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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 biotting 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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The above-described method in which.an ink pattern (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 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 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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It is therefore the object of the s i to

provide a transfer type ink jet printér 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 c¢laims are to be
understood as a first non-limiting approach to define the

L
Lo

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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droplets jetted from the ink jet recording 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
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 conjunction with the

accompanying drawings.

In the éccompanying drawiﬁgs:

Fié. 1 is an explanatory diagram showing the arrangement
of a transfer type ink jet printer, which constiﬁutes 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;
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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 nipping

pressures with slip factors and transfer effects;

3
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;
10 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
15 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;
20 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;
-5 -
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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 i:ush roller.

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

" 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 bj a frame (not
shown). The shaft 21 of the drum 1 is coupled through a

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

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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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 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 -

il i




10

15

20

25

S 'l'!!lS SHEET HAS BEEN
: . REPLACED

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 applicablé) from the peripheral speed Vl
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 holding
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
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

control wunit controls the pulse motor 33 so that the
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predetermined peripheral speed difference AV is provided
between the peripheral speeds of the ink image holding drum 1
and the pﬁsh roller 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

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
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
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 recording sheet P

reaches the transfer region, the pushing mechanism 34 moves the
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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(II})).

As a result, the recording sheet P is held bétween 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(III)). 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 transferred, the

pushing mechanism 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.

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
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 separate the ink image 37 from the cylindrical

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

- 10 -
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shearing 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 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
specifically, convex 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 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 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
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

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

- 11 -
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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/cm

(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 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

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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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 improwve 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 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
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
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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realized with software to directionally 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 daté 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 position of the
ink image holding drum 1. The printing position calcul;ting
unit 45 operates as follows: In order for the image
transferred onto the printing sheet to be free from distortion
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

signal according to the result of calculation.

- 14 - —
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The data 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
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
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
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,
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

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

- 15 -
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cylindrical 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 ﬁan be adjusted by changing the
load wifh 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 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 -

Sheet Has Been Replaced




10

15

20

25

- 7
THIS SHEET HAS BEEN
REPLACED

jets ink droplets to form an ink pattern on the outer surface

of the ink'image holdexr 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 the transfer 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
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 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
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

reference to Fig. 9.

- 17 -
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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
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)
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
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

by a pushing lever 132 which is swingable about a supporting

- 18 -
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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 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 traﬁsferring 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
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.

- 19 -
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The above-described gears form a transmission mechanism,

‘the transmission ratio of which is as follows:

(Di1/Dz) # (2s53/2ss).
where D; is the outside diameter of the ink image holding drum
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.

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
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
on the recording region 111 of the ink image holding dfum 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

- 20 -
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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

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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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. 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.

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
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.

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

referred to as "an ink 4image holding belt 106", when
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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
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
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 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
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
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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, 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
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
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 holding belt 106. The transmission
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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
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
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 head 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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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 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
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
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

sheet feeding rollers 137 in the direction of the arrow D in
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synchronization with the arrival of the writing star£ 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
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,
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.

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
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

operation has been accomplished.
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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 advaﬁtageous 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.
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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
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 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
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 like 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.

13. 1Ink droplets. jetted from the recording head 102 form an
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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. 15 a printing sheet P
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
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 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 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

transfer region). The amount of slip is [(nip width) x tan 9].
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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

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
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 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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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 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
ink image holding drum at the pi:edetermined 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.
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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
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.

A transfer type ink jet printer comprising:

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

according to recording data;

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
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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A transfer type ink jet printer comprising:

an ink jet 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
through a recording sheet P on said ink image holding
means with a nipping pressure applied through said

recording sheet thereto.

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.

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).
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6. 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

5 mechanisms, which are coupled to each other.

7. A transfer type ink jet printer according to one of
claims 2 or 4 to 6 in which said predetermined angle
10 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°.

15 8. 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°.

20
9. 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
25 said ink image holding means.
10. A transfer type ink jet printer according to one of the
preceding claims, in which said ink image holding means
30 comprises a drum (1; 101).
11. A transfer type ink jet printer according to one of
claims 1 to 9, in which said ink image holding means
- 35 comprises an endless belt (60).
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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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