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Description

BACKGROUND

Field

[0001] The present invention relates generally to print-
ing, and particularly, to printing on cylindrical objects, and
more particularly to printing on hollow cylindrical objects,
such as cans, and hollow, partially cylindrical objects,
such as bottles.

Description of the Problem and Related Art

[0002] Current methods of printing indicia on cylindri-
cal objects, such as cans or bottles, include either spray
painting, gravure application, or the like, as is known in
the art. While these methods have great utility in mass
production of such objects, they do not lend themselves
to other markets, such as novelty advertising on bottles,
which benefit from the ability to change designs rapidly.
[0003] Ink jet printing is well-known, and because lit
can be digitally controlled using a computer, it has the
flexibility to allow a user to change designs as desired.
Only recently, however, have advances in technology
been made to enable true image rendering on non-planar
objects. For example, U.S. Pat. No. 7,111,915 entitled,
Methods and Apparatus for Image Transfer, issued Sep-
tember 26, 2006, to Martinez, and LaCaze (one of the
inventors herein), describes an ink jet printer for the print-
ing of indicia on solid non-planar objects such as baseball
bats. Multiple bats are held in a horizontal carousel struc-
ture and are positioned relative to printheads and then
rotated in relation to the printhead which is computer-
controlled to apply ink according to a programmed image
file.
[0004] However, this structure is not suitable for hollow
cans or two-piece bottles. What is needed is a program-
mable ink jet printer that allows for the proofing of two-
piece can and bottle designs, without the complexity and
cost associated with in-line can and bottle production and
printing, as well as allowing for low-speed, high-quality,
flexible commercial production with instantaneously var-
iable images on the object.
[0005] Another example, specifically for cylindrical ob-
jects, such as cans or bottles, is found in the co-owned,
and co-pending, U.S. Pub. App. 2010/0295885, entitled
Apparatuses for Printing on Generally Cylindrical Objects
and Related Methods, published November 25, 2010 by
LaCaze (one of the inventors herein), describes an ink
jet printer for the printing of generally cylindrical objects
such as cans and bottles. Generally cylindrical objects,
such as cans and bottles, are positioned relative to print-
heads by a combination of axial and rotary motion, as
well as indexing without the printheads jetting ink. The
object is conveyed to a "tunnel" formed by the printheads
that is transverse to the axis along which the object trav-
els, where the printheads are disposed at the same axial

position. Alternatively, multiple printheads may be dis-
posed singularly in series, long the axis of travel. The
printheads are computer-controlled to apply ink accord-
ing to a programmed image file.

SUMMARY

[0006] For purposes of summarizing the invention, cer-
tain aspects, advantages, and novel features of the in-
vention have been described herein. It is to be under-
stood that not necessarily all such advantages may be
achieved in accordance with any one particular embod-
iment of the invention. Thus, the invention may be em-
bodied or carried out in a manner that combines certain
features of various embodiments and still be within the
scope contemplated by the appended claims.
[0007] Disclosed hereinbelow is an apparatus for non-
contact printing of images on generally cylindrical ob-
jects, particularly hollow cylindrical objects or hollow par-
tially-cylindrical objects, for example, cans and bottles
and including two-piece cans and bottles. It will also be
apparent to one skilled in the relevant arts with the benefit
of reading this disclosure that solid cylindrical objects and
solid partially-cylindrical objects may also be printed by
the described apparatuses.
[0008] In the one embodiment, each hollow cylindrical
object is either hand-loaded or mechanically loaded via
automation, utilizing structures and controls already
known in the art, and secured by vacuum on a mandrel
to prevent slippage, which is part of a carriage assembly
that functions to convey the object along an axis of travel,
(or axially, as used herein) beneath a series of digitally-
controlled printheads and rotate the object in front of such
printheads while ink is deposited to the object, in order
to produce the desired printed design. The ink is also
either partially or fully cured immediately after printing by
an energy-emitting means positioned directly beneath
the object, which is able to function while beneath the
printheads or anytime during the functioning of the inven-
tion.
[0009] An exemplary carriage assembly may be
mounted to a slide actuator, which is in turn fixedly mount-
ed to a mounting frame, whereby the carriage assembly
is free to traverse along the slide actuator. Also attached
to said frame is any number of print tunnels containing -
in the described first embodiment - four printheads ca-
pable of depositing four individual colors, or coatings,
lacquers or overvarnish as known in the present art.
[0010] In the preferred operation of the first embodi-
ment, the carriage advances the object through the first
print tunnel, thereby under the printheads, while the ob-
ject is rotated in synchronization with the deposition of
ink from the computer-controlled printheads, said ink de-
livered from supply means located above the print tunnel.
Such sequencing of the deposition of ink, rotation of the
object and axial advancement thereof is variable, being
dictated by several input factors, including desired print
design and resolution, object diameter and length, print-
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head length and deposition rate, desired ink density, as
well as axial displacement, or staggering of the print-
heads to achieve the desired results. The exact amount
of axial printhead staggering is dictated by the aforemen-
tioned input factors, with the intention of keeping the ob-
ject in continuous axial/rotary motion within the print tun-
nel(s) while simultaneously printing on the object, maxi-
mizing effective printing speed/efficiency and minimizing
the time the printheads are not jetting ink. Simultaneously
the energy-emitting means either partially or completely
cures the ink. The carriage continues to axially advance
the object in synchronization with its rotation and the jet-
ting of ink from the printheads such that the entire length
of the object may be printed by the first print tunnel.
[0011] The axial advancement/rotating/energy emit-
ting action may for as many print tunnels as are being
utilized to complete the intended printed design on the
object. In one embodiment, the carriage axially returns
to the loading position, ejects the object, and is then ready
for loading the next object. However, the invention should
not be understood as limited to this ejection, return and
loading sequence as these functions may be performed
in any order. Additionally, the drawings illustrate two print
tunnels with four printheads each, but the number of print
tunnels and/or the number of printheads per print tunnel
should not be considered a limiting factor.
[0012] Examples of loading and unloading hollow cy-
lindrical objects - such as cans and cups that are used
to make cans - via automation utilizing structures and
controls already known in the art are disclosed in U.S.
Pat. No. 4,921,093 entitled Infeed Means for High Speed
Continuous Motion Decorator, issued May 1, 1990 to Pe-
ters, Hamot and Ver Hoven; U.S. Pat. No. 4,928,511 en-
titled Rotary Cup Infeed, issued May 29, 1990 to Sirvet;
U.S. Pat. No. 5,231,926 entitled Apparatus and Method
for Substantially Reducing Can Spacing and Speed to
Match Chain Pins, issued August 3, 1993 to Williams,
Sirvet, Gabel and Burke; U.S. Pat. No. 5,566,567 entitled
Rotary Cup Infeed, issued October 22, 1996 to Main;
U.S. Pat. No. 5,749,631 entitled Dual Can Rotating
Transfer Plate to Conveyor Belt, issued May 12, 1998 to
Williams; and U.S. Pat. No. 6,467,609 entitled Can
Transfer Rotating Plate System, issued October 22, 2002
to Williams and Di Donato.
[0013] In an alternative operation of the first embodi-
ment, the object continues to be printed as the carriage
assembly returns to the loading position versus travers-
ing through the print tunnel(s) without the printheads jet-
ting ink, as in the preferred operation. The carriage axially
advances back to the loading position while simultane-
ously rotating and printing the object via a second pass
to complete any desired printing not achieved during the
first pass beneath the printheads within the print tun-
nel(s). This serves to further maximize effective printing
speed/efficiency by further minimizing the time the print-
heads are not jetting ink. As with the first pass, during
the second (return) pass the energy-emitting means si-
multaneously either partially or completely cures the ink.

The object may pass through the print tunnel(s) for as
many repetitions as necessary in either direction to com-
plete the desired printed design at the desired print res-
olution and ink density. After the desired design is com-
pletely printed, the object returns to the loading position
- either having been printed during such return axial mo-
tion or not, where it is blown off and the next object is
loaded and ready to be printed.
[0014] In a second embodiment of the invention, each
hollow partially-cylindrical object (or bottle) is either hand-
loaded or mechanically loaded via automation, utilizing
structures and controls already known in the art, and se-
cured at the closed end by vacuum on an object holding
assembly and at the open end by an object clamping
assembly, which are both part of a carriage assembly
that functions to axially position the bottle beneath a se-
ries of digitally-controlled printheads and rotate the bottle
in front of such printheads while ink is deposited to the
bottle, in order to produce the desired printed design.
The ink is also either partially or fully cured immediately
after printing by an energy-emitting means positioned di-
rectly beneath the bottle, which is able to function while
beneath the printheads or anytime during the functioning
of the invention.
[0015] The carriage assembly is fixedly mounted to a
slide actuator, which is in turn fixedly mounted to a mount-
ing frame, whereby the carriage assembly is free to
traverse along the slide actuator. Also attached to said
frame is any number of print tunnels containing - as in
the described first embodiment - four printheads capable
of depositing four individual colors, or coatings, lacquers
or overvarnish as known in the present art.
[0016] In the preferred operation of this second em-
bodiment - as with the preferred operation of the first
embodiment - the carriage axially advances the object
through the first print tunnel, thereby under the print-
heads, while the object is rotated in synchronization with
the deposition of ink from the computer-controlled print-
heads, said ink delivered from supply means located
above the print tunnel. Such sequencing of the deposition
of ink, rotation of the object and axial advancement there-
of is variable, being dictated by several input factors, in-
cluding desired print design and resolution, object diam-
eter and length, printhead length and deposition rate, de-
sired ink density, as well as axial displacement, or stag-
gering of the printheads to achieve the desired results.
The exact amount of staggering is dictated by the afore-
mentioned input factors, with the intention of keeping the
object in continuous axial/rotary motion within the print
tunnel(s) while simultaneously printing the object, with
the intention of maximizing effective printing speed/effi-
ciency by minimizing the time the printheads are not jet-
ting ink. Simultaneously the energy-emitting means ei-
ther partially or completely cures the ink. The carriage
continues to axially advance the object in synchronization
with its rotation and the jetting of ink from the printheads
such that the entire length of the object may be printed
by the first print tunnel.
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[0017] As with the first embodiment, in this second em-
bodiment the axial advancement/rotating/energy emit-
ting functions continue for as many print tunnels as are
being utilized to complete the intended printed design on
the object. Again, the carriage axially returns to the load-
ing position, ejects the object, and is then ready for load-
ing the next object. However, the invention should not be
understood as limited to this ejection, return and loading
sequence as these functions may be performed in any
order. Additionally, the drawings illustrate two print tun-
nels with four printheads each, but the number of print
tunnels and/or the number of printheads per print tunnel
should not be considered a limiting factor.
[0018] Examples of loading and unloading hollow par-
tially cylindrical objects - such as bottles-via automation
utilizing structures and controls already known in the art
are disclosed in U.S. Pat. No. 4,199,049 entitled Bottle
Unscrambler and Loader, issued April 22, 1980 to Vam-
vakas; U.S. Pat. No. 4,530,433 entitled Bottle-Holder Pin-
cers Forming a Link in a Conveyor Chain, issued July
23, 1985 to Cucchetto; U.S. Pat. No. 6,109,429 entitled
Oriented Bottle Conveyor, issued August 29, 2000 to
Messer; U.S. Patent No. 6,748,983 entitled Conveyor for
Bottle-Filling Machine, issued June 15, 2004 to Bausch;
and U.S. Pat. No. 7,229,110 entitled Bottle Loading and
Unloading Tool with Extendable Arms, issued June 12,
2007 to Tye.
[0019] In an alternative operation of the second em-
bodiment, the object continues to be printed as the car-
riage assembly returns to the loading station versus tra-
versing through the print tunnel(s) without the printheads
jetting ink, as in the preferred operation. The carriage
axially advances back to the loading position while simul-
taneously rotating the bottle to complete any printing not
achieved during the first pass beneath the printheads
within the print tunnel(s). This serves to further maximize
effective printing speed/efficiency by further minimizing
the time the printheads are not jetting ink. As with the
first pass, during the second (return) pass the energy-
emitting means simultaneously either partially or com-
pletely cures the ink. The bottle may pass through the
print tunnel(s) for as many repetitions as necessary in
either direction to complete the desired printed design at
the desired print resolution and ink density. After the de-
sired design is completely printed, the bottle returns to
the loading position, the object clamping assembly re-
leases the open end of the bottle and air is applied to the
object holding assembly to release the bottle, which may
be unloaded by hand or mechanically unloaded via au-
tomation utilizing structures and controls already known
in the art; the next bottle is then ready for loading.
[0020] In a third embodiment, each hollow cylindrical
object, may be either hand-loaded or mechanically load-
ed via automation utilizing structures and controls al-
ready known in the art, and secured by vacuum on a
mandrel to prevent slippage, which is part of a carriage
assembly that functions to axially position the object rel-
ative to a series of digitally-controlled printheads and ro-

tate the object in front of such printheads while ink is
deposited to the object surface, in order to produce the
desired printed design. The ink is also either partially or
fully cured immediately after printing by an energy-emit-
ting means positioned directly beneath the object, which
is able to function while beneath the printheads or any-
time during the functioning of the invention.
[0021] The carriage assembly is fixedly mounted to a
slide actuator, which is in turn fixedly mounted to a mount-
ing frame, whereby the carriage assembly is free to
traverse along the slide actuator. Also attached to the
frame is any number of print tunnels containing four print-
heads capable of depositing four individual colors, or
coatings, lacquers or overvarnish as known in the present
art.
[0022] In the preferred operation of the third embodi-
ment, the carriage axially advances the object through
the first print tunnel, thereby under the printheads, while
the object is rotated in synchronization with the deposi-
tion of ink from the computer-controlled printheads, said
ink delivered from supply means located above the print
tunnel. Such sequencing of the deposition of ink, rotation
of the object and axial advancement thereof is variable,
being dictated by several input factors, including desired
print design and resolution, object diameter and length,
printhead length and deposition rate, desired ink density,
as well as axial displacement, or staggering of the print-
heads to achieve the desired results. The exact amount
of staggering is dictated by the aforementioned input fac-
tors, with the intention of keeping the object in continuous
axial/rotary motion within the print tunnel(s) while simul-
taneously printing the object, with the intention of maxi-
mizing effective printing speed/efficiency by minimizing
the time the printheads are not jetting ink. Simultaneously
the energy-emitting means either partially or completely
cures the ink. The carriage continues to axially advance
the object in synchronization with its rotation and jetting
of ink such that the entire length of the object may be
printed by the first print tunnel. The axial advance-
ment/rotating/energy emitting functions continue for as
many print tunnels as are being utilized to complete the
intended printed design on the object. The carriage con-
tinues to axially advance the object in the same direction
as when printing, until it reaches the opposite end of the
printer, where there is located another loading position,
ejects the printed object, and is then ready for loading
the next object at this second loading position located at
the opposite end of the first loading position. This serves
to further maximize effective printing speed/efficiency by
further minimizing the time the printheads are not jetting
ink.
[0023] In an alternative operation of the third embodi-
ment, the object continues to be printed as the carriage
assembly returns toward the original loading position,
while simultaneously rotating and printing the object via
a second pass to continue any desired printing not com-
pleted during the first pass beneath the printheads within
the print tunnel(s). As with the first pass, during the sec-
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ond pass the energy-emitting means simultaneously ei-
ther partially or completely cures the ink. The object then
reverses direction again for an additional, or third pass
through the print tunnel(s) until it reaches the end oppo-
site the original loading position, where is located the
aforementioned second loading position, blows the print-
ed object off via compressed air, and is then ready for
loading the next object at this second loading position
located at the opposite end of the first loading position.
This alternative operation of the third embodiment is
meant to accommodate designs requiring 3 or more odd-
numbered passes as determined by the design input fac-
tors, while maximizing effective printing speed/efficiency
by further minimizing the time the printheads are not jet-
ting ink.
[0024] In a fourth embodiment, each hollow partially-
cylindrical object (or bottle) is either hand-loaded or me-
chanically loaded via automation utilizing structures and
controls already known in the art and secured at the
closed end by vacuum on an object holding assembly
and at the open end by an object clamping assembly,
which are both part of a carriage assembly that functions
to axially position the bottle relative to a series of digitally-
controlled printheads and rotate the bottle in front of such
printheads while ink is deposited to the bottle, in order to
produce the desired printed design. The ink is also either
partially or fully cured immediately after printing by an
energy-emitting means positioned directly beneath the
bottle, which is able to function while beneath the print-
heads or anytime during the functioning of the invention.
[0025] The carriage assembly is fixedly mounted to a
slide actuator, which is in turn fixedly mounted to a mount-
ing frame, whereby the carriage assembly is free to
traverse along the slide actuator. Also attached to the
frame is any number of print tunnels containing four print-
heads capable of depositing four individual colors, or
coatings, lacquers or overvarnish as known in the present
art.
[0026] In the preferred operation of the fourth embod-
iment, the carriage axially advances the object through
the first print tunnel, thereby under the printheads, while
the bottle is rotated in synchronization with the deposition
of ink from the computer-controlled printheads, said ink
delivered from supply means located above the print tun-
nel. Such sequencing of the deposition of ink, rotation of
the bottle and axial advancement thereof is variable, be-
ing dictated by several input factors, including desired
print design and resolution, bottle diameter and length,
printhead length and deposition rate, desired ink density,
as well as axial displacement, or staggering of the print-
heads to achieve the desired results. The exact amount
of staggering is dictated by the aforementioned input fac-
tors, with the intention of keeping the bottle in continuous
axial/rotary motion within the print tunnel(s) while simul-
taneously printing the bottle, thereby maximizing effec-
tive printing speed/efficiency by minimizing the time the
printheads are not jetting ink. Simultaneously the energy-
emitting means either partially or completely cures the

ink. The carriage continues to axially advance the bottle
in synchronization with its rotation such that the entire
length of the bottle may be printed by the first print tunnel.
[0027] The axial advancement/rotating/energy emit-
ting functions continue for as many print tunnels as are
being utilized to complete the intended printed design on
the bottle. The carriage continues to axially advance the
bottle in the same direction as when printing, until it reach-
es the opposite end of the printer, where there is located
another loading position, the object clamping assembly
releases the open end of the bottle and air is applied to
the object holding assembly to release the bottle; the next
bottle is then ready for loading. The present invention
drawings illustrate two print tunnels with four printheads
each, but the number of print tunnels and/or the number
of printheads per print tunnel should not be considered
a limiting factor.
[0028] Examples of loading and unloading hollow par-
tially cylindrical objects - such as bottles-via automation
utilizing structures and controls already known in the art
are already described within the second embodiment
(U.S. Patents 4,199,049; 4,530,433; 6,109,429;
6,748,983; 7,229,110).
[0029] In an alternative operation of the fourth embod-
iment, the bottle continues to be printed as the carriage
assembly returns toward the original loading position,
while simultaneously rotating and printing the bottle via
a second pass to continue any desired printing not com-
pleted during the first pass beneath the printheads within
the print tunnel(s). This serves to further maximize effec-
tive printing speed/efficiency by further minimizing the
time the printheads are not jetting ink. As with the first
pass, during the return pass the energy-emitting means
simultaneously either partially or completely cures the
ink. The bottle then reverses direction again for an addi-
tional, or third pass through the print tunnel(s) until it
reaches the end opposite the original loading position,
where is located the aforementioned second loading po-
sition, the object clamping assembly releases the open
end of the bottle and air is applied to the object holding
assembly to release the bottle; the next bottle is then
ready for loading. This alternative operation of the fourth
embodiment is meant to accommodate designs requiring
3 or more odd-numbered passes as determined by the
design input factors, while maximizing effective printing
speed/efficiency by further minimizing the time the print-
heads are not jetting ink.
[0030] These and other embodiments of the present
invention will also become readily apparent to those
skilled in the art from the following detailed description
of the embodiments having reference to the attached fig-
ures, the invention not being limited to any particular em-
bodiment(s) disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The present invention is described with refer-
ence to the accompanying drawings. In the drawings,
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like reference numbers indicate identical or functionally
similar elements.

Fig. 1 shows an exemplary digital printing apparatus
for decorating hollow cylindrical objects;

Fig. 2 depicts the apparatus with top covers removed
for clarity;

Fig. 3 is a close-up view of the major components
printing apparatus;

Fig. 4 is a side elevation of the printing apparatus;

Fig. 5 depicts the carriage assembly axially ad-
vanced in a first position;

Fig. 6 depicts the carriage assembly further axially
advanced in a second position;

Fig. 7 depicts the carriage assembly further axially
advanced in a third position;

Fig. 8 depicts the carriage assembly further axially
advanced in a fourth position;

Fig. 9 shows the interconnection of the major com-
ponents of the invention;

Fig. 10 is a close-up view of the relationship between
the major components;

Fig. 11 clarifies the interconnections between the
major components;

Fig. 12 shows the components of the carriage as-
sembly;

Fig. 13 is a view of the rotary drive end of the carriage
assembly;

Fig. 14 is a cross-section through the carriage as-
sembly;

Fig. 15 shows the relationship of the energy curing
assembly to the hollow cylindrical object to be print-
ed;

Fig. 16 removes a portion of the energy curing en-
closure to more clearly show the energy emitting
means;

Fig. 17 shows either of the print tunnels in detail;

Fig. 18 shows either of the print tunnels with a portion
of the print tunnel support removed for clarity;

Fig. 19 is a close-up view - with the print tunnels

removed for clarity - showing the axial and trans-
verse relationships of the printheads;

Fig. 20 is a closer view of the printhead arrangement;

Fig. 21 is top plan view of the hollow cylindrical object
to be printed as it begins to be printed;

Fig. 22 shows the hollow cylindrical object to be print-
ed further axially advanced vis-à-vis Fig. 21;

Fig. 23 shows the hollow cylindrical object to be print-
ed 8 continuing to axially traverse vis-à-vis Fig. 22;

Fig. 24 shows the hollow cylindrical object to be print-
ed axially reversing after the first, single-direction
pass through the print tunnel(s);

Fig. 25 illustrates the hollow cylindrical object to be
printed traversing back toward the end of the inven-
tion at which it was originally loaded while the print-
heads jet ink;

Fig. 26 illustrates the hollow cylindrical object to be
printed nearing the end of its reverse (or second)
pass through the print tunnel(s);

Fig. 27 shows a second exemplary embodiment of
a printing apparatus;

Fig. 28 is a close-up view of the object-centering as-
sembly;

Fig. 29 is a cross-section through the positioning cyl-
inders;

Fig. 30 shows all the components of the carriage
assembly;

Fig. 31 is a cross-section through the carriage as-
sembly;

Fig. 32 is a close-up view of a cross-section of the
object holding assembly and object clamping as-
sembly;

Fig. 33 is a top view of the object clamping assembly
and the object holding assembly;

Fig. 34 shows a second exemplary embodiment of
a printing apparatus;

Fig. 35 shows a fourth exemplary embodiment of a
printing apparatus.

DETAILED DESCRIPTION

[0032] The various embodiments of the present inven-
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tion and their advantages are best understood by refer-
ring to Figures 1 through 35 of the drawings. The ele-
ments of the drawings are not necessarily to scale, em-
phasis instead being placed upon clearly illustrating the
principles of the invention. Throughout the drawings, like
numerals are used for like and corresponding parts of
the various drawings.
[0033] This invention may be provided in other specific
forms and embodiments without departing from the es-
sential characteristics as described herein. The embod-
iments described above are to be considered in all as-
pects as illustrative only and not restrictive in any manner.
The following claims rather than the foregoing description
indicate the scope of the invention.
[0034] Referring first to Fig. 1, an exemplary digital
printing apparatus for decorating cylindrical objects, for
example, cans is illustrated with top covers 1 in place.
Fig. 2 depicts the invention with top covers 1 removed
for clarity. The apparatus comprises four main, intercon-
nected components: carriage assembly 2, print tunnels
3a, 3b, support frame 4, and slide actuator 5. The slide
actuator 5 and print tunnels 3a, 3b are both connected
directly to the support frame 4. The carriage assembly 2
is in turn mounted directly to the slide actuator 5.
[0035] Fig. 3 is a close-up view showing the relation-
ship between the carriage assembly 2, print tunnels 3a,
3b and mounting frame 4, as well as the slide actuator 5
on which the carriage assembly 2 axially traverses. Fig.
4 is a side elevation of the apparatus showing the energy
curing assembly 6, rotational drive assembly 7, and hol-
low cylindrical object 8 to be printed. The slide actuator
5 transports the carriage assembly 2 into the print tunnels
3a, 3b while the rotational drive assembly 7 rotates the
carriage assembly 2, and thus, the hollow cylindrical ob-
ject to be printed 8 within the print tunnels 3a, 3b.
[0036] The carriage assembly 2, includes a mandrel
assembly 9 mounted to be aligned along the direction of
travel, dimensioned to internally support a hollow cylin-
drical object to be printed 8. The mandrel assembly 9 is
coupled to a rotational drive assembly 7. In this embod-
iment, the carriage assembly 2 is shown to also include
the energy curing assembly 6 mounted to the carriage
directly underneath the mandrel assembly 9 such that
curing energy (discussed below) is radiated onto the
mandrel assembly 9 and specifically onto the hollow cy-
lindrical object to be printed 8 mounted thereon. Fig. 5
depicts the carriage assembly 2 axially and continuously
advancing through the first print tunnel 3a via the slide
actuator 5 such that the hollow cylindrical object to be
printed 8 begins to be printed within the first of the print
tunnels 3a. During printing, the carriage assembly 2 ax-
ially and continuously advances while the rotational drive
assembly 7 rotates the mandrel assembly 9, onto which
the hollow cylindrical object to be printed 8 is mounted.
Meanwhile, the energy curing assembly 6 applies energy
to the hollow cylindrical object to be printed 8 after printing
to either partially cure the print to prevent running of the
ink prior to further printing or to completely cure the ink

as a finished product if appropriate and desired.
[0037] Fig. 6 illustrates the carriage assembly 2 further
axially advanced by the slide actuator 5 than in Fig. 5
within the first of the print tunnels 3a.
[0038] Fig. 7 illustrates the carriage assembly 2 slide
further axially advanced than in Fig. 6 by the slide actu-
ator 5 such that the hollow cylindrical object to be printed
8 has exited the first print tunnel 3a and has entered the
second print tunnel 3b. The number of print tunnels 3a,
3b shown here is two, but can be as many as dictated
by the number of colors to be printed, as the number of
colors in the current embodiment is limited to four per
print tunnel 3a, 3b. Other media besides ink may be print-
ed on the hollow cylindrical object 8 to be printed and
may include, but is not limited to, overcoat varnish, size
coating, base coating, and any applicable protective or
decorative fluid used to enhance the appearance of, or
afford protection of, the hollow cylindrical object to be
printed 8, and/or to improve adhesion of the ink to be
used in its printing.
[0039] Fig. 8 illustrates the carriage assembly 2 further
axially advanced by the slide actuator 5 than in Fig. 7
within the second of the print tunnels 3b.
[0040] In Fig. 9 is a perspective view of an exemplary
print tunnel 3b illustrating the interconnection of the major
components, namely the slide actuator 5, the carriage
assembly 2 connected to the slide actuator 5 and the
print tunnel 3b. It will be noted that the print tunnel is
generally formed by the arch created by the way the print-
heads 25 are mounted through which ink (or other fluid)
is deposited upon the desired hollow cylindrical object to
be printed 8.
[0041] Fig. 10 also shows the relationship between the
major components, namely the slide actuator 5, carriage
assembly 2, and print tunnel 3 and energy curing assem-
bly 6. Fig. 11 further clarifies the interconnection between
the slide actuator 5 and carriage assembly 2, with the
print tunnels 3a, 3b and energy curing assembly 6 re-
moved for clarity.
[0042] Fig. 12 shows all the components of the carriage
assembly 2, including the rotational drive assembly 7,
energy curing assembly 6, and mandrel assembly 9 ro-
tationally coupled to the rotational drive assembly 7, and
showing a hollow cylindrical object to be printed 8 mount-
ed thereon. Fig. 13 is a view of the rotary drive end of
the carriage assembly 2, namely the carriage mounting
plate 10 that supports the mounting of the rotational drive
motor 11, the mandrel assembly 9 and the energy curing
assembly 6 as shown. A drive pulley 12 is coupled to the
motor 11 and is engaged to the driven pulley 13 by a
drive belt 14. It can be seen that the motor 11 may be
mounted to an optional rotational drive mounting plate
15. The dashed reference line also indicates that the hol-
low cylindrical object to be printed 8 is held to be axially
aligned with the mandrel assembly 9, and such axis is
aligned with the line of travel.
[0043] Fig. 14 is a cross-section through the carriage
assembly 2 as shown in Fig. 12, showing the detail of
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the mandrel assembly 9 and its interconnection to the
driven pulley 13 of the rotational drive assembly 7 via a
drive shaft 16. The drive shaft 16 is mounted via bearings
17a, 17b, which are mounted within a support tube 18,
which is in turn mounted to the carriage mounting plate
10 via support blocks 19a, 19b. The mandrel 20 is con-
nected to the drive shaft 16 and supports the hollow cy-
lindrical object 8 to be printed. The mandrel 20, drive
shaft 16, and support tube 18 are constructed and as-
sembled in such a manner as to create a vacuum/air
chamber 30 having an opening toward the free end of
the mandrel 20 where the hollow cylindrical object to be
printed 8 is positioned with an external vacuum/air con-
nection 31 in the sidewall of the support tube 18. Upon
loading the hollow cylindrical object to be printed 8 on
the mandrel 20, a vacuum is applied via the vacuum/air
connection 31, creating a vacuum within the vacuum/air
chamber 30 that prevents the hollow cylindrical object to
be printed 8 from axially or circumferentially slipping on
the mandrel 20 so that the precision of ink deposition to
the hollow cylindrical object to be printed 8 is maximized.
The air/vacuum chamber 30 is isolated from the atmos-
phere via seals 32a, 32b. A first rotational position sensor
28a is attached to the carriage mounting plate 10 via a
sensor mount 29. A second rotational position sensor
28b is directly attached to the drive shaft 16; the first and
second rotational position sensors 28a, 28b are used to
control the precise circumferential deposition of ink to the
hollow cylindrical object to be printed 8. The vacuum, or
at least a low pressure sufficient to draw the cylindrical
object against the mandrel, may be created using a con-
ventional air pump coupled to the vacuum/air connection
31, configured to be selectively reversible. When the hol-
low cylindrical object to be printed 8 has been processed
by the apparatus, the pump may be selectively reversed
to inject air into the chamber 30, assisting to disengage
the hollow cylindrical object to be printed 8 from the man-
drel 20.
[0044] Figs. 15 and 16 show the energy curing assem-
bly 6 in detail in relationship to the hollow cylindrical object
to be printed 8. The energy curing assembly 6 comprises
a housing 21, which contains the energy emitting means
22a, 22b, 22c. Baffles 27a, 27b mounted on the top sur-
face of the housing 21 may be used to concentrate the
energy emission upon the hollow cylindrical object to be
printed 8. The energy curing assembly 6 is mounted di-
rectly to the carriage mounting plate 10. The term "ener-
gy" is understood to include any type of electromagnetic
energy suitable for curing of emulsions or resins applied
to a substrate including without limitation, ultraviolet. En-
ergy could also include visible light from any suitable
source, a non-limiting example being from a light-emitting
diode (LED). It will also be understood that energy curing
assembly 6 does not need to be mounted to the carriage
assembly 2 such that it travels with the hollow cylindrical
object to be printed 8 as it is axially indexed through the
printing process. Indeed the energy curing assembly 6
may be fixedly mounted at one end of a print tunnel 3

such that when the hollow cylindrical object to be printed
8 is conveyed through the tunnel 3 it is held over the
energy curing assembly 6.
[0045] Fig. 17 and 18 show an exemplary print tunnel
3 in detail, including the print tunnel support frame 23,
ink supply 24a, 24b, 24c, 24d, and printheads 25a, 25b,
25c, 25d, typically one printhead 25 per color used as
would be appreciated by those skilled in the art. Each
printhead 25 is controlled through a printed circuit board
26a, 26b, 26c in communication with a computer-based
control system 7 (discussed in detail below) that control
the deposition of ink that flows from the ink supply 24a,
24b, 24c, 24d and onto the hollow cylindrical object 8 to
be printed. Printheads 25 are arranged in an arc so that
each printhead 25 is the same distance from the surface
of the hollow cylindrical object to be printed 8.
[0046] Fig. 19 is a close-up view - with the print tunnels
3 removed for clarity - showing the axial and transverse
relationships between the printheads 25. Fig. 20 is a clos-
er view of the printhead arrangement, with the hollow
cylindrical object to be printed 8 beginning to pass be-
neath the printheads 25 via axially traversing by means
of the slide actuator 5 while simultaneously rotated by
the rotational drive assembly 7 (not shown). The axial
offset (understood with respect to the Direction of Travel)
between printhead 25a and 25b is highlighted.
[0047] Fig. 21 is an elevation view of the hollow cylin-
drical object to be printed 8 as it begins to be printed by
printhead 25a during simultaneous and continuous axial
and rotary motion. Highlighted here as well is the axial
offset between printheads 25a and 25b, 25b and 25c,
and 25c and 25d. The degree or amount of axial offset
is variable and not necessarily equal between each print-
head 25 and not necessary equal for each print tunnel
3. The printheads 25 may jet ink at separate times or
simultaneously, depending upon the desired print design
and resolution, hollow cylindrical object to be printed 8
diameter and length, printhead 25 length and deposition
rate, desired ink density, as well as axial displacement
of the printheads 25 to achieve the desired results.
[0048] Fig. 22 shows the hollow cylindrical object to be
printed 8 further axially advanced in such proximity that
- in this illustration - the hollow cylindrical object to be
printed 8 is in such a position that all four printheads 25
are able to jet ink to it during its simultaneous and con-
tinuous axial and rotational motion.
[0049] Fig. 23 shows the hollow cylindrical object to be
printed 8 continuing to axially traverse such that it has
cleared the printheads 25 and is ready to enter the next
print tunnel(s) 3, if applicable, or return back to the end
of the invention where it was originally loaded, at which
point it may be removed and the next hollow cylindrical
object to be printed 8 loaded onto the mandrel assembly
9 for printing. The hollow cylindrical object to be printed
8 may be hand-loaded/unloaded or mechanically load-
ed/unloaded via automation, utilizing structures and con-
trols already known in the art.
[0050] In an alternative operation of this first embodi-
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ment, the carriage assembly 2 is commanded to reverse
direction after the first, single-direction pass through the
print tunnel(s) 3 - as shown in Fig. 24 - while simultane-
ously rotating so that during such return motion printing
may continue, with the printheads 25 jetting ink in the
reverse order from the first pass beneath them. The ne-
cessity to continue to print in this manner will be dictated
by the desired print design and resolution, hollow cylin-
drical object to be printed 8 diameter and length, print-
head 25 length and deposition rate, desired ink density,
as well as axial displacement of the printheads 25 to
achieve the desired results.
[0051] Fig. 25 illustrates the hollow cylindrical object
to be printed 8 traversing back toward the end of the
invention at which it was originally loaded, during contin-
uous and simultaneous linear - or axial - and rotary motion
while the printheads 25 jet ink as necessary to complete
the printing of the intended design. After passing within
the requisite print tunnels(s) 3 to complete the design,
the hollow cylindrical object to be printed 8 may either
traverse back to the original loading position to be re-
moved or may reverse direction once again - as shown
in Fig. 21 - to be printed again, the number of repetitions
dictated by the desired print design and resolution, hollow
cylindrical object to be printed 8 diameter and length,
printhead 25 length and deposition rate, desired ink den-
sity, as well as axial displacement of the printheads 25
to achieve the desired results.
[0052] Fig. 26 illustrates the hollow cylindrical object
to be printed 8 nearing the end of its reverse (or second)
pass through the print tunnel(s) 3; it is at this point illus-
trated as being only beneath printhead 25a. When car-
riage assembly 2 conveying the object 8 returns back to
the end of the track where it was originally loaded, after
all printing passes have been accomplished, it may be
removed and the next hollow cylindrical object to be print-
ed 8 loaded onto the mandrel assembly 9 for printing.
The hollow cylindrical object to be printed 8 may be hand-
loaded/unloaded or mechanically loaded/unloaded via
automation, utilizing structures and controls already
known in the art.
[0053] A second exemplary embodiment of a printing
apparatus is shown in Fig. 27 which depicts a digital print-
ing apparatus for decorating hollow partially-cylindrical
objects to be printed (or bottles) 38. This version com-
prises four main, interconnected components: carriage
assembly 42, print tunnels 3a, 3b, support frame 4, and
slide actuator 5. The slide actuator 5 and print tunnels
3a, 3b are both connected directly to the mounting frame
4. The carriage assembly 42 is in turn mounted directly
to the slide actuator 5. In this embodiment there exists
also an object-centering assembly 33, which attaches
directly to the mounting frame 4 via the object-centering
support 34.
[0054] Fig. 28 is a close-up view of the object-centering
assembly 33 showing positioning cylinders 35a, 35b at-
tached directly to the object-centering support 34 via cyl-
inder mounting means 39a, 39b. Object-centering guides

36a, 36b are slidably seated upon support surface 62 in
which is defined a channel 63 for receiving the partially-
cylindrical object to be printed 38, in turn, connected to
the positioning cylinders 35a, 35b via connection blocks
37a, 37b and are used to center the hollow partially-cy-
lindrical object to be printed 38 for precise printing in the
print tunnels 3a, 3b. Positioning cylinders 35a, 35b may
be achieved using pneumatic cylinders shown in detail
in Fig. 29 which depicts a cross-section through the po-
sitioning cylinders 35a, 35b showing the cylinder air sup-
ply ports 40a, 40b. Each cylinder defines a chamber 59
in communication with its respective port 40 and in which
is slidably seated a plunger 60 having an arm 61 extend-
ing outside the cylinder toward the carriage assembly 42.
Air pressure applied into the chamber 59 through the port
40 forces the plunger 60 to pneumatically extend the
plunger arm 61, thereby forcing the object-centering
guides 36a, 36b through their respective connections
against the surface of the hollow partially-cylindrical ob-
ject to be printed 38 and so keeps the partially-cylindrical
object to be printed 38 centered within the channel 63.
The plunger arms 61a, b are caused to retract when the
air supply at the cylinder air supply ports 40a, 40b is
ceased cylinder springs 41a, 41b bias the plunger 60
laterally. This centering may be accomplished through a
variety of mechanisms other than pneumatic cylinders
as would be appreciated by those skilled in the relevant
art. Examples of other mechanisms include springs, so-
lenoids, hydraulically actuated plungers, or other suitable
mechanisms useful for extension and retraction as indi-
cation. Selective application and release of air pressure
is rendered by a suitable control system described in de-
tail below. Again the dashed reference line indicates axial
alignment of the hollow partially-cylindrical object to be
printed 38 along the line of travel.
[0055] Fig. 30 shows all the components of the carriage
assembly 42, including the rotational drive assembly 7,
energy curing assembly 6, hollow partially-cylindrical ob-
ject to be printed 38, object clamping assembly 43, and
object holding assembly 44.
[0056] Fig. 31 is a cross-section through the carriage
assembly 42 shown in Fig. 30 wherein is shown an object
holding assembly 44 and its interconnection to the driven
pulley 13 of the rotational drive assembly 7 via the drive
shaft 16. The drive shaft 16 is mounted via bearings 17a,
17b, which are mounted within the support tube 18, which
is mounted to the carriage mounting plate 10 via support
blocks 19a, 19b. The object holding assembly 44 is con-
nected to the drive shaft 16 and supports the hollow par-
tially-cylindrical object to be printed 38. The object hold-
ing assembly 44, drive shaft 16, and support tube 18 are
constructed and assembled in such a manner as to create
a vacuum/air chamber 30 with an external vacuum/air
connection 31 in the sidewall of the support tube 18. As
with the previously described embodiment, upon loading
the hollow partially-cylindrical object to be printed 38 on
the object holding assembly 44, a vacuum is applied via
the vacuum/air connection 31, creating a vacuum within
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the vacuum/air chamber 30 that holds the hollow partial-
ly-cylindrical object 38 in place. The air/vacuum chamber
30 is isolated from the atmosphere via sealing means
32a, 32b. A first part of a rotational position sensing
means 28a is attached to the carriage mounting plate 10
via a sensor mounting means 29. A second part of a
rotational position sensing means 28b is directly attached
to the drive shaft 16; the rotational position sensing
means 28a, 28b is used to control the precise circumfer-
ential deposition of ink to the hollow partially-cylindrical
object to be printed 38. Again, when the hollow partially-
cylindrical object to be printed 38 is due to be unloaded,
the vacuum is released and air pressure may be applied
to assist in disengaging the hollow partially-cylindrical
object to be printed 38.
[0057] Fig. 32 is a cross-section of the object holding
assembly 44 and object clamping assembly 43 shown in
Fig. 30. The object holding assembly 44 consists of a
bottle clamp 45 fixedly mounted to the drive shaft 16 via
a clamp fastener 46 that also serves the function of ap-
plying air and vacuum to the bottom - or closed end - of
the hollow partially-cylindrical object 38. The object
clamping assembly 43 consists of the object clamping
support bracket 48, which is directly attached to the car-
riage mounting plate 10 via the clamping support plate
47 at the end of the apparatus. A clamping nosepiece 49
- attached by a clamping shaft 50 rotating within a pillow
block bearing 51 attached to the clamping support brack-
et 48 - supports the open end of the hollow partially-cy-
lindrical object to be printed 38 while allowing said hollow
partially-cylindrical object to be printed 38 to rotate freely.
The pressure exerted by the clamping nosepiece 49
against the open end of the hollow partially-cylindrical
object to be printed 38 may be fine tuned via the pressure
adjusting screw 52 preloaded against the clamping shaft
50 via the clamping spring 53. A vertically-adjustable cyl-
inder support plate 54 is fastened to the object-centering
support 34 and to the clamping cylinder 55, with the op-
posite end of the clamping cylinder 55 attached to the
clamping support bracket 48. The clamping cylinder 55
is actuated via the cylinder connection ports 58a and 58b,
so that when extended the cylinder 55 pushes the object
clamping assembly 43 away from the hollow partially-
cylindrical object to be printed 38, thereby causing the
clamping nosepiece 49 to release the hollow partially-
cylindrical object to be printed 38 so it may be removed
from the invention. When the next hollow partially-cylin-
drical object to be printed 38 is placed against the object
holding assembly 44, vacuum is applied within the vac-
uum/air chamber 30, causing the object holding assem-
bly 44 to hold in place the open end of the hollow partially-
cylindrical object to be printed 38. The clamping cylinder
55 is then actuated such that it retracts, causing the object
clamping assembly 43 to be pulled toward the hollow
partially-cylindrical object to be printed 38, thereby caus-
ing the clamping nosepiece 49 to insert into - and position
- the open end of the hollow partially-cylindrical object to
be printed 38.

[0058] Fig. 33 is a top view of the object clamping as-
sembly 43 and the object holding assembly 44 illustrating
the interconnections between the clamping support plate
47, clamping support bracket 48, cylinder support plate
54, and carriage mounting plate 10.
[0059] A third exemplary embodiment of a printing ap-
paratus is shown in Fig. 34, which depicts a digital printing
apparatus for decorating hollow cylindrical objects 8. This
third embodiment is a variation of the first embodiment
depicted in Figs. 1 through 26, with the further addition
of a secondary loading position 65 axially opposite the
first loading position 64. In the preferred operation of this
third embodiment the hollow cylindrical object to be print-
ed 8 is loaded at the first loading position 64. The hollow
cylindrical object to be printed 8 may be hand-loaded or
mechanically loaded via automation, utilizing structures
and controls already known in the art. The hollow cylin-
drical object to be printed 8 linearly advances beneath
the first set of printheads 25 - as shown in Fig. 21. It
continues in identical fashion to the first embodiment of
the invention - as shown in Fig. 22 - as it is printed. After
completion of printing in the requisite number of print tun-
nels 3 - as depicted in Fig. 23, the hollow cylindrical object
to be printed 8 continues to axially advance until reaching
the secondary loading position 65, axially opposite the
first loading position 64 - as depicted in Fig. 34, where it
is unloaded and the next hollow cylindrical object to be
printed 8 is loaded. The hollow cylindrical objects to be
printed 8 may be hand-loaded/unloaded or mechanically
loaded/unloaded via automation, utilizing structures and
controls already known in the art.
[0060] After loading at the secondary loading position
65, the hollow cylindrical object to be printed 8 is axially
advanced back under the printheads 25, as depicted in
Fig. 24, in an axial direction toward the first loading po-
sition 64. The hollow cylindrical object to be printed 8
reaches the first loading position 64, where it is unloaded
and the next hollow cylindrical object to be printed 8 is
loaded. The hollow cylindrical objects to be printed 8 may
be hand-loaded/unloaded or mechanically loaded/un-
loaded via automation, utilizing structures and controls
already known in the art
[0061] In another operation of the third embodiment of
the invention, these forward and reverse passes through
the print tunnel(s) 3 may continue for as many repetitions
as required to complete the intended design, being dic-
tated by the desired print design and resolution, hollow
cylindrical object to be printed 8 diameter and length,
printhead 25 length and deposition rate, desired ink den-
sity, as well as axial displacement, or staggering of the
printheads 25 to achieve the desired results. In this em-
bodiment, the total number of passes - both forward and
reverse - would by convention be an odd number (3, 5,
7, etc.) as an even number of passes would insinuate
only a first loading position 64, which is described within
the first embodiment of the invention.
[0062] A fourth exemplary embodiment of a printing
apparatus is shown in Fig. 35, which depicts a digital

17 18 



EP 2 701 914 B1

11

5

10

15

20

25

30

35

40

45

50

55

printing apparatus for hollow partially-cylindrical objects
(or bottles) 42. This fourth embodiment is a variation of
the second embodiment depicted in Figs. 27 through 33,
with the further addition of a secondary loading position
65 axially opposite the first loading position 64.
[0063] In the preferred operation of this fourth embod-
iment for hollow partially-cylindrical object to be printed
38 - as with the preferred operation of the third embodi-
ment for hollow cylindrical object to be printed 8 - the
hollow partially-cylindrical object to be printed 38 axially
advances beneath the first set of printheads 25 after be-
ing loaded at the first loading position 64. After completion
of printing in the requisite number of print tunnel(s) 3, the
hollow partially-cylindrical object to be printed 38 contin-
ues to axially advance until reaching the secondary load-
ing position 65, axially opposite the first loading position
63 - as depicted in Fig. 35, where it is unloaded and the
next hollow partially-cylindrical object to be printed 38 to
be printed is loaded. The hollow partially-cylindrical ob-
jects to be printed 38 may be hand-loaded/unloaded or
mechanically loaded/unloaded via automation, utilizing
structures and controls already known in the art.
[0064] In another operation of the fourth embodiment,
these forward and reverse passes through the print tun-
nel(s) 3 may continue for as many repetitions as required
to complete the intended design, as dictated by desired
print design and resolution, hollow partially-cylindrical
object to be printed 38 diameter and length, printhead 25
length and deposition rate, desired ink density, as well
as axial displacement, or staggering of the printheads 25
to achieve the desired results.. In this embodiment, the
total number of passes - both forward and reverse - would
by convention be an odd number (3, 5, 7, etc.) as an even
number of passes would insinuate only a first loading
position 64, which is described above with in reference
to the first embodiment above.
[0065] Functions of the apparatus described above are
controlled through instructions executed by a computer-
based control system 70 which may be housed in the
support frame 4. A control system 70suitable for use with
all embodiments described above includes, for example,
one or more processors. The computer system 70 can
also include a main memory, preferably a random access
memory (RAM), and can also include a secondary mem-
ory. The secondary memory can include, for example, a
hard disk drive and/or a removable storage drive. The
removable storage drive reads from and/or writes to a
removable storage unit in a well-known manner. The re-
movable storage unit, represents a floppy disk, magnetic
tape, optical disk, and the like, which is read by and writ-
ten to by the removable storage drive. The removable
storage unit includes a computer usable storage medium
having stored therein computer software and/or data.
[0066] The secondary memory can include other sim-
ilar means for allowing computer programs or other in-
structions to be loaded into the computer system. Such
means can include, for example, a removable storage
unit and an interface. Examples of such can include a

program cartridge and cartridge interface (such as that
found in video game devices), a removable memory chip
(such as an EPROM, or PROM) and associated socket,
and other removable storage units and interfaces which
allow software and data to be transferred from the re-
movable storage unit to the computer system.
[0067] Computer programs (also called computer con-
trol logic) are stored in the main memory and/or second-
ary memory. Computer programs can also be received
via a communications interface. Such computer pro-
grams, when executed, enable the computer system to
perform certain features of the present invention as dis-
cussed herein. In particular, the computer programs,
when executed, enable a control processor to perform
and/or cause the performance of features of the present
invention. Accordingly, such computer programs repre-
sent controllers of the computer system.
[0068] In an embodiment where the invention is imple-
mented using software, the software can be stored in a
computer program product and loaded into the computer
system using the removable storage drive, the memory
chips or the communications interface. The control logic
(software), when executed by a control processor, caus-
es the control processor to perform certain functions of
the embodiments described herein.
[0069] In other embodiments, features of the appara-
tus are implemented primarily in hardware using, for ex-
ample, hardware components such as application spe-
cific integrated circuits (ASICs) or field-programmable
gated arrays (FPGAs). Implementation of the hardware
state machine so as to perform the functions described
herein will be apparent to persons skilled in the relevant
art(s). In yet another embodiment, features of the inven-
tion can be implemented using a combination of both
hardware and software.
[0070] As described above and shown in the associ-
ated drawings, the present invention comprises appara-
tuses for printing on generally cylindrical objects and re-
lated methods. While particular embodiments of the in-
vention have been described, it will be understood, how-
ever, that the invention is not limited thereto, since mod-
ifications may be made by those skilled in the art, partic-
ularly in light of the foregoing teachings. It is, therefore,
contemplated by the appended claims to cover any such
modifications that incorporate those features or those im-
provements that embody the scope of the present inven-
tion as defined by the appended claims.

Claims

1. An ink jet printer for printing on an at least partially
cylindrical objects (8) comprising:

a plurality of printheads (25) in communication
with a fluid supply (24) and positioned with re-
spect to an axis along which an at least partially
cylindrical object (8) is to be conveyed, each of
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said plurality of printheads (25) being controlled
to selectively deposit fluid upon a surface of said
object (8) in accordance with a predetermined
image;
a curing device (6) located along said axis and
configured to emit energy suitable to cure fluid
deposited upon the surface of said object; and
a carriage assembly (2) configured to hold said
object and to axially convey said object along
said axis, axially position said object relative to
said plurality of printheads, and to rotate said
object relative to said plurality of printheads, and
to axially position said object relative to said cur-
ing device;
characterized in that said plurality of print-
heads (25) comprises a print tunnel (3) arranged
in an arch above said axis and the printheads
(25) are arranged in an arc with an axial offset
between printheads (25).

2. The ink jet printer of Claim 1, wherein said carriage
assembly (2) is configured to convey said object (8)
bi-directionally along said axis and wherein said plu-
rality of printheads (25) is controlled to selectively
deposit fluid upon said surface of said object (8)
when said object (8) is conveyed in either direction.

3. The ink jet printer of Claim 2, wherein said curing
device (6) is configured to emit said energy when
said object (8) is conveyed in either direction.

4. The ink jet printer of any one of the preceding claims ,
wherein said carriage assembly (2) further compris-
es a mandrel (9) having a free end dimensioned to
be inserted into a hollow cylindrical object (8), said
mandrel (9) being coupled to a rotating drive shaft
(16).

5. The ink jet printer of Claim 4, wherein said mandrel
(9) further defines a chamber (30) having an opening
at said free end, said chamber (30) in fluid commu-
nication with a conduit such that a substantial vacu-
um may be created within said chamber (30) suffi-
cient to draw said object (8) against said free end.

6. The ink jet printer of any one of the preceding claims,
further comprising at least two print tunnels (3a, 3b)
arrayed in tandem along said axis.

7. The ink jet printer of any one of the preceding claims ,
wherein said carriage assembly (2) is configured to
convey said object (8) bi-directionally along said axis
and wherein said plurality of printheads (25) is con-
trolled to selectively deposit fluid upon said surface
of said object (8) when said object (8) is conveyed
in either direction.

8. The ink jet printer of Claim 7, wherein said curing

device (6) is configured to emit said energy when
said object (8) is conveyed in either direction.

9. The ink jet printer of Claim 8, further comprising a
generally cylindrical mandrel (9) having a free end
dimensioned to be inserted into a hollow cylindrical
object (8) and supported by said carriage assembly
(2) such that it is axially aligned along said axis, said
mandrel (9) being coupled to a rotating drive shaft
(16).

10. The ink jet printer of Claim 9, wherein said mandrel
(9) further defines a chamber (30) having an opening
at said free end, said chamber (30) in fluid commu-
nication with a conduit such that a substantial vacu-
um may be created within said chamber (30) suffi-
cient to draw said object (8) against said free end.

11. The ink jet printer of Claim 3, wherein said carriage
assembly (2) further comprises opposing clamping
and holding assemblies (43, 44) configured to hold
a partially cylindrical object (8) axially aligned with
the line of travel, said holding assembly being cou-
pled to a rotating drive shaft.

12. The ink jet printer of Claim 11, wherein said carriage
assembly (2) further comprises a centering guide
(33) for maintaining lateral alignment of said object.

13. The ink jet printer of Claim 12, further comprising at
least two print tunnels arrayed in tandem along said
axis.

Patentansprüche

1. Tintenstrahldrucker zum Drucken auf einem mindes-
tens teilweise zylindrischen Gegenstand (8), umfas-
send:

eine Vielzahl von Druckköpfen (25) in Verbin-
dung mit einer Fluidzufuhr (24), die in Bezug auf
eine Achse positioniert sind, entlang der ein min-
destens teilweise zylindrischer Gegenstand (8)
transportiert werden soll, wobei jeder der Viel-
zahl von Druckköpfen (25) gesteuert wird, um
gemäß einem vorgegebenen Bild selektiv Fluid
auf eine Oberfläche des Gegenstands (8) auf-
zutragen;
ein Aushärtevorrichtung (6), die sich entlang der
Achse befindet und dazu konfiguriert ist, Ener-
gie abzugeben, die geeignet ist, um auf die
Oberfläche des Gegenstands aufgetragenes
Fluid auszuhärten; und
eine Schlittenanordnung (2), die dazu konfigu-
riert ist, den Gegenstand zu halten und den Ge-
genstand axial entlang der Achse zu transpor-
tieren, den Gegenstand relativ zu der Vielzahl
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von Druckköpfen axial zu positionieren und den
Gegenstand relativ zu der Vielzahl von Druck-
köpfen zu drehen und den Gegenstand relativ
zu der Aushärtevorrichtung axial zu positionie-
ren;
dadurch gekennzeichnet, dass die Vielzahl
von Druckköpfen (25) einen Drucktunnel (3) um-
fasst, der in einem Gewölbe über der Achse an-
geordnet ist, und die Druckköpfe (25) in einem
Bogen mit einem axialen Versatz zwischen den
Druckköpfen (25) angeordnet sind.

2. Tintenstrahldrucker nach Anspruch 1, wobei die
Schlittenanordnung (2) dazu konfiguriert ist, den Ge-
genstand (8) bidirektional entlang der Achse zu
transportieren und wobei die Vielzahl von Druckköp-
fen (25) dazu gesteuert wird, Fluid selektiv auf die
Oberfläche des Gegenstands (8) aufzutragen, wenn
der Gegenstand (8) in einer oder der anderen Rich-
tung transportiert wird.

3. Tintenstrahldrucker nach Anspruch 2, wobei die
Aushärtevorrichtung (6) dazu konfiguriert ist, die En-
ergie abzugeben, wenn der Gegenstand (8) in einer
oder der anderen Richtung transportiert wird.

4. Tintenstrahldrucker nach einem der vorangehenden
Ansprüche, wobei die Schlittenanordnung (2) weiter
einen Dorn (9) mit einem freien Ende umfasst, das
dazu bemessen ist, in einen hohlen zylindrischen
Gegenstand (8) eingeführt zu werden, wobei der
Dorn (9) an eine drehende Antriebswelle (16) gekop-
pelt ist.

5. Tintenstrahldrucker nach Anspruch 4, wobei der
Dorn (9) weiter eine Kammer (30) definiert, die eine
Öffnung an dem freien Ende aufweist, wobei die
Kammer (30) mit einer Leitung in Fluidverbindung
steht, sodass ein beträchtlicher Unterdruck in der
Kammer (30) erzeugt werden kann, der ausreicht,
um den Gegenstand (8) an das freie Ende zu ziehen.

6. Tintenstrahldrucker nach einem der vorangehenden
Ansprüche, weiter umfassend mindestens zwei
Drucktunnel (3a, 3b), die hintereinander entlang der
Achse angeordnet sind.

7. Tintenstrahldrucker nach einem der vorangehenden
Ansprüche, wobei die Schlittenanordnung (2) dazu
konfiguriert ist, den Gegenstand (8) bidirektional ent-
lang der Achse zu transportieren und wobei die Viel-
zahl von Druckköpfen (25) dazu gesteuert wird, Fluid
selektiv auf die Oberfläche des Gegenstands (8) auf-
zutragen, wenn der Gegenstand (8) in einer oder der
anderen Richtung transportiert wird.

8. Tintenstrahldrucker nach Anspruch 7, wobei die
Aushärtevorrichtung (6) dazu konfiguriert ist, die En-

ergie abzugeben, wenn der Gegenstand (8) in einer
oder der anderen Richtung transportiert wird.

9. Tintenstrahldrucker nach Anspruch 8, weiter umfas-
send einen allgemein zylindrischen Dorn (9) mit ei-
nem freien Ende, das dazu bemessen ist, in einen
hohlen zylindrischen Gegenstand (8) eingeführt zu
werden, und der von der Schlittenanordnung (2) ge-
stützt wird, sodass er entlang der Achse axial aus-
gerichtet ist, wobei der Dorn (9) an eine drehende
Antriebswelle (16) gekoppelt ist.

10. Tintenstrahldrucker nach Anspruch 9, wobei der
Dorn (9) weiter eine Kammer (30) definiert, die eine
Öffnung an dem freien Ende aufweist, wobei die
Kammer (30) mit einer Leitung in Fluidverbindung
steht, sodass ein beträchtlicher Unterdruck in der
Kammer (30) erzeugt werden kann, der ausreicht,
um den Gegenstand (8) an das freie Ende zu ziehen.

11. Tintenstrahldrucker nach Anspruch 3, wobei die
Schlittenanordnung (2) weiter eine Klemm- und eine
Halteanordnung (43, 44) umfasst, die einander ge-
genüberliegen und die dazu konfiguriert sind, einen
teilweise zylindrischen Gegenstand (8) axial auf die
Bewegungslinie ausgerichtet zu halten, wobei die
Halteanordnung an eine drehende Antriebswelle ge-
koppelt ist.

12. Tintenstrahldrucker nach Anspruch 11, wobei die
Schlittenanordnung (2) weiter eine Zentrierführung
(33) zum Aufrechterhalten der seitlichen Ausrich-
tung des Gegenstands umfasst.

13. Tintenstrahldrucker nach Anspruch 12, weiter um-
fassend mindestens zwei Drucktunnel, die hinterein-
ander entlang der Achse angeordnet sind.

Revendications

1. Imprimante à jet d’encre pour l’impression sur des
objets au moins partiellement cylindriques (8)
comprenant :

une pluralité de têtes d’impression (25) en com-
munication avec une alimentation en fluide (24)
et positionnées par rapport à un axe le long du-
quel un objet au moins partiellement cylindrique
(8) doit être transporté, chacune de ladite plu-
ralité de têtes d’impression (25) étant comman-
dée pour déposer sélectivement un fluide sur
une surface dudit objet (8) conformément à une
image prédéterminée ;
un dispositif de durcissement (6) situé le long
dudit axe et configuré pour émettre une énergie
adaptée à durcir un fluide déposé sur la surface
dudit objet ; et
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un ensemble chariot (2) configuré pour mainte-
nir ledit objet et pour transporter axialement ledit
objet le long dudit axe, positionner axialement
ledit objet par rapport à ladite pluralité de têtes
d’impression, et pour entraîner en rotation ledit
objet par rapport à ladite pluralité de têtes d’im-
pression, et pour positionner axialement ledit
objet par rapport audit dispositif de
durcissement ;
caractérisée en ce que ladite pluralité de têtes
d’impression (25) comprend un tunnel d’impres-
sion (3) agencé dans une arche au-dessus dudit
axe et les têtes d’impression (25) sont agencées
dans un arc avec un décalage axial entre les
têtes d’impression (25).

2. Imprimante à jet d’encre selon la revendication 1,
dans laquelle ledit ensemble chariot (2) est configuré
pour transporter ledit objet (8) de façon bidirection-
nelle le long dudit axe et dans laquelle ladite pluralité
de têtes d’impression (25) est commandée pour dé-
poser sélectivement un fluide sur ladite surface dudit
objet (8) lorsque ledit objet (8) est transporté dans
une quelconque direction.

3. Imprimante à jet d’encre selon la revendication 2,
dans laquelle ledit dispositif de durcissement (6) est
configuré pour émettre ladite énergie lorsque ledit
objet (8) est transporté dans une quelconque direc-
tion.

4. Imprimante à jet d’encre selon l’une quelconque des
revendications précédentes, dans laquelle ledit en-
semble chariot (2) comprend en outre un mandrin
(9) ayant une extrémité libre dimensionnée pour être
insérée dans un objet cylindrique creux (8), ledit
mandrin (9) étant accouplé à un arbre d’entraîne-
ment en rotation (16).

5. Imprimante à jet d’encre selon la revendication 4,
dans laquelle ledit mandrin (9) définit en outre une
chambre (30) ayant une ouverture au niveau de la-
dite extrémité libre, ladite chambre (30) étant en
communication fluidique avec une conduite de sorte
qu’un vide substantiel puisse être créé à l’intérieur
de ladite chambre (30), ledit vide étant suffisant pour
attirer ledit objet (8) contre ladite extrémité libre.

6. Imprimante à jet d’encre selon l’une quelconque des
revendications précédentes, comprenant en outre
au moins deux tunnels d’impression (3a, 3b) dispo-
sés en tandem le long dudit axe.

7. Imprimante à jet d’encre selon l’une quelconque des
revendications précédentes, dans laquelle ledit en-
semble chariot (2) est configuré pour transporter ledit
objet (8) de façon bidirectionnelle le long dudit axe
et dans laquelle ladite pluralité de têtes d’impression

(25) est commandée pour déposer sélectivement un
fluide sur ladite surface dudit objet (8) lorsque ledit
objet (8) est transporté dans une quelconque direc-
tion.

8. Imprimante à jet d’encre selon la revendication 7,
dans laquelle ledit dispositif de durcissement (6) est
configuré pour émettre ladite énergie lorsque ledit
objet (8) est transporté dans une quelconque direc-
tion.

9. Imprimante à jet d’encre selon la revendication 8,
comprenant en outre un mandrin généralement cy-
lindrique (9) ayant une extrémité libre dimensionnée
pour être insérée dans un objet cylindrique creux (8)
et supportée par ledit ensemble chariot (2) de ma-
nière à être axialement alignée le long dudit axe,
ledit mandrin (9) étant accouplé à un arbre d’entraî-
nement en rotation (16).

10. Imprimante à jet d’encre selon la revendication 9,
dans laquelle ledit mandrin (9) définit en outre une
chambre (30) ayant une ouverture au niveau de la-
dite extrémité libre, ladite chambre (30) étant en
communication fluidique avec une conduite de sorte
qu’un vide substantiel puisse être créé à l’intérieur
de ladite chambre (30), ledit vide étant suffisant pour
attirer ledit objet (8) contre ladite extrémité libre.

11. Imprimante à jet d’encre selon la revendication 3,
dans laquelle ledit ensemble chariot (2) comprend
en outre des ensembles de serrage et de maintien
opposés (43, 44) configurés pour maintenir un objet
partiellement cylindrique (8) axialement aligné avec
la ligne de déplacement, ledit ensemble de maintien
étant accouplé à un arbre d’entraînement en rota-
tion.

12. Imprimante à jet d’encre selon la revendication 11,
dans laquelle ledit ensemble chariot (2) comprend
en outre un guide de centrage (33) pour maintenir
un alignement latéral dudit objet.

13. Imprimante à jet d’encre selon la revendication 12,
comprenant en outre au moins deux tunnels d’im-
pression disposés en tandem le long dudit axe.

25 26 



EP 2 701 914 B1

15



EP 2 701 914 B1

16



EP 2 701 914 B1

17



EP 2 701 914 B1

18



EP 2 701 914 B1

19



EP 2 701 914 B1

20



EP 2 701 914 B1

21



EP 2 701 914 B1

22



EP 2 701 914 B1

23



EP 2 701 914 B1

24



EP 2 701 914 B1

25



EP 2 701 914 B1

26



EP 2 701 914 B1

27



EP 2 701 914 B1

28



EP 2 701 914 B1

29



EP 2 701 914 B1

30



EP 2 701 914 B1

31



EP 2 701 914 B1

32



EP 2 701 914 B1

33



EP 2 701 914 B1

34



EP 2 701 914 B1

35



EP 2 701 914 B1

36



EP 2 701 914 B1

37



EP 2 701 914 B1

38



EP 2 701 914 B1

39



EP 2 701 914 B1

40



EP 2 701 914 B1

41



EP 2 701 914 B1

42



EP 2 701 914 B1

43



EP 2 701 914 B1

44



EP 2 701 914 B1

45



EP 2 701 914 B1

46



EP 2 701 914 B1

47



EP 2 701 914 B1

48



EP 2 701 914 B1

49



EP 2 701 914 B1

50

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 7111915 B [0003]
• US 20100295885 A [0005]
• US 4921093 A [0012]
• US 4928511 A [0012]
• US 5231926 A [0012]
• US 5566567 A [0012]
• US 5749631 A [0012]

• US 6467609 B [0012]
• US 4199049 A [0018] [0028]
• US 4530433 A [0018] [0028]
• US 6109429 A [0018] [0028]
• US 6748983 B [0018] [0028]
• US 7229110 B [0018] [0028]


	bibliography
	description
	claims
	drawings
	cited references

