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e 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.



FIG 1 is a top perspective viewillustrating a pattern of ink droplets
applied to a non- 5 planar surface of a container according to an enbodi nent

of the invention. FIG 2 is a side view of a series of | Wi th
over | appWrﬁgmB P?‘?‘H’ns; FIG 2A is a side view of an ink m&rgﬁ%sﬁﬁst rating
associ ated angul ar &G PRRCEPTIONOFIHE DRAWINGSal representation of an

I nk dropl et application systemaccording to an enbodi nent of the invention;
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i nvention; and FIG 6 is a side view of droplets of ink applied to a base
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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 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.



WO 2008/ 064248 PCT/ US2007/ 085279 FIG 2 a side view of a series of ink
droplets 30 with overlapping portions 32 that exhibit a contiguous area of
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As generally illustrated, a plurality of containers 10, which may include a
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be transported or 25 coOnveyed past-a printing subsystem printing
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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) é.nd, 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 6r
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
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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
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The pri controls the position.of .the print heads 60 and, for
2 morerte e S Secoramalt B eeieelly hiseaeath ol SRRt Weonc rof | e
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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
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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
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exanpl e, in an enbodi nent, the digital inages are cured between 0.5 seconds
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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 invention to the precise fornms disclosed, and
various nodifications and variations are possible in [ight of the above
teachi ng. The enbodi nents were chosgafyjd 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 vari ous

embodi Nt is oldimed isvar i ous nodifications as are suited to the particular use
contenplated. It is intended that the scope of the invention be defined by
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of !onkhr%zgrljdti:lﬁlr)1lnlll(tfhla tg%éﬁo ‘qa@tg%gﬁgrofghgmhje%éﬁr?%ﬁgpangh %&?2? ] ng 5Lfg]| gital irr;ge
on t he2@micechs@od thei dreplets of frtkamgmyg ﬁpprZQDnglzaﬂeiropsqmt gtch;oid ink to the

cont ai ner sutface; rein d t tinti [oce t h eads are
roved o mebinde Gt iSed ehiths Pifved Spbineh il Bt tese GoBlaRt it eon a
por ti othe@bnthin€r Rirfabd; heads di spen5| ng ink and the container surface to be

printed. 2. A nethod according to claiml, wherein the droplets of ink are
appli ed to Wheseinghriag therprinsing peosessythe penttheadsase mavertio maintama sustantially

constant perpendicular distance between a portion of the print heads dispensing ink and the

container surface to be printed.

2. A method according to claim 1, wherein the droplets of ink are applied to the container

surface while the container is moving.
3. A method according to claim 1, wherein a plurality of containers are provided in series.

4. A method according to claim 1, including scanning the container surface prior to moving

the container past the digital printing location.

5. A method according to claim 4, wherein the scanning develops container surface data, the
container surface data is communicated to the print heads, and at least a portion of the
communicated data is used to control the distance between a portion of the print heads and the

container surface to be printed.

6. A method according to claim 5, wherein the container surface data includes surface

curvature data.



3. A nethod according to claim1l, wherein a plurality of containers are
provided in series. 4. A nethod according to claim1l, including scanning
the container surface prior to noving the container past the digital
printing location. 5. A nmethod according to claim4, wherein the scanning
devel ops container surface data, the container surface data is communi cated
to the print heads, and at |least a portion of the conmmunicated data is used
to control the distance between a portion of the print heads and the
container surface to be printed. 6. A nethod according to claim5, wherein

t he contai ner surface data includes surface curvature data. -8 7. A nethod
according to claiml1l, wherein during the printing process, the print heads
are noved to naintain a 1 mm 0.3 mm standoff di stance between a portion of
the pri.nt Hemsthod di®pding ttmjaiimk vehetein dwringahe piiimting psonehsy the print beadpiarent ed. 8.

heads 810 © PRifgaY ad v <0h- sn e 6ene Reblien s3otipa D btk on bf 1 he

dr opl Qﬁgpe@g"m% nk an@the&oﬂﬁld&ﬁﬁxr%@wwﬁiﬁltédo claim1l1, wherein the cont ai ner
external surface is a curved external surface. 10. A method according to

claim1l, wherein the container surface is scanned by |aser scanning. 11. A

ot hock 2cCol G beardifk [ dain ISRl BISER HARAREE R pARIBHI 2 CODSLaN

vel oci accordr ng e COI’] alners are

moved tahpaamm‘ofcabmmmto\abémsl)t;Zfoxtdpphmioo@ft}m dodpléthef imknt ai ners is
measured and communicated to the print heads, and the novenent of the print
heads and application of droplets of ink is coordinated wth respect to the

measured Vel pieihby acchidj né;tmalhpﬂ wHefdH e @emmelcéx@erﬁal%uqug glrvbdie printed
digital image Is cured after printing. . d according to claim 13,

wher eiextertiadsurfigge is printed by W curable |nk. 15. A met hod according to
claim14, wherein the printed image is cured by UV |ight.

10. A method according to claim 1, wherein the container surface is scanned by laser

scanning.

11. A method according to claim 1, wherein the containers are moved at a constant velocity.
12. A method according to claim 1, wherein the containers are moved at a non-constant
velocity, the velocity of the containers is measured and communicated to the print heads, and the
movement of the print heads and application of droplets of ink is coordinated with respect to the
measured velocity.

13. A method according to claim 1, wherein the printed digital image is cured after printing.
14. A method according to claim 13, wherein the image is printed by UV curable ink.

15. A method according to claim 14, wherein the printed image is cured by UV light.

16. A method according to claim 13, wherein the image is cured 0.5 seconds to 5 seconds

after droplets of ink contact the container surface.
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16. A nmethod according to claim 13, wherein the image is cured 0.5 seconds
to 5 seconds after droplets of ink contact the container surface. -9 17. A
nmet hod according to claim1l, wherein the droplets of ink spread out on the
container surface and at |east a portion of the droplets of ink overlap

wi th adjoining droplets. 18. A nethod according to claim 1, wherein the
angl e of the edges of the droplets of ink ranges fromabout 5 degrees to
about 25 degrees. 19. A nethod according to claim1, wherein the angle of
the edges of the droplets of ink ranges fromabout 12 degrees to about 15
degrees. 20. A nethod according to claim1l, wherein the digital images have
multiple colors. 21. A nethod according to claim1, wherein individual
droplets of ink have varying dianmeters. 22. A nethod according to claim1,
i ncl udiZTng tAamethod geesirdiag po glaimyl,avheseie theslioplesn of ink sprsachoetionghe cagaingk net hod

por 11 ohne Pia Radatonig St bl ok &Bms A GapBR BRES “ncr i the

base coat is printed on the container. 25. A nethod according to claim 22,
including pre-treating the container prior taq applyin% the base coat. 26. A

net hodl8ac c dt micthgd pecoding ta alaim hovhermintheanglsof thy edees ofithg drapletsipdk f ol | owi ng
print iﬁﬁges?ﬁnﬁﬁoﬁf%éﬁeésftoﬁ%@g géérgés_ i mge neets established criteria. -10

19. A method according to claim 1, wherein the angle of the edges of the droplets of ink

ranges from about 12 degrees to about 15 degrees.
20. A method according to claim 1, wherein the digital images have multiple colors.

21. A method according to claim 1, wherein individual droplets of ink have varying

diameters.

22. A method according to claim 1, including the step of applying a base coat on the

container.

23. A method according to claim 22, wherein the digital image is provided on at least a

portion of the base coat.
24. A method according to claim 22, wherein the base coat is printed on the container.

25. A method according to claim 22, including pre-treating the container prior to applying the

base coat.

26. A method according to claim 1, including scanning the digital image following printing

to determine if the digital image meets established criteria.
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