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INK JET PRINTER

This invention relates generally to an ;nk jet
printer, and more particularly to an ink jet prlnter in which
a sheet of paper is supplled by a sheet supply roller and ink
is ejected from an ink Jet head onto the surface of the sheet
of paper during a print operation.

In a proposed ink jet printer such as that éhown in
FIG. 15, a sheet of paper P is supplied to and wound on a
sheet supply roller 1. An ink jet head 2 ‘ejects ink while
reciprocating in-a direction perpendicular to the plane of
FIG. 15 across the face of sheet P. Thus, a print operation
is performed on the surface of sheet P as it is lncrementally
supplied from sheet supply roller 1. A designates a ‘printing
region accessible to ink jet head 2. 'A sheet guide 3 has a
guide face 3a extending in a direction perpendicular to the
plane of FIG. 15. Guide face 3a comprises a horizontal face
and supports the back of sheet P so as to define the width of
a gap between ink jet head 2 and sheet P. A sheet discharge
roller 4 discharges sheet P after it is printed upon. 1In
this proposed printer, an undesired ink ejection (referred to
as an "idle ejection") may occur in which ink is ejected from
ink jet head 2 when no sheet P is present in printing region
A. The ejected ink is blocked by sheet guide 3 so that a
sheet which subsequently reaches sheet supply roller 1 is not
stained with ink. ‘Specifically, since guide face 3a extends
horizontally, ink impinged on guide face 3a is prevented from
dripping onto sheet supply roller 1, and is therefore
prevented from smearing on sheet P. Ink deposited on guide
face 3a is solidified by drying before the next sheet P is
fed. -
' An idle éjection is caused when, after a sheet
detection sensor (not shown) located before ink jet head 2 in
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the paper feed path detects sheet P, a sheet supply failure
or Ehe like occurs so that sheet P fails to reach Printing
region A. Once the sheet detection sensor detects a sheet,
ink jet head 2 operates on the assumption that sheet P will
arrive in printing region A a prescribed period thereafter.
Therefore, if a jam occurs and sheet P doeé not reach region
A, ink jet head 2 will eject ink onto shear guide 3.

FIG. 16 shows a conventional ink -jet printer
disclosed in Unexaminedvqapanese'Patent Publication (Kokai)
No. Hei. 3-128268. a sheet of-péper P is wound on a sheet
supply roller 1’. an ink jet head 2’ ejects ink from nozzles
2a’ while reciprocating in aldirection perpendicular to the
Plane of FIG. 16. 2 Print operation is performed on a
surface Pa of sheet P'which is supplied from sheet supply
rol;er 1. A gap defining member " 3’ has a defining face 3¢
extending in a direction perpendicular to the plane of FIG.
16. . Defining face‘3c"is a .flat face and supports the back
face pPb of.;hegt P so as to define the distance of the gap
between ink jet head 2 and sheet P.

' FIGS. 17 and 18 depict another conventional ink jet
printer disclosed in United States Patent 5,291,227. A
printing region Par, where ink ejected from an ink jet head §
is deposited on a sheet P during a print- operation, is
provided in a paper feed path. Paper feed path 3 is

disposed between sheet Supply rollers 8 and sheet discharge
rollers 9. Guide surfaces 6a are separated by a gap S from
sheet P which is sandwiched between sheet supply rollers 8

aﬁd\g}so between sheet discharge rollers 9.  §uide surfaces

6a aré\fqrmed“so that the gap S between guide strfaces 6a and
sheet P gfaduéi}y decreases in the downstream direction of
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groposed ink jet printer such as that shown in FIG 15, a sheet. of
/P is supplied to and wound on a sheet supply roller 1. An ink jet
2 ejects ink while reciprocating in a direction perpendicular to the
pl gpe of FIG 15 across the face of sheet P. Thus, a print operation isy
gfff ormed on the surface of sheet P dsTit is |ncreneF aldaysHppt-ed—fTiom
#feet supply roller 1. A designates a printing regi of :{ic) e’ i

ad 2. A sheet guide 3 has a guide face 3a extendi ng;

erpendicular to the plane of FIG 15. Guide face 3a'conpr|$es ayhorlzontal
face

paper feed path 3. If ink is deposited on guide surfaces 6a,
sheet P is prevented from being stained with ink. As shown
in FIG.'la, each of gquide members 6 is formed as a rib, and
an ink absorbing member 7 is disposed under each of guide
members 6. f

However, the above-mentioned ink jet printers have
generally suffered from the following problems:

Problem 1

In the ink jet printer as shown in E;G..ls, the front
edge of sheet P may not be delivered to ink jet head 2 at the
proper angle. This angle is determined by sheet supply
roller 1 and pinch roller la. Thus, sheet P may not be
properly guided by sheet guide 3.

When the front edge of sheet P is supplied at an
angle which is more downward than required, as indicated by '

N arrow P’ in FIG. 15, the front edge of sheet P may come into
contact with front end 3b of sheet guide 3 so that a paper
feed jam may occur. This contact with front end 3b may occur
if sheet P is caused to spontaneously curl by moisture or the
like, or if sheet P which is originally flat is caused to
curl during the winding of sheet P on sheet supply roller 1.

In oxrder to remedy this situation, the following
measures have been employed in the conventional art.

First, a plurality of short rollers have been used in
place of sheet supply roller 1. Front end 3b of sheet guide
3 is then located between the short rollers so as to
accurately guide the front edge of sheet P. However, when
this plurality of short rollers are used in place of sheet
supply roller 1, sheet P may not be accurately guided or
supplied.

Second, guide face 3a has been inclined as indicated
by dotted line 3a’' in FIG. 15, so that the front edge of
sheet P is accurately gﬁided and scooped up by éuide face 3la.
However, ink which has been deposited on guide face 3a during
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and supports the back of sheet P so as to define the width of a gap betweeR -
ink jet head 2 and sheet P. A sheet discharge roller 4 discharges sheet P 3
after it is printed upon. In this proposed printer, an undesired ink

ejection (referred to as an "idle ejection") may occur in mhlch ink is

subsequent|ly reaches sheet supply roller 1 is :
Specifically, since guide face 3a extends hori zef y, ink |np|nged on

guide face 3a is prevented from
an idle ejection may drip along inclined face 3a’ and stain

or smear on sheet supply roller 1 and other parts.
' These problems also occur with the conventional ink
jet printer of FIG. 16. 1In the ink jet printer of FIG. 16,
the front edge of sheet P which is to be printed upon after
being wound on sheet supply roller 1° may contact lower end
3b’ of gap defining member 3’. Furthermore; ink which has
been deposited on defining face 3c during an idle ejeetion
may drip from lower end 3b’' and stain sheet supply roller 1’
and other parts.
Problem 2
In all of the above—mentloned conventional ink jet
printers, when high densxty printing is performed, or when
-lnk dots are formed on sheet P in a high density, water in
the ink may cause the sheet to warp. The warped sheet may
contact and rub against ink jet head 2, resulting in a stain
~on sheet P. When color printing is performed, a plurality of
colored ink dots are formed on existing ink color dots. The
degree of warping of sheet P due to water in the ink. is
increased so that the sheet may easily come into contact with
ink jet head 2.

An ink jet printer having an ink jet head for
ejecting ink onto a sheet of paper or the like during a
printing operation is provided. A gap defining member is
also provided in opposition to the ink jet head. The gap
defining member has a planar portion which supports the sheet
of paper or the like on its rear face, and thus defines the
distance of the gap between the sheet of paper and the ink
jet head. The gap defining member also has a plurality of
ribs extending from the planar portion in the direction of
the paper feed path. These ribs help to guide and to further
support the sheet of pPaper or the like. To further aid in
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drippighg onto sheet supply roller 1, and is therefore prevented from
smea Hg on sheet P. Ink deposited on guide face 3a is solidified by drying

t he

next sheet P is fed. An idle ejection is caused when,

a sheet detection sensor (not shown) |ocated before ink jet head 2 in
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guiding and supporting the sheet of paper, the ribs are given
a substantially trapezoidal shape.

In an alternative embodiment, the sheet supply roller
is rotated at a first speed. Conveying rollers are rotated
at a speed slightly greater than the Speed of the sheet
supply roller. These rollers convey the sheet of paper from
the sheet supply roller. The ink jet head is disposed'
between the sheet supply roller and the conveying rollers.
The sheet of paper is held taut between the rollers. A gap
defining member is disposed between the sheet supply roller
and the conveying rollers in opposition to the ink jet head.
This gap defining member accurately defines the distance of
the gap between the ink jet head and the sheet of paper to
improve print quality. The gap defining member may be formed
with a plurality of ribs formed in a direction parallel to
the paper feed path. In. this manner, if the sheet of paper
is warped from the ink during.printing, an accurate gap can
still be maintained.

In addition, the conveying rollers may be formed as a
plurality of roller pairs, and intermediate serrated rollers
may be provided between these pairs. The intermediate
serrated rollers
are suspended from elastic members, and push down on the
sheet of paper between the pairs of conveying rollers. Thus,
the sheet of paper is urged further from the ink jet head.

Accordingly, it is an object of the present invention
to provide an ink jet printer which accurately guides the
front edge of a sheet of paper.

Another object of the present invention is to provide
an ink’' jet printer in which, if an idle ink ejection occurs a
sheet Supply roller and other parts are prevented from being
stained with ink. .

Yet another object of the present invéndion is to
provide an ink jet printer which allows a high-density
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-2- t he paper feed path detects sheet P, a sheet supply failure-
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printing operation to be performed in.which if a sheet is
warped by water in the ink, the sheet is prevented from
coming into contact with the print head.

Still other objects and advantages of the invention
will in part be obvious and will in part be apbarent from the
specification and drawings. '

The invention accordingly comprises the features of
construction, combination of elements, and arrangement of
parts which will be exemplified in the construction
hereinafter set fofth, and the scope of the invention will be
indicated in the claims.

For a fuller understanding of the invention,
reference is made to the following description taken in
connection with-the accompanying drawings, in which:-

FIG. 1 is a side elevational view showing- the
internal structure of a first embodiment of an ink jet.
printer of the present invention;

FIG. 2 is a partial enlarged front elevational view
of the ink jet printer of FIG. 1;

FIG. 3 is a partial enlarged pPlan view of the ink jet
printer of FIG. 1 with portions removed;

FIG. 4 is a partial enlarged cross-sectional view of
the ink jet printer of FIG. 1 taken along lines IV-IV of FIG.
2;

FIG. 5 is a partial enlarged cross-sectional view of
the ink jet printer of FIG. 1 taken along lines V-V of FIG.
2;

FIG. 6(a) is a partial enlarged plan view showing a
gap.qefining member of the ink jet printer of FIG. 1;

FIG. 6(b) is a left side elevational view showing a
gap defining member of the ink jet printer of FIG. 1;
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occurs so that sheet P fails to reach printing region A Once
Pt ecti on sensor detects a sheet, ink jet head 2 operates on the
gt hat sheet P will arrive in printing region A a prescribed
sreafter. Therefore, if a-jamoccurs and sheet P does not reach
;. .ink jet head 2 will eject Tnk onto sheet guide 3 G

a conventional ink jet printer disclosed ih tngsarinheds&Egdngse
ublication (Kokai) No. Hei. 3-128268. A sheg¢t of papec:P is wbund
supply roller 1'. An ink jet head 2' ejectS 1nk Tromnozzles

FIG. 6(c) is a right side elevational view showing a
gap defining member of the ink jet prlnter of FIG. 1;

FIG. 7(a) is a perspective view of an intermediate
serrated roller of the present invention; _ )

FIG. 7(b) is a perspective view of an intermediate
serrated roller of the present invention with its shaft
elastically defined;

FIG. 8(a) is a schematic front elevational view
illustratiﬁg the operation of- an ink jet printer without
ribs;

FIG. 8(b) is a schematic front elevational view
illustrating the operation of the ink jet printer without
ribs but with an enlarged gap;

FIG. 8(c) is a schematic front elevational view
illustrating the operation of the ink jet printer of the
- present invention; R

FIG. 9(a) is a schematic front elevatlonal view
Lllustratlng the operation of relatively wide rollers-of ‘the
ink jet printer of the present invention;

FIG. 9(b) is a schematic front elevational view
illustrating the operation of preferred narrow rollers of the
ink jet printer of the present invention;

FIG. 10(a) is a schematic front elevational view
illustrating the operation of the intermediate serrated
rollers of the ink jet printer of the present invention;

FIG. 10(b) is a schematic front elevational view
illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present invention when
opposed to rollers;

FIG. 10(c) is a schematic front elevational view
illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present. invention when
too many are present; '
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a' while reciprocating in a direction perpendicular to the plane of FIG
6. A print operation is performed on a surface Pa of sheet P which is
suppl i ed from sheet supply roller 1'. A gap defining nenber 3' has a
lefining face 3c' extending in a direction perpendi cul] WS T 0| MY =N
Fl G, 16. Defining face 3c' is a flat facegand support aﬁﬁéqgﬁ“ Eﬁﬁgggﬂ;
f ~Sheet“P'so as to define the distance of the gap bet s ~Q4=

nd sheet .P. FIGS. 17 and 18 depict anot her conventional ink jet
ﬁrrnter disclosed in United States Patent 5,291, 227. A

: : FIG. 10(d) .is a schematic front elevational view
i : illustrating the malfunction where the intermediate serrated
rollers of the ink jet printer of the present invention are
not used.
FIG. 1ll(a) is a schematic side elevatibnal view
illustrating the malfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape;
- _ FIG. 11(b) is a schematic side elevational view
illustrating the operation of the ribs of the ink jet printer
of the present invention;

FIG. 12(a) is a schematic side elevational. view
illustrating the malfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidéi
shape; |

FIG. 12(b) is a schematic side elevational view
illustrating the operation of the ribs of the ink jet printer
of the present invention; .
. FIG. 13(a) is a schematic side elevational view
lllustrating the mulfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape;
. FIG. 13(b) is a schematic side elevational view
illustrating the operation of an alternative form of the ribs
of the 1pk jet printer of the present invention;
. FIG. 14 is a schematic side elevational view
illustrating the function of the intermediate serrated
rollers and sheet discharge tray of the ink jet printer of
the present invention; .

. FIG. 15 is a side elevational view illustrating an
embodiment of the proposed printer;

. FIG. 16 is a cross-sectional view illustrating an
embodiment of the conventional printer; o
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Fii on Par, where ink ejected froman ink j et head 5 is deposi ted
e during a print operation, is provided in a paper feed path.

gFpath 3 is substantially planar so that sheet P is accurately

1 rrespective of the thickness of the sheet and a print operation
g med at a predeterm ned posi 9 en. Sheet front edge
¥ ng a gui de surface 6a are di sposed between
¥et discharge rollers 9. Guide surfaces 6a ar
eet P which is sandwi ched between sheet supp

FIG. 17 is a partially sectional view illustrating a
second embodiment of the conventional printer; and

FIG. 18 is a perspective fragmentary view
illustrating the guide members of the prior art of FIG. 17.

Referring first to FIG. 1, a number of sheets which
are to be printed upon are stacked on a sheet feed tray 10.

A sheet feed roller 20 is also provided which feeds the
sheets one by one from sheet feed tray 10. '

A sheet P which has been fed by sheet feed roller 20
is wound on a sheet supply roller 30 to be inverted, and is
then delivered from sheet supply roller 30. The delivery

- angle of sheet P is defined by pinch rollers 40. First, the
front edge of supplied sheet P is guided by a gap defining

- - member 50, which-also serves as a guide member. As shown in

FIGS. 3 and 4, the back face Pb of sheet P is guided ‘while in
contact with uppermost faces S5la of ribs S1 which are formed
on the upper face of gap defining member 50, thereby defining
the distance of a gap between sheet P and an ink -jet head 60.
Ink -is ejected from ink jet head 60 onto the upper surface Pa
of sheet P in order to print thereon. Sheet P which has been

. printed upon is then discharged onto a sheet discharge tray .
80 through a plurality of pairs of sheet discharge rollers 71
and 72 which constitute conveyor rollers. Upon discharge the
front edge of sheet P contacts an upper face 81 of sheet
discharge tray 80.

Gap defining member 50 is disposed adjacent sheet P
which is conveyed by sheet supply roller 30, and sheet
discharge rollers 71 and 72. As shown in FIGS. J to 6, gap
defining member 50 has a horizontal portion 51f constituting
a planar face portion, and ribs 51 which are formed integral
with, and project from, horizontal portion 51f. A plurality
of ribs 51 are spaced in a direction perpendicular to the

This Sheet.Has Been Replaced




. [ [ faces 6a are forned
t discharge rollers 9. Cuide sur
dtﬁgfotﬁgtgggnssggsmeen gui de surfaces 6a and sheet P gradually decreases

h the. doymstream direction of
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-.direction of the paper feed path of sheet P. As shown in
: FIG. 3, four ribs 51’ are formed with a larger width and
twelve ribs 51 are formed with a smaller width. Sixteen ribs
are formed in total. In the specification, "r;bs 51"
includes ribs 51’ unless otherwise denoted. |
Referring now to FIGS. 4 and 5, each of ribs 51 has a
substantially trapezoidal éhape in side view which includes
" an inclined face 51b, an uppermost face 51a continuing from
inclined face 51b, and a downward inclined face 51d
continuing from uppermost face §la which extends along the
sheet conveying direction. Two ink reservoir grooves 51c are
formed on inclined face 51b. '

Inclined face .51b scoops up the frént edge of sheet P
while guiding the front -edge of sheet p which is supplied by
sheet supply roller 30. Uppermost face 51l1a contaCts:back_
face Pb of sheet P .to define the.distance.of~the:gapgbetweén
ink jet head 60 and sheet bp, S caein T ST

Guide portions 51‘e which guide the front edge of
sheet P toward sheet discharge rollers 71 and ‘72.are disposed
between sheet discharge rollers 71 and 72 and ribs 51 in.the
paper feed path. Guide portions 51’e are disposed only in
the vicinity of discharge rollers 71 and 72 and not in other
places along the width of the paper feed path. As shown in
FIGS. 6(a), 6(b) and 6(c), a fixing portion 52, and
positioning portions 54 and 55 are formed at the left end of
gap defining member 50. Fixing portion 52 is integrated with
positioning portions 54 and 55 through flexible portions 53.
Positioning portion 54 has a rod-like shape having a U-shaped
section. Positioning portion 55 is formed with a round rod-
like shape. Semicircular recesses 94 and 95, which are
adapted to receive the lower portions of positioning portions
54 and 55, are formed on an upper edge 91 of a frame 90,
Positioning portions 54 and 55 are closely fitted into
recesses 94 and 95, respectively, so that gap defining member
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di spasigd under each of gui de

er feed path 3. If ink is deposited on guide surfaces 6a,- sheet
g¥ented frombeing stained with ink. As shown in FIG 18, each of
hbers 6 is formed as a rib, and an ink absorbing nmenber 7 is

- 11 -

THIS SHEET HAS BEEN
REPLACED

50 is positioned with respect to frame 90 in the Y and 2
directions (see FIG. 6(b)). Fixing portion 52 has a
substantially disk-like shape. A tapped hole 52a is formed
at the center of fixing portion 52. Flexible portions 53
consist of four plate-spring like members which are located
at a height substantially equal to that of fixing portion 52.
A mounting portion 92 is formed at a position confronting
fixing portion 52 by partly deforming frame 90.

As shown in the figures, since gap defining member 50
is a long member, when the temperature changes, gap defining
member 50 expands or contracts in the longitudinal direction
(direction of arrow X of FIG. 6(a)). In order for the
expansion and contraction to be absorbed by flexible portions
53, flexible portions 53 are formed to extend in the 2
direction which is perpendicular to the direction of
expansion and contraction of gap defining -member 50.

As 'shown in FIGS. 6(a) and 6(c), a flanged -
positioning portion 56, a pin-like positioning portion 57,
andra fixing piece 58, which is fixed to frame 90, are formed
at the second end of gap defining member 50. On the other
upper edge 96 of frame 90, semicircular recess 96a is formed
into which flanged positioning portion 56 is fitted. The
periphery of flanged positioning portion 56 is then
sandwiched by flanges 56a, a semicircular recess 97 into
which the pin-like positioning portion 57 is fitted, and a
mounting portion 98 which is fixed to fixing piece 58.
Positioning portions 56 and 57 are closely fitted into
recesses 96a and 97, respectively, so that gap defining
member 50 is positioned with respect to frame 90 in the X, Y
and 2 directions (see FIGS. 6(a) and 6(c)).

Gap defining member 50 is mounted on frame 90 in the
Y direction. Positioning portions 54 and 55 .are fitted into
recesses 94 and 95 of frame 90, and positioniﬁg.portions 56
and 57 are fitted into recesses 96a and 97 of frame 90.
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menbers 6. However, the above-nentioned ink jet printers have
generally suffered fronlthe fol l ow ng probl ens: Problem 1 _
In the ink jet printer as shown in FIG 15, the front edge of sheet P nay.

not be delivered to ink jet head 2 at_the proper angle. This angle is
det ermi ned by sheet supply roller 1T Ppinch roller la. Thus,

not be properly guided by sheet guide’ 3. Whe
sheet P is supplied at an -

By )
q .

Thereafter, fixing portions 52 and 58 are fixed.to mounting
portions 92 and 98, thereby fixing gap defining member 50 to
frame 90. _

Fixing portion 52 is integrated with the positioning
portions 54 and 55 through flexible portions 53. Since
fixing portion 52 is firmly fixed to frame 90, when a
temperature change causes gap defining member 50 to expand or
contract in the X direction, the expansion or contraction is
absorbed bx_the elastic deformation of flexible portions 53
which are disposed between gap defining member 50 and fixing
portion 52. Thus, deformation or warping of gap defining
member 50 in the Y direction is prevented. Consequently, the
front edge of sheet P can be accurately guided by inclined
faces Slb.of ribs 51, and the distance of the gap between
sheet P and head 60 can be accurately defined. :

As shown in FIG. 2, a plurality of palrs of sheet
discharge rollers 71 and 72 (in the illustrated embodlment,
four pairs) are arranged in the sheet width direction. Each
pair -of sheet discharge rollers 71 and 72 is comprised of. a
first rubber roller 71 which is rotated by a driving
mechanism (not shown), and a second serrated or knurled
roller 72 which is held in contact with roller 71 and is
driven thereby to rotate. Holder 73 fixes serrated roller 72
to a guide rail 63. the peripheral speed of each pair of
sheet discharge rollers 71 and 72, i.e., is slightly greater
than the sheet supplying speed of sheet supply roller 30.
Consequently, sheet P is éonveyed under tension between sheet
supply roller 30 and each pair of sheet discharge rollers 71
and 72. .

Uppermost faces 5la of ribs 51 of gap defining member
50 are located slightly closer to the ink jet head 60 than
the pass of the sheet assuming that there are. no ribs 51.
Thus, uppermost faces 5la contact back face Pb of sheet P
while urging sheet P toward ink jet head 60. Thus, while
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4 “4f-guide 3 so that a paper feed jam may occur. This contact with

T/
N [Gv-(

® the

g=nd 3b

used in

fiich is nore downward than required, as indicated by arrow P in

front edge of sheet P may cone into contact with front end 3b

may occur if sheet P is caused.to spontaneously curl by

tire or the like, or if sheet Pydich is originally flat is caused to

®uri ng the winding of sheet P on sheet supply roller 1. - I n
i to renedy this situation, the foll owi ng ne | oyed
he conventional art. First, a plurali have

sheet P is fed, the front and rear portions thereof are
pulled down against -gap defining member 50 by sheet supply
roller 30, pinch rollers 40, and each of the pairs of sheet
discharge rollers 71 and 72, whereby back face- Pb of sheet P
is accurately guided by uppermost faces S5la of ribs 51.

As shown in FIGS. 2 and 3, intermediate serrated
rollers 74 are disposed between each of the pairs of sheet
discharge rollers 71 and 72, and to the left of the left most
pair of sheet discharge rollers 71 and 72 in the paper width
direction as shown in FIG. 2. Intermediate serrated rollers
74 are located at positions which are closer to ink jet head
60 and extend further than serrated rollers 72. These
intermediate serrated rollers 74 bend sheet P, which is
elongated or swollen as a result of the absorption of ink, to
a level lower than the contacting position of the pairs of
sheet discharge rollers 71 and ‘72.  Thus sheet P is prevented
from contacting ‘ink jet head 60. ' S

As shown in FIGS. 4 and 5, the outer periphery of’
each intermediate serrated roller 74 has a portion 74a which
is closer to ink jet head 60 in the paper feed path than the
contacting position of each of the pairs of sheet discharge
rollers 71 and 72. The front edge of sheet P is guided by
intermediate serrated rollers 74 before being fed by the
pairs of sheet discharge rollers 71 and 72. Thus, sheet P is
prevented from contacting ink jet head 60. Intermediate
serrated rollers 74 are elastically suspended from a
plurality of respective holders 73 by a plurality of rod
springs 75. Thus, when sheet P is thin or has a high water
content due to a high density printing, intermediate serrated
rollers 74 smoothly press down sheet P. However, when sheet
P is thick or dry, intermediate serrated rollers 74 do not
press the sheet and recede upward as shown im FIG. 7(b) so as
not to impair the accuracy of the feeding of shéet P. In a
preferred embodiment, the pressing force which is exerted on
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pl ace of sheet supply roller 1. Front end 3b of sheet guide 3 is then

| ocated between the short rollers so as to accurately guide the front edg
of sheet P. However, when this plurality of short rollers are used in placah
of sheet supply roller 1, sheet P nay not be accurately guided or supplied?%
Second, guide face 3a has been inclinredd4as indicated by dotted line 3a" in
FIG 15, so that the front edge of sheet P is accurately guided and scooped :

up by guide face 3a. However, ink which has been| qeRosLEEILRY ;gpde face 3a
during REPLACED r

sheet P by each of the plurality of rod springs 75 for each
intermediate serrated roller 74 is set to a maximum of
approximately 11 g. This force corresponds to when the lower
end 74b of intermediate serrated roller 74 contacts sheet P
and is lifted to a level substantially equal to that of the
contacting position'of sheet discharge rollers 71 and 72.

As shown in FIG. 3, sheet supply roller 30 consists
of one round rod-like rubber roller, and is rotated by a
driving mechanism which is not shown. During printing, after
ink jet head 60 has completed one line of printing, sheet
supply roller 30 advances sheet P bv a length correspondlng
to the line pitch.

Pinch rollers 40 consist of round rod- llke metal
rollers. Each end portion of each pinch roller 40 is
rotatably supported by an arm .portion 42 of a holder 41. Aas
shown in FIG. 4, each holder 41 also serves as a sheet. ‘guide
which guides sheet P along a curved face 43 opposing :sheet
supply roller 30. A hook 44 is disposed on the back of -each
‘holder 41, and a tension spring 45 extends between each hook
44 and frame 90. Each holder 41 has a shaft 46 disposed at
each side thereof, and an arcuate projection piece 47
disposed at the center thereof. Shafts 46 are rotatably
supported by grooves 99a of support pieces 99 formed on frame
90, and arcuate projection pieces 47 contact the lower face
of frame 90.

Consequently, the self-aligning function performed by
the urging force of tension springs 45 acting upon holders 41
causes pinch rollers 40 to contact sheet supply roller 30 so
as to be rotated thereby. As shown in FIG. 3, grounding
Plates 48 are attached to frame 90. The front edge 48a of
each grounding plate 48 contacts with an annular groove 40a
which is formed in the center portion of the corresponding
pinch roller 40, whereby pinch roller 40 is grounded.
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_ As shown in FIG. 1, ink jet head 60 is attached to a
carriage 61, and can eject ink of a plurality of colors to
print in color. Carriage 61 is guided by a guide shaft 62
and guide rail 63, and is driven to reciprocate by a carriage
motor (not shown), in a direction perpendiculaf to the plane
of sheet P. Both an ink fank for monochromatic printing, and
an ink tank for color printing (not shown) can be mounted
concurrently on carriage 61.

The following benefits are obtained through the use
of the ink jet printer of the present invention:

(1) Sheet P which is supplied by sheet supply
roller 30 is guided so that the front edge of sheet P is
scooped up by inclined face 51b of .gap defining member 50.
Also, back face Pb of sheet P.contacts the uppermost faces
5la of ribs 51. Thus, the distance of the gap .between sheet
P-and-ink jet head 60 is accurately defined. 1Ink is --
therefore properly ejected from ink jet head 60 onto surface
Pa of -sheet P during printing.

The front edge of sheet P which is supplied by sheet
supply roller 30 is scooped up by inclined face S51b and
therefore accurately guided to ink jet head 60. Even if
sheet P curls due to moisture or the like, or if the front
edge of sheet P is directed downward with respect to the
paper feed path after being wound on sheet supply roller 30,
the front edge of sheet P is scooped up by inclined face 51b
so that sheet P is accurately guided.

Accordingly, the structure described above is
particularly effective when sheet supply roller 30 is a
roller for supplying a sheet wound thereon. Since sheet
supply roller 30 is not required to be divided into short
rollers and can consist of a single long rod-like roller, it
is possible to insure a stable sheet supply operation.

Ink reservoir grooves Slc are formed on Lnclined
faces 51b of ribs 51. 1If an ejection of ink onto inclined
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-4 - an idle ejection may drip along inclined face 3a' and stain or s
on sheet supply roller 1 and other parts. These problens al so 7ggf
occur with the conventional ink jet printer of FIG 16, the front edge of§i=
sheet P which is to be printed upon after being wound on_sheet supply ;-
may contact |ower end 3b' oflfgap def| ringsHrmress BEEN Hur t her nor e,

roller 1
i nk whi ch

%

REPLACED

face 51b occurs when the printer is idle, this ink is trapped
in ink reservoir grooves 51c and is prevented from dripping
down along inclined face 51b. Consequently, sheet supply
roller 30, and the like are prevented from being smeared with
ink.

(ii) The provision of ink reservoir grooves 51c
allows inclined face 51b of rib 51 to be disposed at a

- position confronting ink jet head 60. This allows ink-jet-':

head 60 to be located:as close to sheet supply roller 30 as
possible, and accordingly, reduces the unprintable area at
the rear end portion of sheet P.

More specifically, since inclined face 51b is a
gentle slope, the front edge of sheet P can be guided more
smoothly. However, as is shown in connection.with the
proposed printer of FIG. 15, when the incline of a face 3a’

is made more gentle, inclined face 3a’ may extend into the

printing region A. Without any ink- reservoir grooves, .any
ink ejected while the printer is supposed to be idle easily
drips down inclined face.3a‘. In order to allow inclined
face 3a’ to be sufficiently gentle to preclude ink from
dripping down inclined face 3a’, an ink jet head 2 must be
disposed at a position further to the left in FIG. 15 so that
a printing operation is performed on the horizontal portion
of a guide face 3. However, when ink jet head 2 is disposed
in this left position, printing region A is situated further
from a sheet supply roller 1 and pinch roller la. Thus, the
unprintable area at the rear end portion of a sheet P’ is
enlarged. This is because once sheet P’ is released from
between sheet supply roller 1 and pinch roller la, the
distance of the gap between the surface of sheet P and ink
jet head 2 becomes unstable, and a desired print distance
cannot be maintained.

In contrast, according to the ink Jet pfintar of the
present invention, ink reservoir grooves 51c allow inclined
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has bgaedeposi ted on defining face 3c during an idle ejection may drip
fromg fﬁr end 3b' and stain sheet supply roller 1' and other parts.

‘ In all of the above-nentioned conventional ink jet
when high density printing is perforned, or_when ink dots are
n sheet p in a high density,” WEﬁéT in the |nl'nﬁysgg§§ A@ $1ﬁ' et
. The warped sheet may contact and rub againsf ink g 4 ggc‘f,
ng in a stain on sheet P. Wen col or printing TS perfortred—a
ty of colored ink dots are fornmed on existing ink color dots. The
fce of warping of sheet P due to water in the ink-is increased so that

: sheet may fa@ei 5XbC@BEbENY Ds§OEACEt 2 position confronting ink jet
] head 60. Any ink ejected during an idle ejection will be

retained by ink reservoir grooves 51c, and will thus keep the
ink from dripping down inclined face 51b, and from staining
sheet supply roller 30. This enables ink jet’head 60 ﬁo be
located as close to sheet supply roller 30 as possible.
"Thus, the size of the unprintable area at the rear end
portion of sheet P’ can be reduced.

(iii) Sheet P is printed upon while back face Pb of
sheet P contacts ribs 51 of gap defining member 50 so. that
the distance of the gap between sheet P and ink jet head 60
is accurately maintained. Since ribs 51 extend in the |
direction of the paper feed path, they do not' interfere with
the feed of sheet P. ' '

The plurality of ribs 51 are spaced in a direction

- .perpendicular to the paper feed path. Even “if ink dots are
formed on sheet P in a high density, and water+in the ink
causes the sheet to warp, ribs 51 function so that the
swollen portions of sheet P enter spaces 51s between ribs 51
as shown in FIG. 3. Thus, even if sheet P is warped by water
in the ink, sheet P is prevented from coming into contact
with, or rubbing against ink jet head 60. The operation of
these spaces will be described in detail with reference to
FIGS. 8(a) to 8(c) which are schematic front views
illustrating the function of ribs S1 and spaces 51s.

In FIG. 8(a), L designates and ideal gap between ink
jet head 60 and sheet P when sheet P is not warped. If sheet
P is warped by water in the ink, peaks Pc of warped sheet ﬁ
may rub against an ink ejection face 60a of ink jet head 60.
In order to solve this problem, it is possible to set a large
gap L1 between ink jet head 60 and planar portion 51f as
shown in FIG. 8(b). However, if this is done, when sheet P
is not warped, the gap Ll between sheet P adjacent planar
portion 51f and ink jet head 60 becomes too large. An ideal
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with ink jet head 2. This invention provides an ink jet printerifor
inprinting onto a piece of printing medium conprising: a supply roll.er ¥ or
suppl ying said piece of printing medium an ink jet head dispose
adj acent said supply roller in the direction of printing nmediumsupply f
ejecting ink onto said piece of printhgSnediun1duranﬂ§sﬁ@bp%quﬁﬁs' on;
REPLACED

print state cannot be obtained since the distance between ink
jet head 60 and sheet P on which an ink drop ejected from ink
jet head 60 lands, is enlarged thereby increasing the
deviation of the actual landing posxtlon from .the ideal
landlng position.
In contrast, according to the present invention,
sheet P is guided by ribs 51 as shown in FIG. 8(c). During a’
normal print operation in which the printing density is
relatively low, or when -a sheet is not warped, flat sheet P
is guided by the upper faces of ribs 51 so that an ideal gap
"distance L is achieved between sheet P and ink jet head 60.
If ink dots are formed on sheet P in a high density and water
in the ink causes sheet P to warp, valley portions Pd of
sheet P enter spaces 51s between the ribs 51 by gravity.
.Therefore, even. if sheet P is warped, peaks Pc of sheet P are
prevented from coming into contact with, ‘and from rubbing
against ink jet head 60. _ s } _
The plurality of rubber rollers 71 are disposed under
sheet P not as a single long rod-like roller, but as a - -
plurality of thin rollers which are arranged in the width
direction of sheet P. This configuration allows valley
portions Pd of sheet P which is warped by water in the ink,
to sag more effectively. It is preferable to set the width
of each rubber roller 71 to be as small as possible but
‘'within a range where the sheet conveying capacity of each
rubber roller 71 is not impaired. If rubber rollers 71’ are
too wide, as shown in FIG. 9(a), the valley portions Pd of
warped sheet P will be situated on roller 71. Thus, the peak
Pc would be raised even if sheet P is pressed by serrated
rollers 72,
As shown in FIG. 9(b), in order to avoid this problem
rubber rollexs 71 are formed so that their width W is smaller
 than the pitch Pl of the wave shape of the warpéd sheet.

i
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an in fed face disposed in opposition to said ink jet head for scooping

up ag gt edge of said piece of printing medium supplied by said supply
r ol (S i nk reservoir grooves disposed in sg nclined face
SUCEEEREEi al | y perpendicularly to a supply direction of| SHIISiHECE,

pri g medium for retaining any excepg ink on said |ncllmmdhyg§§

This configuration allows valley portions Pd of warped sheet
P to properly sag between each rubber roller 71.

As shown in FIG. 18, the conventional ink jet printer
of U.S. Patent 5,291,227 as described above has .a plurality
of ribs_G. However, ribs 6 do not project from the planar
portion of a frame 6c but rather act as a bridge between the
portions of frame 6c. If a sheet of paper is warped because
of a high density printing, and the valley portions of the
sheet enter the spaces between ribs 6, the front edge of the
sheet may come in contact with an edge 6d of frame 6c,
thereby causing a sheet supply failure.

In contrast, according to the ink jet printer of the
present lnventlon, ribs 51 project from planar portion 51f of
gap defining member 50. Even if a sheet is warped and valley
portions Pd of sheet P enter spaces 5ls between ribs 51, the
- advancement of the front edge of sheet P is not impeded.

(iv) Sheet P is held under tension between sheet
supply roller 30 and each of the pairs of sheet discharge
rollers 71 and 72. When ink dots are formed on sheet P in a
high density and sheet P is warped by water in the ink, the
degree of warping of sheet P is reduced by the tension acting
on sheet P. Since gap defining member 50 contacts back face
Pb of sheet P while guiding sheet P toward ink jet head 60,
the warped portions of sheet P are placed at positions which
are relatively distant from ink jet head 60.

Therefore, even when a sheet is warped, sheet P is
prevented from coming in contact with and from rubbing
against ink jet head 60. As described above, the valley
portions of sheet P enter spaces Sls between ribs 51, and
warped sheet P is prevented from coming in contact with, and
from rubbing against ink jet head 60.

The conveyor roller consists of the plurality of
pairs of roller units 71 and 72 which are spaced in the width
direction of the paper feed path. Intermediate serrated
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rollers 74, which urge sheep P away from ink jet head 60 are dispesed between the
plurality of pairs of roller units 71 and 72 on upper surface Pa of sheet P. The
intermediate serrated rollers 74 contact the sheet P at points vertically further from ink
jet head 60 than the contact points of the roller units 71 and 72. As-shown in FIG.
10(a), intermediate serrated rollers 74 further insure that sheet P does not cotne into
contact with ink jet head 60 even if sheet P is warped.

Intermediate serrated rollers 74 are not provided in opposition to rubber rollers 71
of the plurality of discharge roller pairs 71 and-.7;2 or in opposition to additional rubber
rollers 76 as shown in FIG, 10(b). This is because if intermediate serrated rollers 74
were to be disposed as shown in FIG. 10(b), sheet P would be lifted to a level as high as |
the upper end of additional rubber rollers 76 and sheet P would not properly be
supported by ribs 51. _ '

As shown in FIG. 10(c), if additional intermediate serrated rollers 74" are added |
to the configuration shown in FIG, 10(b), the gaps between the rubber rollers 71 and 76
are too small to allow sheet P to sag to a sufficient degree by gravity. Thus, sheet P
would be lifted in the vicinity of rubber rollers 71 and additional rubber rollers 76.

' In contrast, if no intermediate serrated rollers 74 are disposed between discharge
roller pairs 71 and 72 as shown in FIG. 10(d), sheet P may be lifted as shown when the
printing density is relatively low and the sheet is not warped or when an envelope is to
be printed upon. Therefore, the gap between the pairs of sheet discharge rollers 71 and
72 is set 5o that sheet P, on which a high density print operation has been performed and
which therefore has a high water content, will sag by gravnty Intermediate serrated
rollers 74 are disposed to urge sheet P further away from ink Jet head 60 than the

contacting position between each pair of roller units 71 and 72.

As shown in FIG. S+ since the outer perfphery of each
intermediate serrated roller 74 has a portion 74a which is
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g nk jet printer having an ink jet head for ejecting ink onto a

* paper or the like during a printing operation is provided. A gap
“menber is al so provided in opposition to the ink jet head. The
BF:ni ng nenber has a pl anar portion which suppgtts.the sheet of
)& the like on its rear face, and g2hus defines HéHSGHEEbHAEBﬁENthe
Pween the sheet of paper and the ink jet head. The gdiFEPHECEDI ng
also has a plurality of ribs extending fromthe planar portion in
¢irection of

closer to ink jet head 60 than the contact position of the
respective pair of sheet discharge rollers 71 and 72, the
front edge of sheet P first contacts intermediate serrated
roller 74 before contacting sheet discharge rollers 71 and
72. Therefore, sheet P is accurately guided between
discharge rollers 71 and 72, and is further prevented from
coming in contact with, and from rubbing against ink jet head
60. As shown 'in FIGS. 7(a) and 7(b), since each intermediate
serrated roller 74 is supported by an elastic member 75,
sheet P can be guided and urged away from ink jet head 60
more smoothly.
(v) The substantially trapezoidal shape of each rib
51 in side view produces the following benefits:
| (a) In a serial printer which sequentially
receives print data for each line from a host cdmputer and
- conducts a printing in the unit of one line, or in other
types of printers, a sheet of paper may need to be fed in the
reverse direction. For example, if after printing a standard
character, an enlarged character is to be printed on the next
. line and the top position of the enlarged character is
located higher than the lower portion of the standard
character printed in the previous line, the sheet is fed in
the reverse direction, and the enlarged character is printed.
The enlarged character is printed by a split printing
operation, wherein the scanning of ink jet head 60 and the
feeding of a sheet of paper by the length corresponding to
the height of the printing region A shown in FIG. 4, are
repeated plural times.

If an envelope or other sheet having a portion on its
back face which may impede the reverse sheet conveyance
(e.g., the flap of an envelope) is to bé printed upon, and
the ribs do not have a trapezoidal shape in side view but
rather have a rectangular shape in a side view (see 51'' of
FIG. l13(a)), the portion may be caught on the ribs during the

" This Sheet Has Been Replaced




the paper feed path. These ribs help to guide and to further support tH
sheet of paper or the like. To further aid in guiding and supporting
sheet of paper, the ribs are given a substantially trapezoidal shape
Preferably, the sheet supply roller ? rotated at a first speed.
Conveying rollers are rotated at a sSp éd ™ slightly greaLEL“%h

of the sheet supply roller. These rollers convey t akﬁhéﬁv

reverse conveying process. A pitch failure may occur in the
reverse feeding distance and thé feeding distance in the
immediately subsequent forward feed will be incorrect.  In
contrast, according to the ink jet printer of the present
invention, since ribs 51 have a substantially ﬁrapezoidal
shape in side view, a flap of an envelope or the like will
.not be caught on ribs 51 even if the envelope or sheet is fed
in the reverse direction. Thus, a pitch failure due to an
improper feed is prevented.

(b) If rlbs 51’’ were to have the shape as
shown in FIG. 1l1l(a), and sheet P were formed of curled thick
paper (e.g., a postcard), when sheet P was to be discharged
from the printer the rear end Pe of sheet P would be
supported by the upper faces of the ribs 51’’. Serrated:

- rollers 72 of the discharge roller pairs may be lifted by
sheet P and a sufficient sheet discharging force will not be
lmparted to sheet P from discharge rollers 71 and 72. Thus,
a paper feed jam will occur..

In contrast, ribs 51 in the present invention- have a
trapezoidal shape in side view. As shown in FIG. ll(b), the
rear edge Pe of curved sheet P quickly leaves uppermost faces
S5la of ribs 51 so that serrated rollers 72 of discharge
roller pairs 71 and 72 are not lifted by curved sheet P.
Therefore, a sufficient sheet discharging force will be
imparted to curved sheet P and no paper feed jam will occur.

(c) If a printing operation is performed in
the vicinity of a front edge Pf of sheet P as shown in FIG.
12(a), this portion of sheet P may be curled. If ribs 51’
are shaped as shown in FIG. 12(a), front edge Pf of sheet P
will be supported by the upper faces of ribs 51’’ until front
edge Pf of sheet P reaches the plurality of pairs of sheet
discharge rollers 71 and 72. This causes sheet P to be
raised and contact with ink jet head 60 is more'likely. In
contrast, according to the present invention ribs 51 have a
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®supply roller. The ink jet head is disposed between the sheet

t he
SuppjiEE | er and the conveying rollers. The sheet of paper is held taut
bet v # he rollers. A gap defining nenber is disposed between the sheet

@ oller and the conveying rollers in opposition to the ink jet head.
p defining nmenber accurately d%flnes t he di stance of <’
the ink jet head and the sheet of paper to i Op+ey qual i ty.
gap defining nenber may be fornmed with a pl u3 HVW?
JFE:cti on parallel to the paper feed path. In this narke

the sheet of

~ substantially trapezoidal shape'in-sidé view. Thus, front
edge Pf of sheet P quickly leaves uppermost faces S5la as
shown in FIG. 12(b). Sheet P is not raised, and is therefore
is less likely to contact ink jet head 60.
(d) As described above, the présent invention
'is provided with intermediate serrated rollers 74 for urging
sheet P downward to a position which is lower than the
position at which each of the pairs of roller units 71 and 72
qutact each other. _
If ribs 51’' were to have the shape shown in FIG.
13(a), front edge Pf of sheet P would be forced against
intermediate serrated rollers 74, in a perpendicular
direction. This would cause a problem in the sheet supply
operation and might cause a paper feed jam.
In contrast, ribs S1 of the present invention have a
- substantially trapezoidal shape in side view as shown in FIG.
13(b). Therefore, front edge Pf of sheet P easily meets:
intermediate serrated rollers 74. Sheet P may be bent
slightly upon contact with intermediate serrated rollers 70
so that a smooth sheet supply operation is performed.

(vi) Guide portions 51‘’e which guide front edge Pe
of sheet P toward the pairs of sheet discharge rollers 71 and
72 are disposed in the paper feed path between the pairs of
sheet discharge rollers 71 and 72, and ribs 51. Ribs 51 have
a substantially trapezoidal shape in side view. Therefore,
front edge Pf of sheet P can be accurately guided toward the
pairs of sheet discharge rollers 71 and 72. Guide portions
Sle are disposed in the paper feed path only in opposition to
the pairs of roller units 71 and 72, which constitute the
conveyor rollers, and not in other places. Thus, front edge
Pf of sheet P is accurately guided toward the pairs of sheet
discharge rollers 71 and 72, and sheet P is prevented from
coming in contact with or from rubbing against ink jet head
60.
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S marped fromthe ink during printing, an accurate gap can still be b A
mai nt ai ned. In addition, the conveying rollers may be formed as a%\
plurality of roller pairs, and internmedi ate serrated rollers may be i
provi ded between these pairs. The internediate serrated-rollers are
suspended from el astic nmenbers, and pusy,down on the

(vii) The portion of sheet discharge tray 80 for
receiving a discharged sheet P is inclined along a direction
intersecting the paper feed path. When sheet P is discharged -
from the pairs of sheet dischargé rollers 71 and 72, front °
edge Pf of sheet P sags by gravity as shown in FIG. 14. A
bent portion Pg may be formed in sheet P upon contact with
sheet discharge tray 80. This bent portion may cause the
portion of sheet P which has not yet passed intermediate
serrated rollers 74 to come into contact with ink jet head
60. '

In the ink jet printer of the present inventioﬁ,
front'edge Pf of sheet P is received by sheet discharge tray
80. A portion 81 of sheet discharge tray 80 which receives
front edge Pf of sheet P is inclined at an angle to the  'paper
feed path. Therefore, the bend of the above-mentioned bent -
portion Pg of sheet P is relaxed, and sheet P is prevented
from coming in contact with ink jet head 60. Since
intermediate serrated rollers 74 are closer to ink jet head

" 60 than the pairs of sheet discharge rollers 71 and 72, the
bend angle of the above-mentioned bent portion Pg of sheet P
is further relaxed. Thus, the maximum height of bent portion
Pg is suppressed and sheet P is further prevented from coming
into contact with ink jet head 60.

(viii) When a color printing operation is to be
performed by ejecting a plurality of different colored ink
dots from ink jet head 60, new ink dots are formed on
existing ink dots, and thus the degree of warping of sheet P
is particularly increased. However, warped sheet P is
prevented from coming into contact with ink jet head 60
through the use of the present invention. Thus, the benefits
are applicable also to multi-color printing. |

While the printer in accordance with the invention is
shown used in conjunction with a sheet of paper, other print
mediums, such as envelopes or non-paper mediums, may be used.
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4 Fot of paper between the pairs of conveying rollers. Thus, .the
shecipaper is urged further fromthe ink jet head.
Accclm®rql y, it is an object of the present invention

- 25 -

It will thus be seen that the objects set forth
above, and those made apparent from the preceding
description, are efficiently attained and, since certain
changes may be made in the above construction without
departing from the spirit and scope of the invention, it is
intended that all matter contained in the above description
or shown in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense.

It is also to be understood that the following claims-.
are intended to cover all of the generic and specific
features of the invention herein described, and all
statements of the scope of the invention which, as a matter

of language, might be said to fall therebetween.

™
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to provide an ink jet printer which accurately guides the front edge of3mk
sheet of paper. Anot her object of the present inventionis to -
provi de an ink jet printer in which, if an idle ink ejection occurs a

sheet supply roller and other parts are prevented from bei ng stai ned w
i nk. Yet anot her obj ect of thesfresent invention is to | de a
ink jet printer which allows a high-densd@y= printin 2t--qr Jd ged '
performed ithisdRietHasiBeerRepld@Bt 1S Warped by water inl trhe &;ﬁi%{A e shegt is

pro

pr evented fr ;
M coaue
. An ink jet printer for imprinting onto a piece

of printing medium, comprising:

a supply roller for supplying said piece of
printing medium;
_ an ink jet head disposed adjacent said supply
roller for ejecting ink onto said piece of printing medium
during a print operation;
. an inclined face disposed in opposition to said
1n$ jet head for scooping up a front edge of said piece of
printing medium supplied by said supply roller; and

ink reservoir grooves disposed in said inclined
face for_retalning any excess ink on said inclined face.

2. The ink jet printer of claim 1 wherein séid
supply roller comprises a single roller extending across
substantially the entire width of the printing medium path.

3. The ink jet printer of claim 1 wherein said

supply roller supplies said piece of printing medium to said
ink jet head.

' 4. The ink jet printer of claim 1 wherein a
Printing medium path extends from said supply roller past
sa%d ink jet head, said inclined face being disposed in said
printing medium path and closely adjacent said supply roller.

5. | The ink jet printing of claim 1 wherein said
Piece of printing medium is a sheet of paper.

) ?. An ink jet printer for imprinting onto a piece
of printing medium displaced therepast along a érintinq
medium path, comprising:
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fito contact with the print head. Still other objects and
ges of _the invention _wll in part be obvious and will in part be

V UCt I on

Ets and

,ﬁ fron1the speci fication and draw ngs. The invention

ﬁmtélesBdeh&epiaedt ures of constructi

parts whjch will b ‘B
et forth, “And t he scofe..af
cl ai ns. .

For a fuller understandlng of the

ah ink jet head for ejecting ink onto said
piece of printing medium during a print operation; and
, a gap defining member disposed in opposition to
said ink jet head further comprising: _

a planar portion confronting said ink jet head
for defining the distance of a gap between said ink jet head
and said piece of printing medium by suppdrting said piece of
printing medium on its back face; and

a.plurality of ribs extending from said planar
portion in a direction parallel to a printing medium path

- direction for guiding and supporting said piece of printing |

medium.

7. The ink jet printer of claim 6 wherein each of
said plurality of ribs is substantially trapezoidal in shape.

8. The ink jet printer of claim 6 wherein-said ink
jet head can eject a plurality of colors to perform a color
print operation.

9. The ink jet printer of claim 6 wherein said
piece.of printing medium is a sheet of paper.

10. An ink jet printer for imprinting on a piece of

printing medium, comprising: _

a supply roller rotating at a first speed for
supplying said piece of printing medium;

conveying rollers rotating at a second speed
greater than said first speed for conveying said piece of
printing medium from said supply roller;

an ink jet head disposed between said supply
roller and said conveying rollers for ejecting ink onto said
piece of printing medium during a print operation; and
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reference is made to the follow ng description taken in connection with ¥

t he acconpanyi ng draw ngs, in:_which: FIG 1 is a side eIevatlonaIT
vi ew showi ng The "Tnternal structure of a first enbgdi-nert—ef—an—ink—jet ©
printer of thg mgﬁg§ﬁg@k&n&@akaon | FIG 2 is|aTHarseEar Hasi BEEYel

of 'the ink jet printer of FIG 1 with portlons
partlal enl arged cross-sectional view of

|m“!}he i nk iet?$rinter of FIlG 1. REPLACED piq 3 s

front elevatlo
a parti al enla
renoved;

supply roller and said conveying rollers for defining the
distance of a gap between said ink jet head and said piece of

a gap defining member disposed between said

printing medium by supporting said piece of printing medium
on its back face.

11. The ink jet printer of claim 10, wherein said
conveying rollers consist of -a plurality of pairs of rollers
disposed across a printing medium path, each pair of rollers
being in pressing contact at a contact position and being in
spaced relation with the adjacent pair or pairs of rollers.

12. The ink jet printer of claim 11, further
comprising a plurality of intermediate serrated rollers, each
having an outer periphery, disposed between each adjacent
pair of rollers for urging said piece of printing medium
further away from said ink:jet head. T

13. The ink jet printer of claim 12, wherein said
outer periphery of said intermediate serrated rollers at a
point of contact with said piece of printing medium is
farther from said ink jet head than said contact position of
said palrs ‘of rollers.

14: The ink jet printer of claim 12, wherein each
of said plurality of intermediate serrated rollers is
supported on the side of said piece of printing medium facing
said ink jet head by an elastic member so as to contact and
urge said piece of printing medium away from said ink jet
head.

15. The ink jet printer of claim 12:wherein each of
said plurality of intermediate serrated rollers are spaced
sufficiently from the adjacent joining palrs of conveying

[
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fjet printer of FIG 1 taken along lines IV-1V of FIG 2; B
¥s apartiat—enlarged cross-sectional view of the ink Jet printer of

3 aken al ong{I h&giei){mya of FIG 2:

" s

rollers to alldow said piece of printing medium to sag in the
region therebetween.

16. The ink jet printer of claim 10, further
comprising a discharge tray disposed adjacent said conveying
rollers for receiving said piece of printing medium conveyed
by said conveying rollers, said discharge tray intersecting
said paper feed path at an inclined angle.

17. The ink jet printer of claim 10, wherein said
gap defining member further comprises a plurality of ribs
extending in the direction parallel to a printing medium
path.

18. The ink jet printer of claim 17, wherein each
- of said plurality of ribs is substantially' trapezoidal in
shape. ' o

_ 19. The ink jet printer of claim 17, further
comprising guide portions disposed between said gap defining
member and said plurality of conveying rollers for guiding a
front edge of said piece of printing medium toward said
plurality of conveying rollers.

20. The ink jet printer of claim 19, wherein said
guide portions are disposed in opposition to said plurality
of pairs of conveying rollers.

21. The ink jet printer of claim 10, wherein said
ink jet head ejects a plurality of colors to perform a color

print operation.

22, The ink jet printer of claim 10 wherein said
piece of printing medium is a sheet of paper.
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- 7- FIG 6(a) is a partial enlarged plan view showing a - gap
defining member _of the ink jet printer of FIG 1; FIG 6(b) is

| ef t S|de el evati onal V|eM/shomnng a gap deflnlng menber of the ink jet
i SMEﬂhsB%ﬂ&whb |G 6(c)3ps-a right sigde-elevational view

23. An ink jet printer for imprinting a piece of

print
shomnng a

“iT HAS ppp
HJ&LD N

printing medium, comprising:

a supply roller for supplying said piece of
printing medium; :

a plurality of pairs of conveying rollers for
conveying said piece of printing medium from said supply
roller, each pair of conveying rollers being in pressing
contact at a contact position and being in spaced relation
with the adjacent pair or pairs of rollers;

an ink jet head disposed between said sheet
supply roller and said pairs of conveying rollers for
ejecting ink onto said piece of printing medium during a
print operation;

a gap defining member disposed in oppositién to
said ink jet head for defining the distance of a gap between
said ink jet head and said piece of printing medium, further
comprising a plurality of ribs extending in a direction
parallel to a printing medium path direction for guiding said
piece of printing medium, said ribs confronting said ink jet
head for defining the distance of a gap between said ink jet
head and said piece of printing medium by supporting said
sheet of paper on its back face; and '

a8 plurality of intermediate serrated rollers,
each having an outer periphery, disposed between each
adjacent pair of conveying rollers for urging said piece of
printing medium further away from said ink jet head.

24. The ink jet printer of claim 23, wherein said
outer periphery of said intermediate serrated rollers at a
point of contact with said piece of printing medium is
further from said ink jet head than said contact position of
said pairs of conveying rollers.

R 0 O



i ng nenber of the ink jet printer of FIG 1, FIG -7(a) is
v{tive'viem/of“aﬁmﬁﬁterﬂediate serrated rol48L" resent
is a perspective vie

n- . | b -?-€ :;:.--\
AN St as Be olabé . : . . o
F ol [ig ShostHas Been Rep %tl)’lt i nve_n_glj)? Wwithits s g

X uﬂ , Is a schenmatic front el evational

Prating of_aﬁﬁLnk jet printer without ribs;
is a schematic front &l evational view

25. The ink jet head of claim 23, wherein each of
said plurality of intermediate serrated rollers is supported
on the side of said piece of printing medium facing said ink
jet head by an elastic member so as to contact and urge said
piece of printing medium away from said ink jef head.

26. The ink jet printer of claim 23 wherein said
plurality of intermediate serrated rollers are spaced
sufficiently from the adjacent pairs of .conveying rollers to
allow said piece of printiné medium to sag in the region

therebetween.

27. The ink jet printer of claim 23, wherein each
of said plurality of ribs is substantially trapezoidal in
shape.

28. The ink jet printer of claim 27, further
comprising guide portions disposed between said gap defining
member and said plurality of conveying rollers for guiding a
front edge of said piece of printing medium toward said
plurality of pairs of conveying rollers.

29. The ink jet printer of claim 28 wherein said
guide portions are disposed in opposition to said plurality
of pairs of conveying rollers.

30. The ink jet printer of claim 23, further
comprising a discharge tray disposed adjacent said conveying
rollers for receiving said piece of printing medium conveyed
by said conveying rollers, said discharge tray intersecting
said printing medium path at an inclined angle.

R O



illustrating the operation of the ink jet printer w thout

enl ar ged gap; FIG 8(c) is a schematic front el evational
illustrating the operation of the ink jet printer of ghe-

FIG 9(a) is a schematic front elevational view illu
of relatively.-wide rollers of the ink jet printer of ,
I nventi on; FIG 9(b) is a schematic front el evatlonal Vi ew
iIIustrating the operation of preferred narrow rollers of the

-32-

31. The ink jet printer of claim 23, wherein said ink jet head ejects a plurality of

colors to perform a color print operation.

.32. The ink jet printer of claim 23, wherein said piece of printing medium is a

sheet of paper.

33. Anink jet printer substantially as shown in or as described with reference to

any one of figures 1 to 15 of the drawings.
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forinter of the present invention; - FIG 10(a) is a schematic

froseee evational view illustrating.the . operation of the internediate
? ¥d rollers of the ink jet printer of the present invention;
)(b) is a schematic front elevational viewillustrating the
¥ction of the internediate serratéd rollegs of the |nk jet printer of
r esent invention when opposed to rollersy aigurg.) AW Lyia0y
¥matic front elevational view illustratingl|the malfunchon o? ?br?g‘“

B edi ate serrated - -33-

INK RINTER

ABSTRACT

An ink jet printer having an ink jet head (60) for ejecting ink onto a sheet of
paper (P) or the like during a printing operation is provided. A gap defining member
(50) is also provided in opposition to the ink jet head. The gap defining member (50)
has a planar portion which suppbrts the sheet of paper (P) or the like on its rear face
(Pb), and thus defines the distance of the 'gap' between the sheet of paper (P) and the ink
jet head (60). The gap defining member (50) also has a plurality of ribs (51) extending
from the planar portion in the direction of the paper feed path. These ribs (51) help to

guide and to further support the sheet of paper (P) or the like.

Figure 4.
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Fig. /
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B-he ink jet printer of the present invention when too many are
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strating the mal function where the internediate serrated rollers of
ink jet pri nLe_L_oLI_he—pJ—eseﬁ%—rnvent ion are not used.
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el e‘?/ ftional view i mﬁm ﬁaﬁﬁ
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'a) is a schematic si de el evati onal
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‘a .t rapezottat—shape———-

el evs@¥i onal V|em1 |IIustrat|ng the operation of the ribs of the ink jet
Is a schematic side
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is a schematic side
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FIG 12(b) is"a schematic side elevational view illustrating
fperation of the—+ibs—of--the—ink—jet printer of the present invention;
13(a) is a schematic side elevational viewillustrating the

nction of the. rihjjShestHatgeniReplagedt printer of the present invention if
in a trapezoida I I ll FIG 13(b) is a schematic side
ational viewillu | peration ¢fraa Sﬁt%ﬁhxgtéri%‘ﬁ formof the
o : REPLACED
(4/14)
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@ ink jet printer of the present invention; FIG 14 is a

schengtic side el evational viewillustratinmg thefunction of the
i nterfredi ate serrated rollers and Sh%ﬁs&fe h?{ ezt of the ink jet
pr|n ‘er of the present invention; . “* side el evati onal
gy illustrating an enbodi ment of the FIG 16 is
a cfoss-sectional viewillustrating anl the conventi ona
ter
(5/14)
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Y is a partially éq_g't'_j'.bnal view illustrating a second enbodi ment of
Invent i onal printer; and : FIG 18 is a perspective fragnentary
illustrating the gU| de marrbers of the prior art of FIG 17.
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‘gng first to FIG 1, a nunber of sheets which are to be printed upon
arens acked on a sheet feed tray 10. A sheet feed roller 20 is al so

tled whi ch feeds the sheets one by one fromsheet feed tray 10.

et P which has been fed by sheet feed rolTer 20 is wound oh a sheet
supgly roller 30 to be mverﬂmcsheeamtﬂea:ﬁepﬁ& delivered from sheet supply
rolfer 30. The delivery angle defined by pinch rollers 40.

st, the front edge of supp mmwljg gui-ded by a gap defining

mehber 50, whi ch al so serves as a :As shown in (8./14)

Fia, 9 tal
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FIGSJ3 and 4, the back face Pb of sheet P is guided while in contact with
st faces 51a of ribs 51 whi¢ch are fornmed on the upper face of gap
i ng. menber 50, thereby.def uw‘he di stance of. a gap between sheet P
andfan ink jet head 60. Ink is ejected fromink jet head 60 onto the upper
surf ace Pa of sheet P in ord@erhatmslﬂaénﬁe higdegon. Sheet P which has been
prlnted upon is then dlscharg t di scharge tray 80 through a
plurality of pairs of sheet d m,mﬂ rs 71.and 72 which constitute
conveyor rollers. Upon discharget edge of sheet P cont act(sgeymj
upper face 81 of sheet

THIS SHEET HAS BEEN
REPLACED

Fig (0 Q) 72 74 72
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Figro (0} o5 74 72
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di scharge tray 80. Gap defining nmenber 50 is di sposed adj acent
sheet P which is conveyed by sheet supply roller 30, and sheet discharge
rol li@'s 71 and 72. As shown:in FIGS. 3 to 6, gap defining nmenber 50 has a
hori Zontal portion 51f constituting a planar face portion, and ribs 51
which are forned integral with, and project from horizontal portion 51f.
plurality of ribs 51 are spaced in a direction perpendicular to the
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s

di recp on of the paper feed path of - shéét P. As shown in FIG 3, four
1' are formed with a |arger: wdth’and twelve ribs 51 are forned

ri bs
witiga smaller width. Sixteen ribs — are fermed in total. In the
spey fication, "ribs 51" |ncI udes ribs 51' unless otherw se denot ed.

rring nowto FIGS. 4 an g%hedeﬂﬁslBeafRaph@é 51 has a substantially
trdpezoi dal shape in side vi es an inclined face 51b, an
upper nost face 5la conti nui ngmw

(12/14)
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up most face 5la which extends al ong-the. sheet  conveyi ng direction. Two
in eservoir grooves 51c are forned on inclined face 51b.

Ich|ned face 51b scoops up the front edge of sheet P while guiding the
front edge of sheet P which is suppliriiesheBYas BdagREplB&IPP! y rol [ er 30.

Upper nost face 5la contacts back fa P to define the distance
of, the gap between ink jet head 60 qmuﬁmmlmlﬁul . Quide portions
ﬁp'e whi ch guide the front edge of i (13/14)

incl'f'd face 51b, and a downward inclined face' 51d continuing from
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sheef"W}TOM/ard sheet di scharge rol I ers 71 and 72 are di sposed between
sheget discharge rollers 71 and_72_and“fibs* 51 in the paper feed path.

Guﬁﬁe portions 51'e are disposed only in the vicinity of discharge rollers
71 ‘and 72 and not in other pl aKeShea HasRed Rplavdadt h of the paper feed path.

As shown in FIGS. 6(a), 6(b) a ng portion 52, and
positioning portions 54 and 55 MLE"}]AEJIMI‘ he left end of gap defining -
menber 50. Fixing portion 52 is h positioning portions 54

and 55 through flexible portions 53. Positioning portion 54 has a I(q4¢/+|i4l§e

shape having a U shaped
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section. P05|t|on|ng portion 55.is forned with a round rod- |ike shape.
Seni circul ar recesses 94 and 95, which are adapted to receive the | ower
portions of positioning portions 54 and 55, are forned on an upper edge 91
of a frame 90. Positioning portions 54 and 55 are closely fitted into
recesses 94 and 95, respectively, so that-gap defining nmenber

REPLACEMENT SHEET
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INK JET PRINTER

This invention relates generally to an ink jet
printer, and more particularly to an ink jet pfinter in which
a sheet of paper is supplied by a sheet supply roller and ink
is ejected from an ink jet head onto the surface of the sheet
of paper during a print operation.

In a proposed ink jet printer such as that shown in
FIG. 15, a sheet of paper P is supplied to and wound on a
sheet supply roller 1. An ink jet head 2 ejects ink while
reciprocating in a direction perpendicular to the plane of
FIG. 15 across the face of sheet P. Thus, a lent operation
is periormed on the surface of sheet P as it is incrementally
supplied from sheet supply roller 1. A designates a printing

- region accessible to ink jet head 2. A sheet guide 3 has a
guide face 3a extending in a direction perpendicular to the
plane of FIG. 15. Guide face 3a comprises a horizontal face
and supports the back of sheet P so as to define the width of
a gap between ink jet head 2 and sheet P. A sheet discharge
roller 4 discharges sheet P after it is printed upon. 1In
this proposed printer, an undesired ink ejection (referred to
as an "idle ejection") may occur in which ink is ejected from
ink jet head 2 when no sheet P is present in printing region
A. The ejected ink is blocked by sheet guide 3 so that a
sheet which subsequently reaches sheet supply roller 1 is not
stained with ink. Specifically, since guide face 3a extends
horizontally, ink impinged on guide face 3a is prevented from
dripping onto sheet supply roller 1, and is therefore |
prevented from smearing on sheet P. Ink deposited on guide
face 3a is solidified by drying before the next sheet P is
fed. ' - '

| An idle ejection is caused when, after a sheet
detection sensor (not shown) located before ink jet head 2 in

is Sheet Flas Been Replaced THIS SHEET HAS BEEN
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50 is positioned with respect to frame 90 in the Y and Z
| REPLACEMENT SHEET

12 DEC 1996

the paper feed path detects sheet P, a sheet supply failure
or the like occurs so that sheet P fails to reach printing
region A. Once the sheet detection sensor detects a sheet,
ink jet head 2 operates on the assumption that sheet P will
arrive in printing region A a prescribed period thereafter.
Therefore, if a jam occurs and sheet P does not reach region
A, ink jet head 2 will eject ink onto sheet gquide 3.

FIG. 16 shows a conventional ink jet printer
disclosed in Unexamined Japanese Patent Publication (Kokai)
No. Hei. 3-128268. A sheet of paper P is wound on a sheet
supply roller 1’. An ink jet head 2’ ejects ink from nozzles
2a’ while reciprocating in a direction perpendicular to the
plane of FIG. 16. A print operation is performed on a
surface Pa of sheet P which is supplied from sheet supply
roller 1’. A gap defining member 3’ has a defining face 3c’
extending in a direction perpendicular to the plane of FIG.
16. Defining face 3c’ is a flat face and supports the back
face Pb of sheet P so as to define the distance of the gap
between ink jet head 2 and sheet P.

FIGS. 17 and 18 depict another conventional ink jet
printer disclosed in United States Patent 5,291,227. A
printing region Par, where ink ejected from an ink jet head 5
is deposited on a sheet P during a print operation, is
provided in a paper feed path. Paper feed path 3 is
substantially planar so that sheet P is accurately conveyed
irrespective of the thickness of the sheet and a print
operation is performed at a predetermined position. Sheet
front edge guide members 6 each having a guide surface 6a are
disposed between sheet supply rollers 8 and sheet discharge
rollers 9. Guide suffaces ba are separated by a gap S from
sheet P which is sandwiched between sheet supply rollers 8
and also between sheet discharge rollers 9. Guide surfaces
6a are formed so that the gap S between qguide surfaces 6a and

sheet P gradually decreases in the downstream direction of
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directions (see FIG 6(b)). Fixing portion 52 has a substantially
di sk-1i ke shape. A tapped hole 52a is forned at the center of fixi

portion 52. Flexible portions 53 consist of four @%E hﬁﬁﬁfﬁwmﬁ

nmenbers which are located - at a heighi substantiallly

fixing portion 52. A nmounting portion 92 is forne posi tion
confronting fixing portion 52 by partly deform ng ranﬂ?QDEC'pr As
shown in the figures, since gap defining nenber 50 §s}a |ong nenberl, lwhen

t he tenperature changes, gap defining nenber 50 exppnds or contracts {in

the |ongitudinal direction _ i
paper ifeed path 3. If ink is deposited on guide surfaces 6a,

sheet P is prevented from being stained with ink. As shown
in FIG. 18, each of guide members 6 is formed as & rib, and
an ink absorbing member 7 is disposed under each of guide

members 6.

However, the above-mentioned ink jet printers have
generally suffered from the following problems:

Problem 1 :

In the ink jet printer as shown in FIG. 15, the front
edge of sheet P may not be delivered to ink jet head 2 at the
proper angle. This anglé is determined by sheet supply
roller 1 and pinch roller la. Thus, sheet P may not be
properly guided by sheet guide 3.

When the front edge of sheet P is supplied at an
angle which is more downward than requifed, as indicated by

- arrow P’ in FIG. 15, the front edge of sheet P may come into
contact with front end 3b of sheet guide 3 so that a paper
feed jam may occur. This contact with front end 3b may occur
if sheet P is caused to épontaneously curl by moisture or the
like, or if sheet P which is originally flat is caused to
curl during the winding of sheet P on sheet supply roller 1.

In order to remedy this situation, the following
measures have been employed in the conventional art.

First, a plurality of short rollers have been used in
place of sheet supply roller 1. Front end 3b of sheet guide
3 is then located between the short rollers so as to
accurately guide the front edge of sheet P. However, when
this plurality of short rollers are used in place of sheet
supply roller 1, sheet P may not be accurately guided or
supplied.

Second, guide face 3a has been inclined as indicated
by dotted line 3a’ in FIG. 15, so that the front edge of
sheet P is accurately gquided and scooped up b§ juide face 3a.
However, ink which has been deposited on guide face 3a during
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contraction
are forned t
di rection of
As shown in

pi n-l1ike positioning portion 57, and a fixing piede]|5
frame 90, are forned at the second end of gap defijnilng_nenher
ot her upper edge 96 of frame 90, semicircul ar recqgss 96a is forned

(direction of arrow X of FIG. 6(a)). In order for the expansion and

to be absorbed by flexible portions 53, _flexi
o extend in the Z - direction which is perﬁﬂmewmINa{rSHEETt e
expansi on and contractié4n-of gap defijnifrg—rrenrbet

FIGS. 6(a) and 6(c), a flanged positiqgnijn 1%mhétqﬁ?€6 _

ed to
t he

an idle ejection may drip along inclined face 3a‘’ and stain
Oor smear on sheet supply roller 1 and other parts.

These problems also occur with the conventional ink
jet printer of FIG. 16. 1In the ink jet printer of FIG. 16,
the front edge of sheet P which is to be printéd upon after
bevng wound on sheet supply roller 1° may contact lower end
3b’ of gap defining member 3-. Furthermore, ink which has
been deposited on defining face 3c during an idle ejection
may drip from lower end 3b’ and stain sheet supply roller 1°
and other parts.

Problem 2

In all of the above-mentioned convéntional ink jet

printers, when high density printing is performed, or when
ink dots are formed on sheet P in a high density, water in
the ink may cause the sheet to warp. The warped sheet may
contact and rub against ink jet head 2, resulting in a stain
on sheet P. When color printing is performed, a plurality of
colored ink dots are formed on existing ink color dots. The
degree oﬁ warping of sheet P due to water in the ink is
increased so that the sheet may easily come into contact with
ink jet head 2.

An ink jet printer having an ink jet head for
ejecting ink onto a sheet of paper or the like during a
printing operation is provided. A gap defining member is
also provided in opposition to the ink jet head. The gap
defining member has a planar portion which supports the sheet
of paper or the like on its rear face, and thus defines the
distance of the gap between the sheet of paper and the ink
jet head. The gap defining member also has a plurélity of
ribs extending from the planar portion in the direction of
the paper feed path. These ribs help to gulde and to further
support the sheet of paper or the like. To further aid in

- —
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ihto whi ch flanged positioning portion 56 is fitted. The
fl anged positioning portion 56 is then
sem circul ar
fitted, and a nounting portlon 98 Mhé
Posi tioni ng portions 56 and 57 are cl dsel
97, respectively, so that gap defining nenber 50 i

respect to frame 90 in the X, Y and

6(c)).

peri phery of
sandw ched by flanges 56a, a

recess 97 into .which the plpélériegofl Fgﬁ#ﬁgwﬁﬁiéﬁﬂgé S

y fitted int recesses 96a and

osf Qi PREA9 t
Z directions (qeq FIGS. 6(a) and

Gap defining nmenber 50 is nounted on |f rame90~TTI THeE

.

guiding and supporting the sheet of paper, the ribs are given
a substantially trapezoidal shape.

In an alternative embodiment, the sheet supply roller
is rotated at a first speed. Conveying rollers are rotated
at a speed slightly greater than the speed of the sheet
supply roller. These rollers convey the sheet of paper from
the sheet supply roller. The ink jet head is disposed.
between the sheet supply roller and the conveying roliers.
The sheet of paper is held taut between the rollers. A gap
defining member is disposed between the sheet supply roller
and the conveying rollers in opposition to the ink jet head.
This gap defining member accurately defines the distance of
the gap between the ink jet head and the sheet of paper to
improve print gquality. The gap defining member may be formed
with a plurality of ribs formed in a direction parallel to
the paper feed path. . In this manner, if the sheet of paper
is warped from the ink during printing, an accurate gap can
still be maintainsd.

In addition, the conveying rollers may be formad as a
plurality of roller pairs, and intermediate serrated rollers
may be provided between these pairs. The intermediate
serrated rollers
are suspended from elastic members, and push down on the
sheet of paper between the pairs of conveying rollers. .Thus}
the sheet of paper is urged further from the ink jet head.

Accordingly, it is an object of the present invention
to provide an ink jet printer which accurately guides the
front edge of a sheet of paper.

Another object of the present invention is to provide
an ink jet printer in which, if an idle ink ejection occurs a
sheet supply roller and other parts are prevented from being
stained with ink. _

Yet another object of the present invénﬁion is to
provide an ink jet printer which allows a high-density
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Y direction

Posi tioning portions 54 and 55 are fitted into recesses 94 and

' Py es
95 of frame 90, and positioning portions 56 and 5; e ACEm ;§1g?n£§7recess

96a and 97 of franme 90.

T '-'1
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printing operation to be performed in which if a sheet is
warped by water in the ink, the sheet is prevented from
coming into contact with the print head.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from the
specification and drawings.

The invention accordingly comprises the features of
construction, combination of elements, and arrangement of
parts which will be exemplified in the construction
hereinafter set forth, and the scope of the invention will be

indicated in the claims.

For a fuller understanding of the invention,
reference is made to the following description taken in
connection with the accompanying drawings, in which:

FIG. 1 is a side elevational view showing the
internal structure of a first embodiment of an ink jet
printer of the present invention;

FIG. 2 is a partial enlarged front elevational view
of the ink jet printer of FIG. 1;

FIG. 3 is a partial enlarged plan view of the ink jet
printer of FIG. 1 with portions removed;

FIG. 4 is a partial enlarged cross-sectional view of
the ink jet printer of FIG. 1 taken along lines IV-IV of FIG.
2; '

FIG. 5 is a partial enlarged cross-sectional view of
the ink jet printer of FIG. 1 taken along lines V-V of FIG.
2;

FIG. 6(a) is a partial enlarged plan view showing a
gap defining member of the ink jet printer of FIG. 1;

FIG. 6(b) is a left side elevational v1ew showing a
gap defining member of the ink jet printer of FIG. 1;

—
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-—12 - Thereafter, fixing portions 52 and 58 are fixed to nounting

portions 92 and 98, thereby fixing gap defining nenbe T - 19
Fi xing portion 52 is integrated with the positioning ﬁﬁnA%EML&{%ﬂ&E?

-7 -
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FIG. 6(c) is a right side elevational view showing a
gap defining member of the ink jet printer of FIG. 1;

FIG. 7(a) is a perspective view of an intermediate
serrated roller of the present invention;

FIG. 7(b) is a perspective view of an intermediate
serrated roller of the present invention with its shaft
elastically defined;

FIG. 8(a) is a schematic front elevational view
illustrating the operation of an ink jet printer without
ribs; '

FIG. 8(b) is a schematic front elevational view
illustrating the operation of the ink jet printer without
ribs but with an enlarged gap;

FIG. 8(c) is a schematic ffont elevational view
illustrating the operation of the ink jet printer of the

- present invention;

FIG. 9(a) is a schematic front elevational view
illustrating the operation of relatively wide rollers of the
ink jet printer of the present inveﬁtion;

FIG. 9(b) is a schematic front elevational view
illustrating the operation of preferred nafrow rollers of the
ink jet printer of the present invention;

FIG. 10(a) is a schematic front elevational view
illustrating the operation of the intermediate serrated
rollers of the ink jet printer of the present invention;

'FIG. 10(b) is a schematic front elevational view
illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present invention when
opposed to rollers;

FIG. lO(c) is a séhematic front elevational view
illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present, invention when

too many are present;
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portions 54 and 55 through flexible portions 53. Since fixing portion 52
is firmy fixed to frane 90, when a tenperature change_c ni Ng

menber 50 to expand or contract in the X direction,
contraction is absorbed by the elastic gifornatlon o]

whi ch are di sposed between gap defining menber 50 and |f ilxi r n 5¢.
~deformation or warping of gap defining nenber 30{in g%gge‘ﬁbge ti

Thus,

is prevented. Consequently, the front edge of sheet
gui ded by inclined faces 51b of ribs 51, and the distjnce of the gap

bet ween
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FIG. 10(d) is a schematic front elevational view
illustrating the malfunction where the intermediate serrated
rollers of the ink jet printer of the present invention are
not used. .

FIG. ll(a) is a schematic side elévational view
illustrating the malfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape;

FIG. 1l1(b) is a schematic side elevational view
illustrating the operation of the ribs of the ink jet printer
of the present invention;

FIG. 12(2) is a schematic sjde elevational view

illustrating the malfunction of the ribs of the ink jet

printer of the present invention if not in a trapezoidal
shape;

FIG. 12(b) is a schematic side elevational view
illustrating the operation of the ribs of the ink jet printer
of the present invention;

FIG. 13(a) is a schematic side elevational view
illustrating the mulfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape;

FIG. 13(b) is a schematic side elevational view
illustrating the operation of an alternative form of the ribs
of the ink jet printer of the present invention;

FIG. 14 is a schematic side elevational view
illustrating the function of the intermediate serrated
rollers and sheet discharge tray of the ink jet printer of
the present invention; ,

FIG. 15 is a side elevational view illustrating an
embodiment of the proposed printer;

FIG. 16 is a cross-sectional view lllustratlng an

embodiment of the conventional printer;
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sheet P and head 60 can be accurately defined.

a plurality of pairs of sheet discharge rollers 71 and 72 (in the

As shown in

i1lustrated enbodi nment, four pairs) are arranged
direction. Each pair of sheet dischd&ge rollers

a first rubber roller 71 which is rotated by a dn
shown), and a second serrated or knurled roller
contact with roller 71 and is driven thereby to r
serrated roller 72 to a guide rail 63. the peripH

Y

12 |whi QIDEC 1696 d

T S

FIG 2,

sed of

I yi ng nechani sin { not

ottate. Hol der 7
erar—speed of eac

i Xes
pair

of

FIG. 17 is a partially sectiondIl view illustrating a
second embodiment of the conventional printer; and
FIG. 18 is a perspective fragmentary view

illustrating the guide members of the prior art of FIG. 17.

Referring first tb FIG. 1, a number of sheets which
are to be printed upon are stacked on a sheet feed tray 10.

A sheet feed roller 20 is also provided which feeds the
sheets one by one from sheet feed tray 10.

A sheet P which has been fed by sheet feed roller 20
is wound on a sheet supply roller 30 to be inverted, and is
then delivered from sheet supply roller 30. The delivery
angle of sheet P is defined by pinch rollers 40. First, the
front edge of suppliéd sheet P is guided by a gap defining
member 50, which also serves as a guide member. As shown in
FIGS. 3 and 4, the back face Pb of sheet P is guided while in
contact with uppermost faces 5la of ribs 51 which are formed
on the upper face of gap defining membér 50, thereby defining
the distance of a gap between sheet P and an ink jet head 60.
Ink is ejected from ink jet head 60 onto the upper surface Pa
of sheet P in order to print thereon. Sheet P which has been
printed upon is then discharged onto a sheet discharge tray
80 through a plurality of pairs of sheet discharge rollers 71
and 72 which constitute conveyor rollers. Upoh discharge the
front edge of sheet P contacts an upper face 81 of sheet
discharge tray 80.

Gap defining member 50 is disposed adjacent sheet P
which is conveyed by sheet supply roller 30, and sheet
discharge rollers 71 and 72. As shown in FIGS. 3 to 6, gap
defining member 50 has a horizontal portion 51f constituting
a planar face portion, and ribs 51 which are formed integral
with, and project from, horizontal portion Sif.: A plurality
of ribs 51 are spaced in a direction perpendicular to the
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heet discharge rollers 71 and 72, i.e., is slightly greater than the
:hget'supplyigg speed of sheet supply roller 30. Cgnsequently, sheet f S
conveyed under tension between sheet supply roller B ppReE sgan_g 61
sheet discharge rollers 71 and 72.~ 10 = Upper ndst thS °
of gap defining nmenber 50 are located slightly cloder}to theghggé 4t |hea
60 than the pass of the sheet assuming that there ar nd % Dk Thus,

‘upper nost faces 5la contact back face Pb of sheet H ile urging sledt P
toward ink jet head 60. Thus, while _

direction of the paper feed path of sheet P. As shown in

FIG. 3, four ribs 51’ are formed with a larger width and
twelve ribs 51 are formed with a smaller width. Sixteen ribs
are formed in total. 1In the specification, "ribs 51"
includes ribs 51’ unless otherwise denoted. .

Referring now to FIGS. 4 and 5, each of ribs 51 has a
sunstantlally trapezoidal shape in side view which includes |
an inclined face 5lb, an uppermost face 5la continuing from
inclined face 51b, and a downward inclined face 51d
continuing from uppermost face 5la which extends along the
sheet conveying direction. Two ink reservoir grooves 51lc arse
formed on inclined face 5ib.

Inclined face 51b scoops up the front edge of sheet P
while guiding the front edge of sheet P which is supplied by
sheet supply roller 30. Uppermost face 5la contacts back
face Pb of sheet P to define the distance of the gap between
ink jet head 60 and sheet P.

Guide portions 51’e which guide the front edge of
sheet P toward sheet diséharge'rollers 71 and 72 are disposed
between sheet discharge rollers 71 and 72 and ribs 51 in the
paper feed path. Guide portions 51’e are disposed only in
the vicinity of discharge rollers 71 and 72 and not in other
places along the width of the paper feed path. As shown in .
FIGS. 6(a), 6(b) and 6(c), a fixing portion 52, and
positioning portions 54 and 55 are formed at the left end of
gap defining member 50. Fixing portion 52 is integrated with
positioning portions 54 and 55 through flexible portions 53.
Positioning portion 54 has a rod-like shape having a U-shaped
section. Positioning portion 55 is formed with a round rod-
like shape. Semicircular recesses 94 and 95, which are
adapted to receive the lower portions of p051tlonlng portions
54 and 55, are formed on an upper edge 91 ofﬂg frame 90.
Positioning portions 54 and 55 are closely fitted into
recesses 94 and 95, respectively, so that gap defining member
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50 is positioned with respect to frame 90 in the Y and 2
directions (see FIG. 6(b)). Fixing portion 52 has a
substantially disk-like shape. A tapped hole 52a is formed
at the center of fixing portion 52. Flexible portions 53
consist of four ?late—spring like members which are located
at a height substantially equal to that of fixing portion 52.
A mounting portion 92 is formed at a position conironting
fixing portion 52 by partly deforming frame 90.

As shown in the figures, since gap defining member 50
is a long member, when the temperature changes, gap defining
member 50 expands or contracts in tie longitudinal direction
(direction of arrow X of FIG. 6(a)). 1In order for the
expansion and contraction to be absorbed by flexible portions
53, flexible portions 53 are formed to extend in the 2
direction which is perpendicular to the direction of
expansion and contraction of gap defining member 50.

As shown in FIGS. 6(a) and 6(c), a flanged
positioning portion 56, a pin-like positioning portion 57,
and a fixing piece 58, which is fixed to frame 90, are formed
at the second end of gap defining member 50. On the other
upper edge 96 of frame QO, semicircular recess 96a is formed
into which flanged positioning portion 56 is fitted. The
periphery of flanged positioning portion 56 is then
sandwiched by flanges 56a, a semicircular recess 97 into
which the pin-like positioning portion 57 is fitted, and a
mounting portion 98 which is fixed to fixing piece 58.
Positioning portions 56 and 57 are closely fitted into
recesses 96a and 97, respectively, so that gap defining
member 50 is positioned with respect to frame 90 in the X, Y
and -z directions (see FIGS. 6(a) and 6(c)).

Gap defining member 50 is mounted on frame 90 in the
Y direction. Positioning portions 54 and 55 .are fitted into
recesses 94 and 95 of frame 90, and positiqnihg'portions 56
and 57 are fitted into recesses 96a and 97 of frame 90.
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sheet Pis fed, the front and rear portions thereof rﬁauﬁnEMEEHEﬂﬁﬁﬁ
agai nst gap defining nenber 50 by sheet supply rol § e uu, prrct~Tol | Brs
40, and each of the pairs of sheet di scharge rollefs by
back face Pb of sheet P is accuratdRky-gui ded by upgedno gafggéaggém »f

ri bs 51. As shown in FIGS. 2 and 3, interneqi dte_serrated-—#olil ers
74 are di sposed between each of the pairs of sheet l

Thereafter, fixing portions 52 and 58 are fixed to mounting
portions 92 and 98, thereby fixing gap defining member 50 to
frame 90.

Fixing portion 52 is integrated with the positioning
portions 54 and 55 through flexible portions 53. Since
fixing portion 52 is firmly fixed to frame 90, when a
temperature change causes gap defining member 50 to expand or
contract in the X direction, the expansion or contraction is
absorbed by the elastic deformation of flexible portions 53
which are disposed between gap defining member 50 and fixing
portion 52. Thus, deformation or warping of gap defining
member 50 in the Y direction is prevented. Consequently, the
front edge of sheet P can be accurately guided by inclined
faces 51b of ribs 51, and the distance of the gap between
sheet P and head 60 can be accurately defined.

As shown in FIG. 2, a plurality of pairs of sheet
discharge rollers 71 and 72 (in the illustrated embodiment,
four pairs) are arranged in the sheet width direction. Each
pair of sheet discharge rollers 71 and 72 is comprised of a
first rubber roller 71 which is rotated by a driving
mechanism (not shown), and a second serrated or knurled
roller 72 which is held in contact with roller 71 and is
driven thereby to rotate. Holder 73 fixes serrated roller 72
to a guide rail 63. the peripheral speed of each pair of
sheet discharge rollers 71 and 72, i.e., is slightly greater
than the sheet supplying speed of sheet supply roller 30.
Consequently, sheet P is conveyed under tension between sheet
supply roller 30 and each pair of sheet discharge rollers 71
and 72.

Uppermost faces 5la of ribs 51 of gap defining member
50 are located slightly closer to the ink jet head 60 than
the pass of the sheet assuming that there are no ribs 51.
Thus, uppermost faces 5la contact back.face PB of sheet P
while urging sheet P toward ink jet head 60. Thus, while

———

This Sheet Hag Been R THIS ‘;HFI‘T }1AQ Brﬂj

TN




discharge rollers 71 and 72, and to the left of the left nost

pair of

sheet discharge rollers 71 and 72 in the paper width _direction aT shown in
on

FIG 2. Internediate serrated rollers 74 are Idcggﬂg\g@m&wpsgﬂﬂg
are closer to ink jet head 60 and_exgend furthegr &

whi ch
YarR-serfatedyrl lers 72.

These internediate serrated rollers 74 bend shdet ellongat ed
I nk,j tlo 13¥€€6épbgouer than the

or swollen as a result of the absorption of
contacting position of -the pairs of

Thus sheet

sheet discharjge rollers 7Zliangd 72.
Pis prevented fromcontacting ink jlet head 60.

re

s8]

sheet P is fed, the front and rear portions thereof
pulled down against gap defining member 50 by sheet supply
roller 30, pinch rollers 40, and each of the pairs of sheet
discharge rollers 71 and 72, whereby back face. Pb of sheet P
is accurately guided by uppermost faces 5la of ribs 51.

As shown in FIGS. 2 and 3, intermediate serrated
rollers 74 are disposed between each of the pairs of sheet
discharge rollers 71 and 72, and to the left of the left most
pair of sheet discharge rollers 71 and 72 in the paper width -
direction as shown in FIG. 2. Intermediate serrated rollers
74 are located at positions which are closer to ink jet head
60 and extend further than serrated rollers 72. These
intermediate serrated rollers 74 bend sheet P, which is
elongated or swollen as a result of the absorption of ink, to
a level lower than the contactiﬁg position of the pairs of
sheet discharge rollers 71 and 72. Thus sheet P i; prevented
from contacting ink jet head 60.

As shown in FIGS. 4 and 5, the outer periphery of
each intermediate serrated roller 74 has a portion 74a which
is closer to ink jet head 60 in the paper feed pauh than the
contacting position of each of the pairs of sheet discharge
rollers 71 and 72. The front edge of sheet P is guided by
intermediate serrated rollers 74 before being fed by the
pairs of sheet discharge rollers 71 and 72. Thus, sheet P is
prevented from contacting ink jet head 60. Intermediate
serrated rollers 74 are elastically suspended from a
plurality of respective holders 73 by a plurality of rod
springs 75. Thus, when sheet P is thin or has a high water
content due to a high density printing, intermediate serrated
rollers 74 smoothly press down sheet Pp. However, when sheet
P is thick or dry, intermediate serrated rollers 74 do not
press the sheet and recede upward as shown in. FIG. 7(b) so as
not to impair the accuracy of the feeding of sheet P. In a
preferred emboﬁlment, the pressing force which is exerted on
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As shown in FIGS. 4 and 5, the outer periphery of each |nternEd|
serrated roller 74 has a portion 74a which is cloger NTesHiad 60 in

the paper feed path than the contacting position df
sheet discharge rollers 71 and 72. TR front edge lof! : g@ g
internmedi ate serrated rollers 74 before being fed héZBﬁﬁr bt |s

di scharge rollers 71 and 72. Thus, sheet Pis prevented fromcao
ink jet head 60. Internediate serrated rollers 74 hre elastically

suspended froma plurality of respective holders 78 _by a p
sheet P by each of the plurality of rod springs 75 for each
intermediate serrated roller 74 is set to a maximum of

' approximately 11 g. This force corresponds to when the lower

sheet P i

end 74b of intermediate serrated roller 74 contacts sheet P
and is lifted to a level substantially equal té that of the
contacting position of sheet discharge rollers 71 and 72.

As shown in FIG. 3, sheet supply.roller 30 consists
of one round rod-like rubber roller, and is rotated bv a
driving mechanism which is not shown. During printiné,'zﬁter
ink jet head 60 has completed one line of printing, sheet
supply roller 30 advances sheet P by a length corresponding
to the line pitch.

Pinch rollers 40 consist of round rod-like metal
rollers. Each end portion of each pinch roller 40 is
rotatably supported by an arm portion 42 of a holder 41. Aas
shown in FIG. 4, each holder 41 also serves as a sheet guide
wnich guides sheet P along a curved face 43 opposing sheet
supply roller 30. A hook 44 is disposed on the back of each
holder 41, and a tension'spring 45 extends between each hook
44 and frame 90. Each holder 41 has a shaft 46 disposed at
each side thereof, and an arcuate projection piece 47
disposed at the center thereof. Shafts 4§ are rotatably
supported by grooves 9%a of support pieces 99 formed on frame
90, and arcuate projection pieces 47 contact the lower face
of frame 90.

Consequently, the self- -aligning function performed by
the urging force of tension springs 45 acting upon holders 41}
causes pinch rollers 40 to contact sheet supply roller 30 so
as to be rotated thereby. As shown in FIG. 3, grounding
plates 48 are attached to frame 90. The front edge 48z of
each grounding plate 48 contacts with an annular groove 40a
which is formed in the center portion of the .corresponding
pinch roller 40, whereby pinch roller 40 is groﬁnded.
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down sheet P. However, when sheet P is thick or c i nternmedi at ¢ serrated
rollers 74 do not press the sheet antiSrecede upwdrd a$2sPE8A99% FI G 7(b)

so as not to inpair the accuracy of the feeding off gheet P. 1n a preferred
enbodi nent, the pressing force which is exerted or

sbrings 75. Thus, when sheet P is thin or has a hilg W@R%EEN ft|due to
a high density printing, internediate serrated rcIPE .iLsﬁggﬁﬁly press
r
r

As shown in FIG. 1, ink jet head 60 is attached to a
carriage 61, and can eject ink of a plurality of colors to
print in color. Carriage 61 is guided by a guide shaft 52
and guide rail 63, and is driven to reciprocatg by a carriage
motor (not shown), in a direction perpendicular to the plane
of sheet P. Both an ink tank for monochromatic printing, and
an ink tank for color printing (not shown) can be mounted
concurrently on carriage 61.

The following benefits are obtained through the use
of the ink jet printer of the present invention:

(1) Sheet P which is supp_-ied by sheet supply
roller 30 is guided so that the front edge of sheet P is

- scooped up by inclined face 51b of gap defining member 50.

Also, back face Pb of sheet P contacts the uppermost faces

5la of ribs 51. Thus, the distance of the gap between sheet
- P and ink jet head 60 is accurately defined. 1Ink is
therefore properly ejected from ink jet head 60 onto surface
Pa of sheet P during printing.

The front edge of sheet P which is supplied by sheet
supply roller 30 is scooped up by inclined face 51ib and
therefore accurately guided to ink jet head 60. Even if
sheet P curls due to moisture or the like, or if the front
edge of sheet P is directed downward with respect to the
paper feed path after being wound on sheet supply roller 30,
the front edge of sheet P is scooped up by inclined face 51b
so that sheet P is accurately guided.

Accordingly, the structure described above is
particularly effective when sheet supply roller 30 is a
roller for supplying a sheet wound thereon. Since sheet
supply roller 30 is not required to be divided into short
rollers and can consist of a single long rod-like roller, it
is possible to insure a stable sheet supply operation.

Ink reservoir grooves 5lc are formed oniinclined
faces 51b of ribs 51. If an ejection of ink onto inclined
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face 51b occurs when the printer is idle;this—ink—is -trapped
in ink reservoir grooves 5lc and is- prevented from dripping
down along inclined face 51b. Consequently, sheet supply
roller 30, and the like are prevented from being smeared with
ink. |

(ii) The provision of ink reservoir grooves 51c
allows inclined face 51b of rib 51 to be disposed at a
position confronting ink jet head 60. This allows ink jet
head_EO to be located as close to sheet supply roller 30 as
possible, and accordingly, reduces the unprintable area at
the rear end portion of sheet P.

_ More specifically, since inclined face 5lb is a
gentle slope, the:front edge of sheet P can be guided more
smoothly. However, as is shown in connection with the
proposed printer of FIG. 15, when the incline of a face 3a’
is made more gentle, inclined face 3a‘’ may extend into the
printing region A. Without any ink reservoir grooves, any
ink ejected while the printer is supposed to be idle easily
drips down inclined face 3a‘. In order to allow inclined
face 3a’ to be sufficiently gentle to preclude ink from
dripping down inclined face 3a‘’, an ink jet head 2 must be
disposed at a position further to the left in FIG. 15 so that
a printing operation is performed on the horizontal portion
of a guide face 3. However, when ink jet head 2 is disposed
in this left position, printing region A is situated further
from a sheet supply roller 1 and pinch roller la. Thus, the
unprintable area at the rear end portion of a sheet P’ is
enlarged. This is because once sheet P’ is released from
between sheet supply roller 1 and pinch roller la, the
distance of the gap between the surface of sheet P and ink
jet head 2 becomes unstable, and a desired print diétance
cannot be maintained. -

In contrast, according to the ink jet pfinter of the

present invention, ink reservoir grooves 51c allow inclined
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sheet P by each of the plurality of rod springs 75 for each internedi ate
serrated roller 74 is set to a maxi num of approxigetely 11 g This force
corresponds to when the |lower end 74b of |nterneoldﬁ?L@@ﬂW@ﬂegHEgﬁIer 74

contacts sheet P and is lifted to a-l evel SUbStaFtldlly egtet—tet Hat  of
the contacting position.of sheet discharge roller]s gps 6

shown in FIG 3, sheet supply roller 30 consists |of oﬂ 3 ﬁ@9$0(
roller, and is rotated by a driving nmechari:

r ubber

As
-1 ke
maxhich i s nof hown.

During printing, after ink jet head 60 has conpl gted one line of printing,

sheet

face 51b to be disposed at a position confronting inﬁ jet
head 60. Any ink ejected during an idle ejection will be
retained by ink reservoir grooves 5lc, and will thus keep the
ink from dripping down inclined face 51b, and from staining
sheet supply roller 30. This enables ink jet head 60 to be
located as close to sheet supply roller 30 as possible.

Thus, the size of the unprintable area at the rear end
portion of sheet P’ can be reduced.

(iii) Sheet P is printed upon while back face Pb of
sheet P contacts ribs 51 of gap defining member 50 so that
the distance of the gap between shest P and ink jst head 60
is accurately maintained. Since ribs 51 extend in the
direction of the paper feed path, they do not interfere with
the feed of sheet P.

The plurality of ribs 51 are spaced in
perpendicular to the paper feed path. Even if ink dots are
formed on sheet P in a high density, and water in the ink
causes the sheet to warp, ribs 51 function so that the
swollen portions of sheet P enter spaces 51s between ribs 51
as shown in FIG. 3. Thus, even if sheet P is warped by water
in the ink, sheet P is prevented from coming into contact
with, or rubbing against ink jet head 60. The operation of
these spaces will be described in detail with reference to
FIGS. 8(a) to 8(c) which are schematic front views
illustrating the function of ribs 51 and spaces 51s.

In FIG. 8{(a), L designates and ideal gap between ink
jet head 60 and sheet P when sheet P is not warped. If sheet
P is warped by water in the ink, peaks Pc of warped sheet P
may rub against an ink ejection face.60a of ink jet head 60.
In order to solve this problen, it is possible to set a large
gap L1 between ink jet head 60 and planar portion 51f as
shown in FIG. 8(b). However, if this is done, when sheet P
is not warped, the gap L1 between sheet P adjacént planar
portion 51f and ink jet head 60 becomes too large. An ideal

direction
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supply roller 30 advances sheet P by a length corresponding to the line

pitch. Pinch rollers 40 consist of round rod-lﬂgpuﬁﬁﬁﬁwgghg

Each end portion of each pinch roller 40 Ls zotataﬁly
ortion 42 of a holder 41. As shown in {3 , eac % _
gs a sheet gui de which gui des sheet P along a curved face14§DEﬁpg96ng gheet

supply roller 30. A hook 44 is disposed on the back df Jeach holder.4l, and
a tension spring 45 extends between each hook 44 and |frane 90 Eactholider

41 has a shaft 46 di sposed at
print state cannot be obtained since the distance-between ink
jet head 60 and sheet P on which an ink drop ejected from ink
jet head 60 lands, is enlarged thereby increasing the
deviation of the actual landing positioﬁ from the ideal

drm
ol{der 41 al so sdrJes

n
v
D
ml

landing position.
In contrast, according to the present invention,

sheet P is guided by ribs 51 as shown in FIG. 8(c). During a
normal print operation in which the printing density is
relatively low, or when a sheet is not warped, flat sheet P
is guided by the upper faces of ribs 51 so that an ideal gap
distance L is achieved between sheet P and ink jet head 60.
If ink dots are formed on sheet P in a high density and water
in the ink causes shest P to warp, valley portions Pd of
sheet P enter spaces 51s between the ribs 51 by gravity.
Therefore, even if sheet P is warped, peaks Pc of sheet P are
prevented from coming into contact with, and from rubbing
against ink jet head 60.

The plurality of rubber rollers 71 are disposed under
sheet P not as a single-long rod-like roller, but as a
plurality of thin rollers which are arranged in the width
direction of sheet P. This configuration allows valley
portions Pd of sheet P which is warped by water in the ink,
to sag more effectively. It is preferable to set the width
of each rubber roller 71 to be as small as possible but
within a range where the sheet conveying capacity of each
rubber roller 71 is not impaired. 1If rubber rollers 71’ are
too wide, as shown in FIG. 9(a), the valley portions Pd of
warped sheet P will be situated on roller 71. Thus, the peak
Pc would be raised even if sheet P is pressed by serrated
rollers 72.

-As shown in FIG. 9(b), in order to avoid this problem
rubber rollers 71 are formed so that their w1dth W is smaller
than the pitch Pl of the wave shape of the warped sheet.
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I de thereof, and an arcuate projection piece 47 disposed.at the
gZﬁPef thereof. Shafts 46 are rotatably supported hy—grooves 99a of support
pi eces 99 formed on frane 90, and arcuate projecti nﬂﬁpgﬁggMEﬂ? g@qﬁa t the
| ower face of frame 90. Conseqient |y, the ge cfion
perfornmed by the urging force of tension springs 44 ctégggé on hoId rs 41
causes pinch rollers 40 to contact sheet supply rol}l g
rotated thereby. As shown in FIG 3, grounding pl atjed_48 are attac e to

frame 90. The front edge 48a of

jl_

This configuration allows valley portions Pd of warped sheet
P to properly sag between each rubber roller 71.

As shown in FIG. 18, the conventional ink jet printer
of U.S. Patent 5,291,227 as described above has a plurality
of ribs 6. However, ribs 6 do not project from the planar
portion of a frame 6c but rather act as a bridge between the
portions of frame 6c. If a sheet of paper is warped because
of a high density printing, and the valley portions of the
sheet enter the spaces between ribs 6, the front edge of the
sheet may come in contact with an edge 6d of frame 6c,
thereby causing a sheet supply failure.

In contrast, according to the ink jet printer of the

invention, ribs 51 project from planar portion 51f of

ct

resen

o]

defining member 50. Even if a sheet is warped and valley

te]
o]

a
portions Pd of sheet P enter spaces 51s between ribs 51, the
advancement of the front edge of sheet P is not impeded.

(iv) Sheet P is held under tension between sheet
supply roller 30 and each of the pairs of sheet discharge
rollers 71 and 72. Wwhen ink dots are formed on sheet P in a
high density and sheet P is warped by water in the ink, the
degree of warping of sheet P is reduced by the tension acting
on sheet P. Since gap defining member 50 contacts back face
Pb of sheet P while guiding sheet P toward ink jet head 60,
the warped portions of sheet P are placed at positions which
are relatively distant from ink jet head 60.

Therefore, even when a sheet is warped, sheet P is
prevented from coming in contact with and from rubbing
against ink jet head 60. As described above, the valley
portions of sheet P enter spaces 51s between ribs 51, and
warped sheet P is prevented from goming in contact with, and
from rubbing against ink jet head 60.

The conveyor roller consists of the pluralluy of
pairs of roller units 71 and 72 which are spaced in the width
direction of the paper feed path. 1Intermediate serrated
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each grounding plate 48 contacts with an annul ar groove 40a which is fornmed
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in the center portion of the correspondi ng pinch rpH-ef 49———-—Me+e-by—p| nc
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rollers 74, which urge -sheep P away from ink jet head 60, are disposed between the
plurality of pairs of roller units 71 and 72 on upper surface Pa of sheet P. The
intermediate serrated rollers 74 contact the sheet P at points vertically further from ink
jet head 60 thaﬁ the contact points of the roller units 71 and 72. As shown in FIG.
10(a), intermediate serrated rollers 74 further insure that sheet P does not come into
contact with ink jet head 60 even if sheet P is warped. .

Intermeaiate serrated rollers 74 are not provided in opposition to rubber rollers 71
of the plurality of discharge roller pairs 71 and 72 or in opposition to additional rubber
rollers 76 as shown in FIG. 10(b). This is because if intermediafe serrated rollers 74
were to be disposed as shown in FIG. 10(b), sheet P would be lifted to a level as high as
the upper end of additional rubber rollers 76 and sheet P would not properly be
supported by ribs 51.

As shown in FIG. 10(c), if additional intermediate serrated rollers 74" are added
to the configuration shown in FIG. 10(b), the gaps between the rubber rollers 71 and 76
are too small to allow sheet P to sag to a sufficient degree by gravity. Thus, sheet P
would be lifted in the vicinity of rubber rollers 71 and additional rubber rollers 76.

In contrast, if no intermediate serrated rollers 74 are disposed between discharge
roller pairs 71 and 72 as shown in FIG. 10(d), sheet P may be lifted as shown when the
printing density is relatively low and the sheet is not warped or when an envelope is to
be printed upon. Therefore, the gap between the pairs of sheet discharge rollers 71 and
72 is set so that sheet P, on which a high density print operation has been performed and
which therefore has a high water content, will sag by gravity. Intermediate serrated
rollers 74 are disposed to urge sheet P further away from ink jet head 60 than the
contacting position between each pair of roller units 71 and 72.

As shown in FIG. 5, since the outer periphery of each
intermediate serrated roller 74 has a portion 74a which is

I
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As shown in FIG 1, ink jet head 60 is attached to a

carriage 61, and can eject ink of a plurality of colors to print in color.
Carriage 61 is guided by a.guide shaft 62 REPLACEMENT SHEET
- 21 -
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closer to ink jet head 60 than the contact position of the
respective pair of sheet discharge rollers 71 and 72, the
front edge of sheet P first contacts intermediate serrated
roller 74 before contacting sheet discharge rollers 71 and
72. Therefore, sheet P is accurately guided between
discharge rollers 71 and 72, and is further prevented from
coming in contact with, and from rubbing against ink jet head
60. As shown in FIGS. 7(a) and 7(b), since each intermediate
serrated roller 74 is supported by an elastic member 75,
sheet P can be guided and urged away from ink jet head 60

more smoothly.
(v) The substantially trapezoidal shape of each rib
51 in side view produces the following benefits:

(a) In a serial printer which seguentially
receives print data for each line from a host computer and
conducts a printing in the unit of one line, or in other
types of printers, a sheet of paper may need to be fed in the
reverse direction. For example( if after printing a standard
character, an enlarged character is to be printed on.the next
line and the top position of the enlarged character is
located higher than the lower portion of the standard
character printed in the previous line, the sheet is fed in
the reverse direction, and the enlarged character is printed.
The enlarged character is printed by a split printing
operation, wherein the scanning of ink jet head 60 and the
feeding of a sheet of paper by the length corresponding to
the height of the printing region A shown in FIG. 4, are
repeated plural times.

If an envelope or other sheet having a portion on its
back face which may impede the reverse sheet conveyance
(é.g. the flap of an envelope) is to be printed upon, and

the ribs do not have a trapezoidal shape in 51de view but

rather have a rectangular shape in a side view (see 51’ of
FIG. 13(a)), the portion may be caught on the ribs during the
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and guide rail 63, and is driven to reciprocate by a carriage notor (not
shown), in a direction perpendicular to the plane of speet P __Both an ink
tank for monochromatic printing, and an ink tank for CD|WEHE£EMENTQ*@Q?t
shown) can be mounted concurrently on c&& ri age 61. _ +he—+ollouwing
benefits are obtai ned through the use of the ink jet p'lwtqt%of t he present
i nventi on: (i) Sheet P which is supplied by shget s @ mﬁﬁler 30
is guided so that the front edge of sheet P is scooped]up_hy inclined |face
51b of gap defining menber 50.

reverse conveying process. A pitch failure may occur in the

reverse feeding distance and the feeding distance in the
immediately subsequent forward feed will be incorrect. 1In
contrast, according to the ink jet printer of the present
invention, since ribs 51 have a substantially frapezoidal
shape in side view, a flap of an envelope or the like will
not be caught on ribs 51 even if the envelope or sheet is fed
in the reverse direction. Thus, a pitch failure due to an
improper feed is prevented.

(b) If ribs 51'' were to have the shape as
shown in FIG. 1ll(a), and sheet P were formed of curled thick
paper (e.g., a postéard), when sheet P was to be discharged
from the printer the rear end Pe of sheet P would be
supported by the upper faces of the ribs 51’'’. Serrated
rollers 72 of the discharge roller pairs may be lifted by
sheet P and a sufficient sheet discharging force will not be
imparted to sheet P from discharge rollers 71 and 72. Thus,
a paper feed jam will occur.

In contrast, ribs 51 in the present invention have a
trapezoidal shape in side view. As shown in FIG. 11(b), the
rear edge Pe of curved sheet P quickly leaves uppermost faces
S5la of ribs 51 so that serrated rollers 72 of discharge
roller pairs 71 and 72 are not lifted by curved sheet P.
Therefore, a sufficient sheet discharging force will. be
imparted to curved sheet P and no paper feed jam will occur.

(c) If a printing operation is performed in
the vicinity of a front edge Pf of sheet P as shown in FIG.
12(a), this portion of sheet P may be curled. If ribs 51'°
are shaped as shown in FIG. 12(a), front edge Pf of sheet P
will be supported by the upper faces of ribs 51’’ until front
edge Pf of sheet P reaches the plurality of pairs of sheet
discharge rollers 71 and 72. This causes sheet P to be
raised and contact with ink jet head 60 is moreilikely. In
contrast, according to the present invention ribs 51 have a
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; 51a of ribs 51.
Al so, back face Pb of sheet P contacts the uppernost faces _
Thus, the distance of the gap between sheet P and ink jet head 60 is

. . : o 60
accurately defined. Ink is therefore properly ejected f b-ﬁpﬁF%H@?ﬁ
onto surfgce Pa of sheet P during printing. _ héﬂﬁﬂgﬁﬁlpggplgf Zheet
P which is supplied by sheet supply rétler 30 is scoopefl up by inclin d
face 51b and therefore accurately guided to ink jet hpa{l 602 DB et

P curls due to noisture or the like, or if the front ¢dge of sheet P .s
diréected dowmmward with respect to the

substaﬁtially trapezoidal shape in side view. Thus, front
~edge Pf of sheet P quickly leaves uppermost faces S5la as
shown in FIG. 12(b). Sheet P is not raised, and is therefore

is less likely to contact ink jet head 60. _

(d) As described above, the présent invention
is provided with intermediate serrated rollers 74 for urging
sheet P downward to a position which is lower than the
position at which each of the pairs of roller units 71 and 72
contact each other.

If ribs 51'’ were to have the shape shown in FIG.
13(a), front edge Pf of sheet P would be forced against
intermediate serrated rollers 74, in a perpendicular
direction. This would cause a problem in the sheet supply
operation and might cause a paper feed jam. -

In contrast, ribs 51 of the present invention have a

- substantially trapezoidal shape in side view as shown in FIG.

| 13(b). Therefore, front edge Pf of sheet P easily meets
intermediate serrated rollers 74. Sheet P may be bent
slightly upon contact with intermediate serrated rollers 70
so that a smooth sheet supply operation is performed.

(vi) Guide portions 51‘e which guide front edge Pe
of sheet P toward the pairs of sheet discharge rollers 71 and
72 are disposed in the paper feed path between the pairs of
sheet discharge rollers 71 and 72, and ribs 51. Ribs 51 have
a substantially trapezoidal shape in side view. Thereiore,
front edge Pf of sheet P can be accurately guided toward the
pairs of sheet discharge rollers 71 and 72. Guide portions
5le are disposed in the paper feed path only in opposition to
the pairs of roller units 71 and 72, which constitute the
conveyor rollers, and not in other places. Thus, front edge
Pf of sheet P is accurately guided toward the pairs of sheet
discharge rollers 71 and 72, and sheet P is prevented from
coming in contact with or from rubbing against ink jet head
§0.

This Sheet Has Been Replaced




é [ 30
aper feed path after being wound on sheet supply roller ,
gfpsheet P Ps scooped up by inclined face 51b so that

gui ded.

Accordingly, the structure described ab_VBEPbﬂCEMENTdHE&fl

the front edge

at

into short rollers and can consist of a single |ong rod-|

effecti ve when sheet supply roller 30 a roller for bpupptyrmg-a-stee
wound t hereon. Since sheet supply roTIé? 30 is not req |rlkbéq8§$a$§

e

1=

Lnk reservolr

possible to insure a stable sheet supply operation.
grooves 51c are fornmed on inclined

a|y

(vii) The portion of sheet discharge tray 80 for
receiving a discharged sheet P is inclined along a direction
intersecting the paper feed path. When sheet P is discharged
from the pairs.of sheet discharge rollers 71 and 72, front
edge Pf of sheet P sags by gravity as shown in FIG. 14. A
bent portion Pg may be formed in sheet P upon contact with
sheet discharge tray 80. This bent portion may cause the
portion of sheet P which has not yet passed intermediate
serrated rollers 74 to come into contact with ink jet head
60. '

In the ink jet printer of the. present invention,
front edge Pf of sheet P is received by sheet discharge tray
80. A portion 81 of sheet discharge tray 80 which receives
front edge Pf of sheet P is inclined at an angle to the paper
feed path. Therefore, the bend of the above-mentioned bent
portion Pg of sheet P is relaxed, and sheet P is prevented
from coming in contact with ink jet head 60. Since
intermediate serrated rollers 74 are closer to ink jet head
60 than the pairs of sheet discharge rollers 71 and 72, the
bend angle of the above-mentioned bent portion Pg of sheet P
is further relaxed. Thus, the maximum height of bent portion
Pg is suppressed and sheet P is further prevented from coming
into contact with ink jet head 60.

(viii) When a color printing operation is to be
performed by ejecting a plurality of different colored ink
dots from ink jet head 60, new ink dots are formed on
existing ink dots, and thus the degree of warping of sheet P
is particularly increased. However, warped sheet P is
prevented from coming into contact with ink jet head 60
through the use of the present invention. Thus, the benefits
are applicable also to multi- color printing.

While the printer in accordance with . the invention is
shown used in conjunction with a sheet of paper, other print

mediums, such as envelopes or non-paper mediums, may be used.
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féces 51b of ribs 51. If an ejection of ink onto inclgnpd
- 16 - REPLACEMENT SHEET

12 DEC 1996

It will thus be seen that the objects set forth
above, and those made apparent from the preceding
description, are efficiently attained and, since certain
changes may be made in the above construction without
departing from the spirit and scope of the invention, it is
intended that all matter contained in the above description
or shown in the accompanying drawings shall be interpreted as
illustrative and not in a limiting sense.

It is also to be understood that the following clalms
are intended to cover all of the generic and specific
features of the invention herein described, and all
statements of the scope of the invention which, as a matter

of language, might be said to fall therebetween.
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face 51b occurs when the printer is idle, this ink is trapped in ink"-
reservoir grooves 51c and is prevented fromdripping down along inclined
face 51b. Consequently, sheet supply roller 30, and the |like are prevented

fron1be|ng—SﬁﬁaredﬂmTTT‘TﬁR‘
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1. -An ink jet printer for imprinting onto a piece

of printing medium, comprising: )

a supply roller for supplying said piece of
printing medium;

an ink jet head disposed adjacent said supply
roller for ejecting ink onto said piece of printing medium
during a print operation;

an inclined face disposed in opposition to said
ink jet head for scooping up a front edge of said piece of
printing medium supplied by said supply roller; and

ink reservoir grooves disposed in said inclined

face for retaining any excess ink on said inclined face.

2. The ink jet printer of claim 1 wherein said
supply roller comprises a single roller extending across
substantially the entire width of the printing medium path.

3. The ink jet printer of claim 1 wherein said
supply roller supplies said piece of printing medium to said
ink jet head,

4, The ink jet printer of claim 1 wherein a
printing medium path extends from said supply roller past
said ink jet head, said inclined face being disposed in said

printing medium path and closely adjacent said supply roller.

5. The ink jet printing of claim 1 wherein said
piece of printing medium is a sheet of paper.

6. An ink jet printer for imprintigg onto a piece
of printing medium displaced therepast along a §rinting
medium path, comprising:

NPT O R0




(}i) The provision of ink reservoir grooves 51c allows inclined face 51b

of rib 51 ta_be disposed-at—a—position confronti ng=f+ike: 60 Thi s

bk} 856
Q? | ocated as close to 'kR&?LAQEﬂENV&%ﬁETereﬁg as

allows ink jet head 60 t9 e Sl
possi bl e, arfdis %ii lm’l educes the unprintabl e]area—at—tt ﬁ?e Hes 4
h

e spetidically, singelingli
port:gnsfgpzh eN2¥ shget P can %e gui dec ngkéﬂﬁgﬂ%§ h y .
Egaever is shown in connection with the propoged-printer.o G 1

when t he |ncI|ne of a face 3a' |
an ink jet head for ejecting ink onto said

piece of printing medium during a print operation; and

a gap defining member disposed in opposition to'
said ink jet head further comprising: :

a planar portion confronting said ink jet head
for defining the distance of a gap between said ink jet head
and said piece of printing medium by supporting said piece of
printing medium on its back face; and

a plurallty of rlbs extending from said planar
portion in a direction parallel to a printing medium path
direction for guiding and supporting said piece of printing

medium.

7. The ink jet printer of claim § wherein each of
said plurality of ribs is substantially trapezoidal in shape.

8. The ink jet printer of claim § wherein said ink
jet head can eject a plurality of colors to perform a color

orint operation.

9. The ink jet printer of claim § wherein said
piece of printing medium is a sheet of paper.

10. An ink jet printer for imprinting on a piece of

orinting medium, ‘comprising:

a supply roller rotating at a first speed for
supplying said piece of printing medium;

conveying rollers rotating at a second speed
greater than said first speed for conveying said piece of
printing medium from said supply roller;

an ink jet head disposed between said supply
roller and said conveying rollers for ejecting lnk onto said
piece of printing medium during a print operatlon and

[N - Ty
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inclined face 3a' may extend into the printing region

any ink ejected while the printer is
e @F el @ hent0—ad | OW

I's made nore gentl e,

A. Wthout any 1 nK TeServoit guoovgs, LA

] ] i gdrips down incline e _

supposed to ’lthBShéilRas@@eillieMacfeéjrl p R PLAC BT SHEETPRI g
i dn

inclined fac iciently28entle to precl}
Iolown incli nedﬂl%lﬂ“’lﬂ“ﬂ'l nk jet head 2 rrustt_l:)e di sp > ! a;pcsr“tor n
that a printing opegr
a gui de face 3. Howsver .| vher 4 REC] BB ndad 2

further to th
[ ion of a quide face 3. However, a
on the horizontal porti g SRS AN T ek B o 8

is disposed in this left position,
a gap defining member dispos

TWEen said
supply roller and said conveying rollers for defining the
distance of a gap between said ink jet head and said piece of
printing medium by supporting said piece of Printing medium

on its back face.

11. The ink jet printer of claim 10, wherein said
cenveying rollers consist of a plurality of pairs of rollers
disposed across a8 printing medium path, each pair of rollers
being in pressing contact at a contact position and being in
spaced relation with the adjacent pair or pairs of rollers.

12, The ink jet printer of claim 11, further
comprising a plurality of intermediate serrated rollers, each
having an outer periphery, disposed between each adjacent
pair of rollers for urging said piece of pPrinting medium
further away from said ink jet head.

13. The ink jef printer of claim 12, wherein said
outer periphery of said intermediate serrated rollers at a
point of contact with said piece of printing medium is
farther from said ink jet head than said contact position of

said pairs of rollers.

14. The ink jet printer of claim 12, wherein each
of said plurality of intermediate serrated rollers is
supported on the side of said piece of printing medium facing
said ink jet head by an elastic member so as to contact and
urge said piece of printing medium away from said ink jet

head.
15. The ink jet printer of claim 12: wherein each of

said plurality of intermediate serrated rollers are spaced
sufficiently from the adjacent joining pairs of conveying

* ¢ L M N *
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froma sheet supply roller 1 and pinch roller

lla. Thus, the unprintable

onhce sheet P

roller
] et head 2
mai nt ai ned.

pr esent |nvent|on,,ink reservoir grooves 51c allow indl

area at the—+ear—end portion of a sheet P is enlargetk +8-PecCAUSE
i ? rel eased from between sheet supply }oRERUACEMENT HEREN
e

agsfl t he gap between the surfade [of sneet Pan nk
| e, and a ded%red print distdnde 19 9?9
trast, according to the ink jjet pr| t he

1 norl

rollers to allow said piece of printing medium to sag in the

region therebetween.

16. The ink jet printer'of claim 10, further
comprising a discharge tray disposed adjacent eaid conveying
rollers for receiving said piece of printing medium conveyed
by said conveying rollers, said discharge tray intersscting

said paper feed path at an ineclined angle.

17. The ink jet printer of claim 10, wherein said
gap defining member further comprisss a plurality of =ribs
extending in the direction parallel to a printing medium

path.

18. The ink jet printer of claim 17, wherein each
of said plurality of ribs is substantially trapezoidal in

shape.

19. The ink jef printer of claim 17, further
comprising guide portions disposed between said gap defining
member and said plurality of conveying rollers for guiding ;
front edge of said piece of printing medium toward said

plurality of conveying rollers.

20. The ink jet printer of claim 19, wherein said
guide portions are disposed in opposition to said plurality

of pairs of conveying rollers.

21. The ink jet printer of clalm 10, wherein said
ink jet head ejects a plurality of colors to perform a color

print operation.

22, The ink jet printer of claim 10 wﬁerein said
piece of printing medium is a sheet of paper.
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23. An ink jet printer for imprinting a piece of
printing medium, comprising:

a supply roller for supplying said piece of
printing medium; _ :

a plurality of pairs of conveying rollers for
coﬁveying said piece of printing medium from said supply
roller, each pair of conveying rollers being in pressing
contact at a contact position and being in spaced relation
with the adjacent pair or pairs of rollers;

an ink jet head disposed between said sheet
supply roller and said pairs of conveying rollers for
ejecting ink onto said piece of printing medium during a
print operation;

a gap defining member disposed in opposition to
said ink jet head for defining the distance of a gap between
said ink jet head and said piece of printing medium, further
comprising a plurality of ribs extending in a direction
paraliel to a printing medium path direction for guiding said
piece of printing medium, said ribs confronting said ink jet
head for defining the distance of a gap between said ink jet
head and said piece of printing medium by supporting said
sheet of paper on its back face; and

a plurality of intermediate serrated rollers,
each having an outer periphery, disposed between each
adjacent pair of conveying rollers for urging said piece of

printing medium further away from said ink jet head.

24, The ink jet printer of claim 23, wherein said
outer periphery of said intermediate serrated rollers at a
point of contact with said piece of printing medium is '
further from said ink jet head than said contact position of

said pairs of conveying rollers.
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ace ' I ti ' ink jet head 60. Any ink
face 51b to be disposed at a position confronting ink _ |
ej ected during anSFHTE??ﬁ7ﬁﬁWTﬂTﬂmrFF—bg .repalnggmgyihglidggfggggtggggggﬁz
- | i ' om dri ppi ng Lhace S1BHE
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fromstaining she : .
| ocated as cl ose tj"mgamgﬂﬂﬂ roller 30 as possible. Tjus.l %gﬂ_?t ggl??gd f
the unprintable area a it end. portion of sheet P} ¢an edUu |

25. The ink jet head of claim 23, wherein each of
said plurality of intermediate serrated rollers is supported
on the side of said piece of printing medium facing said ink

jet head by an elastic member so as to contact and urge said

piece of printing medium away from said ink jet head.

26. The ink jet printer of claim 23 wherein said
plurality of intermediate serrated rollers are spaced
sufficiently from the adjacent pairs of conveying rollers to
allow said piece of printing medium to sag in the region

therebetween.

27. The ink jet printer of claim 23, wherein each
of said plurality of ribs is substantially trapezoidal in

shape.

28. The ink jet printer of claim 27, further
comprising guide portions disposed between said gap defining
- member and said plurality of conveying rollers for guiding a
front edge of said Piece of printing medium toward said

plurality of pairs of conveying rollers.

29. The ink jet printer of claim 28 wherein said
guide portions are disposed in opposition to said Plurality

of pairs of conveying rollers.

30. The ink jet printer of claim 23, further
comprising a discharge tray disposed adjacent said conveying
rollers for receiving said piece of printing medium conveyed
by said conveying rollers, said discharge tray intersecting

said printing medium path at an inclined angle.
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(i1i) Sheet P is printed upon while back face Pb of sheet P contacts ribs

51 of gap defining nenber 50 so that the distance of the gap between sheet

P and ink jet head 60 is accurately maintained. Since ri
direction of the paper feed path, they do not interfere

sheet P. The plurality of ribs 51 are spaced in aldi
perpendi cul ar to the paper feed path. Even if ink dots ar
Pin a high density, and water in'the ink causes the sheet]t
function so that the -32-

rection
or Rdpeg 1996 et
o warp, ribs 31

31. Th¢ ink jet printer of claim 23, wherein said ink Jet head ejects a plurality of

colors to perform a color print operation.

32. The ink jet printer of claim 23, wherein said piece of printing medium is a

sheet of papef.

33. Anink je; printer substantially as shown in or as described with reference to

any one of figures 1 to 15 of the drawings.
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swol I en portions of sheet P enter spaces 51s between ribs 51 as shown in
FIG 3. Thus, even if sheet P is warped by water in the ink, sheet Pis
prevented fromcomng into contact with, or rubbing against ink jet head
60. The operation of these spaces will be described in detail with
reference to FIGS. 8(a) to 8(c) which are schematic front views
illustrating the function of ribs 51 and spaces 51s. In FIG 8(a),
L designates and ideal gap between ink jeB3head 60 and sheet P when sheet P
is not warped. If sheet P is warped by water in the |nk peaks Pc_o r ped

sheet P é\“&’\LACtMENT SHEET
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INK JET PRINTER

ABSTRACT

An ink jet printer having an ink jet head (60) for ejecting ink onto a sheet of
paper (P) or the like during a printing operation is provided. A gap defining member
(50) is also provided in opposition to the ink jet head. The gap defining member (50)
has a planar portion which supports the sheet of paper (P) or the like on its rear face
(Pb), and thus defines the distance of the gap between the sheet of paper (P) and the ink
jet head (60). The gap defining member (50) also has a plurality of ribs (51) extending
from the planar portion in the direction of the paper feed path. These ribs (51) help to

guide and to further support the sheet of paper (P) or the like.

Figure 4.
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may rub against an ink ejection face 60a of ink jet head 60. In order to
solve this problem it is possible to set a |large gap L1 between ink jet

head 60 and pl anar portion 51f as shown in FIG 8(b). Howevetrr—if—thimGmi-s
done, when sheet P is not warped, the gap L1 between sheet P BEfLACEWENT SHEET
pl anar portion 51f and ink jet head 60 becones too |arge. Ah jfteat
1 12 DEC 1996
L}

FIG. 1
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18 - print state cannot be obtained since the distance between ink
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] et head 60 and sheet P on which an ink drop ejected fromink jet head 60
is enlarged thereby increasing the deviation of the actual |anding

| ands,
position fromthe ideal |anding position. In contrast, according

to the present invention, sheet P is guided by ribs 51 as in FI G

e

8(c). During a nornmal print operation in which the printirl-ﬁkpg' '
relatively low, or when a sheet is not 3arped, flat sheet P | %EEME%FéWEET
t he upper faces of ribs 51 so that an ideal gap distance L achi eved
bet ween sheet P and ink jet head 60. 12 DEC 1994
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If ink dots are forned on sheet P in a high density and water in the ink
causes sheet P to warp, valley portions Pd of sheet P enter spaces 51s
between the ribs 51 by gravity. Therefore, even if sheet P is warped,
peaks Pc of sheet P are prevented fromconmng into contact with, and from
rubbi ng against ink jet head 60. The plurality of rubber rollers

71 are disposed under sheet P not as ajsingle |ong rod- IlanLQLLer but as

a plurality of thin rollers which are arranged in the width Hi
sheet P. This configuration allows valley EP@R&MENTQ%EET

‘%
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portions Pd of sheet P which is warped by water

capacity of each rubber roller
are too wide, as showmm in FIG 9(a),
Pwll be situated.on roller

71. Thus,

sheet P is pressed by serrated rollers

order to avoid this problem

"'

&

71 i s not

FIG. 5

This Sheet Has Been Repl

L

I

I mpai r ed.
the valley portions Pd of warped sheet

in the ink, to sag nore
effectively. It is preferable to set the width of each rubber roller 71 to
be as snmall as possible but within a range where the sheet conveying

|f rubber rollers 71

he peak Pc woul d be raised even if

2.

L

45

As shown - in FIG 9(b), in
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rubber rollers 71 are forned so that their width Wis smaller than the
pitch Pl of _the wave shape of the warped sheet.

-19-
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This configuration allows valley portions Pd of warped sheet Pto
properly sag between each rubber roller 71. As shown in FIG 18,
the conventional ink jet printer of U S. Patent 5,291,227 as descri bed
above has a plurality of ribs 6. However, ribs 6 do not pProjeet-ds-em-
planar- portion of a frame 6¢c but rather act as a bridge RetbBeAURT SHEET
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portions of frame 6¢. If a sheet of paper is warped because of a high
density printing, and the valley portions of the sheet enter the spaces
between ribs 6, the front edge of the sheet may cone in contact with an
edge 6d of frame 6c¢, t her eby causing a sheet supply failure. In
contrast, according to the ink jet printer of the present invention, ribs
51 project fromplanar portion 51f of OI?ap defining nenber 50. Even if a
“sheet is warped and valley portions Pd”of sheet P enter spaces 51s between
ribs 51, the -advancenent of the front edge of sheet P is not inpeded.
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(iv) Sheet P is held under tension between sheet supply roller 30 and
each of the pairs of sheet discharge rollers 71 and 72. When ink dots are
formed on sheet Pin a high density and sheet P is warped by water in the
ink, the degree of warping of sheet P is reduced by the tension acting on
sheet P. Since gap defining nenber 50 contacts back face_ Pb of sheet P

whil e guiding sheet P toward ink jet hgad 60, the warp ‘rrtms “Ofee s»hee}
P are placed at positions which are relatively distant rB Ahﬁ“‘}f@f IhiE&T
60. Therefore, even when a sheet is warped, shee I's
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prevented fromcomng in contact wwth and from rubbing against ink jet head
60. As described above, the valley portions of sheet P enter spaces 51s

bet ween ribs 51, and warped sheet P is prevented fromcom ng in contact

wi th, and from rubbing against ink jet head 60. The conveyor roller
consists of the plurality of pairs of roller units 71 and 72 which are
spaced in the width direction of the p3per .feed path. Internedlate serrated
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- 20- rollers 74, which urge sheep P émay fromink jet head 60, are
di sposed between the

Lo
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plurality of pairs of roller units 71 and 72 on upper surface Pa of sheet
P. The I nternmedi ate serrated rollers 74 contact the sheet P at points
vertically further fromink jet head 60 than the contact points of the
roller units 71 and 72. As shown in FIG 10(a), internediate serrated
rollers 74 further insure that sheet P does not conme into contact with
ink jet head 60 even if sheet P is warped.
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Internedi ate serrated rollers 74 are not provided in opposition to rubber
rollers 71 of the plurality of discharge roller pairs 71 and 72 or in
opposition to additional rubber rollers 76 as shown in FIG 10(b). This
i's because if internmediate serrated rollers 74 were to be disposed as
shown in FIG 10(b), sheet P would be lifted to a |level as high as t he
upper end of additional rubber rollers 186 and sheet P would not properly be
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supported by ribs 51. As shown in FIG 10(c), if additiona

I nternmedi ate serrated rollers 74" are added to the configuration shown in
FIG 10(b), the gaps between the rubber rollers 71 and 76 are too smal |
to allow sheet P to sag to a sufficient degree by gravity. Thus, sheet P
would be lifted in the vicinity of rubber rollers 71 and addltlonal rubber
rollers 76. %
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In 6ontra9t, If no internmediate serrated rollers 74 are di sposed between

t scharge roller pairs 71 and 72 as showmn in FIG 10(d), sheet P may be
lifted as shown when the printing density is relatively |ow and the sheet
i's not warped or when an envelope is to be printed.upon. Therefore, the
gap between the pairs of sheet dischagge rollers 71 and 72 i s.8et so that
sheet P, on which a high density print operation has been performed and
whi ch therefore has a high water content, will sag by gravity. Internediate

serrated -
AEPLACEMENT SHEET

INK JET PRINTER 22 JAN 1998

This invention relates generally to an ink jet
printer, and more particularly to an ink jet pfinter in which
a sheet of paper is supplied by a sheet supply roller and ink
is ejected from an ink jet head onto the surface of the sheet
of paper during a print operation.

In a proposed ink jet printer such as that shown in
FIG. 15, a sheet of paper P is supplied to and wound on a
sheet supply roller 1. An ink jet head 2 ejects ink while
reciprocating in a direction perpendicular to the plane of
FIG. 15 across the face of sheet P. Thus, a print operation

. is performed on the surface of sheet P as it is incrementally
supplied from sheet supply roller 1. A designates a printing
region accessible to ink jet head 2. A sheet guide 3 has a
guide face 3a extending in a direction perpendicular to the
plane of FIG. 15. Guide face 3a comprises a horizontal face
and supports the back of sheet P so as to define the width of
a gap between ink jet head 2 and sheet P. A sheet discharge
roller 4 discharges sheet P after it is printed upon. In
this proposed printer, an undesired ink ejection (referred to
as an "idle ejection") may occur in which ink is ejected from
ink jet head 2 when no sheet P is present in printing region
A. The ejected ink is blocked by sheet guide 3 so that a
sheet which subsequéntly reaches sheet supply roller 1 is not
stained with ink. Specifically, since guide face 3a extends
horizontally, ink impinged on guide face 3a is prevented from
dripping onto sheet supply roller 1, and is therefore
prevented from Smearing on sheet P. Ink deposited on guide
face 3a is solidified by drying before the next sheet P is
fed. _

An idle ejection is caused when, after a sheet
detection sensor (not shown) located before ink jet head 2 in



roll'ers 74

than the contacting position between each pair of ro

As shown i
serrated r

osed to urge sheet P further away from.ink-j-et—head60
orastih ° ngxpl_y:im’\t'ﬂ\mﬁi'{&lﬁﬁj 72.
n FIG 5, since the outer periphery of eacp {ntermediare

oller 74 has a portion 74a2mh|ch i s 22 JAN 1998

the paper feed path detects sheet P, a sheet supply failure
or the like occurs so that sheet P fails to reach printing
region A. Once the sheet detection sensor detects a sheet,
ink jet head 2 operates on the assumption that sheet P will

- arrive in printing region A a prescribed period thereafter.

Therefore, if a jam occurs and sheet P does not reach region
A, ink jet head 2 will eject ink onto sheet guide 3.

FIG. 16 shows a conventional ink jet printer
disclosed in Unexamined Japanese Patent Publication (Kokai)
No. Hei. 3-128268. A sheet of paper P is wound on a sheet
supply roller 1’. An ink jet head 2’ ejects ink from nozzles -
22’ while reczprocatzng in a direction perpendicular to the
plane of FIG. 16. A print operation is performed on a
surface Pa of sheet P which is supplied from sheet-sﬁpply
roller 1. A gap defining member 3’ has a defining face 3¢’
extending in a direction perpendicular to the plane of FIG.
16. Defining face 3c’ is a flat face and supports the back

- face Pb of sheet P so as to define the distance of the gap

between ink jet head 2 and sheet P.

FIGS. 17 and 18 depict another conventional ink jet
printer disclosed in United States Patent 5,291,227. A
printing region Par, where ink ejected from an .ink jet head 5
is deposited on a sheet P during a print operation, is
provided in a paper feed path. Paper feed path 3 is
substantially planar so that sheet P is accurately conveyed
irrespective of the thickness of the sheet and a print
operation is performed at a predétermxned position. Sheet
front edge guide members 6 each having a guide surface 6a are
disposed between sheet supply rollers 8 and sheet discharge
rollers 9. Guide surfaces 6a are separated by a gap S from
sheet P which is sandwiched between sheet supply rollers 8
and also between sheet discharge rollers 9. Gu;de surfaces
6a are formed so that the- gap S between guide surfaces 6a”a
sheet P gradually decreases in the downstream direction of _'J
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closer to ink jet head 60 than the contact position of the
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paper feed path 3. If ink is deposited on guide surfaces 6a,
sheet P is prevented from being stained with ink. As shown
in FfG. 18, each of guide members 6 is formed as a rib, and
an ink absorbing member 7 is disposed under each of guide
members 6. .

However, the above-mentioned ink jet printers have
generally suffered from the following problems:

Problem 1 ,

In the ink jet printer as shown in FIG. 15, the front
edge of sheet P may not be delivered to ink jet head 2 at the
proper angle. This angle is determined by sheet supply
roller 1 and pinch roller la. Thus, sheet P may not be
properly guided by sheet guide 3.

When the front edge of sheet P is éupplied at an
angle which is more downward than required, as indicated by
arrow P’ in FIG. 15, the front edge of sheet P may come into
contact with front end 3b of sheet guide 3 so that a paper
feed jam may occur. This contact with front end 3b may occur
if sheet P is caused to spontaneously curl by moisture or the
like, or if sheet P which is originally flat is caused to
curl during the winding of sheet P on sheet supply roller 1.

In order to remedy this situation; the following
measures have been employed in the conventional art.

First, a plurality of short rollers have been used in
place of sheet supply roller 1. Front end 3b of sheet guide
3 is then located between the short rollers so as to
accurately guide the front edge of sheet P. However, when
this plurality of short rollers are used in place of sheet
supply roller 1, sheet P may not be accurately guided or
supplied.

' Second, guide face 3a has been inclined as indicated
by dotted line 3a‘ in FIG. 15, so that the front edge of
sheet P is accurately guidéd and scooped up by duide face 3a.
However, ink which has been deposited on guide face 3a during



resﬁective pair of sheet discharge rollers 71 and 72, the front edge of

sheet P first contacts internedi ate serrated roller._z4..befo

ting

sheet discharge rollers 71 and 72. Therefore, sheet pPlS: "mﬁﬁr‘ﬁtﬁ:ﬂy gui ded

between discharge rollers 71 and 72, and is further pI evented—T0In | com ng
in contact with, and from rubbi ng against ink jet Hedd ?IO QST?S,QO I n
FIGS. 7(a) and 7(b), since each internedi ate serreted? 1'}%? i
supported. by an elastic nmember 75, sheet P can be jgu “away

fromink jet head 60 nore smootdky.

an idle ejection may drip along inclined face 3a' and stain or smear on sheet supply
roller 1 and other parts.
These problems also occur with the conventional ink jet printer of FIG. 16, the
front edge of sheet P which is to be printed upon after being wound on sheet supply
roller 1' may contact lower end 3b' of gap defining member 3'. Furtﬁermorc ink whii:h. '
has been deposited on defining face 3¢ during an idle ejection may drip from lower end
3b' and stain sheet supply roller 1' and other parts.
Problem 2
In all of the above-mentioned éonventional ink jet printers, when high density
printing is performed, or when ink dots are formed on sheet p in 2 high deansity, water in
the ink may cause the sheet to warp. The warped sheet may contact and rub against ink
jet head 2, resulting in a stain on shest P. When color printing is performed, a plurality
of colored ink dots are formed on existing ink color dots. The degree of warping of
sheet P due to water in the ink is increased so that the sheet may easily come into contact
| with ink jet head 2.
This invention provides an ink jet printer for imprinting onto a piece of printiﬁ'g
medium, comprising:
a supply roller for supplying said piece of printing medium;
an ink jet head dispose& adjacent said supply roller in the direction of printing
medium supply for ejecting ink onto said piece of printing medium during a print
operation;
an inclined face disposed in opposition to said ink jet head for'sco«-aping up a front
edge of said piece of printing medium supplied by said supply roller; and
inknumhuﬁrgnxwwsdﬁpmuninsﬁdhmﬁmuiﬁmesuhnmuhﬂypeqnndkgygngzz
to a supply direction of said piece of printing medium for retaining any excess ink on
said inclined face.



(v) " The substantial ly trapezoi dal shape of each rib 51 in side view

pr oduces the follow ng benefits: (a) In a serial printer
whi ch sequentially receives print data for each Iine froma host ‘conputer

and conducts a printing in the unit of one |ine,6t~+f-ot-her.types of
printers, a sheet of paper may need to be fed in tﬂE@Lﬁ@‘WﬁefﬂFﬂTeCtlon For

exanple, if after printing a standard character,] gn—entarged—ehardcter is
to be printed on the next line and the top positic 2 gﬁ fggharge-d
character is |ocated higher than the |ower portijoqd o 2(?‘1 S dardg

- 5 -

Thus, an ink jet printer having an ink jet head for ejecting ink onto a sheet of
paper or the like during a printing operation is provided. A gap defining member is also
provided in opposition to the ink jet head. The gap defining member has a planar
perdon which supports the sheet of paper or the like on its rear face, and thus defines the
distance of the gap Be:ween the sheet of paper and the ink jet head. The gap defining
member also has a plurality of ribs extendiﬁg from the planar portion in the direction of
the paper feed path. These ribs help to guide and to further support the shest of paper or
the like. To further aid in 'g'uiding and supporting the sheet of paper,
the.rihs are glven a substantially trapezoidal shape.

. Preferably, the sheet supply roller
is rotated at a first speed.: Conveying rollers are rotated
at a speed slightly greater than the speed of the sheet

. supply roller. These rollers convey the sheet of paper from
the sheet supply roller. The ink jet head is disposed'
between the sheet supply roller and the conveying rollers.
The sheet of paper is held taut between the rollers. A gap
defining member is disposed between the sheet supply roller
and the conveying rollers in opposition to the ink jet head.
This gap defining member accurately defines the distfance of
the gap between the ink jet head and the sheet of paper to
improve print guality. The gap deifining member may be formed
with a plurality of ribs formed in a direction parallel to

‘the paper feed path. 1In this manner, if the sheet of paper

is warped from the ink during printing, an accurate gap can

~ Still be maintained. : : :

In addition, the conveying rollers may be formed as a
plurality of roller pairs, and intermediate serrated rollers
may be provided between these pairs. The intermediate
serrated-rollers : '

are suspended from elastic members, and push down on the



char act er
di recti on,

printed by a split printing operation,
60 and the feeding of a sheet of paper by the |len
hei ght of the printing region A shown in FIG 4,

=~ 3.
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printed in the previous line, the sheet | e e rse
and the enlarged character is printed. Tﬁ2 §g#g®%@ng'§ Icter is
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wherei n thel sicanning of ink jlet head
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el repeat ed pluralf tines.
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| tS back Tace whi gh may

I f an envel ope or other sheet having a portion on
i npede the reverse sheet conveyance (e.y8 -the flap of an envelope)lis to
be print edshpen, ofinflaper between the pairs of conveying rollers. Thus,

the sheet of paper is urged further from the ink jet head.

Accordingly, it is an object of the present invention
Lo provide an ink jet printer which accurately guides the
front edge of a sheet of paper.

Another object of the present invention is to provide
an ink jet printer in which, if an idle ink ejection occurs a
sheet supply roller and other parts are preventéd from being
stained with ink.

Yet another object of the present invention is to

provide an ink jet printe: which allows a hiqh-dénsity
pPrinting operation tc be performed in which if a sheet is
warped by water in the ink, the sheet is prevented from
coming into contact with the print head.

Still other objects and advantages of the invention
will in part be obvious and will in part be apéarent from the
specification and drawings.

' The invention accordingly comprises the features of
construction, combination of elements, and arrangement of
parts which_will be exemplified in the construction
hereinafter set forth, and the scope of the invention will be

indicated in the claims. :

For a fuller understanding of the invention,
reference is made to the following description taken in
connection with the accompanying drawings, in which:

. FIG. 1 is a side elevational view showing the
n?ernal Structure of a first embodiment of an ink jet
printer of the present invention;
.FIG. 2 is a partial enlarged front elevational view
of the ink jet pPrinter of FIG. 1;

FIG. 3 is a partial enlarged plan view of the ink jet
Printer of FIG. 1 with portions removed; .
the L FIG.'4 is a partial enlarged cross-sectional view-of
2‘e nk jet printer of F1g. 3 taken along lines IV-IV of FIG.
' .

FIG.'5 is a partial enlarged cross-sectional view of |

;he ink jet printer of FIG. 1 taken along lines V-V of FIG.



the>ribs do not have a trapezoi dal shape in side view but rather have a

rectangul ar shape in a side view (see 51'" of FIG %%ﬁﬁ%t{%ﬁ%?g%@é{'on may
be caught on the ribs during the

22 JAN B8
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FIG. 6(a) is a partial enlarged plan view showihg a

gap defininglmember of the ink jet printer of FIG. 1;
FIG. 6(b) is a left side elevational view showing 2

gap defining member of the ink jet printer ot FIG. 1;.

FIG. 6(c) is a riynt side elevational view showing a
gap defining member of the ink jet printer of FIG. l;

FIG. 7(a) is a perspective view of an intermediate
serrated roller of the present invention;

FIG. 7(b) is a perspective view of an intermediate
serrated roller of the present invention wzth its shaft
elastically defined;

FIG. 8(a) is a schematic front elevational view
illustrating the operation of an ink jet printer without
ribs; '

FIG. 8(b) is a schematic front elevational view
illustrating the operation of the ink jet printer without
ribs but with an enlarged gap:;

FIG, 8(c) is a schematic front elevational view _
illustrating the operation of the ink jet printer of the

.. present invention;

FIG. 9(a) is a schematic front elevational view
illustrating the operation of relatively wide rollers of the
ink jet printer of the present invention;

FXG. 9(b) is a schematic front elevational view
illustrag}ng the operation of preferred narrow rollers of the

‘ink jet. printer of the present invention;

FIG. 10(a) is a'schematic front elevational view K
illustrating the operation of the intermediate serrated
rollers of the ink jet printer of the present invention; .

FIG. 10(b) is a schematic front elevational view

_illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present invention when
opposed to rollers;

FIG. 10(c) is a schematic front elevational view

illustrating the malfunction of the intermediate serrated
rollers of the ink jet printer of the present- invention when

too many are present;



- Zé - reverse conveying process. A pitch failure may occur in the
reverse feeding distance and the feeding distance in the imediately
subsequent forward feed will be incorrect. In . .
REPLACEMENT SHEST
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FIG. 10(d) is a schematic front elevational view
illustrating the malfunction where the intermediate serrated
rollers of the ink jet printer of the present invention are
not used. _

FIG. 1l1(a) ié a schematic side elevational view
illustrating the malfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape;

FIG. 11(b) is a schematic side elevational view
lllustratlng the operation of the ribs of the ink jet printer
of the present invention;

FIG. 12(a) is a schematic side elevational view
illustrating the malfunction of the ribs of the ink jet
printer of the present invention if not in a trapezoidal
shape; |

FIG. 12(b) is a schematic side elevational view
illustrating the operation of the rlbs of the ink jet printer
of the present invention;

FIG. 1l3(a) is a schematic side elevational view
illustrating the mulfunction of the ribs of the ink jet.
printer of the present invention if not in a trapezoidal
shape; '

FIG. 13(b) is a schematic side elevational view
illustrating the operation of an alternative form of the ribs
of the ink jet printer of the present invention;

FIG. 14 is a schematic side elevational view
illustrating the function of the intermediate serrated
rollers and sheet discharge tray of the ink jet prxnter of
the present invention;

FIG. 15 is a side elevational view Lllustratlng an
embodiment of the proposed prlnter,

FIG. 16 is a cross-sectional view Lllustratxng an
embodiment of the conventional printer;



confrast, according to the ink jet printer of the present invention, since
ribs 51 have a substantially trapezoidal shape in side view, a flap of an

e or the like will not be caught on ribsSi—ever-fthe.envel ope or
EEZELOPS fed in the reverse directio%. Thus, a )iﬁ@ﬁﬁﬁﬁﬂt&xéﬁg f 0 an
i nproper feed is prevented. (b) I #1Ds 51'" werejtp have
the shape as shown in FIG 11(a).” &nd sheet P wer .fQ%Qegﬁgﬁsgwr ef thick
paper (e.g., a.postcard), when sheet P was to be lditscharged fromit ke
printer the rear end Pe of sheet P would be

FIG. 17 is a partially sectional view illustrating a

second embodiment of the conventional printer; and
FIG. 18 is a perspective fragmentary view
illustrating the guide members of the prior art of FIG.

17.

Referring first to FIG. 1, a number of sheets which
are to be printed upon are stacked on a sheet feed tray 10.

A sheet feed roller 20 is also provided which feeds the
sheets one by one from sheet feed tray 10.

‘A sheet P which has been fed by sheet feed roller 20

is wound on a sheet supply roller 30 to be inverted, and

ils

then delivered from sheet supply roller 30. The delivery

angle of sheet P is defined by pinch rollers 40. First,

the

front edge of supplied sheet P is guided by a gap defining
member 50, which also serves as 2 guide member. As shown in
FIGS. 3 and 4, the back face Pb of sheet P is guided while in
contact with uppermost faces 5la of ribs 51 which are formed

on- the upper face of gap defining member 50, thereby defining
the distance of a gap between sheet P and an ink jet head 60.
Ink is ejected from ink jet head 60 onto the upper surface Pa
of sheet P in order to print thereon. Sheet P which has been
printed upon is then discharged onto a sheet discharge tray
80 through a plurality of pairs of sheet discharge rollers 71
and 72 which constitute conveyor rollers. Upon discharge the
front edge of sheet P contacts an upper face 81 of sheet
discharge tray 80.

Gap defining member 50 is disposed adjacent sheet P
which is conveyed by sheet supply roller 30, and sheet
discharge rollers 71 and 72. As shown in FIGS. 3 to 6, gap
defining member 50 has a horizontal portion S1f constituting
‘a planar face portion, and ribs S1 which are formed integral
thh -and project from, horizontal portion S1f£f. A plurality
of ribs 51 are spaced in a direction perpendicular to the



' | | i v ted rollers 72 of the
ed by the upper faces of the ribs 51''. Serra |1
3Fggg;£ge rgller ngrs may be lifted by sheet P and a suff|C|ent Shfféfs -
di scharging force will not be inparted to sheet R #ffwn4¥4yummq%ich '
a paper feed jamw || occur. RERLACHIMINISBHERT Bs 51 in

and 72. Thus, ( _ 1 _ :
the present invention have a trapezoi dal shape in sideview—As~ghdwn in

P gui ckl pgefmost
FIG 11(b), the rear edge Pe of curl®d- sheet 9 .

faces 5(1a) of ribs 51 so that serrated rollers 72 jof d?gcﬁg)(g’@ Hol | ér pairs
71 and 72 are not |ifted-by curved sheet P.

direction of.the paper feed path of sheet P. As shown in
FIG. 3, four ribs 51’ are formed with a larger width and
twelve ribs 51 are formed with a smaller width. Sixteen ribs
are formed in total. 1In the specification, "r;bs 51"
includes ribs 51’ unless otherwise denoted.

Referring.now to FIGS. 4 and 5, each of ribs 51 has a
Substantially trapezoidal shape in side view which includes
an inclined face S51b, an uppermost face 5la continuing from
inclined face 51b, and a downward inclined face 51id
continuing from uppermost face Sla which extends along the
sheet conveying direction. Two ink reservoir grooves 5lc are
formed on inclined face 51b.

Inclined face 51b Scoops up the front edge of sheet P
while guiding the front edge of sheet P which is supplied by
sheet supply roller 30. Uppermost face 5la contacts back
face Pb of sheet P to define the distance of the gap between
ink jet head 60 and sheet bP. )

Guide portions 51‘'e which guide the front edge of
sheet P toward sheet discharge rollers 71 and 72 are disposed
between sheet discharge rollers 71 and 72 and ribs 51 in the
paper feed path. Guide portions 51‘e are disposed only in
the vicinity of discharge rollers 71 and 72 and not in other
places along the width of the paper feed path. As shown in
FIGS. 6(a), 6(b) and 6(c), a fixing portion 52, and
positioning portions 54 and 55 are formed at the left end of
gap defining member 50. Fixing portion 52 is integrated with
pPositioning portions 54 and 55 through flexible portions 53.
Positioning portion 54 has a rod-like shape having a U-shaped
section. Positioning portion 55 is formed with a round rod-
like shape. Semicircular recesses 94 and 95, which are
adapted to receive the lower portions of positioning portions
54 and 55, are formed on an upper edge 91 of .a frame 90.
Positioning portions 54 and 55 are closely fitted into
recesses 94 and 95, respectively, so that gap defining member



: . - ' ill be inparted to curved
Therefore, a sufficient sheet discharging force w (g? [f a printing

- d no paper feed jamw || occur.
iggfgtroﬁnis peffgrned in the vicinity of a fron RQQﬁgggggfﬁfmgfésP5i§
shown in FIG 12(a), this portion of sheet P ng¥ be bu.éFub s
oo by heounoer | aces of ibe o1 S 1 b Skl miol| dheet p

by the upper faces o . S .
fgggﬁ;ge?heypluralfﬁy of pairs of sheet d!schargF_ ILerz gé ?2 Eé Thi s
causes sheet P to be raised and contact with inkjjet hea

likely. In
50 is positioned with respect to frame 90 in the Y and 2
directions (see FIG. 6(b)). Fixing portion 52 has a

substantially disk-like shape. A tapped hole 52a is formed
at the center of fixing portion 52. Flexible portions 53
consist of four plate-spring like members which are located
at a height substantially equal to that of fixing portion 532.
A mounting portion 92 is formed at a position confronting
fixing portion 52 by partly deforming frame 90.

As shown in the figures, since gap defining member 50
is a long member, when the temperature changes, gap defining
member 50 expands or contracts in the longitudinal direction
(direction of arrow X of FIG. 6(a)). In order for the
expansion and contraction to be absorbed by flexible portions
33, flexible portions 53 are formed to extend in the 2
direction which is perpendicular to the direction of
expansion and contraction of gap defining member 50.

As shown in FIGS. 6(a) and 6(c), a flanged
positioning portion 56, a pin-like positioning portion 57,
and a fixing pPiece 58,_whicheis fixed to frame 90, are formed
at the second end of gap defining member 50. on the other
upper edge 96 of frame 90, semicircular recess 96a is formed

into which flanged pPositioning portion 56 is fitted. The
periphery of flanged Positioning portion 56 is then
sandwiched by flanges 56a, a semicircular recess 97 into
which the pin-like positioning portion 57 is fitted, and a
mounting portion 98 which is fixed to fixing piece 58.
Positioning portions 5g and 57 ére.closely fitted into
recesses 96a and 97, respectively, so that gap defiding
member 50 is positioned with respect to frame 90 in the X, Y
and Z directions (see FIGS. 6(a) and 6(c)).

Gap defining member 50 is mounted on frame 90 in the
Y direction. Positioning portions 54 and 55.are fitted into
recesses 94 and 95 of frame 90, and positionihg'portions 56
and 57 are fitted into recesses 96a and 97 of frame 90.
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Thereafter, fixing portions 52 and 58 are fixed to mounting
porﬁions 92 and 98, thereby fixing gap defining member 50 to
frame 90.

Fixing portion 52 is integrated with the positioning
portions 54 and 55 through flexible portions 53. Since
fixing portion 52 is firmly fixed to frame 90, when a
temperature change causes gap defining member 50 to expand or
contract in the X direction, the expansion or contraction is
absorbed by the elastic deformation of flexible portions 53
which are disposed between gap defining member 50 and fixing
portion 52. Thus, deformation or warping of gap defining
member S0 in the Y direction is prevented. Consequently, the
front edge of sheet P can be accurately guided by inclined
faces 51b of ribs 51, and the distance of the gap between
sheet P and head 60 can be accurately defined.

As shown in FIG. 2, a plurality of pairs of sheet
discharge rollers 71 and 72 (in the illustrated embodiment,
four pairs) are arranged in the sheet width direction. Each
pair of sheet discharge rollers 71 and 72 is comprised of a
first rubber roller 71 which is rotated by a driving
mechanism (not.shown), and a second serrated or knurled
roller 72 which is held in contact with roller .71 and is
driven thereby to rotate. Holder 73 fixes serrated roller 72
to a guide rail 63. the peripheral speed of each pair of
sheet discharge rollers 71 and 72, i.e., is slightly greater
than the sheet supplying speed of sheet supply roller 30.
Consequently, sheet P is convéyed under tension between sheet
supply roller 30 and each pair of éheet discharge rollers 71
and 72. 7

Uppermost faces 5la of ribs 51 of gap defining member
50 are located slightly closer to the ink jet head 60 than '
the pass of the sheet assuming that there are. no ribs. 51.
Thus, uppermost faces 51a contact back face Pb of sheet P
while urging sheet P toward ink jet head 60. Thus, while
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sheet P is fed, the front and rear portions thereof are
pulled down against gap defining member S0 by sheet supply
roller 30, pinch rollers 40, and each of the pairs of sheet
discharge rollers 71 and 72, whereby back face. Pb of sheet P
is accurately guided by uppermost faces 5la of ribs Sl.

As shown in FIGS. 2 and 3, intermediate serrated
rollers 74 are disposed between each of the pairs of sheet
discharge rollers 71 and 72, and to the left of the left most
pair of sheet discharge rollers 71 and 72 in the paper width
direction ‘as shown in FIG. 2. Intermediate serrated'rollers
74 are located at positions which are closer to ink jet head
60 and extend further than serrated rollers 72. These
intermediate serrated rollers .74 bend sheet P, which is
elongated or swollen as a result of the absorption of ink, to
a level lower than the contacting position of the pairs of
sheet discharge rollers 71 and 72. Thus sheet P is prevented
from contacting ink jet head 60.

As shown in FIGS. 4 and 5, the outer periphery of
each intermediate serrated roller 74 has a portion 74a which
is closer to ink jet head 60 in the paper feed path than the
contacting position of each of the pairs of sheet discharge
rollers 71 and 72. The front edge. of sheet P is guided by
intermediate serrated rollers 74 before being fed by the
pairs of sheet discharge rollers 71 and 72. Thus, sheet P is
prevented from contacting ink jet head 60. Intermediate
serrated rollers 74 are elastically suspended from a
plurality of respective holders 73 by a plurality of rod
springs 75. Thus, when sheet P is thin or has a high water
content due to a high density printing, intermediate serrated
rollers 74 smoothly press down sheet P. However, when sheet
P is thick or dry, intermediate serrated rollers 74 do not
press the sheet and recede upward as shown in. FIG 7(b) so as
‘not to meaxr the accuracy of the feeding of sheet p. In a
preferred embodzment the pressing force which is exerted on
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sheet P by each of the plurality of rod springs 75 for each
intermediate serrated roller 74 is set to a maximum of
approximately 11 g. This force corresponds to when the lower
end 74b of intermediate serrated roller 74 contacts sheet P
and is lifted to a level substantially equal to that of the
contacting position of sheet discharge rollers 71 and 72.

As shown in FIG. 3, sheet supply roller 30 consists
of one round rod-like rubber roller, and is rotated by a
driving mechanism which is not shown. During printing, after
ink jet head 60 has completed one line of printing, sheet
supply roller 30 advances sheet P bv a length corresponding
to the line pitch.

Pinch rollers 40 consist of round rod-like metal
rollers. Each end portion of each pinch roller 40 is
rotatably supported by an arm portion 42 of a holder 41. As
shown in FIG. 4, each holder 41 also serves as a sheet guide
which guides sheet P along a curved face 43 opposing sheet
supply roller 30. A hook 44 is disposed on the back of each
holder 41, and a tension spring 45 extends between each hook
44 and frame 90. Each holder 41 has a shaft 46 disposed at
each side thereof, and an arcuate projection piece 47
disposed at the center thereof. Shafts 46 are rotatably
supported by grooves 99a of support pieces 99 formed on frame
90, and arcuate projection pieces 47 contact the lower face
of frame 90.

Consequently, the self-aligning function performed by
the urging force of tension springs 45 acting upon holders 41
causes pinch rollers 40 to contact sheet supply roller 30 so
as to be rotated thereby. As shown in FIG. 3, grounding
plates 48 are attached to frame 90. The front edge 48a of
each grounding plate 48 contacts with an annular groove 40a
which is formed in the center portion of the .corresponding
pinch roller 40, whereby pinch roller 40 is groﬁnded.



intermedi ate serrated rollers 74. Sheet P may be bent slightly upon
contact with internmedi ate serrated rollers 70 so thaj_a snooth sheet
supply operation is perfornmed. - (vi) CQuide pprgdpwRs whi-eh
gui de front edge Pe of sheet P toward the pairs of s Rmﬁﬂ %ﬁ%ﬁeéﬁaﬂ'lers
71 and 72 are disposed in the paper feed path between tihe palrs of sHegt
di scharge rollers 71 and 72, and-rilBs-51. Ribs 51 have ja 22bJANI0: glly
trapezoi dal shape in side view Therefore, front edgq Bf of sheet b a
accurately guided toward the pairs of sheet dlscharg roLIers 7I—ane 7

GQui de portions

be

|

As shown in FIG. 1, ink jet head 60 is attached to a
carriage 61, and can eject ink of a plurality of colors to
print in color. Carriage 61 is guided by a .quide shaft 62
and guide rail 63, and is driven to reciprocate by a carriage
motor (not shown), in a direction perpendiculaf to the plane
of sheet P. Both an ink tank for monochromatic printing, and
an ink tank for color printing (not shown) can be mounted
concurrently on carriage 61.

The following benefits are obtained through the use
of the ink jet printer of the present invention:

(1) Sheet P which is supplied by sheet supply
roller 30 is guided so that the front edge of sheet P is
scooped up by inclined face S51b of gap defining member 50.
Also, back face Pb of sheet P contacts the uppermost faces
Sla of ribs 51. Thus, the distance of the gap between sheet
P and ink jet head 60 is accurately defined. 1Ink is
therefore properly ejected from ink jet head 60 onto surface
Pa of sheet P during printing.

The front edge of sheet P which is supplied by sheet
supply roller 30 is scooped up by inclined face S1b and -
therefore accurately guided to ink jet head 60. Even if
sheet P curls due .to moisture or the like, or if the front
edge of sheet P is directed downward with respect to the
paper feed path aftéer being wound on sheet supply roller 30,
the front edge of sheet P is scooped up by inclined face 51b
so that sheet P is accurately guided.

Accordingly, the structure described above is
particularly effective when sheet sdpply roller 30 is a
roller for supplying a sheet wound thereon. Since sheet
supply roller 30 is not required to be divided into short
rollers and can consist of a single long rod-like roller, it
is possible to insure a stable sheet supply operation.

Ink reservoir grooves Slc are formed on.inclined
faces 51b of ribs 51. If an ejection of inklonto inclined
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face 51b occurs when the printer is idle, this ink is trapped
in ink reservoir grooves 5lc and is prevented from dripping
down along inclined face S1b. Consequently, sheet supply
roller 30, and the like are prevented from being smeared with
ink.

(ii) The provision of ink reservoir grooves Slc
allows inclined face 51b of rib 51 to be disposed at a
position confronting ink jet head 60. This allows ink jet
head 60 to be located as close to sheet supply roller 30 as
possible, and accordingly, reduces the unprintable area at
the rear end portion of sheet b.

More specifically, since inclined face 51b is a
gentle slope, the front edge of sheet P can be guided more
smoothly. However, as is shown in connection with the
proposed printer of FIG. 15, when the incline of a face 3a‘
is made more gentle, inclined face 3a‘’ may extend into the
printing region A. Without any ink reservoir grooves, any
ink ejected while the printer is supposed to be idle. easily-
drips down inclined face 3a‘. In order to allow inclined
face 3a’ to be sufficiently gentle to preclude ink from
dripping down inclined face da’, an ink jet head 2 must be
disposed at a position further to the left in FIG. 15 so that
a printing operation is performed on the horizontal portion
of a guide face 3. However, when ink jet head 2 is disposed
in this left position, printing region A is situated further
from a sheet supply roller 1 and pinch roller la. Thus, the
unprintable area at the rear end portion of. a sheet P’ is
enlarged. This is because once sheet P’ is released from
between sheet supply roller 1 and pinch roller la, the
distance of the gap between the surface of sheet P and ink
jet head 2 becomes unstable, and a des;red print d;stance
cannot be maintained.

In contrast, accord;ng to the ink jet printer of the
present invent;on, ink reservoir grooves Slc allow inclined
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face 51b to be disposed at a position confronting 1nk jet
head 60. Any ink ejected during an idle ejection will be
retained by ink reservoir grooves Slc, and will thus keep the
ink from dripping down inclined face 51b, and from staining
sheet supply roller 30. This enables ink jet head 60 to be
located as close to sheet supply roller 30 as possible.

Thus, the size of the unprintable area at the rear end
portion of sheet P’ can be reduced.

(1ii) Sheet P is printed upon while back face Pb of
sheet P contacts ribs 51 of gap defining member 50 so that
the distance of the gap between shea2t P and ink jet head 60
is accurately maintained. Since ribs 51 extend in the
direction of the paper feed path, they do not interfere with
the feed of sheet P. '

The plurality of ribs 51 are spaced in a direction
perpendicular to the paper feed path. Even if ink dots are
formed on sheet P in a high density, and water in the ink
causes the sheet to warp, ribs 51 function so that the
swollen portions of sheet P enter spaces 51s between ribs 51
as shown in FIG. 3. Thus, even if sheet P is warped by water
in the ink, sheet P is prevented from coming into contact
with, or rubbing against ink jet head 60. The -operation of

- these spaces will be described in detail with reference to

FIGS. 8(a) to 8(c) which are schematic front views
illustrating the function of ribs 51 and spaces 5Sls.

In FIG. 8(a), L designates and ideal gap between ink
jet head 60 and sheet P when sheet P is not warped. . If sheet
P is warped by water in the ink, peaks Pc of warped sheet P
may rub against an ink ejection face 60a of ink jet head 60.
In order to solve this problem, it is possible to set a large
gap L1 between ink jet head 60 and planar portion 51f as
shown in FIG. 8(b). However, if this is done, when sheet P
is not warped, the gap L1 between sheet P adjacént planar
portion 51f and ink jet head 60 becomes too large. An ideal
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print state cannot be obtained since the distance between ink
jet head 60 and sheet P on which an ink drop ejected from ink
jet head 60 lands, is enlarged thereby increasing the
deviation of the actual landing position from -the ideal
landing position. ,

In contrast, according to the present invention,
sheet P is guided by ribs 51 as shown in FIG. 8(c). During a
normal print operation in which the printing density is
relatively low, or when a sheet is not warped, flat sheet P
is guided by the upper faces of ribs 51 so that an ideal gap
distance L is ;chieved between sheet P and ink jet head 60.
If ink dots are formed on sheet P in a high density and water
in the ink causes sheet P to warp, valley portions Pd of
sheet P enter spaces 51ls between the ribs 51 by gravity.
Therefore, even if sheet P is warped, peaks Pc of sheet P are
prevented from coming into contact with, and from rubbing
against ink jet head 60.

The plurality of rubber rollers 71 are disposed under
sheet P not as a single long rod-like?roller, but as a

- plurality of thin rollers which are arranged in the width
direction of sheet P. This configuration allows valley
portions Pd of sheet P which is warped by water in the ink,
to sag more éffectively. It is preferable to set the width
of each rubber roller 71 to be as small as possible but
within a range where the sheet conveying capacity of each
rubber roller 71 is not impaired. If rubber rollers 71’ are
too wide, as shown in FIG. 9(a), the valley portions Pd of
warped sheet P will be situatedon roller 71. Thus, the peak
| Pc would be raised even if sheet P is pressed by serrated

rollers 72.

As shown in FIG. 9(b), in order to avoid this problem
rubber rollers 71 are formed so that their width W is smaller
than the pitch P1 of the wave shape of the warpéd sheet.
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This configuration allows valley portions Pd of warped sheet
P to properly sag between each rubber roller 71.

As shown in FIG. 18, the conventional ink jet printer
of U.S. Patent 5,291,227 as described above ha; a plurality
of ribs 6. However, ribs § do not project from the planar
portion of a frame 6c¢ but rather act as a bridge between the
portions of frame 6c. If”a sheet of paper is warped because
of a high density printing, and the valley portions of the
sheet enter the spaces between ribs 6, the front edge of the
sheet may come in contact with an edge 6d of frame 6c,
thereby causing a sheet supply failure.

In contrast, according to the ink jet printer of the
pPresent invention, ribs 51 project from planar portion S1f of
gap defining member 50. Even if a sheet is warped and valley
portions Pd of sheet P enter spaces Sls between ribs 51, the
advancement of the front edge of sheet P is not impeded.

(iv) Sheet P is held under tension between sheet
supply roller 30 and each of the pairs of sheet discharge
rollers 71 and 72. When ink dots are formed on sheet P in a
high density and sheet_P is warped by water in the ink, the
degree of warping of sheet P is reduced by the tension acting
on sheet P. Since gap defining member 50 contacts back face
Pb of sheet P while guiding sheet P toward ink jeﬁ-head 60,
the warped portions of sheet P are placed at positions which
are relatively distant from ink jet head 60.

' Therefore, even when a sheet is warped, sheet P is
prevented from coming in contact with and from rubbing
against ink jet head 60. As described above, the valley
portions of sheet P enter Spaces 51s between ribs 51, and
warped sheet P is prevented from coming in contact with, and
from rubbing against ink jet head 60.

The conveyor roller consists of the plurality of
Pairs of roller units 71 and 72 which are épace& in the width
direction of the paper feed path. Intermediate serrated
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rollers 74, which urge sheep P away from ink jet head 60, are dlsposed between the
plurality of pairs of roller units 71 and 72 on upper surface Pa of sheet P. The
intermediate serrated rollers 74 contact the sheet P at points vertically further from ink
jet head 60 than the contact points of the roller units 71 and 72. As shown in FIG.
10(a), intermediate serrated rollers 74 further insure that sheet P does not come into
contact with ink jet head 60 even if sheet P is warped.

Intermediate serrated rollers 74 are not provided in opposition to rubber rollers 71
of the plurality of discharge roller pairs 71 and 72 or in opposition to additional rubber
rollers 76 as shown in FIG. 10(b). This is because if intermediate serrated rollers 74
were to be disposed as shown in FIG. 10(b), sheet P would be lifted to a level as high as
the upper end of additional rubber rollers 76 and sheet P would not properly be
supported by ribs 51.

As shown in FIG. 10(c), if additional intermediate serrated rollers 74" are added
to the configuration shown in FIG. 10(b), the gaps between the rubber rollers 71 and 76
are too small to allow sheet P to sag to a sufficient degree by gravity. Thus, sheet P .
would be lifted in the vicinity of rubber rollers 71 and additional rubber rollers 76.

In contrast, if no intermediate serrated rollers 74 are disposed between discharge
roller pairs 71 and 72 as'shown in FIG. 10(d), sheet P may be lifted as shown when the
printing density is relatively low and the sheet is not warped or when an envelope is to
be printed upon. Therefore, the gap between the pairs of sheet discharge rollers 71 and
72 is set so that sheet P, on which a high density print operation has been i)erfomed and
which therefore has a high water content, will sag by gravity. Intermediate serrated
rollers 74 are disposed to urge sheet P further away from ink jet head 60 than the
contacting position between each pair of roller units 71 and 72.

As shown in FIG. 5, since the outer perlphery of each
intermediate serrated roller 74 has a portion 74a which is
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closer to ink jet head 60 than the contact pOSiEIEﬁ"Uf“ﬁhe~‘J
respective pair of sheet discharge rollers 71 and 72, the
front edge of sheet P first contacts intermediate serrated
roller 74 before contacting sheet discharge rollers 71 and
72. Therefore, sheet P is accurately guided bétween
discharge rollers 71 and 72, and is further prevented from
coming in contact with, and from rubbing against ink jet head
60. As shown in FIGS. 7(a) and 7(b), since each intermediate
serrated roller 74 is supported by an elastic member 75,
sheet P can be guided and urged away from ink jet head 60
more smoothly. .

(v) The substantially trapezoidal shape of each rib
51 in side view produces the following benefits:

(a) In a serial printer which sequentially
receives print data for each line from a host computer and
conducts a printing in the unit of one line, or in other
types of printers, a sheet of paper may need to be fed in the
reverse direction. For example, if after printing a standard
character, an enlarged character is to be printed on the next
line and the top position of the enlarged character is
located higher than the lower portion of the standard
character printed in the previous line, the sheet is fed in
the reverse'diiection, and the enlarged character is printed.
The enlarged character is printed by a split printing
operation, wherein the scanning of ink jet head 60 and the
feeding of a sheet of paper by the length corresponding to
the height of the printing region A shown in FIG. 4, are
repeated plural times.

If an envelope or other sheet having a portion on its
back face which may impede the reverse sheet conveyance
(e.g., the flap of an envelope) is to be printed upon, and
the ribs do not have a trapezoidal shape Ln side view but
rather have a rectangular shape in a side v;ew (see 51°' of
FIG. 13(a)), the portion may be caught on the ribs during the -
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reverse conveying process. A pitch failure may occur in the
reverse feeding distance and the feeding distance in the
immediately subsequent forward feed will be incorrect. 1In
contrast, according to the ink jet printer of the present
invention, since ribs 51 have a substantially ﬁrapezoidal
shape in side view, a flap of an envelope or the like will
not be caught on ribs 51 even if the envelope or sheet is fed
in the reverse direction. Thus, a pitch failure due to an
improper feed is prevented. _

(b) If ribs 51’‘’ were to have the shape as
shown in FIG. ll(a), and sheet P were formed of curled thick
paper (e.g., a postcard), when sheec P was to be discharged
from the printer the rear end Pe of sheet P would be
supported by the upper faces of the ribs 51’’. Serrated
rollers 72 of the discharge roller pairs may be lifted by
sheet P and a sufficient sheet discharging force will not be
imparted to sheet P from discharge rollers 71 and 72. Thus,
a paper feed jam will occur. '

In contrast, ribs 51 in the present invention have a
trapezoidal shape in side view. As shown in FIG. 11(b), the
rear edge Pe of curved sheet P gquickly leaves uppermost faces
5la of ribs 51 so that serrated rollers 72 of discharge
roller pairs 71 and 72 are not lifted -by cﬁfved sheet P.
Therefore, a sufficient sheet discharging force will be
imparted to curved sheet P and no paper feed jam will occur.

(c) If a printing operation is performed in
the vicinity of a front edge Pf of sheet P as shown in FIG.
12(a), this portion of sheet P may be curled. 1If ribs S51‘°
are shaped as shown in FIG. 12(a), front edge Pf of sheet P
will be supported by the upper faces of ribs 51’‘’ until front
edge Pf of sheet P reaches the plurality of pairs of sheet
discharge rollers 71 and 72. This causes sheet P to be
raised and contact with ink jet head 60 is more likely. In
contrast, according to the present invention ribs 51 have a
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substantially trapezoidal shapg in side view. Thus, front
edge Pf of sheet p quickly leaves uppermost faces S5la as

shown in FIG. 12(b). Sheet P is not raised, and is therefore
is less likely to contact ink jet head 60. )
(d) As described above, the present invention

is provided with intermediate serrated rollers 74 for urging
sheet P downward to a position which is lower than the
poéition at which each of the pairs of roller units 71 and 72
contact each other. _

If ribs 51'' were to have the shape shown in FIG.
13(a), front edge Pf of sheet p would be forced against
intermediate Serrated rollers 74, in a perpendicular
direction. This would cause a problem in the sheet Supply
operation and might cause & paper feed jam. '

In contrast, ribs 51 of the present invention have a
substantially trapezoidal shape in side view as shown in FIG.
13(b). Therefore, front edge Pf of sheet p easily meets
intermediate serrated rollers 74. Sheet p may be bent
slightly upon contact with intermediate Serrated rollers 70
SO that a smooth sheet supply operation is performed.

(vi) Guide portions S1‘e which guide front edge Pe
of sheet.P toward the pairs of sheet discharge rollers 71 and
72 are disposed in the paper feed path between the pairs of
sheet discharge rollers 73 and 72, and ribs 51. Ribs 51 have
@ substantially trapezoidal shape in side view. Therefore,
front edge Pf of sheet P can be accurately guided toward the
pairs of sheet discharge rollers 71 and 72. Guide portions
Sle are disposed in the paper feed path only in opposition to
the pairs of roller units 71 and 72, which constitute the
conveyor rollers, and not in other pPlaces. Thus, front edge
Pf of sheet P is accurately guided toward the pairs of sheet
discharge rollers 71 and 72, and sheet P is prevented from
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(vii) The portion of sheet discharge tray 80 for
~ecelving a discharged sheec P is inclined along a direction
itntersecting the paper feed path. When sheet P is discharged

It

Zrom the pairs of sheac discharge rollers 71 and 72, front
edge Pf of sheet p sags by gravity as shown in FIG. 14. a
bent portion Pg may be formed in sheet P upon contact with
sheet discharge tray 80. This bent portion may cause the
portion of sheet P which has nat yet passed intermediate
::rrated rollers 74 to come into contact with ink jet head

) In the ink jet princer of the present invention,
Lzont edge Pf of sheecz ? ig received by sheet discharge trav
30. A portion 81 of shest discharge tray 80 which rsceives.
;;ont edge Pf of fheet P is inclined at an angle to the paper
f2ed path. Therefore, the bend of the above-mentioned benat
portion Pg of sheet P ig relaxed, and sheet P is prevented
f:am coming in contact with ink jet head 60. Since
Lntermedia§? Serrated rollers 74 are closer to ink jet head
§0 than the pairs of sheet discharge rollers 71 and 72, the
?end angle of the above-mentioned bent portion ?g of sheet P
:s fu:ther relaxed. Thus, the maximum height of bent portion
<9 1S suppressed and sheet P igs further prevented from coming
into contact with ink jet head 60.

(viii) when a color printing operation is to be
performed by ejecting a pPluralicy of different colored ink
dots from ink jet head 60, new ink dots are formed on
?xisting ink dots, and thus the degree of warping of sheet p
is particularly increased. However, warped sheet P is
prevented from coming into contact with ink jet ﬁead 60
through the use of the present invention. Thus, the benefits
are applicable also to multi-color printing.

While the printer in accordance with -the invention is$
shown used ig conjunction with a sheet of paper; other print
mediums, such as envelopes or non-paper mediums, may be used.:
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It will thus be seen that the abjects set forth above, and those made apparent from
the precading description, ars efficiently atrained and, since cermin changes may be -
made in the above construction without departing from the spiric and scope of the
invention, it is intended that all matter contained in the above description or shown in the
accompanying drawings shall be interpreted as illusrative and aot in 2 limiting sense.

It is-also to be understood that the following claims are intended to cover all of
the generic and specific features of the invention herein described, and all statements of
the scope of the invention which, as a matter of language, might be said to fall

thershetwesn.

Some of the subject matter disclosed herein may be
protected by the copending British Patent applications Nos.9514562.9
(Publication No.2290262) and 9514608.0 (Publication No.2290753).



- 26 - | | CLAIMS: 1.  Anink jet
printer for inprinting onto a piece of printing nmedium conprising:

!
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CLAIMS:

L. An ink jet printer for imprinting onto a piece of printing medium, comprising:
a supply roller for supplying said piece of printing medium;

an ink jet head disposed adjacent said supply roller in the direction of printing
medium supply for ejecting ink onto said piece of printing medium during a print
operation;

an inclined face disposed in opposition to said ink jet head for scooping up a front
edge of said piece of printing medium supplied by said supply roller; and

ink reservoir grooves disposed in said inclined face substantially perpendicularly
t0 a supply direction of said piecé of printing medium for retaining any excess ink on
said inclined face. |

2. An ink jet printer as claimed in claim 1, wherein said supply roller comprises a

single roller extending across substantially the entire width of the printing medium path.

3.  Anink jet printer as claimed in claim 1, wherein said supply roller supplies said

piece of printing medium to said ink jet head.
4. An ink jet printer as claimed in claim 1, wherein a printing medium path extends
from said supply roller past said ink jet head, said inclined face being disposed in said

printing medium path and closely adjacent said supply roller.

5. An ink jet printer as claimed in any preceding claim, wherein the printer further

* c L .} H S

comprises;




a supply roller for supplying said piece of printing ] “an ink
j et head di sposed adjacent said supply roller in th /dFj : af i ng
medi um supply for ejecting ink onto said piece of pdln Nuﬁﬁﬁﬁ“ifg a
print operation; an inclined face disposed i njopposition spi d
2 AN i um

ink jet head for scooping up a front edge of said DI?C ,
supplied by said supply roller; and i nk reservpir grooves dijsgosed

in saidinclined face substantiall y perpendicularly 1
-27- —

2 gap defining member comprising said inclined face and disposed in opposition
to said ink jet head for defining the distance of a gap between said ink jet head and said

piece of printing medium by supporting said piece of printing medium on its back face.

6. An ink jet printer as claimed in claim 3, wherein said gap defining member
further comprises a planar portion confronting said ink jet head and a plurality of ribs
extending from said planar portion in a direction parallel to a printing medium path

direction for guiding and supporting said piece of printing medium.

7. An ink jet printer as claimed in claim 6, wherein said gap defining member
further comprises a plurality of said inclined faces, each defined by one of said plurality

of ribs.

8. An ink jet printer as claimed in claim 7, wherein each of said plurality of ribs is
substantially trapezoidal in shape.

9. An ink jet printer as claimed in any one of claims 6 to 8, wherein said ribs
confront said ink jet head for defining the distance of a gap between said ink jethead and
said piece of printing medium by supporting said piece of printing medium on its back
face.

10. An mk Jet printer as claimed in any one of claims 5 to 9, wherein said supply
roller rotates at a first speed for supplying said piece of printing medium;
and further compnsmg conveying rollers rotating at a second speed greater than
said first speed for conveying said plece of printing medium from said supply roller,
said supply roller and conveymg rollers being arranged such that said ink i jet head

is disposed between said supply roller and said conveymg rollers; and

* [ L M S *




to a supply direction of said piece of printing nediumfor retaining any
excess ink on said inclined face. 2. An ink jet printer as claimed in

claim1l1, wherein said. supply roller conprises a single roljl e
across substantially the entire width of the printing nedi 5,

-28 -

said gap defining member is disposed between said supply roller and said

conveying rollers.

1. Anink jet printer as claimed in claim 10, wherein said conveying rollers consist
of a plurality of pairs of rollers disposed across a printing medium path, each pair of
rollers being in pressing contact at a contact position and being in spacéd relation with

the adjacent pair of pairs or rollers.

12.  An ink jet printer as claimed in claim 11, further comprising a plurality of
intermediate serrated rollers, each having an outer periphery, disposed between each
adjacent pair of rollers for urging said piece of printing medium further away from said
ink jet head.

13.  An ink jet printer as claimed in claim 12, wherein said outer periphery of said
intermediate serrated rollers at a point of contact with said piece of prihting medium is

further from said ink jet head than said contact position of said pairs of rollers.

14, Anink jet printer as claimed in claim 12 or claim 13, wherein each of said
plurality of intermediate serrated rollers is supported on the side of said piece of printing
medium facing said ink jet head by an elastic member so as to contact and urge ‘said
piece of printing medium away from said ink jet head.

15.  Anink jet printer as claimed in any one of claims 12 to 14, wherein each of said
plurality of intermediate serrated rollers are spaced sufficiently from the adjacent joining
pairs of conveying rollers to allow said piece of prinfing mediﬁm to sag in the region

therebetween.

* € L M S *



An ink jet printer as clainmed in claim1, wherein said supply roller
An...

3.
4.

supplies said piece of printing nediumto said ink jet head.
ink jet printer as clainmed in claim1l1, wherein a printi pg—eeonT
extends fromsaid supply roller past said ink jet head, saEBLAC«EME )
bei ng disposed in said printing medium path and cl osel | gdjaceént said

supply roller.

-29.
16.  Anink jet printer as claimed in any one of claims 10 to 15, and further
comprising a discharge tray disposed adjacent said conveying rollers for receiving said
piece of printing medium conveyed by said conveying rollers, said discharge tray

intersecting said paper path at an inclined angle.

17. . An‘inik jet printer as claimed in any one of claims 11 to 15, and further
comprising guide portions disposed between said gap defining member and said plurality
of pairs of conveying rollers for guiding a front edge of said piece of prin'ting medium

toward said plurality of conveying rollers.

18.  Anink jet printer as claimed in claim 17, wherein smd guide portions are

disposed in opposition to said plurality of conveying rollers.

19.  An ink jet printer as claimed in any preceding claim, wherein said ink jet head

ejects a plurality of colors to perform a color print operation.

20.  Anink jet printer as claimed in any preceding claim, wherein said piece of
printing medium is a sheet of paper.

21.  Anink jet printer substantially as shown in or as described with reference to
figures 1 to 15 of the drawings.

(L



5. | An ink jet printer as clained i di i i =
printer further conprises; " any preceding ¢ aéfn;{;mf‘ﬁ
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- 27 - a gap defining nmenber conprising said inclined face and

di sposed i n opposition to said ink jet head for defining the distance of
a gap between said ink jet head and said pi ece of pri ' |
supporting said piece of printing nediumon its back face.
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An ink jet printer as clainmed in claim5, wherein said gap defining.
further conprises a planar portion confronting said ink jet head

extending fromsaid planar portion in a

di r ectf QI O QLEHT IO BN d

6.
menber

and a plurality of ribs
direction parallel to a printing nedi um path

supporting said piece of printing nedium
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An ink jet printer as claimed in claim®6, wherein said gap defining

7.

menber further conprises a plurality of said inclined faces, each defined

by one of said plurality of ribs. 8. An ink jet printer as clained

in claim7, wherein each of said plurality of ribs is Subst.aniti-ald -y

trapezoi dal in shape. RtpLAbHuwhlﬁ‘;%f
- 4 -
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9. An ink jet printer as clained in any one of clains 6 to 8, wherein
said ribs confront said ink jet head for defining the distance of a gap
bet ween said ink jet head and said piece of printing nedium by supporting
said piece of printing nediumon its back face.
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10.
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An ink jet printer as clained in any one of clains 5 to 9, wherein
roller rotates at a first speed for supplying said piece of
and further conprising conveying rollers rotating
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sai d gap defining nenber is disposed between said supply roller and said
conveying rollers. 11. An ink jet printer as clained in claim10,
wherein said conveying rollers consi st of a plurality of pairs of rollers
di sposed across a printing nmedium path, each pair of '

heet Has Been Replaced

.

--  FIG. 9(b)

72

oyt e S Tttty

" THIS SHEET Has BEEN
REPLACED .




rollers being in pressing contact at a contact position
relation with the adjacent pair of pairs or rollers.

and being in spaced

12. An ink jet

printer as claimed in claim1l, further conprising a plurality of

intermedi ate serrated rollers, each having an outer peri
bet ween each adj acent pair of rollers for urging said
medi um further away from said

\ -9 -
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An ink jet printer as clained in claim12, wherein
I nternmedi ate serrated rollers at a point of
further fromsaid ink jet

rollers. e
REPLACEMENT SHEET |
-..,Mh

ink jet head. 13.
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14. An ink jet printer as clained in claim12 or claim 13, wherein each
of said plurality of intermediate serrated rollers is supported on the
side of said piece of printing medi um facing said ink jet head by an

el astic nenber _so as to contact and urge said pi ece of jprinting nedi um

away fromsaid ink jet head.
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15. An ink jet printer as clained in any one of clains 12 to 14, wherein
each of said plurality of internmediate serrated rollers are spaced
sufficiently fromthe adjacent joining pairs of conveying rollers to allow
said piece of printing nediumto sag in the region therebetween.
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- 29- 16. An ink jet printer as clained in.any one of clains 10 to 15,
and further -
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conprising a discharge tray di sposed adjacent said conveying rollers for

receiving said pi ece of printing medi um conveyed by said conveyi ng
rollers, said discharge tray i ntersecting said paper path at an inclined
angl e. 17. An ink jet printer as clainmed in any one of clains 11 to
15, and further : o —
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cbnprisfng”buide portions disposed between said gap defining nmenber and
said plurality of pairs of conveying rollers for guiding a front edge of
said piece of printing nedium toward said plurality of conveying rollers.

18. An ink jet printer as clainmed in claim17, wherein said guide
portions are disposed in opposition to said plurality of conveying rollers.
19. An ink jet printer as clained in any preceding claim wherein said
ink jet head

- 30-

REPLAC .
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INK JET PRINTER

N ABSTRACT

An ink jet printer having an ink jet head (60) for ejecting ink onto a sheet of
paper (P) or the like during a printing operation is provided. A gap defining member
(50) is also provided in opposition to the ink jet head. The gap defining merr.lber 610))
has a planar portion which supports the sheet of paper (P) or the like on its rear face
(Pb), and thus defines the distance of the gap between the sheet of paper (P) and the ink
jet head (60). The gap defining member (50) also Ihas a plurality of ribs (51) extending
from the planar portion in the direction of the paper feed path. These ribs (51) help to

guide and to further support the sheet of paper (P) or the like.

Figure 4.
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tjects a plurality of colors to performa color print operation. 20. An
ink jet printer as clainmed in any preceding claim wherein said piece of
printing nediumis a sheet of paper. 21. An ink jet printer
-.substantially as shown in or~as described with reference to
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Eigtrres 1 to 15 of the drawi ngs.
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