DI A TAL PRI NTI NG PLASTI C CONTAI NERS CROSS- REFERENCE TO RELATED APPLI CATI ON
5 This application clains the benefit of United States Patent Application
No. 11/562,655, filed 11/22/2006, which is incorporated by reference as
though fully set forth herein. TECHNI CAL FI ELD The present invention
relates generally to plastic containers having digital inmages 10 printed
thereon, particular]ly containers with curved surfaces, and nethods for
printing imges on plastic containers. BACKGROUND Conventional techniques

for printing onto curved surface plastic contajners are_subject to certain
i tations aBHGIDAL PRINFINGRLASEIC.CONTAINERS (o provide a 15
container, particularly a container having a non-planar surface, with an.
image that is comercially acceptable. A further challenge, is to :
efficiently pr oviQEOﬁSdbEFéRE(NC TORELAXED ARRILKGAEIQNt al i mage printed at
acceptabl e speeds and at a reasonable cost. SUMMARY The present invention
provides for the printing of one or nore digital imges on a 20 container

hayi ng a nyhisRpFlivatios Slafhdithe bendfit € EnitddStaths Patedt AppEEioh NG i nted on the
cont ai ner b%g agpl ication of ink droplets. The ink droplets may vary in

di amel &662,6 Lit/22/20Q60 whichuis incorporai¢dhbyoreferamns asiteoughdpllesed fodly range from
about . 200 to about 1200 drops per inch. Methods for digital printing
pl ast P™ont ainers are al so disclosed. - 1 BRI EF DESCRI PTION OF THE DRAW NGS
Enbodi ments of the inventionppdchNIEWIPRIEIGSCri bed, by way of exanple, with
reference to the acconpanyi ng draw ngs, wherein: FIG 1 is a top perspective
viewillustrating a pattern of ink droplets applied to. a non-

The present invention relates generally to plastic containers having digital images

10 printed thereon, particularly containers with curved surfaces, and methods for printing images

on plastic containers.

BACKGROUND

Conventional techniques for printing onto curved surface plastic containers are
subject to certain limitations and drawbacks. Such techniques make it difficult to provide a
15  container, particularly a container having a non-planar surface, with an image that is
commercially acceptable. A further challenge, is to efficiently provide a container with a

multi-color digital image printed at acceptable speeds and at a reasonable cost.

SUMMARY

The present invention provides for the printing of one or more digital images on a
20  container having a non-planar external surface. The digital image is printed on the container
by application of ink droplets. The ink droplets may vary in diameter from about 10 to about
200 microns and the droplets may range from about 200 to about 1200 drops per inch.
Methods for digital printing plastic containers are also disclosed.



5 planar surface of a container according to an enbodi nent of the invention;
FIG 2 is a side view of a series of ink droplets with overlapping portions;
FIG 2A is a side viewof an ink droplet illustrating associated angul ar
measurenents. FIG 3 is a graphical representation of an ink droplet

application system 3OQEFEHRICRIPTRONOPAHPBDBAWINGS i nvention; 10 FIG 4

Is a graphical representation of a portion of a printing subsystemin
accordance 1. ' [ h GR; | g aphi cal
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I nvenef@étice ¢ thefabéompanlythgalrawihgs, witeyei@f droplets of ink applied to a base
coat. 15 DETAI LED DESCRI PTI ON Reference will now be nmade in detail to
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wid | plenaiesrfacelvdd containenpesondingto ani embodirhend iofithetisyenkionii | | be under st ood
that they are not intended to limt the invention to these enbodi nents. On
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cont ai ner aving a non-planar surface 200is generally illustrated in

FIG 1. Aglural] f dr . Of ol (RL 1L 3 e _shown
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col | effdnvRidimérn vf fierinveddibh; of an 25 application pattern which, in turn, may
formall or a portion of a predefined digital inage. The application
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over | appedrI@os is Hprapiidal reptesentation of a printing subsystem according to an

embodiment of the invention; and
FIG. 6 is a side view of droplets of ink applied to a base coat.
15 DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of the present invention,
examples of which are described herein and illustrated in the accompanying drawings. While
the invention will be described in conjunction with embodiments, it will be ﬁnderstood that
they are not intended to limit the invention to these embodiments. On the contrary, the

20 invention is intended to cover alternatives, modifications and equivalents, which may be

included within the spirit and scope of the invention as defined by the appended claims.

A portion of a container 10 having a non-planar surface 20 is generally illustrated in
FIG. 1. A plurality of droplets of ink (or ink droplets) 30, are shown disbursed upon the
surface 20 of the container. The droplets of ink 30 collectively may form part of an
25  application pattern which, in turn, may form all or a portion of a predefined digital image.
The application pattern may comprise a grid-type pattem, such as the grid pattern shown or,
alternatively, may take on other forms of controlled or defined application patterns. Further,
as generally illustrated, portions of one or more adjacent ink droplets 30 may overlap or

intermix with each another, forming overlapped portions 32.



FIG 2 a side view of a series of ink droplets 30 with overl appi ng portions
32 that exhibit a contiguous area of ink 34. Viewed in cross section, the
contiguous area of ink extends froma first drop edge 36 to a second drop
edge 38. As perhaps better illustrated in FIG 2A, in an enbodi nent, the
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P the diameter D of the droplets can rangeaﬁ'om about 30 microns to about 90 microns.

Additionally, the application of ink drops provided on the surface of the container to form the

digital images ranges from about 200 to about 1200 drops per inch (DPI) énd, in an
embodiment, may range from 300 to 1200 DPI. The resulting digital image formed on a
20  container surface may, for example and without limitation, take the form of a label and may

include various text and/or graphics, including color text and graphics.

An ink droplet application system 40 according to an embodiment of the invention is

shown in FIG. 3. As generally illustrated, a plurality of containers 10, which may include a

non-planar (e.g., oval, round, or simply generally curved) surface 20, may be transported dr
25  conveyed past a printing subsystem 50. The printing subsystem may comprise one or more

print heads 60; at least one actuator 70 for controlling the up-down position of the print head

or heads relative to the containers; an ink delivery device 62 for delivering one or more types

or colors of ink to one or more print heads; and a temperature control device 64, which serves

to at least in part regulate or control the temperature of the ink, and may include a plurality of
30 fluid lines 66.

In an embodiment, the temperature control device may include fluid heating units and

one or more pumps that circulate heated water or other fluid. If desired, the fluid may be
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or heads relative to the containers; an ink delivery device 62 for
delivering one or nore types or colors of ink to one or nore print heads;
and a tenperature control device 64, which serves to at least in part

regul ate or control the tenperature of the ink, and may include a plurality
of 30 . fluid. lines 66. In_an enbodi nent, the tenperature control device may
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in space with respect to the
conveyance. Rather, the containers may be transported past the printing subsystem 50 in

other manners and using other container handling techniques provided the surface that is to
be printed upon is not operatively obstructed from the print heads 60 and the position of the
surface that is to be printed upon can be sufficiently established in space with respect to the
20 printing subsystem so that the print heads can be positioned to maintain a controlled distance
from the surface. For example, without limitation, the containers may be temporarily retained

in a fixture or holder that moves past the print heads.

The application system 40 may additionally include a scanning device 80, such as a
laser scanner. The scanning device 80 can be used to scan each container surface that is to be
25  printed upon prior to moving the container through the printing subsystem 50. The scanning
device 80 can capture surface profile data for the surface of the container to be printed,
including, for example, surface variability and curvature data. In an embodiment, the scanned
surface data is communicated to a signal conditioner 82, which may condition the data and
communicate the data or conditioned data to a processor 84. The processor 84 processes the
30 information and provides motion control signals to a motion controller 86, which in turn can

provide control signals to the actuator 70 for positioning one or more print heads 60 at a



20 printing subsystem so that the print heads can be positioned to maintain
a controlled distance fromthe surface. For exanple, without limtation,
the containers may be tenporarily retained in a fixture or hol der that
noves past the print heads. The application system 40 nmay additionally
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15 system shown in FIG. 5, the system 40 can be configured to maintain a 1 mm # 0.3 mm

standoff distance SD between the portion of the print head dispensing ink and the surface of

the container that receives the droplets of ink. It is worthwhile to note that, for embodiments

—

of the invention, the standoff distance SD may be said to particularly pertain to the distance
between the portion of the print head 60 that provides the ink (at the time the ink is applied)
20 and the surface of the container that receives the ink droplets. That is, portions of a print head
60 that do not coincide to the portions of the print head that apply the ink may encroach the
space associated with the standoff distance SD, provided, however, that such encroachment

should not create a physical interference between a print head and a container.

With further reference to FIG. 3, in an embodiment of the system 40, the containers
25 are moved at a constant or substantially constant velocity past the print heads. However,
embodiments of the system can include sensors that determine, monitor, and/or control the
speed of movement (i.e., the velocity V) of the containers at one or more stages in the system.
The system 40 can, for example, provide such information to a processor or controller, and
coordinate the movement of the print heads to adjust for the constant or non-constant
30 movement of the containers past the print heads. Moreover, one or more feedback control

systems can be incorporated into the system to serve such a control function and coordinate



surface of the container. For exanple, as generally illustrated in the
enbodi nent ofthe '15 systemshown in FIG 5, the system 40 can be confi gured
to mintain al mt 0.3 mm standoff distance SD between the portion of the
print head dispensing ink and the surface of the container that receives
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the application of ink droplets and/or provides a visual characteristic. If desired, all or a

portion of the base coat may be digitally printed on at least a portion of a surface of the
container. In an embodiment of the invention, one or more digital images are printed entirely
on a base coat. Further, for some applications, a portion of the base coat and/or a portion of

20  the surface of the container may form a portion of the digital image. For example, if a portion
of the intended digital image includes a color that sufficiently matches that of the surface of
the container, or a base coat (if applicable), the printing subsystem can be programmed to
controllably avoid dispersion of droplets of ink over such portions.

Referring again to FIG. 3, the system 40 may further include a means for curing
25  droplets of ink associated with the digital image. For example, if UV curable inks are applied,
the means for curing may include one or more UV lamps 100. Moreover, the digital images
printed on the surface of the container may be prescribed to be cured within a defined period.
For example, in an embodiment, the digital images are cured between 0.5 seconds and 5

seconds after the ink droplets contact the container surface.

30 The application system 40 may also include a post-printing scanner (not shown) that
scans the final digital image. The system can then evaluate the post-printing data to assess

whether or not the image printed on a given container meets a prescribed or established
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Additionally, the system 40 may provide for the application of a base coat
to a portion of the surface of a container prior to printing a digital

i mge. For exanple, FIG 6 generally 10 shows a side view of droplet of ink
30 applied to a base coat 90. In the figure, the contact angle (or angle of
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exanpl e, in an enbodi nent, the digital inmages are cured betmeen 0.5 seconds
and 5 seconds after the ink dropl ets contact the container surface. 30 The
application system 40 may al so i nclude a post-printing scanner (not shown)
that scans the final digital imge. The system can then eval uate the
post-printing data to assess whether or not the imge printed on a given
contai ner neets a prescribed or established - 6




criteria, which may generally correlate to the quality of the imge. If the
i mage printed on the container does not neet the prescribed or established
criteria, a conmunication may be initiated (such as an al arm or
notification to an operator) and the container may be routed to an area for
further assessment and di sposal or rework. 5 The foregoing descriptions of
speci fic enbodi nents of the present invention have been presented for
purposes of illustration and description. They are not intended to be
exhaustive or to limt the inventi ofCLAIMBe precise forns disclosed, and
various nodifications and variations are possible in [ight of the above
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pri nci pl es 3 e MRf Hflon and its practical application, to 10 thereby
enabl e others skilled in the art to utilize the invention and vari ous
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and the dr ogfepless of ik sangetfram 20§ top}20Qtdropsanes inchaandrihie draplets arequintedant i al | y

const ant petpendjcul.ar, di stance rtion rint heads

di spensi ng ?’2 Hbeafl?}é‘g néiP@ﬁ?ﬂ’éﬁaﬁygﬂ‘F Belgfnfﬁlél ‘@ﬁ@‘g‘f “her to be
printed. 2. bé‘mf‘e@ﬂh?bﬁﬁfn ﬁ@ﬁ@ﬁﬂtmﬁads%fﬂeﬁmﬂgilnkaf{a%@wvédl@a&h@pl ets of ink
vary in dianmeter from 30 90 microns. 3. A container according to claim

1, wherein sméawmﬁﬁleeqogtmerltmheplaﬁgdx from

2. A container according to claim 1, wherein the droplets of ink vary in

diameter from 30 to 90 microns.

3. A container according to claim 1, wherein the droplets of ink range from
300 to 1200 drops per inch.

4, A container according to claim 1, wherein the droplets of ink are spread
out on the container surface and portions of droplets overlap with adjoining

droplets.

5. A container according to claim 1, wherein the droplets of ink are provided

in a grid pattern.

6. A container according to claim 5, wherein the grid pattern is defined by a

calculated or anticipated droplet disbursement.

7. A container according to claim 1, wherein the angle of the edges of the

droplets of ink is from about 5 degrees to about 25 degrees.



300 to 1200 drops per inch. 4. A container according to claim1, wherein the
droplets of ink are spread out on the container surface and portions of
droplets overlap with adjoining droplets. 5. A container according to claim
1, wherein the droplets of ink are provided in a grid pattern. 6. A

contai ner according to claimb5, wherein the grid pattern is defined by a

cal cul ated or anticipated droplet disbursenment. 7. A container according to

claim 1, wh®rei nAtcentaiiiegpecopding Freclaion bsvhsrein e aIle)‘pﬁtbP sdgss of e i s from
bout 5 d di t | 1,
oo 5 Sese R s B A sooere g Lo Cldlm

degrees to about 15 degrees. 9. A container according to claim1, wherein
the digital images have multiple colors. 10. A container according to claim
1, wherein Dortideenginenagegeding taielaipt btwhes¢in thedigitaldmiages haye prudiiplde one or
mor e procesg %Iors 11. A container according to claiml1, wherein at |east
a portion o O Re droplets of ink are UV curable. 12. A contai ner according
to claim1, wherein the droplets of ink define a pre- determ ned i mage on
the container surface, 13. A container according to claim1, wherein

i ndi vi dual H3-opl Atcontginer nworran&to @lamyi swheti¢in pertions of adjacent dropleds ofer

accordi ng “é)%?r"gﬁllﬁ 1tp5m§%u81r11§](1 cgﬁr}%ggr]&ﬁ%rgl ncl udes a base coat. 15. A

cont ai ner base coat is a digitally

11. A container according to claim 1, wherein at least a portion of the droplets

of ink are UV curable.

12. A container according to claim 1, wherein the droplets of ink define a pre-

determined image on the container surface.

13. A container according to claim 1, wherein individual droplets of ink have

varying diameters.

14. A container according to claim 1, wherein the container includes a base

coat.

15. A container according to claim 14, wherein the base coat is a digitally

printed base coat.

16. A container according to claim 14, wherein the digital image is printed on

at least a portion of the base coat.

17. A container according to claim 16, wherein the entire digital image is

printed on the base coat.

18. A container according to claim 16, wherein a portion of the base coat

forms a portion of the digital image.



printed base coat. 16. A container according to claim 14, wherein the
digital image is printed on at |east a portion of the base coat. 17. A
cont ai ner according to claim 16, wherein the entire digital image is
printed on the base coat. 18. A container according to claim 16, wherein a
portion of the base coat forns a portion of the digital imge. -9 19. A
contai ner according to claiml, wherein a portion of the surface of the
cont ai ner pr8vi déscentgnernaceerding to klaindl whereoy aportjop af thestrfa¢peofdtheyi t al i mage.

20. A plastic _container conpfisi-ng: | l.ow cont.gai ner. having a curved
ext er nal - suFPREEe, Plonidss § Riomot ik cofor I0mmE pBE et e el 01 or's e i nt ed
on a portion of the external surface by digitally printed droplets of ink,

wherein the ink droplets vary in diameter from10 to 200 microns, the
dropl ets of 20nk raplgsticfqontaiky@ompriging0 dr ops per inch, the droplets of ink

d out h t aj per. f d i f .dr qpl et |
Wi th adj o ning  arglpBceni: Ralins ufed eidialBlckas? Wi iBhiBes of k| s
from about Eoﬂﬁﬁée‘ﬁ%‘fﬁlﬂtiplgt%?gﬁs pnte@6h & portionltt thd &ktéthaRfhé By € printed by

print heads that are nove _maintain a substantially constant
per pendi cul digi@lly panted doenleteohink, portion of the print heads dispensing ink

and the curved external St b5 ReObary BP0 16 RO miAdall &Y 10
droplets of ink range from 200 to 1200 drops per inch, the droplets of ink are
spread out on the container surface and portions of droplets overlap with adjoining
droplets, the angle of the edges of the droplets of ink is from about 5 degrees to
about 25 degrees, and the droplets are printed by print heads that are moved to
maintain a substantially constant perpendicular distance between a portion of the
print heads dispensing ink and the curved external surface of the container to be

printed.
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