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PRETREATMENT ASSEMBLY AND METHOD
FOR TREATING WORK PIECES
5 CROGS REFERENCE TO RELATED APPLICATION

This application claims the benefit of LIS, Patent Application Serial Mo.

15/650,005, filed huly 14, 2017, which is incorporated by reference berein.

180 Field of the Invention

The disclosed and claimed concept relates i a pretreatioent assembly eiruciured
to expose a printable substrate ou a2 work pigee to fons and, more specifically, a

pretreatent apparatus whereln the work piaces are constantly in mwotion,

15 BRackeround Information

Certain substrates such as, but not Hiatted to, polymers, bave nert surfaces that
do not react well with costings such as, but not Hmited to, sdhesives and ks, The
interaction bebtween such substrates and various goatings can be improved by lomzimng
the substrate. Ionization is govompiished by expusing the substrate to a flame, plasma,

2G or a corona discharge. Further, the surface to be treated is, typically, formed intv 2
work piges o7 product prior to betog treated. The following discussion will use plastic
cups as an exemplary product tat is to by treated prior 1o baving an ultzaviolet (V)
curable ok applied thereto. It 1o nnderstond that, wnless specified otheroase, the
disciosed apparamus and method may be used with sy type of work piece or product
25 and to treat avy typs of coating or other surface characteristic.

ftially, a material i3 formed juto 8 sumber of work pisces which, in this
example, are plastic caps. prior o applving a costing, which o this example, 5a UV
curabie ink, the external surface of the cups is tonized in this example by sxposareto g
corona discharge. The corona discharge is generated by a plate having energy passed

30 therethrough., The cups are disposed on a carrier and passed close o the corong
discharge plate. In one cxsmple, the carrigr is a rotsting mandrel disposed on a
conveyor. That is, & cup is disposed over 8 mandrel sized and shaped to correspond 1o
the mner eurface of the cup. The conveyor moves the mandrel supporting the cup

adjacens the corona discharge plate. The mandrel s then rotated so that alf of the outer

SUBSTITUTE SHEET (RULE 26)
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surface of the cup 1s exposed to the corona discharge. To ensure that all of the cup outer
surface is adequately ionized, the mandrel is stopped adjacent to the corona discharge
plate and rotated at least 300 degrees. The time that a mandrel is stopped adjacent to
the corona discharge plate 1s known as the “dwell” time, /e, each mandrel “dwells” at
a corona discharge plate. The conveyor then advances the next mandrel supporting the
cup adjacent the corona discharge plate and the process is repeated. The
disadvantage/problem of this apparatus for, and method of, treating the cups is that the
start-and-stop motion, which is often identified as “indexing,” is slow and causes wear
and tear on the apparatus.

There is, therefore, a need for a product support assembly that does not index
the work pieces. There is a further need for a product support assembly that processes

a large number of work pieces during each minute of operation.

SUMMARY OF THE INVENTION

These needs, and others, are met by at least one embodiment of the disclosed
and claimed concept which provides a product support assembly for a pretreatment
assembly ncluding a primary support assembly, a primary drive assembly, a number
of secondary support assemblies, and a secondary drive assembly. The primary drive
assembly is operatively coupled to the primary support assembly. The primary drive
assembly imparts a generally constant motion to the primary support assembly. Each
secondary support assembly is structured to support a number of work pieces. Each
secondary support assembly 1s movably coupled to the primary support assembly. The
secondary drive assembly is operatively coupled to each secondary support assembly.
The secondary drive assembly selectively imparts a motion to each secondary support
assembly.

In this configuration, the generally constant motion of the primary support
assembly ensures that the product support assembly does not index the work pieces.

This solves the problems stated above.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the invention can be gained from the following
description of the preferred embodiments when read in conjunction with the

accompanying drawings in which:
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Figure 1 1s a schematic front view of a pretreatment assembly and a post printing
treatment assembly.

Figure 2 is a schematic front view of a turret assembly with pretreatment
assembly and a post printing treatment assembly.

Figure 3 is a schematic isometric view of a pretreatment assembly.

Figure 4 15 a flow chart of the disclosed pretreatroent method.

Figure 5 is a side view of a post printing treatment assembly.

Figure 6 is a flow chart of the disclosed post printing treatment method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

It will be appreciated that the specific elements tlustrated in the figures herein
and described in the following specification are simply exemplary embodiments of the
disclosed concept, which are provided as non-limiting examples solely for the purpose
of illustration. Therefore, specific dimensions, orientations, assembly, number of
components used, embodiment configurations and other physical characteristics related
to the embodiments disclosed heretn are not to be considered limiting on the scope of
the disclosed concept.

Directional phrases used herein, such as, for example, clockwise,
counterclockwise, left, right, top, bottom, upwards, downwards and derivatives thereof,
relate to the orientation of the elements shown in the drawings and are not imiting upon
the claims unless expressly recited therein.

As used herein, the singular form of “a,” “an,” and “the” include plural
references unless the context clearly dictates otherwise.

As used herein, “structured to {verb]” means that the identified element or
assembly has a structure that is shaped, sized, disposed, coupled and/or configured to
perform the identified verb. For example, a member that is “structured to move” is
movably coupled to another element and includes elements that cause the member to
move or the member 15 otherwise configured to move in response to other elements or
assemblies. As such, as used herein, “structured to [verb]” recites structure and not
function. Further, as used herein, “structured to [verb]” means that the identified
element or assembly is intended to, and is designed to, perform the identified verb.
Thus, an element that is merely capable of performing the identified verb but which is
not intended to, and is not designed to, perform the identitied verb is not “structured to

[verb]”
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As used herein, “associated” means that the elements are part of the same
asserubly and/or operate together, or, act upon/with each other in some manner. For
example, an automobile has four tires and four hub caps. While all the elements are
coupled as part of the automobile, it1s understood that each hubcap is “associated” with

5  aspecific tire.

As used herein, a “coupling assembly” includes two or more couplings or
coupling components. The components of a coupling or coupling assembly are
generally not part of the same element or other component. As such, the components
of a “coupling assembly” may not be described at the same time in the following

0 description.

As used herein, a “coupling” or “coupling component(s)’ is one or more
component(s} of a coupling assembly. That is, a coupling assembly includes at least
two components that are structured to be coupled together. It 15 understood that the
components of a coupling assembly are compatible with each other. For example, ina

15  coupling assembly, if one coupling component is a snap socket, the other coupling
component is a snap plug, or, if one coupling component is a bolt, then the other
coupling component is a nut.

As used herein, a “fastener” is a separate component structured to couple two
or more elements. Thus, for example, a bolt is a “fastener” but a tongue-and-groove
20 coupling 1s not a “fastener.” That is, the tongue-and-groove elements are part of the
elements being coupled and are not a separate component.

As used herein, the statement that two or more parts or components are
“coupled” shall mean that the parts are joined or operate together either directly or
indirectly, 7.e., through one or more intermediate parts or components, so long as a link
25  occurs. As used heretn, “directly coupled” means that two elements are directly in
contact with each other. As used herein, “fixedly coupled” or “fixed” means that two
components are coupled so as to move as one while maintaining a constant orientation
relative to each other. Accordingly, when two elements are coupled, all portions of
those elements are coupled. A description, however, of a specific portion of a first
element being coupled to a second element, e.g., an axle first end being coupled to a
first wheel, means that the specific portion of the first element 1s disposed closer to the
second element than the other portions thereof. Further, an object resting on anocther
object held in place only by gravity is not “coupled” to the lower object uniess the upper

object is otherwise maintained substantially in place. That is, for example, abook on a
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table 1s not coupled thereto, but a book ghued to a table is coupled thereto.

As used herein, the phrase “removably coupled” or “temporanly coupled”
means that one component is coupled with another component in an essentially
temporary manner. That 1, the two components are coupled in such a way that the

5 joining or separation of the components is easy and would not damage the components.
For example, two components secured to each other with a limited number of readily
accessible fasteners, i.e., fasteners that are not difficult to access, are “removably
coupled” whereas two components that are welded together or joined by difficult to
access fasteners are not “removably coupled.” A “difficult 1o access fastener” is one

O that requires the removal of one or more other components prior to accessing the
tastener wherein the “other component” is not an access device such as, but not limited
to, a door.

As used herein, “temporarily disposed” means that a first element(s) or
assembly (ies}) is resting on a second element(s} or assembly(ies) in a manner that

15 allows the first element/assembly to be moved without having to decouple or otherwise

manipulate the first element. For example, a book simply resting on a table, ie., the
hook is not glued or fastened to the table, is “temporarily disposed” on the table.

As used herein, “operatively coupled” means that a number of elements or
assernblies, each of which is movable between a first position and a second position, or
20 afirst configuration and a second configuration, are coupled so that as the first element
maoves from one position/configuration to the other, the second element moves between
posttions/configurations as well. It 13 noted that a first element may be “operatively
coupled” to another without the opposite being true.

As used herein, “correspond” indicates that two structural components are sized
25  and shaped to be similar to each other and may be coupled with a minimum amount of
friction. Thus, an opening which “corresponds” to a member is sized slightly larger
than the member so that the member may pass through the opening with a minimum
amount of friction. This definition is modified if the two components are to fit “snugly”
together. In that situation, the difference between the size of the components is even
smaller whereby the amount of friction increases. If the element defining the opening
and/or the component iuserted into the opening are made from a deformable or
compressible material, the opening may even be slightly smaller than the component
being nserted into the opening. With regard to surfaces, shapes, and lines, two, or

more, “corresponding” surfaces, shapes, or lines have generally the same size, shape,
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and contours.

As used herein, a “path of travel” or “path,” when used in association with an
element that moves, includes the space an element moves through when in motion. As
such, any element that moves inherently has a “path of travel” or “path.” Further, a

5  “path of travel” or “path” relates to a motion of one identifiable construct as a whole
relative to another object. For example, assuming a perfectly smooth road, a rotating
wheel {an identifiable construct) on an automobile generally does not move relative to
the body (another object) of the automobile. That 15, the wheel, as a whole, does not
change its position relative to, for example, the adjacent fender. Thus, a rotating wheel

0 does not have a “path of travel” or “path” relative to the body of the automobile
Conversely, the air inlet valve on that wheel (an identifiable construct) does have a
“path of travel” or “path” relative to the body of the automcbile. That is, while the
wheel rotates and 13 in motion, the air inlet valve as a whole, moves relative to the body
of the automobile.

15 As used herein, the statement that two or more parts or components “engage”

one another means that the elements exert a force or bias against one another either
directly or through one or more intermediate elements or components. Further, as used
heretn with regard to moving parts, a moving part may “engage” another element during
the motion from one position to another and/or may “engage” another element once in

20 the described position. Thus, it i3 understood that the statements, “when element A

moves to element A first position, element A engages element B,” and “when element

A 1s in element A first position, element A engages element B” are equivalent

statements and mean that element A either engages element B while moving to element

A first position and/or element A either engages element B while in element A first

25  position.

As used herein, “operatively engage” means “engage and move” That is,
“operatively engage” when used in relation to a first component that is structured to
move a movable or rotatable second component means that the first component applies
a force sufticient to cause the second component to move. For example, a screwdriver

0  may be placed into contact with a screw. When no force is applied to the screwdriver,
the screwdriver is merely “coupled” to the screw. I an axial force 1s applied to the
screwdriver, the screwdriver is pressed against the screw and “engages” the screw.
However, when a rotational force is applied to the screwdriver, the screwdriver

“operatively engages” the screw and causes the screw to rotate. Further, with electronic
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components, “operatively engage” means that one component controls another
component by a control signal or current.

Asused herein, the word “unitary” means a component that is created as a single
piece or unit. That 15, a component that includes pieces that are created separately and
then coupled together as a unit is not a3 “unttary” component or body.

As used herein, the term “number” shall mean one or an integer greater than one
{i.e., a plurality}.

As used herein, in the phrase “[x] moves between its first position and second
posttion,” or, “[y] ts structured to move [x] between its first position and second
position,” “[x]” is the name of an element or assembly. Further, when [x] is an element
or assembly that moves between a number of positions, the pronoun “its” means “[x],”
i.e., the named element or assembly that precedes the pronoun “its.”

As used herein, “about” in a phrase such as “disposed about {an element, point
or axis|” or “extend about {an element, point or axis]” or “[X] degrees about an {an
element, point or axis],” means encircle, extend around, or measured around. When
used in reference to a measurement or in a similar manner, “about” means
“approximately,” i.e., in an approximate range relevant to the measurement as would
be understood by one of ordinary skill in the art.

As used herein, a “radial side/surface” for a circular or cylindrical body 15 a
side/surface that extends about, or encircles, the center thereof or a height line passing
through the center thereof. As used herein, an “axial side/surface” for a circular or
cylindrical body 15 a side that extends in a plane extending generally perpendicularto a
height line passing through the center. That is, generally, for a cylindrical soup can,
the “radial side/surface” is the generally circular sidewall and the “axial
side(s)/surface(s)” are the top and bottom of the soup can.

As used herein, “generally curvilinear” includes elements having multiple
curved portions, combinations of curved portions and planar portions, and a plarality
of planar portions or segments disposed at angles relative to each other thereby forming
a curve.

As used herein, “generally” means “in a general manner” relevant to the term
being modified as would be understood by one of ordivary skill in the art.

As used herein, “substantially” means “for the most part” relevant to the term
being modified as would be understood by one of ordinary skill in the art.

As used herein, “at” means on and/or near relevant to the term being moditied
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as would be understood by one of ordinary skill in the art.
A pretreatment assembly 10 and a post printing treatment assembly 110 fora
decorator are shown in Figures 1 and 2. 1n an exemplary embodiment, the pretreatment

assembly 10 is a UV ink pretreatment assembly 11, When identified as a UV ink

(V4]

pretreatment assembly 11, the apparatus is limited to a UV ink pretreatment assembly
11, Further, in an exemplary embodiment, the UV ink pretreatment assembly 1115 a
UV ink pretreatment assembly 11 that utilizes a corona to treat the UV ink. That is, the
pretreatment assembly 10 includes a pretreatment device 12 structured to “treat” the
work pieces 1. As used herein, to “treat” means to subject a work piece to an agent or
0 action in order to bring about a particular result. In an exemplary embodiment, the
pretreatment device 12 includes a number of stations 13 which, in an exemplary
embodiment, are ion generating stations 90, as discussed below. The pretreatment
assembly 10 also includes a product support assembly 20, The pretreatment assembly

10, in an exemplary embodiment, includes other elements such as a frame assembly or

15  housing assembly, an infeed assernbly structured to dispose work pieces 1 on the
product support assembly 20 and a take-away assembly structured to remove work
pieces 1 from the product support assembly 20, none numbered. As used herein, a
“work piece” is one of a number of constructs upon which work is performed. A “work
piece” 1s not part of the disclosed and claimed concept but rather a construct upon which
20 the pretreatment assembly 10 performs a number of operations. In an exemplary
embodiment, the work pieces 1 are plastic cups 2. A plastic cup 2 includes a bottom 3,
a sidewall 4 defining a generally enclosed space S (Figure 3). That is, the cup 2, i.e,
the bottom 3 and sidewall 4 define a space 5 that is enclosed on all sides but one which
is, as used herein, a “generally enclosed space.” The cup sidewall 4 has an inner side
25 6 and an outer side 7. The cup 2 is a unitary body. In an exemplary embodiment, the
cup sidewall 4 is outwardly tapered from the bottom 3. Further, as used herein, the
terms “inner side” ¢ and “outer side” 7 are also usable with a work piece 1 as applicable.
The product support assembly 20 1s structured to move a number of work pieces

1 over a path of travel. In an exemplary embodiment, and as shown in Figure 3, the

product support assembly 20 includes a primary support assembly 22 and a number of
secondary support assemblies 24 as well as a primary drive assembly 26 and a
secondary drive assembly 28. For example, a primary support assembly 22 could be a
conveyor belt and the secondary support assemblies 24 could be brackets coupled to

the conveyor belt, neither shown. In an exemplary embodiment, the primary support
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assernbly 22 is a turret assembly 30, The turret assembly 30, in an exemplary
embodiment, includes a disk-like body 32 having a generally cireular front surface 34.
The turret assembly body 32 is rotatably coupled to a frame assembly and is structured
to rotate relative thereto. That 1, the turret assembly body 32 has an axis of rotation
36. Further, the turret assembly body 32 has an ocuter radius 38 as well as a first radius
40. In an embodiment wherein the secondary support assemblies 24 are directly
coupled to the turret assembly body front surface 34, the first radius 40 is smaller than
the outer radius 38. In another embodiment, not shown, the secondary support
assemblies 24 are coupled to the radial side of the turret assembly body 32 and extend
radially therefrom; in this embodiment, the first radius 40 is the same as the outer radius
38. The turret assembly body 32 is structured to support each secondary support
assembly 24 at the first radius 40. It 1s noted that during printing, as shown in Figure
1, each secondary support assembly 24 moves radially toward the turret assembly body
axis of rotation 36. Further, it is noted that Figure 3 shows an embodiment with only a
pretreatment assembly 10.

in this exemplary embodiment, the secondary support assemblies 24 are
rotatable mandrel assemblies 50. Each mandrel assembly 50 includes an elongated
body 52 having a first end 54 and a second end 56. Each mandrel assembly body 52,
and in an exemplary embodiment, each mandrel assembly body tirst end 54, is rotatably
coupled to the turret assembly body 32, In the exemplary embodiment shown, each
mandrel assembly body 52 is rotatably coupled to the turret assembly body front surface
34, 1In this configuration, each mandrel assembly body 52 longitudinal axis extends
generally parallel to the turret assembly body axis of rotation 36. It is noted that in an
embodiment, not shown, wherein each roandrel asserubly body 52 extends radially from
the primary support assembly 22, each mandrel assembly body 52 longitudinal axis
extends generally perpendicular to the turret assembly body axis of rotation 36, Further,
in the configuration shown, each mandrel assembly body 52 has an axis of rotation 58
that 1s generally parallel to the turret assembly body axis of rotation 36. That is, each
mandrel assembly body 52 longitudinal axis ts also its axis of rotation S8, Further, in
an exemplary embodiment, the mandrel assembly body second end 56 corresponds to
the work piece wnner side 6. That is, in this exemplary embodiment, the mandrel
assembly body second end 56 is tapered.

In an exemplary embodiment, secondary support assembhies 24 include a

pressure assembly 60, shown schematically. The pressure assembly 60 includes a
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pressure generating assembly and a number of pressure conduits, neither shown. The
pressure conduits extend through each mandrel assembly body 32 and have a port on
the surface thereof, not shown. The pressure conduits are in fluid communication with

the pressure generating assembly. The pressure generating assembly s structured to

(V4]

apply a negative pressure, 7.e., suction, and/or a positive pressure. Thus, when a work
ptece 1 is disposed on a mandrel assernbly body 52, and during treatment operations,
the pressure generating assembly applies a negative pressure (suction} that maintains
the work piece 1 on the mandrel assembly body 52, After treatroent operations ate over,
the pressure generating assembly applies a positive pressure that ejects the work piece
O 1 from the mandrel assembly body 52.

The primary drive assembly 26 i3 structured to, and does, operatively engage
the primary support assembly 22 and cause the primary support assembly 22 to move
at one of a “constant speed,” a “substantially constant speed,” or a “generally constant
speed.” As used herein, a “constant speed” means that the primary support assembly

15 22 moves at a set and sustained speed during operation of the primary drive assembly
26 with no variation in the speed. As used herein, a “substantially constant speed”
means that the primary support assembly 22 moves at a set and sustained speed during
operation of the primary drive assembly 26 with minimal variation in the speed. As
used herein, “minimal variation in the speed” means that the speed at which primary
20 support assembly 22 moves may vary by about 10% of the set speed. As used herein,
a “generally constant speed” means that the primary support assembly 22 moves at a
set and sustained speed during operation of the primary drive assembly 26 with some
variation in the speed. As used herein, “some variation in the speed” means that the
speed at which primary support assernbly 22 moves may vary by about 20% of the set
25  speed. Further, none of a “constant speed,” a “substantially constant speed,” or a
“generally constant speed” includes stopping the rotation of the primary support
assembly 22 intermittently. That is, if the primary support assembly 22 “indexes,” then
the primary support assembly 22 is not moving at a “constant speed,” a “substantially

constant speed,” or a “generally constant speed.”

In an exemplary embodiment, wherein the primary support assembly 22 is a
turret assembly 30, the primary drive assembly 26 is structured to cause the turret
assembly body 32 to rotate about the turret assembly body axis of rotation 36, That is,
the primary drive assermbly 26 is structured to, and does, impart a constant motion to

the primary support assembly 22 The primary drive assembly 26, shown
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schematically, includes a motor with an output shaft, neither shown. The output shaft
is coupled, directly coupled, or fixed to the turret assembly body 32 and actuation of
the motor causes the turret assembly body 32 to rotate. In an exemplary embodiment,

the speed of the primary drive assembly motor 26 is adjustable, as discussed below. In

(V4]

an exemplary embodiment, the primary drive assembly 26 is structured to cause the

turret assembly body 32 to rotate about the turret assembly body axis of rotation 36 so

that a point on the first radius 40 (hereinafter shortened to “so that the first radius”}

moves at one of a “rapid speed,” a “very rapid speed,” or an “exceedingly rapid speed.”

As used herein, a “rapid speed” means at least 33 RPM.  As used herein, a “very rapid

0 speed” means at least 41 RPM. Asused herein, an “exceedingly rapid speed” means at
least 50 RPM.

As noted above, each mandrel assembly body 52 is rotatably coupled to the
turret assembly body 32, Further, the secondary drive assembly 28 is structured to, and
does, operatively engage each secondary support assembly 24, in this embodiment each

15 mandrel assembly body 52, i.e., each maundrel assembly body first end 54, and causes
each secondary support assembly 24 to rotate about its axis of rotation. That is, the
secondary drive assembly 28 1s structured to, and does, impart a constant motion to the
secondary support assembly 24, Thus, as the turret assembly body 32 rotates about the
turret assembly body axis of rotation 36, each mandrel assembly body 52 also rotates
20 about its own mandrel assembly body axis of rotation 58 In an exemplary
embodiment, the secondary drive assembly 28, shown schematically, includes a motor
with an output shaft and a drive belt (none shown). The secondary drive assembly 28
also includes elements associated with a belt drive such as guides, guide wheels, and a
tensioner, none shown. It is understood that the each mandrel assembly body first end
25 54 includes, or acts as, a coupling {(not shown) that is structured to be operatively
engaged by the drive belt. The secondary drive assembly 28 1s structured to cause each
mandrel assembly body 52 to rotate at least one full revolution (360 degrees about the
mandrel assembly body axis of rotation 58) in the time it takes the turret assembly body

32 to move adjacent an ionization surface 94, described below. In an exemplary

embodiment, the speed of the secondary drive assembly 28 is adjustable, as discussed
below.

The ion generating stations 90, four shown, are structured to ionize an adjacent
construct or the surface of an adjacent construct, such as, but not limited to a work piece

1. The ion generating stations 90 are disposed along the secondary support assembly
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24 path of travel between the infeed assembly and the take-away assembly. In an
exemplary embodiment, the ion generating stations 90 are disposed in series and
immediately adjacent each other, as shown in Figure 1. In an exemplary embodiment,
each 1on generating station 90 is a corona discharge assembly 92, Each ion generating

station 90 includes an ionization surface 94. Each tonization surface 94 extends

(V4]

generally parallel to a mandrel assembly body 52 path of travel. That is, a mandrel
assembly body 52 path of travel is the path about the turret assembly body axis of
rotation 36, In an exemplary embodiment, each ionization surface 94 is disposed
adjacent, or immediately adjacent, the first radius 40. Further, each ionization surface
O 94 1s spaced an “effective distance” from the mandrel assembly body second end 56
path of travel. As used herein, the “effective distance” is the distance wherein a specific
ionization surface 94 causes the required amount of ionization to the work piece. That
is, the “effective distance” varies by the type of ionization surface 94, the material of
the work piece and the rotational speeds of the primary support assembly 22 and/or the
15  each secondary support assembly 24
in an embodiment wherein the secondary support assembly 24 path of travel is
circular, (as when each secondary support assembly 24 is coupled to a rotating turret
assembly 30} each ionization surface 94 is generally curvilinear, or, generally arcuate
with a center corresponding to the turret assembly body axis of rotation 36. Further,
20 when the mandrel assembly body second ends 56 are tapered, as described above, or
when the work piece outer surface, such as cup sidewall outer side 7, is tapered, each
ionization surface 94 ts angled relative to the turret assembly body axis of rotation 36
so that each ionization surface 94 is generally parallel to a cup sidewall outer side 7
when the cup 2 is disposed on a mandrel asserubly body second end 56.
25 Further, in one exemplary embodiment, not shown, the primary drive assembly
26 and the secondary drive assembly 28 are operatively coupled so that the speed of the
secondary drive assembly 28 is a function of primary drive assembly 26, Thus, in this
embodiment, the speed of rotation of the turret assembly body 32 and each mandrel

assembly body 52 are related. Further, in an exemplary embodiment, the speed of

rotation of each mandrel assembly body 52 15 generally similar regardless of the radius
of the mandrel assembly bodies 52 coupled to the turret assembly body 32. That is, for
cups of a first size, the mandrel assembly bodies 52 have a first radius, and, for cups of
a different second size, the mandrel assembly bodies 52 have a different, second radius.

Regardless of the size to the mandrel assembly bodies 52, the mandrel assembly bodies
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52 rotate about their own axis at generally the same speed. In another exemplary
embodiment, the speed of rotation for the turret assembly 30 and the mandrel assembly
bodies 52 changes depending upon the size/shape of the cup 2 to be processed. In this
exerplary embodiment, the primary drive assembly 26 and the secondary drive
assembly 28 are independently operable. As used herein, “independently operable”
means that the speed of rotation that the primary drive assembly 26 imparts to the
primary support assembly 22 is separate from, i.e., not related by a mathematical
function to, the speed of rotation that the secondary drive assembly 28 imparts to the
secondary support assembly 24, In this embodiment, the speed of rotation of each
mandrel assembly body 52 about its own axis 1s selectable and is related to the radius
of the mandrel assembly body 52.

The pretreatment assembly 10 operates as tollows. The primary drive assembly
26 operatively engages the turret assembly 30 causing the turret assembly body 32 to
rotate about the turret assembly body axis of rotation 36 at one of a “constant speed,” a
“substantially constant speed,” or a “generally constant speed.” Further, the secondary
drive assembly 28 operatively engages each mandrel assembly body 52 causing each
mandrel assembly body S2 to rotate about its own mandrel assembly body axis of
rotation 58, An infeed assembly {(not shown), which is disposed adjacent the turret
assernbly body 32, disposes a cup 2 on each mandrel assembly body second end 56 as
each mandrel assembly body 52 moves adjacent the infeed assembly. In an exemplary
embodiment, the pressure assembly 60 is engaged with negative pressure to bias the
cup 2 to the associated mandrel assembly body second end 56 As each mandrel
assembly body 52 moves along its path of travel, each cup 2 passes by, within an
effective distance of, each ion generating station 90 and its tonization surface 94, As
the cup 2 passes by the ion generating stations 90, the cup sidewall outer side 7 is
ionized. Each mandrel assembly body 52 then moves to the take-away assembly
wherein the associated cup 2 is removed from the mandrel assembly body second end
56. This process is repeated as the turret assembly body 32 rotates.

it 1s noted that the speed of rotation for the turret assembly body 32 and the
mandrel assembly bodies 52 1s determined, as is known in the art, by the material being
treated, the size of the first radius 40, and the radius of the mandrel assembly bodies 52
and/or the cup 2 disposed thereon. In an exerplary embodiment, however, the turret
asserubly body 32 rotates so that the first radius 40 moves at one of a “quick speed,” a

“rapid speed,” or a “swift speed” and at one of a “constant speed,” a “substantially
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constant speed,” or a “generally constant speed.” Because the primary support
assembly 22 does not index, the problem(s) stated above are solved.
In this configuration, the pretreatment assembly 10 is structured to, and does,

process one of a “large number” of work pieces 1 per minute, a “very large number” of

(V4]

work pieces 1 per minute, or an “exceedingly large number” of work pieces 1 per
minute. Stated alternately, the product support assembly 20 is structured to, and does,
pass one of a “large number” of work pieces 1 per minute, a “very large number” of
work pieces 1 per minute, or an “exceedingly large number” of work pieces 1 per
minute adjacent the ion generating stations 90 at an effective distance. As used herein,
O a “large number” of work pieces | per minute means at least 800 work pieces 1 per
minute. As used herein, a “very large number” of work pieces 1 per minute means at
least 1000 work pieces | per minute. As used herein, an “exceedingly large number”
of work pieces 1 per minute means at feast 1200 work pieces 1 per minute. Processing
of a “large number” of work pieces | per minute, a “very large number” of work pieces
15 1 perminute, or an “exceedingly large number” of work pieces 1 per minute solves the
problem(s) stated above.

Further, as used herein, “processing” work pieces | means that a work piece
moves from a location external to the product support assembly 20 {(e.g., trom an infeed
assembly), 1s treated by the ion generating stations 90 and 1s ejected from the product
20 support assembly 20, Further, in an exemplary embodiment, no secondary support
assembly 24 dwells at any ion generating station 90. That is, because the primary
support assembly 22 moves at one of a “constant speed,” a “substantially constant
speed,” or a “generally constant speed,” no secondary support assembly 24 dwells at
any ion generating station 90. This solves the problem{s) stated above  Stated
25  alternately, the product support assembly 20 passes one of a “large number” of work
pieces 1 per minute, a “very large number” of work pieces 1 per minute, or an
“exceedingly large number” of work pieces 1 per minute adjacent the ion generating
stations 90, It is understood that, as used herein, to “pass a number of work pieces 1

adjacent the ion generating stations 907 means that the work pieces 1 move adjacent to

the ion generating stations 90 with the ton generating stations 90 acting on the work
pieces 1. That is, to “pass a number of work pieces 1 adjacent the ion generating
stations 907 does not mean, for example, that work pieces 1 in a box on a truck, or on

another machine, move in the vicinity of the ion generating stations 90,
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Accordingly, as shown in Figure 4, a method of processing work pieces 1 using
the pretreatment assembly 10 described above includes providing 1000 a pretreatment
assembly 10 including a product support assembly, a number of ion generating stations,

each 1on generating station disposed adjacent the product support assembly, the product

(V4]

support assembly including a primary support assembly, a primary drive assembly, a
number of secondary support assemblies, and a secondary drive assembly, the primary
drive assembly operatively coupled to the primary support assembly, wherein the
primary drive assembly imparts a constant motion to the primary support asserably,
each secondary support assembly structured to support a number of work pieces, each
0 secondary support assembly movably coupled to the primary support assembly, the
secondary drive assembly operatively coupled to each secondary support assembly,
wherein the secondary drive assembly selectively imparts a motion to each secondary
support assembly (hereinafter shortened to “providing 1000 a pretreatment assembly
107 and processing 1001 a number of work pieces 1. Processing 1001 a number of
15 work pieces 1 includes disposing 1002 a work piece 1 on a secondary support asserably
22, moving 1004 the primary support assembly 22 at a generally constant speed, and
moving 1006 each secondary support assembly 24 adjacent the ion generating stations
90,
Further, moving 1006 the each secondary support assembly 24 adjacent the ton
20 generating stations 90 includes moving 1010 the work piece 1 adjacent the ion
generating stations 90 at an etfective distance.
Further, moving 1004 the primary support assembly 22 at a generally constant
speed includes moving 1020 the primary support assembly 22 so that a first radius 40
moves at one of a quick speed, a rapid speed, or a switt speed. It is noted that moving
25 1020 the primary support assembly 22 so that a first radius 40 on the primary support
assembly moves at one of a quick speed, a rapid speed, or a swift speed solves the
problem(s) stated above.
Further, processing 1001 a number of work pieces 1 includes processing 1030

one of a large number of work pieces 1 per minute, a very large number of work pieces

1 per nunute, or an exceedingly large number of work pieces 1 per minute. It is noted
that processing 1030 one of a large number of work pieces 1 per minute, a very large
number of work pieces | per minute, or an exceedingly large number of work pieces 1

per minute solves the problem(s) stated above.
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In another exemplary embodiment, the product support assembly 20 described
above 13 incorporated into a post printing treatment assembly 110 s shown in Figures
1, 2, and 5. A post printing treatment assembly 110 also includes a post printing
treatment device 112 including a number of stations 113, The post printing treatment
device stations 113 are disposed adjacent the product support assembly 20. In an
exemplary embodiment, the post printing treatment assembly 110 is a UV ink curing
assembly 111, When identified as a UV ink curing assembly 111, the apparatus is
limited to a UV 1ok curing assembly 111, That s, o this embodiment, the post printing
treatment device stations 113 include a number of ultraviclet (UV} lamps 120, In this
embodiment, the product support assembly 20 is assembled and operated substantially
as described above.

In this exemplary embodiment, the product support assembly 20 again moves
at one of a “constant speed,” a “substantially constant speed,” or a “generally constant
speed” as those terms are defined above. Thus, in this embodiment, no secondary
support assembly 24 dwells at any post printing treatment device station 113, That i3,
as shown, no secondary support assembly 24 dwells at any UV lamp 120, as described
below. Further, in this embodiment, the primary drive assembly 26 is structured to
cause the turret assembly body 32 to rotate about the turret assembly body axis of
rotation 36 so that a point on the first radius 40 (hereinafter shortened to “so that the
first radius”) moves at one of a “high speed,” a “very high speed,” or an “exceedingly
high speed.” As used herein, a “high speed” means at least 30 RPM.  As used herein,
a “very high speed” means at least 40 RPM. As used herein, an “exceedingly high
speed” means at least 50 RPM.

In an exemplary embodiment, the post printing treatment device 112 includes a
number of ultra-violet (UV} lamps 120. Each UV lamp 120 includes a housing 130, a
mounting 132, and a light generating device hereinafter identified as a “bulb” 134, It
is understood that, as used herein, a “bulb” means any device that produces light and is
not limited to a vacuum bulb associated with incandescent lights. Each UV lamp 120,
in an exemplary embodiment, also includes a reflector 136 structured to generally, or
substantially, retlect and concentrate the light generated by the UV lamp bulb 134 ina
beam baving a longitudinal axis 122, hereinafter “light beam longitudinal axis” 122,
which is shown schematically. As used herein, a light beam longitudinal axis 122
extends, generally, at the center of a conical or cylindrical bearn. The UV lamp bulb

134 and UV lamp reflector 136 are disposed in the UV lamp housing 130. The UV
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lamp housing 130 is coupled, directly coupled, or fixed to the UV lamp mounting 132.
In an exemplary embodiment, the UV lamp mounting 132 includes a movable coupling
(not shown) structured to allow adjustment of the direction of the light beam
longitudinal axis 122, Further, in an exemplary ersbodimnent, each UV lamp 120
includes a focus adjustment device 140 such as, but not limited to a lens (not shown).

The UV lamps 120 are disposed adjacent the work piece 1 path of travel. That
is, UV lamps 120 are disposed adjacent the secondary support assembly 24 path of
travel and, in an exemplary embodiment, adjacent the mandrel assembly body second
end 56 path of travel. Further, in an exemplary embodiment, the UV lamps 120 are
structured to, and do, emit a beam UV light in one of a “generally defined direction,” a
“substantially defined direction,” or a “specifically defined direction.” As used herein,
a “generally defined direction” means that the emitted light 1s confined to a beam in the
manner of typical incandescent flashlight wherein light reflected by a generally conical
retlector fades at the edge of the beam and the beam generally scatters. Asused herein,
a “substantially defined direction” means that the enutted light is confined to a beam 1
the manner of controlled focus flashlight, such as, but not limited to, a flashlight with a
LED wherein the edge of the light beam is clearly defined with minimal scattering. As
used herein, a “specifically defined direction” means that the emitted light is confined
to a beam similar to a laser or other highly focused light beam wherein the edge of the
light beam ts clearly defined with negligible scattering.

In an exemplary embodiment, the UV lamps 120 shine, generally, in a radial
manner refative to the primary support assembly 22, That is, with a generally circular
turret assembly body 32, each light beam longitudinal axis 122 extends generally
through, or at, the turret assembly body axis of rotation 36, Further, the UV lamps 120
are structured to allow, and do allow, the alteration the elevation angle “o” of the light
beam longitudinal axis 122, As used herein, the “elevation angle” of the light beam 13
the angle of the light beam longitudinal axis 122 relative to a plane that is generally
perpendicular to the turret assembly body axis of rotation 36, For example, in an
embodiment wherein the turret assembly body front surface 34 is generally
perpendicular to the turret assembly body axis of rotation 36, the “elevation angle” is
measured relative to the plane of the turret assembly body front surface 34, In an
exemplary embodiment, the UV lamps 120 are structured to, and do, alter the elevation
angle “o” of the light beam longitudinal axis 122 between about 0 and 12 degrees.

Changing the elevation angle allows the light beam longitudinal axis 122 to be generally



WO 2019/014298 18 PCT/US2018/041554

(V4]

5

(42
<

or substantially normal, e, generally or substantially ninety degrees to, the outer
surface of a work piece 1 when the work piece 1 is tapered. Thus, in an embodiment
wherein the work piece 1 is a tapered cup 2, each UV lamp light beam longitudinal axis
122 extends generally normal to the work piece 1 outer side, i.e., cup sidewall outer
side 7.

Each UV lamp focus adjustment device 140 is structured to, and does, allow
adjustment of a UV lamp 120 focal length. As used herein, the “focal length” of a light
15 the distance wherein the light beam 1s concentrated.  To solve the problems stated
above, each UV lamp focus adjustment device 140 is structured to, and does, adjust the
associated UV lamp 120 focal length to a “fuzzy focus.” As used herein, a “fuzzy
focus” ts a focus generally at the “critical focus” of each UV famp 120. That is, each
UV lamp 120 is not set to its “critical focus.” In an alternate embodiment, each UV
lamp focus adjustment device 140 is structured to, and does, adjust the associated UV
lamp 120 focal length to a “blurry focus.” As used herein, a “blurry focus” is a focus
substantially at the “critical focus” of each UV lamp 120, Further, in another exemplary
embodiment, each UV lamp 120 is set to its “critical focus.”

Further, in an exemplary embodiment, and when there are a plurality of UV
lamps 120, the UV lamps 120 are structured to, and do, generate a flood of UV light,
or, UV light flood. As used herein, a “flood of UV light,” or, a “UV light flood” means
that a plurality of UV lamps 120 project beams of UV light wherein the focal length of
each UV lamp 120 1s different. In this embodiment, the UV light tlood is sufficient to
cure the UV ink. Thus, each mandrel assembly body second end 56 passes through said
UV light flood. Stated alternately, each mandrel assembly body second end 56 path of
travel extends through the UV light flood. Tn an exemplary embodiment, each mandrel
assembly body second end 56 path of travel extends through each UV light beam fuzzy
focus.

Further, in one exemplary embodiment, each mandrel assembly body 52 moves
one full rotation about its axis while the mandrel assembly body 52 is generally adjacent
each UV lamp 120, 7.e. the mandrel assembly body 52 rotates once during the dwell
time tor each UV lamp 120, That is, each UV lamp 120 projects a beam of UV light in
a defined area, and, the rotational speed for each mandrel assembly body 52 is set s0
that each mandrel assembly body 52 moves one full rotation about its axis while the
mandrel assernbly body 52 15 within the beam of UV light from each UV lamp 120, In

another embodiment, each mandrel assembly body 52 moves one full rotation about its
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axis while the mandrel assembly body 52 15 in the flood of UV light. In another
embodiment, each mandrel assembly body 52 moves a plurality of rotations about its
axis while the mandrel assembly body 52 is in the flood of UV light.

In an exemplary embodiment, the number of UV lamps 120 includes a first UV
lamp 120A and second UV lamp 120B. In an exemplary embodiment, the first UV
lamp 120A and second UV lamp 120B are placed in the closest possible proximity in
the direction of turret assembly body 32 rotation. In this configuration, the work piece
1 exposure to the second UV lamp 120B takes place while the polymerization of a UV
ink started by the first UV lamp 120A is still taking place, allowing for more curing
effect from the second UV lamp 120B. That is, in this configuration, the post printing
treatment assembly 110 is structured to, and does, perform a multi-lamp cure. As used
herein, a “multi-lamp cure” means that a UV curable ink disposed on a work piece 1 is
cured by more than one UV lamp 120 while the work piece 1 is in constant motion
moving by the UV lamps 120. Further, as used herein, a “constant motion” means that
the primary support assembly 22 moves at one of a “constant speed,” a “substantially
constant speed,” or a “generally constant speed” as defined above. Further, as used
herein, a “constant motion” cannot be achieved by a mandrel body spinning about its
own axis while the mandrel body axis of rotation does not move relative to a UV lamp.

In this configuration, the post printing treatment assembly 110 1s structured to,
and does, process one of a “large number” of work pieces 1 per minute, a “very large
number” of work pieces 1 per minute, or an “exceedingly large mumber” of work pieces
1 per minute. Stated alternately, the product support assembly 20 s structured to, and
does, pass one of a “large number” of work pieces 1 per minute, a “very large number”
of work pieces 1 per minute, or an “exceedingly large number” of work pieces 1 per
minute adjacent the UV lamps 120. Processing of a “large number” of work pieces 1
per minute, a “very large number” of work pieces 1 per minute, or an “exceedingly
large number” of work pieces 1 per minute solves the problem(s) stated above.

Further, as used herein, and in the context of a post printing treatment assembly
110, “processing” work pieces 1 means that a work piece moves from a location
external to the product support assembly 20 {e.g., from an infeed assembly), is treated
by a UV lamp 120 and 13 ejected from the product support assembly 20, Further, in an
exemplary embodiment, no secondary support assembly 24 dwells at any UV lamp 120
That is, because the primary support assembly 22 moves at one of a “counstant speed,”

a “substantially constant speed,” or a “generally constant speed,” no secondary support
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assembly 24 dwells at any UV lamp 120, This solves the problem(s) stated above.
Stated alternately, the product support assembly 20 passes one of a “large number” of
work pieces 1 per mimute, a “very large number” of work pieces 1 per minute, or an
“exceedingly large number” of work pieces 1 per roinute adjacent the UV lamp 120, It
is understood that, as used herein, to “pass a number of work pieces 1 adjacent the UV
lamp(s) 1207 means that the work pieces 1 move adjacent to the UV lamp 120 with the
UV lamp(s) 120 treating the work pieces 1. That is, to “pass a number of work pieces
1 adjacent the UV lamp{s) 120”7 does not mean, for example, that work pieces 1 in a
box on a truck, or on another machine, move tn the vicinity of the UV lamp(s) 120.

Accordingly, as shown in Figure 6, a method of processing work pieces 1 using
the post printing treatment assembly 110 deseribed above includes providing 2000 a
post printing treatment assembly 110 including a product support assembly and a
number of UV lamps 120, each UV lamp 120 disposed adjacent the product support
assembly, the product support assembly including a primary support assembly, a
primary drive assembly, a number of secondary support assemblies, and a secondary
drive assembly, the primary drive assembly operatively coupled to the primary support
assembly, wherein the primary drive assembly imparts a constant motion to the primary
support assembly, each secondary support assembly structured to support a number of
work pieces, each secondary support assembly movably coupled to the primary support
assembly, the secondary drive assembly operatively coupled to each secondary support
assembly, wherein the secondary drive assembly selectively imparts a motion to each
secondary support assembly (hereinafter shortened to “providing 2000 a post printing
treatment assembly 1107), and post-processing 2001 a number of work pieces 1. Post-
processing 2001 a number of work pieces 1 includes disposing 2002 a work piece 1 on
a secondary support assembly 22, moving 2004 the primary support assembly 22 at a
generally constant speed, and moving 2006 each secondary support assembly 24
adjacent the UV lamps 120.

Further, moving 2004 the primary support assernbly 22 at a generally constant
speed includes moving 2020 the primary support assembly 22 so that a first radius on
the primary support assembly 22 moves at one of a high speed, a very high speed, or an
exceedingly high speed.

Further, post-processing 2001 a number of work pieces 1 includes processing
one of a large number of work pieces per minute, a very large number of work pieces

per minute, or an exceedingly large number of work pieces per mimate.
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While specific embodiments of the invention have been described in detail, it
will be appreciated by those skilied in the art that various modifications and alternatives
to those details could be developed in light of the overall teachings of the disclosure.
Accordingly, the particular arrangements disclosed are roeant to be illustrative only and
not limiting as to the scope of invention which is to be given the full breadth of the

claims appended and any and all equivalents thereof.
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What s Claimed is:
1. A produnt support ssserubly (203 for a pretrestmnent asserbly (184}, said

prefreatenent assembly (10} struetured to process a muaber of work pleces (1), said
pretreatment assembly (10) meluding a mamber of ion penersting stations {90}, said
produst support assembly (203 comprising:

& primary support assembly (22}

a primary drive sssembly {26}

said primary drive assembly {28} operatively coupled o said primary suppost
assembly (22}

wherein said primary dove assembly (236} tmpartz a constant motion 1o waid
privary support assembly (33

a muraber of secondary support assemblisg (24

gach secondary suyppott assembly {24} struchiered fo support & mumbsr of work
pieces {1}

each secondary support asserobly {24} movably coupded to sald primmary support
aasemnbly (2%

a secondary drive assembly (28);

said secondary drive assembly {28) operatively coupled 1o sach secondary
support gssembly 245 and

wherein said secondary drive asserubly {26} selectively imparis 8 motinn 1o cach

secondary suppoit assembly 24}

2 The product support assembly (20} of Claim 1 wherein

said primary support assembly (22) is a turret gsserably {30%

said turret assenbly (30} ncleding a body (32} structured to suppart sach
secondary support assembly (24} at g first radius (403

said turret assarubly body (32) having an axis of votation (36}

each secondary support assembly (243 coupled to saud furret susembly 30) at
said first radius (40); and

said primary deive assembdy {263 struotiwad $o rotate said turret assembly body
{37} so that satd first radius (40} moves at 8 ong of a rapid speed, a very rapid spead, oy

an excesdingly rapiud speed.

3 The product support assemmbly {20} of Clate 2 wherain

SUBSTITUTE SHEET (RULE 26)



WO 2019/014298 PCT/US2018/041554

23

sach secondary support-assembly {24) is o mandrel aussenblv (50);

cackh mandeel asserobly {30) ingluding an slongated body {32 having 4 firstend
{54} and a ssoond end (36); and

wherein sach mandrel assembly body (37} s rotatably coupled 1o said tarret
assembly body (32}

4. The product support assembly (203 of Claim 3 wherein each ion
generating station {90) includes an ionization suﬁace {94}, vach ionization surfacs {943}
having a width, each fonization surface {94} disposed sdiscent said rrst assemhly
bedy first radius (40}, gach tonization swrface (84) extending gevnerally parallel to a
mandrel agsembly body (52) path of travel, and whersin:

sach mizndrel assombly body second end (56} path of travel is disposed an
effective distance from cach onization surface (94
5. The product support sssembly (30} of Claim 4 whergin esch lovization
surfuce {84} is generally an timer conieal surface and whergin esch mandre! assonmbly

body second end (56) iy tapered.

8. The product support asserably {20} of Claim 4 whersin:

said primary drive assersbly (26) hes o fivst rotetional speed; and

said secondary drive assembly (28) is structured. to rolate each msdrel
assemibly body (57) substantisily one full rotation as each mandeel assembly body (52}
maves sdiscerd each intization surface {94},

7. The product support assembly {20} of Clamy 4 wherein nt mandrel
aseembly body (32 dwells gt any lon generating station (90},

8. The prodoct support assembly (20} of Claim 3 wharsin with sach
mandrel assemndbdy body axey of rotation (58) extends generally parallel to said tuoret

assembly body axis of totation {3814
9. The product support asserably {20} of Claim 1 wherein said primary

drive sssembly (26} and said secondary ditve assembly (28) wre independently

operabie.

SUBSTITUTE SHEET (RULE 26)
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£0.  The product support assembly (207 of Claim 1 whersin said no
secondary suppmt assonibdy (24) dwells a1 any ion generating station {50},
1, A pretreatment asserbly {18} comprising:

& product support sssembly (20}

a mmnber of ton geoerating stations (80

cach lon generating stgton (90} disposed adjacent said product zuppost
asserabiy {20}

said product support assembly (20} including a prumary support assembly (22),
a priveary drive asserably (26), a mambser of secondary support assentbiios (24), and &
secondary drive assembly (28}

said primary debve assseubly {26) oparstively coupled to said privary support
assembly {223

wherein said prumary detve assembly (26) imparts ¢ constant motion to said
primary support assembly (272}

gach secondary support assenbly (24) structured o support & number of work
pienes (1)

each secondary support assernbly (24) movably coupled to said primary support
sssembly (33)

said secondary drive assembly (2%) operatively coupled 1o each secondary
support assembly (24); and

wheretn said secondary drive assembly (28} selectively tmparts a motion to sach

secondary support assembly (24).

12, The pretreatment assembly {10} of Claim 11 whereine

said primary support assombly {32} iz 8 wrret agsembly (30);

ad turrst assembly (30} meluding 8 body (32) structursd o suppott esch
sscondary support agsembly (24 at a frst rading (40}

said turrst assembly body (32} having an axis of votation {36Y

sach secondary support assembly {24) coupled o said turrst assembly (30} at

said first radivs {40} and

SUBSTITUTE SHEET (RULE 26)
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said primary drive assembly (26} stuctired to rotate said tureet assenbly body
{32} s that suid first rading (48 moves at a ong of a rapid speed, 8 very rapid spaed, oy

au sxeerdingly rapid spoed..

I3, The pretreatment assersbly (18 of Claim 12 whevein

each secondary support asscrnbly {241 13 @ mandrel assembly (80}

cach ruandrel assetndily (50) including an ¢longated body (52) having a first ongd
{534} ard a szcond end {56} and

wheretn cach mandrel assembly body (523 1s rotatably coupled to said turret

assambly body (32},

4, The pretreatment assemnbly (10} of Clabm 13 whereln sach fon
gensrating station {90) inchudes an ipndzation sucface (894), each ionization swrface (94)
having a width, each lonization surface (94} disposed adiacent said turrgt assembly
body first tadivs {40}, esch ionization surface (94) sutending generally parallel o g
mandrel assenbly body (52} path of wavel, and whersin

each mandrel assembly body second end (56) path of wavel i disposed an

gifective distance fromeach lontzation surfsce (94}

15, The pretreatment assembly (10) of Claim 14 whersin no mendee!

assambly body (52 dwells at any ion gonersting station (80).

16, The coating pretreatinent assembly {16Y of Claim 11 whersin said o

secondary support assenmbly (24} dwells at suy 10n generating station {90}

17. A pretreatroerd assemibly (10} comprising:

& product support assembly (30);

a mumber of 1on generating stations (50

each fon generating station (90} disposed adiscent said product support
assembly (20}

said produst suppost aasembly (203 including g mrimery support assembly {223,
% prireary drive assembly (263, s wnbsr of socondary support assembliss (243, snd a

sevoudary drive assenddy (28%
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said primary drive assembly {263 opetively coupled to satd priroary support
assembly (223

wherein said prioaey drive assembly (263 imparts & motion o said privmary
sapport assenbly (22}

each secondary support assenibly (24} stmuctured to support & number of work
pigoss (I}

each secondary support assembly (24 movably coupted to said primary support
assenubly (223

saifd sccondary drive asserbly (28) operatively coupled fo each secondary
support sssembly (24);

wherein said secondary driveassenbly (28} selectively imparis a motion t gash
sgeondary support assembly (24); and

wherein said product support assernbly {20} passes one of 2 large number of
work plecss {1} per nunute, a very large number of work pleces (1) per miimae, of an
gxesedingly latge nurmber of work piecss {1} per minute adjacent naid jon generating

stations {90} at an effective distance.

18. A method of processing (1801} a2 number of work preces {1) comprising:
providing (1008} a pretreatment sseembly 10 including @ product support
asserubly, 2 number of ion generating stations, eack ton genersting station disposed
adjacent said product support assemnbly, said product support assendbly Uwluding 2
privary support assembly, a primary doive assembly, 2 mumber of secondary support
assemblies, and a ssoondary drive assembly, said pramary drive sasembly operatively
coupled o said primary support assernbly, wherein said primary drive assernbly tmparts
a constant mution 1o suid primary support assembly, each secondary support assembly
struchured 0 suppert ¢ number of wonk picces, each secondary support assenbly
movably coupled to said primary support assembly, said sccondary drive assombly
operatively coupled to each secondary suppont assenibly, wherein said secondary drive
assembly sclectively tmparts a motion w0 each secondary support asserehiy;
processing (1001} 8 number of work pteces 1) inchading:
disposing (1002} 2 work piece {1y on a secondary support assembly (34);
moving {1004} said primary support sssembdy (22) at 8 generally

coustant speed; and
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[
<3

moving (1005} said cach secondary support assombly (24) adjsernt said

ion genetating stations (90}

18, The method of Claun 18 whergin moving (1004) the primary support
assembly (22} 4t a generslly constant speed inchudes moving (1020) the primary support
asserably (22} a0 that a first radine (40} on the primary support assembly (22} moves at

one of a rapid spead, a vary vapid speed, or an excesdingly rapid speed.

26, The method of Claim 18 whereln processing (1001} & nurober of work
pigoes (1) inchudes processing (1030} one of a large number of work pieces (1) per
minute, a very large sumber of work pisces (1) per minute, or an sxceedingly large

nutnber of work pieces (1) per mimte.
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1000 PROVIDING A COATING PRETREATMENT ASSEMBLY

¥
1001 PROCESSING A NUMBER OF WORK PIECES

020 MOVING THE PRIMARY SUPPORT ASSEMBLY SO THAT A FIRST RADIUS

AT ONE OF A QUICK SPEED, A RAPID SPEED OR A SWIFT SPEED
1006 MOVING EACH SECONDARY SUPPORT ASSEMBLY ADJACENT THE
[ON GENERATING STATION

1010 MOVING THE WORK PIECE ADJACENT THE ION GENERATING STATION
AT AN EFFECTIVE DISTANCE

1030 PROCESSING ONE OF A LARGE NUMBER OF WORK PIECES PER MINUTE,
A VERY LARGE NUMBER OF WORK PIECES PER MINUTE, OR AN EXCEEDINGLY
LARGE NUMBER OF WORK PIECES PER MINUTE
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2000 PROVIDING A POST PRINTING TREATMENT ASSEMBLY

¥
2001 POST-PROCESSING A NUMBER OF WORK PIECES

002 DISPOSING A WORK PIECE ON A SECONDARY ASSEMBLY
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