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TECHNICAL FIELD

The present invention relates generally to plastic containers haﬁng digital images
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
container, particularly a container having a non-planar surface, with an image that is
oommercig]ly 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
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.
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20 contai ner having a non-planar external surface. The digital inage
Is printed on the container by application of ink droplets. The ink
droplets may vary in dianeter fromabout 10 to about 200 m crons and
the droplets may range from about 200 to about 1200 drops per inch.

Met hods for digital i | | | ' al so di scl osed.
BRI EF DESCRI PTI ON Mw@bﬁﬁgﬁo@ﬂ}en sé%f the invention
will nowb escrihe b of..exampl,e, .wmth reference,to.the
acconpanyi #M&mm\é%%ﬂmmwggd%ﬂ@d’ qngy%f?x "Phee% ective
Vi ew i tefdrgrice & the Bcodmpatyisy drafings, Whetbi@pl et s applied to a non-5 planar

surface of a container according to an enbodi nent of the invention;

FIG 2 is apgi 8 MbfPerSiectve Aby Bus@bting2paféh BE Bl AroMISts agplid kPRI g
portions; FIG 2A is a side view of an_ink droplet illustrating
asshci pleesd sunfage bhia containayaedasding to an embogiment of thesingengieaphi cal
representation of an ink droplet application systemaccording to an
enmbodi nent HG. 2 fse sidewdew pHmserieoed itk duoplets weithopvaplariping parégmspsent at i on
of a portion of a printing subsystemin accordance with an enbodi nent
of the i nveriGi 2 is a side viewbfan ik dsopiet Jhustpting associefed esguidranéasureménta
printing subsystem according to an enbodi nent of the invention; and
FIG 6 is #FI6 3B agraphical regfeogitation oﬁinihhu_ro?mﬁhﬂ;m’daﬁdm systemBecardiag to
15DETAI LED D_ESCRqI}FJ;EI ON |, Reference will now be made in detail to
enmbodi #sibodient pfdhein¥erion; i nventi on, exanpl es of which are described
herein and illustrated in the acconpanying draw ngs. Wile the

i nWEnt i on ilE 4 isa serbice) 1spreseniation Af LPRIHPLRS ARTTHNE SERSYSteRR At accordendsy | |

be undgtisLPGbdaltAdnt of the invention;

FIG. 5 is a graphical representation 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 understood 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 pattern, 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,



they are not intended to limt the invention to these enbodi mrents. On
the contrary, the 20 invention is intended to cover alternatives,
nodi fi cati ons and equi val ents, which may be included within the
spirit and scope of the invention as defined by the appended cl ai ns.
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cur abl ¢h¢ dikmeteri) bfthe dropletscampangsdrogt 4bout30misrems feoabout SQ Im;:mnSgl t al
| mage. 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) and, in an
embodiment, may range from 300 to 1200 DPL. 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 ar
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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I ndi vidual ink droplets 30, including those associated with a single
digital image, can 15 vary in dianmeter D from about 10 mcrons to
about 200 mcrons. In a particul ar enbodi nent, the dianmeter D of the
dropl ets can range from about 30 m crons to about 90 m crons.
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)

The application system 40 may additionally include a scanning device 80, such as a
laser scanner, The scamming 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 priuted,
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



print heads for delivery of ink droplets to the surface of the
container to be treated. In an enbodi rent of the invention, the ink
I's maintained at a tenperature in the print heads (i.e., just prior
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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 8D, 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 af 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.¢., 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
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Additionally, the system 40 nmay provide for the application of a base

coat to a [rférifNagain tbFEGS3 ihergSte@li40an g Frtinl RRfudeainflans for iy | Ng a
digital image, For example, FIG .6 generally
5 droplets of ink associated with the digital image. For example, if UV curable inks are applied,

the means for curing may include one or rore 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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10 shows a side view of droplet ofink 30 applied to a base coat 90.
In the figure, the contact angle (or angle of the edge) for the
droplets is generally identified by arrow 92a; the contact angle for
t he base coat is shown generally identified by arrow 92b. In an
enbodi ment, the contact angles associated with the droplets of ink
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di gi t alscopermd é iprentidrcht definedby the clabnseppéndedberetorand thearequingletts.
prescribed to be cured within a defined period. For exanple, in an
enbodi nment, the digital inmages are cured between 0.5 seconds and 5
seconds after the ink droplets contact the container surface. 30The
application system40 may al so i nclude a.post-printing scanner (not
shown) that scans the final digital inmage. The system can then

eval uate the post-printing data to assess whether or not the inage
printed on a given container neets a prescribed or established
criteria, which may generally correlate to the quality of the inmage.
If the image printed on the container does not neet the prescribed or
established criteria, a comunication may be initiated (such as an
alarmor notification to an operator) and the container may be routed
to an area for further assessnment and di sposal or rework. 5The

f oregoi ng descriptions of specific enbodi nrents of the present

i nvention have



been presented for purposes of illustration and description. They are
not intended to be exhaustive or to limt the invention to the
preci se forns disclosed, and various nodifications and variations are
possible in light of the above teaching. The enbodi nents were chosen
and described in order to explain the principles of the invention and
its practical application, to 10 thereby enable others skilled in the
art to utilize the invention and various enbodi nents with various
nodi fications as are suited to the particular use contenplated. It is
i ntended that the scope of the i nveGLASMSbe defined by the clains
appended hereto and their equivalents. CLAIMS Wiat is clained is:

1. A pMVésaticclaiowtas:ner conprising: a holl ow contai ner having a curved
external surface with a digital imge printed thereon by digitally
printed droplets of ink, wherein the ink droplets vary in dianeter
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drops per ?ch wherein the c ntainer i hcl udes a_base coat. conpri sed

of dr opidigital prageprinied therepneby fligiially|pyingsd; drenlefs ghinknwherginlsink draplstmyary
sur f ace, @hmkRe HERNTALDBH midDLS, mafrsmastohﬁ]k%@etf?dm hPRe 'oé dH)rpE g&ﬁqc}ﬁs

a discrete outer |ayer provided on at |east a portion o

coat. wherein thegontamer mal@d@srmhaag ccm cmham&wrd of duehéstsedfninkt thet aic dipeattypriofed

i nk vary i n di ane nt ai ner_accor di ng
o of achie b aHANEI R ik 3P meRen Gt Ah® Persin s e b R poBEH e
per i ndiscretedoutdk 18R pRivived oa@cmasilarpgnm ofliled basdcodtherei n t he dropl ets
of ink are spread out on the container surface and portions of
droplets overlap with adjoining droplets. 5. A container according
to clabm 1, AmbeiSid abddedifls RRISAES] Q&fhel‘er}kth@rd?op%@b'f iR aryin alagfeleg from 3010
pattern. 6 A contai ner according to claim'5, wherein the gr

pat t er R0imjcigas.i ned by a cal cul ated or antici pated dropl et

di sbursenent. 7. A container according to claiml1, wherein the angle
of the edges of the droplets of ink is fromabout 5 degrees to about
25 degBees. 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.



8. A container according to claim1l, wherein the angle of the edges
of the droplets of ink is fromabout 12 degrees to about 15 degrees.
9. A container according to claiml, wherein the digital inages have
multiple colors. 10. A container according to claim1l, wherein
portions of adjacent droplets of ink overlap to provide one or nore
process colors. 11. A container according to claim1, wherein at

| east a portion of the droplets of ink are W/ curable. 12. A

cont ai ner according to claiml, wherein the droplets of ink define a
pr e- deter mi Aecbniaiegecondinhite dam hiwhereis thefangle of the3dgek of dhret dupplets of ink is
accor diﬁ-no% t,0 i ndi vi dual droplets of ink have varying

di anet ers. abofﬁif%@é%eﬁtt%éﬂgge&?e& ng to claiml1, wherein the base

coat is separately cured prior to printing of the digital imge.

9. A container according to claim 1, wherein the digital images have multiple colors.

10. A container according to claim 1, wherein portions of adjacent droplets of ink overlap to

provide one or more process colors.

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 base coat is separately cured prior to

printing of the digital image.
15. A container according to claim 14, wherein the base coat is a digitally printed base coat.

16. A container according to claim 1, wherein the entire digital image is printed on the base

coat.

17. A container according to claim 1, wherein a portion of the base coat forms a portion of

the digital image.

18. A container according to claim 1, wherein a portion of the surface of the container
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15. A container according to claim 14, wherein the base coat is a
digitally printed base coat. 16. A container according to claima1,
wherein the entire digital image is printed on the base coat. 17. A
cont ai ner according to claim1l, wherein a portion of the base coat
forms a portion of the digital inage. 18. A container according to
claim1l, wherein a portion of the surface of the container provides
a portion of the color formng part of the digital inmage. 19. A
cont ai ner according to claim1, wherein the digital imges are cured
bet weenr@yides g@ovas! dredcobprdemungpartéf the digitel imake.dr opl et s cont act t he
contai ner surface. 20. A container according to claim 19, wherein
the container is pre-treated by a flame, corona, or plasna treatnent.
21. A gont aiAn@mtahee acadrditg td):flaihﬁli, Whtreindhe didital ?ﬁh@ﬁﬁﬁﬁb@ieﬂ 8ttwictn 0.5
pre-treateq to raise the surface tenperature of the_container prior
to bona?wggwdrﬁ -‘ieﬁ‘é“ddiag‘F‘t By IRk JPRIFE EORTRRt & copteings syrfies: 22 A plastic
contai ner conprising: a hollow container having a curved external
surface with a digital imge conprised of multiple colors printed on
a porti28n of contsirex penopding toualdimclyd, phenginghe adritgingnis preeebattd dyyladianep

i nk, wher e] ink droplets vary in dianmeter from 10 to 200
nicrongsmﬁ%gwhpggﬁgFggg Pink 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 edgls of 9o ingf ggs0etiee B’r"l?lPFkLi“g’efeﬂrb‘i‘?Fﬁ BieS's gesgeaded tﬁaalaeofgaﬁuriaf;e
degr eesgompanRiol tet@ntaiet gﬁal% bbREASIHER tbl}’b daefypratcdmchiMbst gkn the

digital image is printed at |least on at |east a portion of the base
coat .

22. A plastic container comprising: a hollow container having a curved external surface with
a digital image comprised of multiple colors printed on a portion of the external surface by
digitally printed droplets of ink, wherein the ink droplets vary in diameter from 10 to 200
microns, the 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, wherein the
container includes a base coat and wherein the digital image is printed at least on at least a

portion of the base coat.
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