear 152 (on the
side of the arum 101), and a motor gear 151 1o a pulse
motor 1085, so that the drum is turned in the direction of
the arrow A in Fig. 9.

The push roller 103 is coupled through a roller gear
185, and a second intermediate gear 154 (on the side of
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the push roller 103) to the first intermediate gear 152.
With the aid of the first intermediate gear 152, the push
roller 103 is rotated in the direction of the arrow B at a
speed V, which differs by AV from the peripheral speed
V, of the ink image holding drum 101 so that the push
roller 103 slips on the ink image holding drum 101.

The above-described gears form a transmission
mechanism, the transmission ratio of which is as fol-

lows:
(D 1/D,) = (Z53/Z 55).

where D, is the outside diameter of the ink image hold-
ing drum 101, D, is the outside diameter of the push
roller 103, Zg3 is the number of teeth of the drum gear
153, and Zgs is the number of teeth of the roller gear
185.

The transmission mechanism may be replaced by a
toothed belt mechanism or a pulley mechanism.

‘Further in Fig. 9, reference numeral 113 designates
a drum origin detecting board, which is fixedly mounted
on the shaft of the ink image holding drum 101. The
drum origin detecting board 113 operates as follows: As

_the ink image holding drum 101 rotates, the front edge

of the recording region 111 of the ink image holding
drum 101 reaches the recording head 102, whereupon
the drum origin detecting board 113 causes an origin
-detector 114 to output an origin signal. In response to
the origin signal, printing data is applied to the recording
head 102, so that the laiter jets ink droplets to form an
ink image on the recording region 111 of the ink image
holding drum 101.

The operation of the ink jet printer thus constructed
will be described with reference to Fig. 10.

Similarly as in the case of the above-described first
embodiment, with the push roller 103 spaced away from
the ink image holding drum 101 (as shown in Fig.
10(a)), the ink image holding drum 101 is rotated at a
predetermined speed V.

When the origin signal is produced, that is, when
the writing start position confronts the recording head
102, a host computer or the like applies printing data to
the recording head 102 to cause the latter to jet ink
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on the recording region 111 of the ink image holding
drum 101 according to the printing data.

Similarly as in the case of the first embodiment, the -

ink image thus formed is partially dried.

After the ink image has been formed on the ink
image holding drum 101, for instance, in an amount cor-
responding to one page, a recording sheet P is fed into
the transfer region by sheet feeding rollers 137 in the
direction of the arrow D in synchronization with the
arrival of the writing start position of the ink image hold-
ing drum 101 at the transter region.

Upon arrival of the front edge of the recording sheet

P at the transfer region, the pushing shaft 134 is turned.

As a resuit, the push roller 103 is moved by the pressure
applying spring 133 in the direction of the arrow E (Fig.

10(b)), so that it is pushed against the ink image hoiding -

drum 101 at a predetermined nipping pressure.

. Thus, similarly as in the case of the first embodi-
ment, the recording sheet P is held between the ink
image holding drum 101 and the push roller 103, that s,
it is pushed against the ink image on the drum 101 by

the push roller 103 at a predetermined force E as showr
In Fig. 10(b), as a resuit of which the ink image is trans-

~ farred onto the recording sheet P.

When one page of the ink image has been trans-
ferred, the pushing shaft 134 is turned, so that the push
roller 103 is moved away from the ink image holding
drum 101. Thus, the printing of one page of the ink
image on the recording sheet P is completed.

In the ink image transferring operation, similarly in
the case of the first embodiment, the ink image is suita-
bly slipped and bent, thus improving the ink image
transferring efficiency.

The third embodiment is advantageous in the fol-
lowing points: Even if the pushing force changes, the
speed difference AV between the speeds of rotation of
the ink image holding drum 101 and the push roller 103
is maintained unchanged owing to the transmission
ratio of the transmission. Thus, the ink jet printer is sim-

ple in construction, positive in operation, and low in -

manufacturing cost.
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A fourth embodiment of the invention is constructed
as shown in Fig. 11.

In the fourth embodiment, the ink image holder is
implemented with a belt 106 having two ends (hereinaf-
ter referred to as "an ink image holding belt 106", when
applicable). The beit is formed by bonding an elastic
material such as silicone rubber to the surface of a thin-
plate-shaped material such as a spring steel sheet.

The ink image holding belt 106 has a recording
region, the length of which is equal to that of at least one
recording sheet P. The ink image holding beit 106 is laid
over a feeding drum 165 with one end connected to a
supply roll 161 and the other end to a take-up roll 162.
When the printer is in standby state, the front edge of

. the recording region 111 of the ink image holding beit

* 106 is confronted with a recording head 107, and the ink
image hoiding belt is stretched tight, being wound on
the supply roll 161.

The ink image ho!dang belt 106 is held between the
feeding drum 165 and a pinch roller 166. That is, the ;
pinch roller 166 is pushed through the belt 106 against
the feeding drum 165 by a pressure applying device (not
shown), so that the pinch roller 166 is rotated by a fric-
tional force produced between itself and the belt 106.

When the feeding drum 165 is rotated by a pulse
motor 105 in the direction of the arrow F in Fia. 11, the
ink image holding belt 106 is moved in the direction of
the arrow G (this direction being hereinafter referred to
as "a main scanning direction, when applicable), and its

~ recording region 111 is unwound from the supply roll
161, while a take-up motor 164 operates to wind the ink
image holding belt 106 toward the taken up roll 162 so
that the latter is kept stretched tight.

The recording head 107 is a serial type ink jet

" recording head composed of piezoelectric elements;
that is, it has a plurality of nozzles at predetermined
intervals in the main scanning direction. For instance, |




hol d| ng drum 101. That I's, the recording sheet Pis noved while form ng t he

skeW angle [err] with a d| rection perpendicular to the axi .
i mage hol ding drum 101 ,so that the recording sheet P slipg RERLA :MEW SHEET

i mge hol ding drum 101 in the nipping region (i.e., in thejtfans- fer
region). The anount of sllp Is [(nipwdth) x tan [err]]. KHe cgpajgnev
force occurs with the ink inage to causelbhe latter to slip between the
i mage hol ding drum 101 and the recordi ng sheet P. In additiofm—the

the recording head 107 has sixty-four (64) nozzled at

intervals of 0.0423 mm (1/600 inch) in the direction of
movement of the ink image holding belt 106. The
recording head 107 is set in front of the ink image hold-
ing belt 106 with a predetermined space therebetween.
The recording head 107 thus set is moved back and
forth in a direction perpendicular to the main scanning
direction (hereinafter referred to as "an auxiliary scan-
ning direction”, when applicable).

The feeding drum 165 is coupled through a drum
gear 133, a first intermediate gear 152 (on the side of
the drum 16S) and a motor gear 151 to a pulse motor
105, so that it is rotated in the direction of the arrow F. A
push roiler 103 is coupled through a roller gear 155, a
second intermediate gear 154 (on the side of the push
roller 103) to the first intermediate gear 152. With the
aid of the first intermediate gear 152, the push roller 103

. is rotated in the direction of the arrow H at a speed V,
which differs by AV from the peripheral speed V, of the
ink image holding belt 106 so that the push roller 103
slips on the ink image hoiding beit 106. The transmis-
sion mechanism according to the present invention,
other than as described above, may also be a belt-
mechanism having sprockets or a pulley mechanism.
The above-described gears form a transmission mech-
anism, the transmission ratio of which is as follows:

/\u

v Nz) # (Z352/Z 55).

where V, is the penpheral speed of the ink image hold-
ing belt 106, V, is the peripheral speed of the pushing
roller 103, Zs; is the number of teeth of the drum gear
153, and Zg5 is the number of teeth of the roller gear
185. .
The operation of the fourth embodiment thus con-
structed will be described with reference to Fig. 12.
When the printer is in a standby state, as was
described before the front edge of the recording region
111 of the ink image holding belt 106 is held confronted
‘with the recording head 107, and the push roller 103 is
held spaced away from the ink image holding belt 106,
as shown in Fig. 12(a).
Upon provision of a recording start mstruc'tlon a




cyI;hdr=| cal surface of the ink image holding drum 101 is made of a material
which pernits the easy renoval therefromof an ink i mge, a

adheres to the recording sheet P. Therefore, the ink inmge

the surface of the ink imge hol ding drum
recordi ng sheet P wth high efficiency.
been transferred onto the recordi ng sheet

101 and transferr
en one page o
ﬁ' t he skewed pus
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head driving device 171 causes the recording head 10

to move in the auxiliary scanning direction, while a host
computer or the like applies printing data to the record-
ing head 107 in correspondence to the position of the
recording head 107 which is being moved in the auxil-
iary scanning direction, so that writing (forming) of an
inkimage is started from its first line.

When the movement of the recording head 107 in
the auxiliary scanning direction in this manner has been
accomplished, that is, when the first line of the ink
image has been formed, the ink image holding belt 106
is fed by the feeding drum 165 by one pitch (for
instance, 2.7 mm (64/600 inch)), and held there. Then,
the head driving device 171 causes the recording head
107 to return in the auxiliary scanning direction, while a

host computer or the like applies printing data to the
recording head 107 in correspondance to the position of

the recording head 107 which is in the auxiliary scan-
ring direction, so that writing (forming) of an ink image
isstarted from its second line. |

When the return movement of the recording head

j07 has been accomplished, that is, when the second
iine of the ink image has been formed, the ink image
holding belt 106 is fed by the feeding drum 165 by one
pitch (2.7 mm (64/600 inch)). Thereatter, the recording
head 107 is reciprocated while the ink image holding
belt 106 is fed intermittently until the printing data is
printed out as required; that is, the desired ink image is
formed on the ink image holding beit 106.

While the ink image is being formed in the above-
described manner, the solvent is evaporated from the
ink image, so that the latter is partially dried.
~ Arecording sheet P is fed into the transfer region by
sheet feeding rollers 137 in the direction of the arrow D
in synchronization with the arrival of the writing start
position of the ink image holding belt 106 at the transfer
region.

Upon arrival of the front edge of the recording sheet
P at the transfer region, a pushing shaft 134 is turned.
As a result, the push roller 103 is moved by the pressure
applying spring 133 in the direction of the arrow E in Fig.
12(b), so that it is pushed against the ink image holding
beit 106 at a predetermined nipping pressure.




IS Hﬁveﬁ away fromthe ink inmage holding drum 101. Thus, one page of ink
Fmage has been printed. In the ink inmage transferring operation,

simlarly as in the first enbodi nent, the ink inage on the H
surface of the ink image holding drumis bent, thus causing
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to occur. This contributes to inprove the ink image transfeqri
ef ficiency. The skew angle [err] i~s18 tegrees or less (¢r
the push roller forns an angle of 85 to 95[err] with respec

Thus, similarly as in the case of the first e

ng.
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- ment, the recording sheet P is held between the ink
image holding belt 106 and the push roller 103, that is,

it is pushed against the ink image on the belt 106 by the

push roller 103 at a predetermined force F, as shown in
“Fig. 12(b), as a result of which the ink image is trans-
ferred onto the recording sheet P.

When one page of the ink image has been trans-
ferred, the pushing shaft 134 is turned, so that the push
roller 103 is moved away from the ink image holding beit
106. Thus, the ink image of one page has been printed
on the recording sheet P. .

Thereatfter, the inkimage holding belt 106 is moved
in the direction opposite to the main scanning direction
by the feeding roller 165 while being wound on the sup-
ply roll 161 driven by an electric motor 163, and it is
stopped when the front edge of the recording region 111
of the ink image holding belt 106 confronts the recording
head 107. Thus, the printing operation has been accom-
plished. '

In the ink image transferring operation, similarly as
in the case of the first embodiment, the inkimage is suit-

ably slipped and bent, which improves the ink image

-transferring onto the recording sheet P efficiency.

The fourth embodiment is advantageous in the fol-
lowing points: Even when the load (pushing force)
changes, the predetermined speed difference AV
between the speeds of rotation of the ink image holding
belt 106 and the push roller 103 is maintained
unchanged owing to the transmission ratio of the trans-
mission. Thus, the ink jet printer is simple in construc-
tion, positive in operation, and low in manufacturing
cost. . .

Furthermore, in the fourth embodiment, the dis-
tance between the recording region and the transferring
region can be increased. Hence, the period of time
between the time when an ink pattern is formed and the
time when the ink pattern is transferred onto the record-
ing sheet can be increased, too. Thus, the ink image
can be sufficiently dried, and when necessary it is pos-
sible to provide a cleaning device for removing ink
image left on the ink image holder 106, and a heater or




to the direction of novement of the ink hol ding nmedium. If the'skeM/angle

ks larger than 5, then both end por-
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air blower for evaporating_ the soivent from ink which
slow in drying speed. - '

Eifth Embodiment

A fifth embodiment of the invention will be
described with reference to Figs. 13 through 15.

A specific feature of the fifth embodiment resides in
that the axis of a push roller 108 (hereinafter referred to
as "a skewed push roller 108", when applicable) forms
an angle 9 with the axis of an ink image forming drum
101 when viewed from above.

As is apparent from in Fig. 14, in front view the axis
of the ink image holding drum 101 appears to be parallel
to the axis of the roller 108; however, in the top view as
shown in Fig. 15, these axes cross each other at the
middle, forming a skew angle 8.

The ink image holding drum 101 is coupled through
adrum gear 153 and a motor gear 151 to a pulse motor
105, so that it is rotated in the direction of the arrow A in
Fig. 13.
~ The operation of the ink jet printer thus constructed
will be described.

With the push roller 108 spaced away from the ink

_image holding drum 101, the drum 101 is rotated at a
predetermined speed V4. When an origin signal is pro-
duced with the aid of an origin detecting board 113, that
is, when the writing start position of the ink image hold-
ing drum 101 confronts the ink jet recording head 102, a
host computer or the like applies printing data to the
recording head 102 so that an ink image 11S is formed
on the ink image holding drum 101, which forms the
skew angle 9 with the axis of the drum 101 as shown in
Fig. 13. Ink droplets jetted from the recording head 102

- form an ink image on the recording region 111 of the ink
image holding drum 101 in accordance with the printing
data. :

_ When the required ink image has been formed on
the ink image holding drum 101, as shown in Fig. 15a
printing sheet P is fed into the transter region forming a
right angle with the axis of the skewed push rolter 108,

Upon arrival of the front edge of the recording sheet
P at the transfer region, the skewed push roller 108 is
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drum 101, thus not pushing the latter :
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pushed against the ink image holding drum 101 at a
predetermined nipping pressure.

Thus, the recording sheet P is held between the lnk
image holding drum 101 and the skewed push roller
108, that is, it is pushed against the ink image on the

drum 101 by the skewed push roller 108 at a predeter-
ned force F, as a result of which the ink image is

m,nsferred onto the recording sheet P.

In the ink image transferring operation, the record-
ing sheet P is moved while forming a right angle with the
axis of the skewed push roller 108, because the skewed
push roller 108 has a larger coefficient of friction with
respect to the recording sheet P than the ink image
holding drum 101. That is, the recording sheet P is
moved while forming the skew angie 8 with a direction
perpendicular to the axis of the ink image holding drum
101, so that the recording sheet P slips on the ink image
holding drum 101 in the nipping region (i.e., in the trans-
fer region). The amount of slip is [(nip width) x tan 8 ].
Hence, a shearing force occurs with the ink image to
cause the latter to slip between the ink image holding
drum 101 and the recording sheet P. In addition, the
cylindrical surface of the ink image holding drum 101 is
made of a material which permits the easy removal
therefrom of an ink image, and the ink image adheres to
the recording sheet P. Therefore, the ink image is
peeled off the surface of the inkimage holding drum 101
and transferred onto the recording sheet P with high

_efficiency.

When one page of |nk image has been transferred
onto the recording sheet P, the skewed push roller 108
is moved away from the ink image holding drum 101.
Thus, one page of ink image has been printed.

in the ink image transferring operation, similarly as
in the first embodiment, the ink image on the cylindrical
surface of the ink image holding drum is bent, thus
causing fine cracking to occur. This contributes to
improve the ink image transferring efficiency.

The skew angle 0 is S degrees or less (or the axis of
the push roller forms an angle of 85° to 95° with respect
to the direction of movement of the ink holding medium).
If the skew angle is larger than 5°, then both end por-




be sei fo 3 or less (or the axis of the push roller forns an angl e of
87[err] to 93[err] with respect to the direction of novenent of the ink

hol di ng medi un) .

In this case, the anpunt of slip between t
roller 108 and the ink inmage holding drum 101 is rel ativel
therefore the ink image is scarcely shifted when trans- ferfr
the inventive ink jet printer, the result- ant ink inmage

quality. The fifth enbodi ment is advantageous in that
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tions of the skewed push roller 108 will not be in
engagement with the ink image holding drum 101, thus
not pushing the latter. Preferably, the skew angfe should
be set to 3° or less (or the axis of the push railer forms
an angle of 87° to 93° with respect to the direction of
movement of the ink holding medium). In this case, the
amount of slip between the skewed push roller 108 and
the ink image holding drum 101 is relatively small, and
therefore the ink image is scarcely shifted when trans-
ferred. Thus, with the inventive ink jet printer, the result-
ant ink image is high in picture quality.

The fifth embodiment is advantageous in that even
when the load, or the pushing force, changes, the slip
factor is maintained unchanged because the skewed
push roller pushes the ink image holding drum at the
predetermined skew angle. Thus, the ink jet printer is
simple in construction, positive in operation, and low in
manufacturing cost.




when 't he | oad, or the pushing force, changes, the slip factor is i nt ai ned

unchanged because the skewed push roller pushes the ink i

at the p ' ' angle. Thus, the ink jet printer
construci” mﬂmnr m operation, and |ow in nmanufactur
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Claims

1. A transfer type ink jet printer comprising:
an ink jet recording head (2; 102; 107) for jet-
ting ink droplets according to recording data;

ink image holding means for receiving ink drop-
lets jetted from said ink jet recording head (2;
102; 107),

a push roller (3; 103; 108) arranged movabie to
and from said ink image holding means,

characterized in that

said ink image holding means being elastically
deformable and that the speed of rotation of said
push roller is so set that said push roller (3; 103;
108) slips on said ink image holding means with a
nipping pressure applied thereto.

" The transfer type ink jet printer according to claim 1

_ characterized in that

_ that said push roller (3; 103; 108) slios through a

the speed of rotation of said push roller is SO set

recording sneet (P) on said ink image halding
means with a nipping pressure applied through sald
recording sheet thereto. _ .

The transfer type ink jet printer according to claim 1
or 2, in which the push roller (3; 103; 108) is rotated
around an axis which forms a predetermined angle
with the axis of said ink image holding means so
that said push roller (108) slips on said ink image

holding means with a nipping pressure applied

thereto.

. The transfer type ink jet printer according to one of

_the preceding claims further comprising:

data size increasing or decreasing means for
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increasing or decreasing said recording data in
size according to a slip factor between said ink
image holding means and said push roller, and
applying said recording data thus increased or
decreased to said recording head.

The transfer type ink jet printer according to one of
~ the preceding claims further comprising: :

means for determining the timing of jetting ink
droplets from said recording head (12; 102:

107) according to a slip factor between said ink

image holding means and said push roller (3;
103; 108).

The transfer type ink jet printer according to one of
the preceding claims wherein said ink image hold-
ing means and said push roller (3; 103; 108} have
respective drive mechanisms, which are coupled to
each cther. '

The transfer tyoe ink jet printer according to one of

- chims 3 to 6 in which said predetermined angle

petween the axis of said push roller (108) and the
direction .of movement of said ink image holding
means is in a range of from 85° to 95°.

The transfer typa ink jet printer according to claim 7
in which said predetermined angle betwaen the
axis of said push roilar (108) and the diraction of
movement of said ink image holding means is in a

.range of from 87° to 93°.

The transfer type ink jet printer according to one of

claims 2 or 4 to 6 in which the surface of said push
roller (3; 103; 108) has a larger coefficient of friction’
with respect to said recording sheet (P) than the
surface of said ink image holding means. '

The transfer type ink jet printer according to one of
the preceding claims, in which said ink image hoid-
in_a means comprises a drum (1; 101).
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The transfer type ink jet printer accordlng to one of

-claims 1 to 9, in which said ink image holding

means comprises an endless belt (60).

The transfer type ink jet printer according to one of
claims 1 to 9, in which said ink image holding
means comprises a belt (106) with two ends, and a
pinch roller (166) for supporting said belt (106) pro-
vided downstream of a transfer region in the path of
movement of said beit (106).

The transfer type ink jet printer according to one of
claims 2 or 4 to 12, in which a slip factor between
said ink image holding means and said recording
sheet is in a range of from 0.2% to 5%, and said
nipping pressure of said push roller (3; 103; 108) is

" in a range of from 1.47 to 14.7 N/cm (150 gticm to

14.

1500 gf/cm).

The transfer type ink jet printer according to one of
claims 2 or 4 to 12, in which a slip factor between
said ink image holding means and said recording
sheet and a nipping pressure of said push roller (3;

- 103; 108) is within the hatched area of Fig. 4.
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2. The transfer type ink jet printer according to claim1

char-acterized in that the speed of rotation of said push roller is sq
set that said push roller (3; 103; 108) slips throughTtais SHEETERAS BEEN
sneet (P) on said ink inmage hol ding means with a ni pping '

applied through said recordi ng sheet tgereto.

FIG. 2(1)
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3. The transfer type ink jet printer according to claiml or 2, in
whicth the push roller (3;103; 108) is rotated around an axis Wmch
forms a predeterm ned angl e with the axis of said i NKTHEEE
nmeans so that said push roller (108) slips on said ik |rr§g )
hol ding means with a nipping pressure applied t her et O:
transfer type ink jet printer according to one of
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5. The transfer type ink jet printer according to one of t he preceding
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6. Theitransfer type ink jet printer according to one of t he preceding
cl ai ms wherein said ink i nage hol d- - ing neans and saf qypugh—+eklear (3;

103; 108) have respective drive mechani sms, which ar -couL
each ot her. 7. The transfer type ink jet printer accor driERK
claims 3 to 6 in which said predeternined angle . ' :
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between the axis of said push roller (108) and the di rection of
novenent of said ink inmage hol ding means is in a rang¢ Mg WL P
to 95. 8. The transfer type ink jet printer according to glLalmpep 4rc PEL
whi ch sai d predeterm ned angl e between the axi s of sal .
(108) and the direction of nmovemnent gfss_ai d ink imge
in a range of from87[err] to 93[err].
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9. -The transfer type ink jet printer according to one of

to 6 in which the surface of said push roller (3; 103; 108) has a
| arger coefficient of friction Wi th respect to said reifty s

t han the surface of said ink imge hol ding neans. 10.
type ink jet printer according to one of < Be~precedi ng 4

sai d ink i mage hol d- I ng neans conprises a drum (1: 101,;

clains 2 or 4
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means éonprlses a belt (106) with two ends

for® supporting said belt (106) pro- . vi ded downst ream of
region in the path of novenent of said belt (106). 13.
type ink jet printer according to one of clainms 2 or

a slip factor between said ink i mage hol di ng neans an
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. ni ppi ng pressure of said push roller (3; 103; 108) is"

inarange

from1l.47 to 14.7 NNcm (150 gf/cmto . 1500 gf/cm. 1{3

type ink jet printer according to one of clainms 2 or _

a slip factor between said ink inmage hol ding neans afgd]said recor
sheet and a ni pping pressure of said push roller (3; 1032 505{3'@98
within the hatched area of Fig. 4. ‘
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TRANSFER TYPE INK JET PRINTER

ABSTRACT

A transfer type ink jet printer includes an ink jet recording
head (2) for jetting ink droplets according to recording
data, an elastically deformable ink image holder such as a
drum (1) or belt for receiving ink droplets jetted from the'
o ink jet recording head (2), and a push roller (3) movable to
and from the ink image holding means, the speed of. rotation
of which-is so set that it slips on the ink image holder with
a nipping pressure applied to the latter, whereby an ink
image on .the ink image holding means can be positively
transferred onto a recording sheet P irre'spective of the

degree of dryness of the ink.

FIGURE 1

¢<kt\“q
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