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(57) Abstract: Disclosed is an inkjet recorder which ensures good print quality by minimizing flapping of a sheet which travels in 
parallel with the nozzle width region of an inkjet head while facing the nozzle width region. An inkjet recorder is equipped with 
an inkjet print section (4) having print units (7, 7’) for printing on a sheet (2) traveling on an arcuate sheet passage formed of a 
plurality of guide rollers (12a-12h) by means of a plurality of inkjet heads (6a-6d, 6a’-6d’), wherein an on-demand inkjet head 
equipped with a plurality of nozzle arrays in the traveling direction of sheet as a nozzle width region is used as the inkjet head of 
the print unit, the sheet passage opposite to the nozzle surface of each inkjet head is constituted of two guide rollers (12a, 12b) 
disposed on the upstream side and downstream side in the traveling direction of sheet, and the end portions of a sheet in the noz
zle width region (L) of each inkjet head on the upstream side and downstream side in the traveling direction of sheet are located as 
closely as possible to each contact point between the guide rollers on the upstream side and downstream side on the inside of each 
contact point where the sheet touches the guide rollers, respectively, and being wound therearound.

(57)
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INK JET RECORDING APPARATUS

Technical Field

[0001] The present invention relates to an ink jet recording apparatus with an inkjet 

head for printing on an continuous sheet of paper by ink jet and, in particular, with on- 

demand type inkjet head comprising a plurality of nozzle rows which are provided in 

a direction in which the sheet of paper travels and having a width in the paper 

traveling direction, the nozzle row having a multitude of ink nozzles which are 

arranged in a direction of width of the sheet of paper.

Background Art

[0002] The following references to and descriptions of prior proposals or products are 

not intended to be, and are not to be construed as, statements or admissions of 

common general knowledge in the art. In particular, the following prior art discussion 

does not relate to what is commonly or well known by the person skilled in the art, but 

assists in the understanding of the inventive step of the present invention of which the 

identification of pertinent prior art proposals is but one part.

[0003] In an ink jet recording apparatus of this sort, a constant gap which is 

maintained between the ink jet head and a surface of continuous sheet of paper 

(printing surface) is recognized as an important requisite to better the printing quality. 

An inkjet recording apparatus is known as shown in JP 2005-35209 A , which is 

capable of printing without imparting fluttering to the paper and regardless of the 

length of the distance between the rollers guiding a sheet of paper traveling opposite 

to the inkjet head and high-precision printing by an ink jet head having a plurality of 

nozzle rows in the paper traveling direction.

[0004] Also, it has now become essential to arrange an ink mist collector between the 

inkjet heads as disclosed in JP 2007-136761 A. These inkjet heads reflect a recent 

progression in demanded quality of printing products by inkjet recording apparatus. 

What is broad in width provided with a plurality of nozzle rows in the direction of 

travel of the paper is being required. As disclosed in JP 2005-35209 A , only the 

construction as arranging individual ink jet heads opposite to one linearly traveling
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surface either immediately before or after winding contact onto the paper guide roller 

causes the problem that it may become difficult to print in a state without imparting 

fluttering to the paper and regardless of the length of the distance between the rollers.

[0005] Also, as regards the arrangement of disposing an ink mist collector between 

inkjet nozzles as disclosed in JP 2007-136761 A , the problem arises that there may 

be a deleterious effect such as vibrations of the paper between the ink jet heads due to 

an air stream for suction recovery of the ink mist by the ink mist collector.

[0006] In view of the aforementioned, it is an object of the present invention to 

provided an inkjet recording apparatus whereby fluttering of a traveling sheet of 

paper opposite to and parallel to a nozzle width region of an inkjet head is held down 

to the minimum to better the printing quality and if an ink mist collector is arranged 

between the inkjet nozzles, vibrations of the sheet of paper by arrangement of the ink 

mist collector is minimized.

Disclosure of the Invention

[0007] In order to achieve the object mentioned above, the present invention provides 

in a first aspect thereof an ink jet recording apparatus which comprises an inkjet 

printer including printing units whereby a sheet of paper traveling in a paper passage 

in the form of an arch shaped by a plurality of guide rollers is printed by a plurality of 

ink jet heads, wherein the inkjet heads of the printing units comprise inkjet heads of 

on-demand type having a plurality of nozzle rows of a nozzle width region in a 

direction of travel of paper, each inkjet head comprising a plurality of print heads 

which are closely-arranged to obtain the nozzle width region; the paper passage 

opposite to nozzle faces of each ink jet head is defined by two guide rollers positioned 

at an upstream and at a downstream side in the direction of travel of paper, 

respectively; and a length of the nozzle width region of each inkjet head in the 
direction of travel of paper is about the same as a distance between central axes of the 

two guide rollers so that respective end portions of the upstream and downstream 

sides of the nozzle width region of each inkjet head in the direction of travel of paper 

are positioned at a first and a second area, respectively, which are between the 

upstream and downstream guide rollers and inside a first and a second point of paper
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winding contact with the guide rollers but which are approaching to the first and

second points of paper winding contact.

[0008] The present invention also provides in a second aspect thereof an inkjet 

recording apparatus as mentioned in the first aspect above wherein the paper passage 

of a printing unit is in the form of an upwardly bulged arch with respect to a 

horizontal line and a winding contact angle of the sheet of paper onto each of the two 

guide rollers for defining the paper passage ranges from 2 degrees to 5 degrees.

[0009] The present invention also provides in a third aspect thereof an inkjet 

recording apparatus as mentioned in the first or second aspect wherein each inkjet 

head of the printing unit is fixed via a head substrate to a fixing substrate which is 

parallel to the paper passage opposite to each inkjet head, wherein the head substrate 

has one end in the paper width direction as a fulcrum so that the head substrate can be 

rocked around the fulcrum on the fixing substrate.

[0010] The present invention also provides in a fourth aspect thereof an inkjet 

recording apparatus as set forth in the first or the second or the third aspect above 

wherein ink mist collectors are disposed between a plurality of inkjet heads of the 

printing unit, a suction port of the ink mist collectors is opposite to a portion adjacent 

to the point of paper winding contact with the downstream side guide roller of the two 

guide rollers to which the upstream side inkjet head is opposite, and an air outlet or a 

suction port of the ink mist collectors is opposite to a portion adjacent to the point of 

paper winding contact with the upstream side guide roller of the two guide rollers to 

which the downstream side ink jet head is opposite.

[0011] The present invention also provides in a fifth aspect thereof an inkjet 

recording apparatus as set forth in the first or the second or the third or fourth aspect 

above wherein the two printing units of the inkjet printer are spaced and arranged one 

above the other to allow a sheet of paper to travel sequentially in paper passages in 

both the printing units for printing on both sides of the paper.

[0012] The present invention also provides in a six aspect thereof an inkjet recording 

apparatus as set forth in the first or the second or the third or the fourth or the fifth
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aspect wherein at a downstream side of the paper passage of each printing unit a

drying unit is disposed.

[0013] The present invention also provides in a seventh aspect thereof an inkjet 

recording apparatus as set forth in the first or the second or the third or the fourth or 

the fifth or the six aspect above wherein a fixing substrate for securing each inkjet 

head of the printing unit and each ink mist collector is securely supported by a head 

box, and the head box is made movable laterally of the paper passage.

[0014] According to the first aspect of the present invention, the traveling length of a 

path of the paper parallel to and opposite to the nozzle width region of the inkjet head 

is allowed to approach to the length proximate to that of nozzle width region as much 

as possible. This holds down fluttering of the paper, thereby improving the printing 

quality.

[0015] Also, according to the second aspect of the present invention, the fact that the 

paper passage of a printing unit is in the form of an upwardly bulged arch with respect 

to a horizontal line and a winding contact angle of the sheet of paper onto each of the 

two guide rollers for defining the paper passage ranges from 2 degrees to 5 degrees 

allows each inkjet head provided at a paper side of the paper passage to be mounted 

substantially beneath and thus mounted under preferred conditions.

[0016] Also, according to the third aspect of the present invention, allowing the head 

substrate to be rocked with respect to the fixing substrate, the inkjet head secured to 

the head substrate can be adjusted in paper traveling direction,

[0017] Also, according to the fourth aspect of the present invention, the ink mist in the 

printing part by each inkjet head can be collected efficiently and the influence of the 

air flow of the ink mist collector on the paper part is prevented and thus high precision 

printing is achieved.

[0018] Also, according to the fifth aspect of the present invention, two printing units 

in which both front and rear surfaces of a sheet of paper can be printed are mounted 

one above the other. Space saving is achieved compared with the two printing units 

arranged in paper traveling direction.
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[0019] Also, according to the sixth aspect of the invention, the printing area printed by 

each printing unit can be immediately dried. It prevents from becoming dirty by 

rubbing with a guide roller.

[0020] Further, according to the seventh aspect of the invention, by moving each ink 

jet head of a printing unit and an ink mist collector laterally of the paper passage, the 

maintenance can be easily achieved.

Brief Description of the Drawings

[0021] In the Drawings:

Fig. 1 is an explanatory view diagrammatically illustrating a first form of

implementation according to the present invention;

Fig. 2 is an explanatory view diagrammatically illustrating a second form of 

implementation according to the present invention;

Fig. 3 is a cross sectional view illustrating an essential part of the present invention; 

Fig. 4 is a perspective view illustrating the essential part of the present invention;

Fig. 5A is a perspective view illustrating a head substrate, and Fig. 5B is a perspective 

view illustrating a fixing substrate.

Fig. 6 is a fragmentary view illustrating an oscillating unit for the head substrate;

Fig. 7 is a plan view diagrammatically illustrating a printing unit; and

Fig. 8 is a plan view illustrating an alternative form of implementation of the inkjet

head.

Best Modes for Carrying Out the Invention

[0022] Fig. 1 diagrammatically shows an inkjet recording apparatus 1 according to a 

first form of implementation of the present invention. The inkjet recording apparatus 

1 comprises a paper feeder 3 for feeding a sheet of paper 2, an inkjet printer 4 for 

printing on a sheet of paper 2 fed from the paper feeder 3 with an inkjet head and a ta

keup unit 5 for taking up a sheet of paper 2 printed at the inkjet printer 4.

[0023] The inkjet printer 4 comprises a first and a second printing unit 7 and 7' 

arranged one above the other and having a plurality of, e. g., four (Y, M, C, K) inkjet

5



20
09

30
75

38
 

25
 F

eb
 20

14 heads 6a, 6b, 6c and four inkjet heads 6d and 6a', 6b', 6c' and 6d' disposed in a

direction of travel of a sheet of paper 2, respectively.

[0024] And, in the first form of implementation of the preset invention, when a 

feeding direction of the sheet of paper 2 fed from the paper feeder 3 is assumed as a 

forward direction of travel and the reverse is assumed as a reverse direction of travel, 

the sheet of paper 2 fed from the paper feeder 3 travels forwardly in the first printing 

unit 7 and then is printed through the inkjet heads 6a - 6d on its obverse (upper) side 

surface in a preselected pattern, and thereafter is turned 180 degrees, i. e., its reverse 

side is turned upwards and travels reversely in the second printing unit 7' and then is 

printed through the inkjet heads 6d' - 6a' on its reverse side surface in a preselected 

pattern.

[0025] Note, here, that at the outsides of exits of the printing units 7 and 7' there are 

provided a first and a second drying unit 8a and 8b, respectively, to dry the sheets of 

paper 2 leaving the printing units 7 and 7' while they are traveling through these 

drying units 8a and 8b.

[0026] Fig. 2 shows a second form of implementation of the present invention in 

which the same reference characters used in the first form of implementation identify 

the same members- The sheet of paper 2 fed from the paper feeder 3 travels forwardly 

in the first printing unit 7 and then is printed through the inkjet heads 6a - 6d on its 

obverse (upper) side surface in a preselected pattern, and thereafter is turned 180 

degrees to be guided upstream of the second printing unit 7' in the forward direction of 

travel. A turn bar 9 is provided in the forward direction of travel to turn the reverse 

side of the sheet of paper 2 upward. Now traveling forwardly in the printing unit 7', 

the sheet of paper 2 is printed through the inkjet heads 6d' - 6a' on its reverse side 

surface in a preselected pattern. Then, the sheet of paper 2 is dried after printing by a 
drying unit 8b provided downstream of the second printing unit 7'.

[0027] To wit, in the first and second forms of implementation, the obverse side

surface of the sheet of paper 2 is printed while the sheet of paper is traveling

forwardly in the first printing unit 7. In the first form of implementation, the reverse

side surface of the sheet of paper 2 is printed while the sheet of paper is traveling
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reversely in the second printing unit 7'. In the second form of implementation, the 

sheet of paper 2 is reversed and travels forwardly in the second printing unit 7' to be 

printed on its reverse side surface.

[0028] In both forms of implementation, in each of the printing units 7 and 7' each of 

the inkjet heads 6a - 6d, 6a' - 6d' is controlled by a control unit 10. The control unit 10 

is placed at a position which is difference from the inkjet head positions, e. g., a lower 

portion of the inkjet recording apparatus.

[0029] Each of the inkjet heads 6a - 6d, 6a'- 6d' is operated in a printing mode by the 

control unit 10 in timing with detection signals from a mark sensor (not shown) which 

senses marks preprinted on the sheet of paper 2. Each of the inkjet heads may be 

normally controlled by the control unit 10 and operated in a printing mode.

[0030] In each of the forms of implementation mentioned above, the first and second 

printing units 7 and 7' are basically the same in configuration. The second printing 

unit 7' is designed so that the sequence of operation of the inkjet heads 6a'- 6d' is 

controlled by the control unit 10 according to the direction of travel of the sheet of 

paper 2.

[0031] Mention is next made of the first and second printing units 7, 7' which are 

made of an identical configuration. Mention may be made of the first printing unit 7 

alone.

[0032] At both sides of the printing unit 7 in the direction of travel of the paper are 

provided feed rollers 11a and 1 lb making the sheet of paper 2 travel, imparting a 

selected tension to the paper 2. The paper passage between the rollers 11a and 1 lb 

comprises guide rollers 12a, 12b, 12c, 12d, 12e, 12f, 12g and 12h for guiding the sheet 

of paper 2 and is in the form of an upwardly bulged arch with respect to a horizontal 

line. And, at the upper side of and along the paper passage, there are disposed inkjet 

heads 6a- 6d. And, between the inkjet heads 6a- 6d, there are arranged ink mist 

collectors 13a, 13b and 13c.
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[0033] The ink jet heads 6a- 6b and the ink mist collectors 13a- 13b are identical in 

design and configuration, respectively. A set of an ink jet head and an ink mist 

connector is mentioned referring to Figs. 3 and 4.

[0034] The inkjet head 6a is fixed via a head substrate 16 to a fixing substrate 15 

fastened to a side frame 14 mounted on a head box 7a within the printing unit 7. The 

fixing substrate 15 is provided for each inkjet head. The inkjet head 6a used is an on- 

demand type inkjet head comprising a plurality of nozzle rows arranged within a 

selected width in the direction of travel of the paper 2. And, the width of the nozzle 

rows constitutes a nozzle width region L for printing.

[0035] The inkjet head 6a is hard to obtain the selected nozzle width region L and the 

length in the width direction of the paper 2. As shown in Fig. 4, a plurality of, e. g., 

three print heads 17a, 17b and 17c may be arranged in a staggered form to obtain a 

selected nozzle width region L in the direction of travel of the paper and a nozzle 

length region in the width direction of the paper.

[0036] The head substrate 16 to which each print head 17a, 17b, 17c is fixed and the 

fixing substrate 15 to which the head substrate 16 is fixed are as shown in Figs. 5A 

and 5B. As shown, the head substrate 16 is formed with a head window 18 orienting 

downward a nozzle portion of each print head 17a, 17b, 17c and the fixing substrate 

15 is formed with an entire nozzle range window 19 including a nozzle width region L 

in the width direction of the inkjet head 6a (paper travel direction) and including a 

nozzle length region in the longitudinal direction of the inkjet head 6a (paper width 

direction).

[0037] And, the fixing substrate 15 as mentioned above is secured to the side frame 14 

via a fixing bolt 20 (refer to Fig. 4). Also, the head substrate 16 has one end in 

longitudinal direction pivotably supported by a fulcrum pin 21 so that the other end in 
the longitudinal direction may be rocked around the fulcrum pin 21 on the upper 

surface of the fixing substrate 15 through a rocking unit 22.

[0038] The rocking unit 22 as shown, e. g., Fig. 6, comprises a screwed rod 24 

screwed to the lever member 23 projecting from the end of the head substrate 16 and 

parallel to the upper face of the head substrate 16, and a worm wheel mechanism
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14 including a worm wheel 25 fastened to the screwed rod 24, a worm 26 in mesh with 

the worm wheel 25 and a handle 27 for rotating the worm 26. And, rotating the handle 

27 to rotate the screwed rod 24 via the worm wheel mechanism allows the head 

substrate 16 to be rocked around the fulcrum pin 21 on the fixing substrate 15.

[0039] As shown in Fig. 4, an ink mist collector 13a between the inkjet heads is 

secured to one of the fixing substrates 15 provided for ink jet heads 6a and 6b. And, as 

to both the fixing substrates 15, 15 which adjoin each other in the traveling direction 

of the sheet of paper 2, the upstream side fixing substrate 15 has a suction port 28 

opening towards the downstream side end of the nozzle width region of the upstream 

side inkjet head 6a. Also, the downstream side fixing substrate 15 has an air outlet 

port 29 opening towards the upstream side end of the nozzle width region of the 

downstream side inkjet head 6b.

[0040] The ink mist collector 13a comprises a partition plate 31 having a filter 30 and 

a rotary fan 32 opposing to the filter 30 and rotating in a direction in which to draw a 

wind from the filter 30. There is provided a suction port 33 communicating with the 

suction port 28 upstream of the partition plate 31 and also an air outlet 34 

communicating with the air outlet 29.

[0041] Tow of the guide rollers 12a- 12h constituting the paper passage in the printing 

unit 7 are provided for each of the inkjet heads 6a- 6d, And, the positional 

relationship of each inkjet head and the two guide rollers is mentioned with reference 

to the upstream-most inkjet head 6a in the direction of travel of the paper 2 and the 

guide rollers 12a and 12b as shown in Fig. 3.

[0042] First, the fixing substrate 15 for securing and supporting the inkjet head 6 via 

the head plate 16 is parallel to the paper passage comprising the two guide rollers 12a 

and 12b and secured to the side frame 14 so that the nozzle surface of the inkjet head 

6a is parallel to the paper passage comprising the two guide rollers 12a and 12b. And, 

the respective terminal end portions of the upstream and the downstream sides of the 

nozzle width region L of the ink jet head 6a in the direction of travel of the paper 2 are 

positioned at a first and a second area, respectively, which are between the upstream 

and downstream guide rollers 12a and 12b and inside a first and a second point of
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paper winding contact but which are approaching to these points of paper winding

contact with the guide rollers, respectively, as much as possible.

[0043] This allows the length of a traveling path of the paper linearly traveling parallel 

to and opposite to the nozzle width region L of the inkjet head to approach to the 

length proximate to that of the nozzle width region L, as much as possible. The result 

is that fluttering of the paper 2 within the nozzle width region L is held down to the 

minimum.

[0044] The positional relationship between the other inkjet head and the two guide 

rollers are identical to the positional relationship between the ink jet head 6a and the 

two guide rollers 12a and 12b. Note in this connection that for forming an arched 

paper passage, the winding contact angle of the sheet of paper 2 onto the guide roller 

12a - 12h ranges between 2 and 5 degrees.

[0045] As regards the printing units 7 and 7' in the forms of implementation described 

above, the side frames 14 for securely supporting the fixing plate opposite to the paper 

passage comprising the guide rollers 12a - 12h is secured to the head box 7a. This 

head box 7a as shown in Fig. 7 is movable along a slide rail 35 in a direction 

orthogonal to the traveling direction of the sheet of paper 2. From a printing position 

at which the ink jet head is opposite to the sheet of paper 2, moving of the head box 7 a 

in one direction allows maintenance and moving of the head box 7a in the other 

direction allows purging.

[0046] In the inkjet head 6a - 6b and 6a'- 6d* in the forms of implementation 

described above, in order to widen the nozzle width region L, an example is shown in 

which a plurality of print heads 17a - 17c are arranged in the staggered form. This ink 

jet head configuration is not a limitation. For example, as shown in Fig. 8, a 

multiplicity of nozzle heads 36 is arranged by inclining them at a selected angle of 

inclination [theta]. Thus formed line head 37 can be secured to a fixing substrate via a 

head substrate.

[0047] While in the forms of implementation illustrated, ink jet heads 6a - 6b and 6a' - 

6d' are secured via the head substrate 16 to a fixing substrate 15 which is separately 

formed for each inkjet head, it will be appreciated that a mounting member for each
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inkjet head may be adjustable to be parallel to the paper passage opposite thereto and

thereby all inkjet heads can be mounted on a single fixing plate 15.

[0048] In the ink mist collector 13a - 13c, the fan 32 may be modified to orient an 

effusion upward to provide an air outlet through an upper wall and the fixing substrate 

15 may also be modified to draw air through an air outlet 29.

[0049] Throughout the specification and claims the word “comprise” and its 

derivatives are intended to have an inclusive rather than exclusive meaning unless the 

contrary is expressly stated or the context requires otherwise. That is, the word 

“comprise” and its derivatives will be taken to indicate the inclusion of not only the 

listed components, steps or features that it directly references, but also other 

components, steps or features not specifically listed, unless the contrary is expressly 

stated or the context requires otherwise.
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The claims defining the invention are as follows:

1. An ink jet recording apparatus comprising an ink jet printer including printing 

units whereby a sheet of paper traveling in a paper passage in the form of an arch 

shaped by a plurality of guide rollers is printed by a plurality of inkjet heads, wherein 

the ink jet heads of the printing units comprise inkjet heads of on-demand type having 

a plurality of nozzle rows of a nozzle width region in a direction of travel of paper, 

each inkjet head comprising a plurality of print heads which are closely-arranged to 

obtain the nozzle width region; the paper passage opposite to nozzle faces of each ink 

jet head is defined by two guide rollers positioned at an upstream and at a downstream 

side in the direction of travel of paper, respectively; and a length of the nozzle width 

region of each ink jet head in the direction of travel of paper is about the same as a 

distance between central axes of the two guide rollers so that respective end portions 

of the upstream and downstream sides of the nozzle width region of each inkjet head 

in the direction of travel of paper are positioned at a first and a second area, 

respectively, which are between the upstream and downstream guide rollers and inside 

a first and a second point of paper winding contact with the guide rollers but which are 

approaching closely to the first and second points of paper winding contact.

2. An inkjet recording apparatus as set forth in claim 1, wherein the paper 

passage of a printing unit is in the form of an upwardly bulged arch with respect to a 

horizontal line and a winding angle of the sheet of paper onto each of the two guide 

rollers for defining the paper passage ranges from 2 degrees to 5 degrees.

3. An inkjet recording apparatus as set forth in claim 1 or claim 2, wherein each 

inkjet head of the printing unit is fixed via a head substrate to a fixing substrate which 

is parallel to the paper passage opposite to each inkjet head, wherein the head 

substrate has one end in the paper width direction as a fulcrum so that the head 

substrate can be rocked around the fulcrum on the fixing substrate.

4. An inkjet recording apparatus as set forth in any one of claims 1 to 3, wherein 

ink mist collectors are disposed between a plurality of inkjet heads of the printing 

unit, a suction port of the ink mist collectors is opposite to a portion adjacent to the
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point of paper winding contact with the downstream side guide roller of the two guide 

rollers to which the upstream side inkjet head is opposite, and an air outlet or a 

suction port of the ink mist collectors is opposite to a portion adjacent to the point of 

paper winding contact of the upstream side guide roller of the two guide rollers to 

which the downstream side inkjet head is opposite.

5. An inkjet recording apparatus as set forth in any one of claims 1 to 4, wherein 

two printing units of the inkjet printer are spaced and arranged one above the other to 

allow a sheet of paper to travel sequentially in the paper passages in both the printing 

unit for printing on both sides of the paper.

6. An inkjet recording apparatus as set forth in any one of claims 1 to 5, wherein 

at a downstream side of the paper passage of each printing unit a drying unit is 

disposed.

7. An inkjet recording apparatus as set forth in any one of claims 1 to 6, wherein 

a fixing substrate for securing each ink jet head of the printing unit and each ink mist 

collector is securely supported by a head box, and the head box is made movable 

laterally of the paper passage.

8. An inkjet recording apparatus, substantially as hereinbefore described with 

reference to the accompanying drawings.
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