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@ Device to assure paper flatness and pen-to-paper spacing during printing.

@ A printer includes an inkjet pen (11) to seject ink
drops for printing on the surface of a sheet (15), a
carriage (13) mounted to carry the pen (11) back
and forth on the sheet (15), and a skid-like spacer
(21,31) to ride upon the printed surface. The spacer
(21,31) maintains a preselected spacing between the
pen (11) and the printed surface and, also, maintains
paper flatness at the localized area of printing.
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DEVICE TO ASSURE PAPER FLATNESS AND PEN-TO-PAPER SPACING DURING PRINTING

The present invention generally relates to print-
ers and, more particularly, to improved paper hold-
down devices for printers.

In printers such as inkjet printers having travel-
ing inking means (e.g., inkjet pens), ink drops fol-
low trajectories determined by the vector sum of
the ink siection velocity (Ve) and the velocity of the
inking means (Vp). For example, in an inkjet printer
providing resolution of about 300 dots per inch, a
typical pen velocity would be about 0.34 m/sec and
a typical inkjet ejection velocity would be about 5
m.s. If distance Dp is defined as the distance
measured laterally along the surface of a printed
sheet between the inking means and the intended
location of ink dot placement on a sheet at the time
of inkdrop ejection, and if distance Ds is defined as
the pen-to-sheet spacing as measured perpendicu-
lar to the sheet surface, then the ratio of Dp to Ds
is proportional to the ratio of the velocity Vp to the
velocity Ve. Thus, assuming that the controliable
variables Vp and Ve are fixed for a particular inkjet
printer, the fateral distance Dp can be calculated to
equal the guantity -¥-—g— Ds.

ideally, distance Dp remains constant when-
ever & sheet is being printed to avoid misalignment
of printed characters; however, because pen-to-
sheet distance Dp is a function of distance Ds, the
latter distance must also remain constant to main-
tain accurate ink drop placement during printing.

The maintenance of constant pen-to-sheet
spacing distance, Ds, is especially critical in inkjet
printers of the bidirectional type. In such devices,
an inkjet pen prints a swath of ink drops while
moving both from right-to-left and from left-to-right
across the surface of a sheet. Normally, between
each change in printing direction in bidirectional
inkjet printers, the printed sheet is indexed a swath
width (2.g., about 3/8 inch). Because such printers
provide ink dots in columns in each swath, print
defects will appear unless dot columns on adjacent
swaths are closely aligned. In fact, it has been
calculated that print defecis will be perceived un-
less dot columns on adjacent swaths are aligned to
within 110 of a dot diameter, or about 7 um at a
resolution of about 134 dots per cm. At the veloci-
ties described in this example, such alignment of
dot columns in successive swaths requires that the
pen-to-sheet spacing distance Ds be held to toler-
ances of about 756 um.

Because of the precise tolerances required,
conventional inkjet printers are often unable to pro-
vide consistently acceptable print quality. In fact, in
conventional inkjet printers, the additive effect of
manufacturing tolerances often cause pen-to-sheet
snacing distance Ds to vary substantially more than
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desired. Also, the spacing distance Ds in conven-
tional inkjet printers can be affected by lack of
flatness in carriage guides and paper support
plates.

Further, ink dot placement during printing can
vary because of variations in sheet thickness and
because of curls and cockles in sheets. For exam-
ple, sheet thicknesses commonly used in printers
vary from 45 um to 157 um. Also, cockles can be
present because of paper defects and because of
moisture present during printing.

To reduce the effects of paper curl and cockie
on dot placement during printing, conventional
practice is to employ sheet holddown devices such
as electrostatic or suction devices. In an electro-
static holddown device, for example, paper flatness
is maintained by establishing electrostatic attraction
between a flat support plate on the printer and the
back surface of a sheet to be printed. Likewise, in
vacuum holddown devices, sheet flainess is main-
tained by providing suction between a support
plate and the back surface of a sheet to be printed.
It should be noted that, in either type of holddown
device, direct contact of the holddown device with
the printed surface is avoided to minimize ink
smearing and other adverse affects on print ap-
pearance.

Although conventional holddown devices are
fairly effective in maintaining sheet flatness during
printing, they have drawbacks. One drawback is
that such devices do not compensate for variations
in sheet thickness. Another drawback is that the
maximum holddown force on a sheet i1s limited
because of the necessity to maintain low frictional
loads on transport devices which index the sheets.
In conventional inkjet printers, such limitations can
cause pen-to-sheet spacing distances to vary from
swath to swath. Also, the holddown pressure at a
localized area being printed may be insufficient to
flatten cockles and other paper irregularities: that
is, the pressure required to flatten cockles in a
sheet may be too great to allow precise paper
indexing, especially in vacuum devices which exert
pressure over the entire surface area of a sheet.
Finally, conventional holddown devices are com-
plicated and relatively expensive.

An object of the present invention is to provide
improved paper holddown devices for use with
printers.

More particularly, an object of the present in-
vention is to improve printers, especially inkjet
printers of the bidirectional printing type, by provid-
ing a device to accurately maintain pen-to-sheet
spacing and sheet flatness during printing and,
thereby, to minimize spacing deviations that cause
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misalignment in printed characters.

In accordance with the foregoing objects, the
present invention generally provides a printer com-
prising an inking device that ejects ink drops for
printing the surface of a sheet, and a spacer inter-
posed between the inking means and the sheet
surface to ride upon the surface being printed so
as to maintain preselected spacing. In one particu-
lar embodiment, the spacer is a generally L-shaped
member whose leg is connected to the inking
device and whose foot is positioned to extend
parallel to the sheet surface to ride as a skid on the
printed surface of the sheet. In general, however,
the spacer can be a skid, a wheel, a roller, or any
other bearing-like device suited for supporting an
inking device directly on a sheet with a preselected
pen-to-sheet spacing.

The device of the present invention provides
substantial advantages over conventional holddown
mechanisms in printers because it directly acts on
the printed surface to assure paper flatness and
spacing accuracy. In contrast to conventional elec-
trostatic and suction-type holddown mechanisms,
devices according to the present invention maintain
constant pen-to-sheet spacing even when paper
thickness varies or when there are printer mecha-
nism problems such as lack of flatness or siraight-
ness in carriage guide rods and paper support
plates. Still further, the present invention simplifies
printer design while increasing allowable manufac-
turing tolerances, thereby substantially reducing
costs.

Additional objects and advantages can be as-
certained by reference to the foliowing description
and attached drawings which illustrate various em-
bodiments of the invention. Identical components
are identified by the same reference numerals in
the various figures.

In the drawings:

FIGURE 1 is a side view of a device accord-
ing to the present invention;

FIGURE 1A is a side view of one component
of the device of FIGURE 1, enlarged for purposes
of clarity;

FIGURE 2 is a sideview of an alternative
embodiment of the present invention;

FIGURE 3 is a cross-sectional detail, drawn
to an enlarged scale for purposes of clarity, of a
portion of the assembly in FIGURE 2 in an inverted
position;

FIGURE 4 is a perspective view of the as-
sembly of FIGURE 2;

FIGURE 5 is a sideview of yet another alter-
native embodiment of the present invention; and

FIGURE 6 is a fragmentary endview of the
device of FIGURE 5.

in the preferred embodiment, a paper hold-
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down device according to the present invention is
used in conjunction with a printer of the inkjet type.
Accordingly, FIGURE 1 shows a bidirectional inkjet
printer includes an inkjet pen 11 that is held rigidly
in a movable carriage 13 so that the pen nozzle 14
is above the surface of a sheet 15 which lays
substantially flat on a stationary support plate 16.
Further, the illustrated inkjet printer includes a drive
roller 18 and a pinch roller 19 which are controlled
to periodically index the sheet across the surface
of plate 16. It should be understood that various
systems for controiling sheet indexing are well
known.

As also shown in FIGURE 1, carriage 13 is
slidably journaled to a linear guide rod 20 by
bearings 20A. Guide rod 20 is fixed to the printer
chassis, not shown, to extend in the cross-direction
parallel to the surface of sheet 15. (As used herein,
the term "cross direction” refers to a direction
perpendicular to the paper indexing direction.)
Guide rod 20 and bearings 20A are designed to
allow carriage 13 to move from side-to-side across
the surface of a printed sheet but, in contrast to
conventional inkjet printers, rotation of carriage 13
about rod 20 is not substantially restricted by the
design of the rod or its bearings.

As further shown in FIGURE 1 and to an en-
larged scale in FIGURE 1A, an L-shaped spacer
member, generally designated by the number 21,
is attached to carriage 13 with its foot 22 inter-
posed between carriage 13 and sheet 15. Prefer-
ably, the upper surface 23 of spacer 21 abuts the
lower end of inkjet pen 11 adjacent nozzle 14 and,
thus, provides a physical stop. Also in the preferred
embodiment, spacer 21 extends substantially
across the width of inkjet pen 11 and its lower
surface 24 is generally planar to provide a broad
face to ride upon sheet 15. Thus, it can be under-
stood that the distance between stop surface 23
and riding surface 24 defines the desired spacing
of inkjet nozzle 14 from the surface of sheet 15.

In practice, it is necessary that spacer 21 have
low contact friction with the surface of sheet 15 in
both the cross-direction and in the indexing direc-
tion. Low contact friction in the cross-direction is
required to facilitate back and forth iravel of the
inkjet pen, while low contact friction in the indexing
direction is required to facilitate operation of the
sheet transport device. To reduce contact friction,
the peripheral edges of riding surface 24 are ar-
cuate. Also, contact friction is reduced by the se-
lection of the materials and the surface finish of
riding surface 24. For example, riding surface 24
can be polished chromeplate to minimize friction as
well as to increase wear life. To further reduce
contact friction, a device (not shown) can be pro-
vided to lift spacer 21 off the sheet during indexing;
normally, such a lifting device is operative at the
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margins of the sheet.

Another measure which can be taken to reduce
contact friction is to provide an air bearing at the
riding 24 surface of spacer 21. Such an air bearing
is readily implemented by providing a source of
pressurized gas and by forming appropriate holes
or channeis within riding surface 24 to allow the
pressurized gas to escape between the riding sur-
face and the face of sheet 15. In this embodiment,
the spacer can still be said to ride on the sheet
surface, albeit via a cushion of pressurized gas.

FIGURES 2 through 4 show an alternative em-
bodiment of the present invention in which a spac-
er 31 is attached to the body of inkjet pen 11 rather
than to carriage 13. More particularly, spacer 31 is
an elongated rail-like member that is mounted to
extend parallel to the longitudinal axis of guide
shaft 20 across the body of inkjet pen 11. As
shown in cross-section in FIGURE 3, spacer 31 has
a generally planar riding surface 33 with arcuate
peripheral edges to accommodate movement in the
indexing direction. Also, as shown in perspective in
FIGURE 4, the spacer ends 37a and 37b are ar-
cuate to accommodate movement in the cross-
direction.

FIGURES 5 and 6 show yet another alternative
embodiment of the present invention. In this em-
bodiment, a roller-like spacer 51 is connected to
carriage 13 by flanges 55a and 55b. The flanges
accept an axle 57 which extends coaxially of the
roller-like spacer to allow it to roll freely in the
indexing direction. As shown in FIGURE 6, the
ends of roller-like spacer 51 are arcuately curved
so that it easily skids back and forth over the
surfacs sheet 15 in the cross-direction.

In operation of the inkjet printer of FIGURE 1,
sheet 15 is held stationary by drive roller 18 while
carriage 13 carries inkjet pen 11 back and forth
across the sheet to print swaths of ink dots. After
sach swath is printed, roller 18 is driven so that
sheet 15 is advanced in the direction indicated by
the arrow over a distance equal to the swath width,
and then carriage 13 again carries inkjet pen 11
across the sheet to print a second swath. This
back-and-forth movement of carriage 13 is contin-
ued until the sheset is printed as desired.

As a sheet 15 is being printed, spacer 21 of
FIGURE 1 slides across the printed surface of the
sheet. Because of its proximity to the printed area,
spacer 21 flattens the sheet at the localized area of
printing. The force exerted by spacer 21 to flatten
sheet 15 can be referred to as the contact force.
The contact force is primarily determined by the
weight distribution of inkjet pen 11 and carriage 13
relative to quide rod 20. That is, guide rod 20 acts
as a fulcrum about which carriage 13 is pivoted.
The net force, or torque, acting about rod 20 in the
counterclockwise direction in FIGURE 1 depends
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upen the counterbalancing weight of the carriage
on the opposite side of the rod. In practice, car-
riage 13 is mounted and balanced such that the
contact force in the counterclockwise direction is
sufficient to maintain the riding surface of spacer
21 in contact with the surface of sheet 15 and fo
assure substantial paper flatness under inkjet noz-
zle 14 without causing undue frictional drag.

At this juncture, it can be noted that the lo-
calized contact force exerted by spacer 21 can
exceed the localized force exerted by a conven-
tional holddown device which operates upon the
entire paper surface. Accordingly, spacer 21 can
provide a flatter surface at the point of printing than
conventional holddown devices. In practice, spacer
21 holds pen-to-sheet spacing constant within one
to two thousands of an inch. .

Operation of the spacers in FIGURES 2
through 6 is substantially the same as the opera-
tion of spacer 21 in FIGURE 1. That is, those
spacers either slide or roll over the printed surface
while concentrating the contact force over localized
areas near the point of ink impact with sheet 15.
Thus, it can be appreciated that the spacers can
take various forms, including notatable ball-like
shapes (not shown), as long as they are capable of
supporting an inking device directly on the surface
of sheet 15 at the desired spacing.

In addition to the variations already mentioned,
it should be noted that spacers can be formed
integral with carriage 13 or pen body 11. In still
another variation, a spacer is not physically at-
tached to either carriage 13 or pen 11 but, instead,
is mounted to float between the carriage and the
surface of sheet 15. Also, although the preceding
discussion has emphasized inkjet pens that move
back-and-forth in the cross-direction, the afore-de-
scribed spacing devices could be used with print-
ers having stationary inkjet pens or with so-called
wire-matrix print heads as well as other inking
means, such as so-called daisy wheel printers. Still
further, although the spacing devices have been
discussed in the context of operating upon a flat
surface, they could operate upon a generatrix of a
cylindrical surface.

Claims

1. A printer comprising: inking means (11,13)
for printing on the surface of a sheet (15); and
characterised by that it further comprises a spacer
(21) interposed between the inking means (11,13)
and the sheet (15) so that the spacer (21) rides
upon the surface of the sheet (15) to be printed so
as to maintain a preselected spacing between the
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inking means (11,13) and the sheet (15) during
printing and to exert a force to flatten the sheet
(15) at the localised area of printing.

2. A printer according to Claim 1 wherein the
spacer (21) is a generally L-shaped member(21) 5
whose leg is connected to the inking means (11,13)
and whose foot (22) is positioned to extend parallel
to the sheets (15) surface.

3. A printer according to Claim 2 wherein the
foot (22) is located such that the inking means 10
(11,13) abuts the upper surface (23) of the foot (22)
and the lower surface of the foot (24) rides as a
skid on the printed surface of the sheet (15).

4. A printer according to Claim 1 wherein the
spacer (31) is an elongated rail-like member which 15
is substantially U-shaped in transverse cross-sec-
tion and which is connected to the inking means
(11,13) so as to ride as a skid on the surface of the
sheet (15) to be printed.

5. A printer according to any of Claims 2to 4 20
wherein the portion of the spacer (21,31) which
rides upon the sheet (15) presents a substantially
planar surface with radiused edges.

6. A printer according to any preceding claim
wherein a gas bearing is formed between the spac- 25
er (21,31) and the surface of the sheet (15) to be
printed.

7. A printer according to Claim 1 wherein the
spacer comprises an elongated roller-iike member
(51) which is rotatably connected to the inking 30
means (11,13)

8. A printer according to any preceding claim
further comprising indexing means to index the
sheet (15) on a surface (24) adjacent to the inking
means (11,13). 35

9. A printer according to claim 8 wherein the
elongated axis of the spacer (21,31) is at right
angles to the direction of indexing.

10. A printer according to any preceding claim
wherein the inking means (11,13) comprises an ink 40
jet pen (11) mounted on carriage means (13).

11. A printer according to any preceding claim
wherein the spacer (21,31) extends substantially
across the width of the inking means (11).

12. A printer according to claim 10 wherein the 45
spacer (21,31) extends substantially across the
width of the ink jet pen (11).

13. A printer according to any preceding claim
wherein the spacer (21,31) is attached to the ink jet
pen (11). 50

14. A printer according to any of claims 8 to 13
wherein the spacer (21,31) is mounted so as to
travel across an area of a sheet (15) to be printed
immediately before the area is printed.

55
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