
COLORANT PRESENTATION FOR PAD PRINTING  FIELD OF THE INVENTION The invention
relates to devices for controlling the presentation of colorants to a pad
for  pad printing. In particular, the present invention provides apparatus
and methods for controlling  the viscosity and circulation of colorants used
in pad printing systems. BACKGROUND OF THE INVENTION Methods and systems for
pad printing are well known in the industry. Generally, a  colorant is
presented to a printing pad which has been pre-formed into a desired pattern
or  shape. The pad is used to imprint a designated article with the colorant
which has been  presented to it. The process is highly repeatable, as
additional colorant can be presented to the  printing pad and additional
imprints made on articles. In one particular application, colorants and pad
printing are used in the manufacturing of  tinted contact lenses. In some
methods of manufacturing tinted contact lenses, colorant is  applied to
uncured lens material by transfer of the colorant from a mold surface to the
lens  material and the latter is subsequently cured. Colorant transfer can
be carried out using a  printing pad containing a colorant composition that
is pressed against the mold surface of an  ophthalmic lens mold. The
colorant composition, which generally includes a binding polymer  and
pigments, as well as a solvent component, is applied to a mold part and
allowed to dry.  Deposition of a contact lens monomer into the mold part and
curing of the monomer  incorporates the colorant onto the lens. In the
process of pad printing contact lens molds using closed cups, it is
desirable to  maintain colorant viscosity or solvent/solid ratio throughout
the period of time that a given  colorant is being employed. Typically,
evaporation of solvent from the thin film left on the  unetched portion of
the cliche that is used in the pad printing process reduces the solvent to
solids ratio in the colorant contained in the closed cup. A reduction in the
solvent to solids ratio  in the colorant typically increases colorant
viscosity and ultimately leads to poor printing  performance. Solvent is
typically present in the colorant to aid in the transfer of the colorant
from the cliche to the printing pad, and then from the printing pad to the
front curve lens mold.  The colorant is designed to permit evaporation of a
portion of the solvent to increase tackiness 



- I  of the colorant on the cliche, or print head, to enable this transfer
to the printing pad. The type  of solvent, type of colorant, temperature,
humidity, air velocity, type of pad material, and type of  print pattern are
some of the factors that influence a desired level of solvent or viscosity
needed  to optimize printing performance; additional factors can include
printer speed and cycle time. In some processes, it is necessary to stop the
printing process when the ability of the  colorant to fill the cliche etches
is compromised due to a diminished height of the colorant in the  cup as it
goes below a critical level. Changing out of cups and manual preparation of
colorant  with the correct solvent ratio can be difficult and can exposes a
technician to solvents. Other known processes, such as those described in
U.S. Patent Application Serial No.  1 1 /0295 62, which is incorporated
herein by reference in its entirety, describe methods and  apparatus to
recirculate colorant between a colorant reservoir and a colorant cup. The
viscosity  in the reservoir was measured with a spindle measurement and
solvent or colorant was added by  a technician to maintain a desired
viscosity, based upon the spindle measurement. As effective  as such systems
were, conditions of erratic viscosity measurements could sometimes arise and
the need for technician intervention would diminish manufacturing time for a
line. For example,  a viscosity measurement taken with a spindle measurement
can fluctuate as the colorant level  falls to within 30mm to 50mm of the
bottom of the reservoir and a vortex is created around the  spindle. In
addition, the viscosity of colorant may vary based upon variations of the
ambient  temperature around the colorant reservoir. Therefore, it is
desirable to provide improved colorant management system that provides
colorant to a printing cliche and cup. SUMMARY OF THE INVENTION Accordingly,
the present invention teaches improved apparatus and methods for  providing
colorant to a printing cup that circulates colorant under pressure from a
colorant  container to a printing cliche and cup, in addition, the present
invention applies negative  atmospheric pressure within the cup to
facilitate the circulation of ink from the cup back to the  colorant
container and also monitors the viscosity of the colorant actually being
delivered to the  printing cup. The methods and systems of the present
invention also provide for the automatic  



control of the viscosity of the colorant in feed conduits feeding the print
cup, based upon the -2 viscosity monitoring of the colorant within the feed
lines. Other apparatus and methods are also  described herein in the
following specification and claims and in the accompanying drawings.  BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 illustrates components included in some
embodiments of a colorant presentation  system according to the present
invention. FIG. 2 illustrates some dual cup embodiments of the present
invention. FIG. 3 illustrates method steps of some embodiments of the
present invention. FIG. 4 illustrate additional method steps that can be
included in some embodiments of  the present invention. DETAILED DESCRIPTION
Overview  The present invention is directed to systems and methods for
providing a colorant, such as an ink solution, to a print cup and print
cliche used in conjunction with pad printing.  According to the present
invention, a self contained cart includes a colorant supply, inline
viscometers, a solvent supply, an automatic solvent dispenser, and a mixer
to mix solvent and  colorant. The cart can be transported on casters to a
printing station so that feed and return lines  can be quickly connected to
the printing station wherein a printing operation does not need to be
halted in order to replenish an ink supply. The inline viscometers and
solvent dispenser  automatically maintains the colorant at a desired
viscosity. In some preferred embodiments of the present invention, there is
provided a method of  circulating colorant in a pad printing system,
including sealing a colorant cup 8 adjacent to the  cliche 9, the cup
containing colorant, and the cup 8 containing air disposed above the
colorant,  wherein the air is capable of entering the cup 8 around the
circumference of the cup 8. This  embodiment includes controlling the
viscosity of the colorant in a colorant container 1-2 based  upon an
indication of the viscosity determined by an inline viscometer. In addition,
the present  invention can include pumping colorant from the colorant
container 1-2 to the cup 8 and  pumping colorant and air residing within the
cup 8 to the colorant container 1-2. 



Systems -3 Referring to Fig. 1, an illustration of some embodiments of the
present invention is  provided. According to the present invention, a
colorant container 1-2 is mounted in a support  apparatus 20, such as a
cart. The colorant container 1-2 can include, for example, a  manufacturer's
canister, identified via a bar code or other machine or human readable
marking  that provides a lot number or other identifier of a colorant lot.
In some embodiments, the cart 20  can support multiple colorant canisters
1-2, with each canister 1-2 acting as a reservoir for the  same or different
colored ink. Multiple canisters 1-2 with the same color ink can increase the
volume capacity available to the printing station 10, while canisters 1-2
with different color inks  will provide increased color selection to the
printing station 10. The cart 20 can include a mobility means 18, such as
casters or wheels for ease for  transportation to and from a printing
station 10. Conduits 21-24, such as flexible tubing, can  provide fluid
communication to convey colorant from the canister 1-2 to the printing
station 10  and also from the printing station 10 to the canister 1-2. In
some embodiments, the conduits 21- 24 can include apparatus 25 for
connecting and disconnecting the fluid communication , such as  quick
disconnect fittings or other well known tubing hardware which thereby
facilitates  changing out a cart 20 for a cart 20 with replenished colorant
containers 1-2. A new cart 20 can  be connected via new conduits 21-24 in
order to provide fluid communication to the fresh  supply of colorant in
replenished canisters 1-2. One or more pumps 3-6, such as, for example one
or more peristaltic pumps 3-6 are used  to transport the colorant from the
container 1-2 to the printer station 10. The peristaltic pumps  3-6 can also
be supported by the support structure 20. In some embodiments, a pump is
located  proximate to each of the feed conduits 22-23 such that the pump 3-6
can act to pump the  colorant from the colorant reservoir container 1-2 to
the print station 10. Embodiments can also  include one or more pumps 5-6
proximate to the return conduits 22, 24 such that the pumps 5-6  can act to
pump colorant from the print station back to the colorant container 1-2.
According to the present invention, an inline viscometer 27-30 is utilized
to measure the  viscosity of the colorant. In some preferred embodiments, an
inline viscometer 3, 5 measures the  



viscosity of colorant being supplied to an ink station 10 via a feed conduit
22-23. In other  preferred embodiments, an inline viscometer 4,6 measures
the viscosity of colorant returning  from the printing station 10. Still
other embodiments can include inline viscometers 3-6 which  measure both the
viscosity of the colorant being provided from the canisters 1-2 to the
printing  station 10 and returning from the printing station 10 to the
canisters 1-2. -4 The present invention also includes a controller 17 which
receives an indication of the  viscosity of the colorant. In some
embodiments, the controller 17 is operatively connected to  the viscometer
27-30 to receive a digital signal that includes a viscosity reading of the
colorant.  Embodiments can also include a display connected to the
controller which provides a human  readable indication of the viscosity
measured by the inline viscometer 27-30. A solvent dispenser 26-27 can be
situated on the support structure 20, such as, for  example, above or
adjacent to the colorant container 1-2. The solvent dispenser can include
any  known design for dispensing liquids, such as solvents, with an
automatic controller 17. The  solvent dispenser is connected in operative
communication with the controller so that the  controller can cause the
solvent dispenser 26-27 to dispense solvent into the colorant in the
colorant container 1-2. In some embodiments, the controller 17 will cause
the solvent dispenser  26-27 to dispense solvent into the colorant based
upon an indication of the viscosity of the  colorant, received from the
inline viscometer 27-30. The controller 17 can be programmed, for example,
to have an upper viscosity threshold.  If a reading received from the inline
viscometer 27-30 indicates that the viscosity of the colorant  in a conduit
21-24 is above the upper viscosity threshold, the controller 17 can
communicate  with the solvent dispenser to cause the solvent dispenser 26-27
to dispense solvent into the  colorant container 1-2. In some embodiments,
an amount of solvent dispensed will be based  upon how far above the
threshold the indication of the viscosity is. Some embodiments can also
include a colorant dispenser (not shown) that dispenses colorant in response
to an indication  from the inline viscometer 27-30 which indicates that the
viscosity of the colorant is below a  minimum threshold. The present
invention therefore is capable of providing an indication of the  viscosity
of colorant actually being presented to the cliche 9 and printing cup 8
which is an  



improvement over prior art methods that measured the viscosity of ink in a
reservoir. In addition, the present invention can provide a more accurate
indication of the viscosity  of the colorant through the use of the inline
viscometers which measure how fast a piston travel  through the colorant as
compared to the prior art which measured the current required by an
electric motor used to turn a paddle missing the colorant. According to the
prior art, the current  may vary due to the viscosity of the colorant, but
also may vary according to the amount of  colorant into which the paddle was
submerged or partially submerged. In the present invention, a paddle 13-14
may be used to stir the colorant and mix the  solvent and the colorant. -5
Referring now again to Fig. 1, colorant can be pulled from the bottom of
colorant  container 1-2 by colorant feed pump 27-28 via feed conduit 22-23.
In some embodiments, the  outlet of the feed conduit 22-23 can be about 1 to
2 millimeters from the surface of the cliche  19. Colorant 25 fills the ink
cup 8 until it reaches the inlet of return conduit 21, 24. The end of  the
extension return conduit, can be, for example, about 3 to 5 millimeters from
the roof of ink  cup 8. According to some embodiments of the present
invention, a return pump 29-30 can  provide negative atmospheric pressure
within the ink cup 8 thereby facilitating the return of  unused colorant
from the colorant cup 8 to the colorant container 1-2. The return conduits
21,  24 can include quick disconnects 25 to facilitate expedient connection
and disconnection of the  return conduits when, for example, a cart
comprising the support structure 20 is swapped out to  replenish the supply
of colorant. Some embodiments can include a return pump 29-3 that is a
peristaltic pump of  increased pumping capabilities as compared to the feed
pump 27-28, in order to better maintain  a negative atmospheric pressure
within the printing cup 8. For example, if the feed pump 27-28  is designed
to operate at 30 rpm, the return pump 29-30 may be designed to operate at 60
rpm in  order to create the pressure differential. In addition, some
embodiments can include a larger  diameter tubing for the return conduit
23-24 than the tubing utilized for feed conduit 22-23. Not wishing to be
bound by a particular theory of operation, it is believed that freshly  



adjusted (solvent/viscosity) colorant is preferably deposited on the cliche
etches on every stroke  of the cliche. In this regard, it is desirable to
feed fresh colorant via extension tube 27 at the  front of the cup relative
to the motion of the cliche holder 9 and to return the colorant at the
relative back position via extension tube 28. The colorant can be picked up
by the print pads 7  immediately after the cliche holder 19 has moved to
expose an area of the cliche 9 to the print  pad 7. The relative locations
of the inlet and outlet also encourage a non-stagnation of colorant  in the
cup. In another aspect of some embodiments of the present invention, while
removing the  colorant cup 8, such as for repair or to change a colorant
color, the colorant cup 8 can be more  easily emptied by reversing feed pump
27-28 (or by reversing the direction of the tubing through  the peristaltic
rollers). After empty the colorant cup 8 by operation of the reversed action
feed  pump 27-28, any remaining level of colorant within the cup 8 is
diminished, which in turn  facilitates cleanup. -6 The systems of the
present invention typically include a colorant cup 8 having an interior
roof portion, and an air gap beneath the roof portion, the colorant cup 8
being disposed adjacent  to a cliche. As used herein, the term "colorant
cup" refers to an "ink cup" that is known in the  pad printing arts.
Suitable colorant cups 8 used in the present invention can include any of a
number of colorant cups 8 known to those skilled in the art, such as, for
example, closed ink  cups. The cliche 9 can also include any cliches known
in the pad printing art and will include,  for example a surface with etches
functional to hold the liquid colorant in a particular etch  pattern. The
surface etches can have any pattern. Typically, the pattern will be specific
to a  particular application, such as, for example, a pattern simulating an
iris which can be printed on  a contact lens. The cup 8 is held against and
drawn across the cliche surface to deposit colorant  within the surface
etches. One or more print pads 7 contact the cliche 9 to transfer the
colorant  pattern to the print pads 7. The pattern is subsequently
transferred to an article to be printed on,  such as, for example, a contact
lens front curve lens mold or a gold ball, or an automobile  dashboard. 



In some embodiments, a cup 8 used in the present invention can include a
vent, an  interior roof portion, and an air gap beneath the roof portion.
The vent is provided as a small  hole or channel that pierces the roof of
the cup. The vent permits the surrounding gas external  to the cup to enter
to the interior of the cup to provide an air gap. Typically, the surrounding
gas  is air, although any number of other gases, such as an inert gas like
nitrogen, can be used.  Because the density of air is lower than the density
of colorant, the air gap will generally be  situated above the colorant and
below the interior roof portion of the cup. The surrounding gas  is capable
of entering the cup through the vent as the colorant is drawn out of the
cup. The vent,  accordingly, provides that the pressure within the cup is
substantially the same as the pressure of  the surrounding gas. In other
embodiments, a vent is not included in the cup 8 and surrounding air is
drawn in  around the perimeter rim of the cup 8. Suitable cups 8 typically
include an inlet and an outlet for circulating the colorant into  and out of
the cup, respectively. In some typical embodiments, a suitable inlet is
provided in the  cup 8 as an orifice that is in fluid communication with
both the feed conduit 22-23 and with the  colorant disposed on the cliche.
This orifice typically remains submerged in the colorant that is  -7
disposed on the cliche 9 during operation of the system. The orifice of the
feed conduit 22-23 is  suitably disposed about I to about 2 millimeters
above the cliche 9. Referring now to Fig. 2, in some embodiments a colorant
cup apparatus 8 can include  two or more colorant cups 8 adjacent to each
other. The two or more cups 8 can be located  adjacent to each other and be
used to cover a wider swath of the cliche. In addition, use of  multiple
smaller diameter colorant cups 8 allows for a shorter stroke by a mechanism
than a  single large diameter cup 8 while still covering a cliche surface
with colorant. In addition to enabling feeding of fresh colorant directly to
the surface of the cliche 9,  the proximity of the orifice to the cliche 9
surface also enables the ready removal of most  colorant from the cup 8
during maintenance and shut down operations, e.g., by operation of a  feed
pump 4-5 in the opposite direction to remove colorant from the cup 8. A
suitable outlet in  the cup 8 can therefore include, for example, an orifice
that is in fluid communication with the  



return conduit 23-24 and, optionally, that is in fluid communication with
colorant that is  disposed on the cliche. The cup 8 typically includes a
terminal portion of the return conduit 23- 24 that is disposed below the
interior roof portion of the cup to allow for the air gap. In some
embodiments, the terminal portion of the return conduit 23-24 is disposed
about 3 to about 5  millimeters below the interior roof portion of the cup.
Suitable feed conduits of the present invention are capable of providing
fluid  communication of colorant between the reservoir and cup. Fluid
communication can be  provided, for example, by connecting one end of the
feed conduit to the colorant container 1-2  and the opposite end to the cup
8. The feed conduit 22-23 can be connected to almost any part  of the
colorant container 1-2 that is in contact with the colorant, for example at
an opening in the  wall of the colorant container 1-2 or by utilization of a
feed tube submerged in the colorant in  the colorant container 1-2, or both.
Preferably, the feed conduit is connected to the bottom of  the colorant
container 1-2. Suitable feed conduits can be constructed of any material
that is  capable of transferring colorant. In some embodiments, colorant
used in the present invention  may contain organic solvents, and as such the
materials of construction of the feed conduit  should be compatible with
organic solvents contained within the colorant. Typically, the conduits used
in the present invention are fashioned from plastic tubing,  peristaltic
pump tubing such as the PharmedTM brand, and stainless steel for extension
tube  fittings extending into the cup. -8 In some embodiments of the present
invention the transfer rate in the return conduits 21,  24 is higher than
the transfer rate in the feed conduit 22-23. In some embodiments, a higher
transfer rate in the return conduit is provided by using similar diameter
conduit and variable  speed pumps 3-4 and 5-6. In other embodiments, similar
speed pumps 3-6 are used and a higher  transfer rate in the return conduit
23-24 is provided by the use of a return conduit 23-24 in  which a majority
of the return conduit 23-24 has a cross sectional area that is larger than
the  cross sectional area of a majority of the feed conduit. In still other
embodiments, similar speed  pumps 3-6 are used and a majority of the return
conduit 23-24 has a cross section area that is at  least about twice as
large as that of a majority of the feed conduit 22-23. 



Methods  Referring now to Fig. 3, the methods in which colorants are
transferred from the colorant  container 1-2 to the colorant cup 8 in the
present invention can include at 310 positioning a  colorant cup 8 adjacent
to a printer cliche 9. The cup apparatus 8 can include a cup with an
interior roof portion, a contiguous wall around the circumference of the
interior wall portion and  an air gap beneath the roof portion and within a
perimeter formed by the wall. At 311, colorant  can be transferred with a
peristaltic feed pump 3-6 from a colorant container 1-2, or other
reservoir, external to the printing apparatus and through a feed conduit
22-23 to a cup apparatus  8. At 312, the viscosity of the colorant within
the feed conduit 22-23 can be measured with an  inline viscometer 28-29
external to colorant container 1-2 and proximate to the feed conduit 22- 23.
At 313, colorant solvent can be automatically dispensed into the colorant
container 1-2 with  a solvent dispenser 26-27 that includes an automatic
controller 17, based upon an indication of  the viscosity measurement of the
colorant within the feed conduit received by the automatic  controller. At
314, colorant can be transferred with a peristaltic return pump 3, 6 from
the cup  apparatus through a return conduit 21, 24 to the colorant container
1-2. Referring now to Fig. 4, in some embodiments, additional steps that can
be included  while practicing the present invention can include, at 410
measuring the viscosity of the colorant  within the return conduit 21, 24
with an inline viscometer 28, 30 external to the colorant  container 1-2 and
proximate to the return conduit 21, 24 . At 411, colorant solvent can be
automatically dispensed into the colorant container 1-2 with the solvent
dispenser 26-27, based  upon an indication of the viscosity measurement of
the colorant within the return conduit 21, 24  received by the automatic
controller 17. -9 In some embodiments, in which colorant transfer rates
through the feed conduits 22-23  and the return conduits 21, 24 have reached
a steady state condition, the colorant residing within  the cup 8, can be
maintained at an essentially constant level. An essentially constant
colorant  level is typically determined by the position above the cliche of
a terminal portion of the return  conduit, also referred to as the orifice
of the return conduit. In embodiments where an air gap is  provide beneath
the inner roof portion of the cup 8, the terminal portion of the return
conduit21,  



24, e.g., the orifice, can be any height as long as it is higher than the
terminal portion of the feed  conduit 22-23 within the cup 8. During
operation in certain embodiments of the present invention, the system
typically  includes a print pad 7 that is positioned adjacent to the
colorant cup 8. In these embodiments, it  is preferred to expose the cliche
etches to fresh colorant from the inlet conduit on every stroke of  the
cliche. In this regard, colorant is preferably transferred into a first
portion of the cup and out  of a second portion of the cup, wherein the
first portion is located closer to the print pad than the  second portion.
In other embodiments of the present invention, it is also desirable that the
colorant is  transferred using pumping methods that minimize the formation
of particles and contaminants in  the colorant. In this regard, it is
desirable that the colorant is transferred peristaltically to the  colorant
cup 8, or to the colorant container, or to both, e.g., such as by use of one
or more  peristaltic pumps 3-6 as described herein above. The present
invention also provides methods of circulating colorants in a pad printing
system that includes different transfer rates of the colorant to and from
the colorant cup. In this  aspect of the invention, the different transfer
rates help to reduce colorant leaking out of the cup  and onto the cliche.
Accordingly, in another aspect of the present invention, there are provided
methods that include sealing a cup adjacent to a cliche, the cup containing
colorant; controlling  the viscosity of the colorant in a colorant
container; transferring colorant from the colorant  container 1-2 to the cup
8. In these embodiments, the colorant residing within the cup 8 is
transferred to the colorant container 1-2 using a faster effective transfer
rate compared to the rate  that colorant from the colorant container 1-2 is
effectively transferred to the cup 8. In the  methods disclosed herein, the
colorant cup 8 optionally contains a vent, and optionally contains  an air
gap. As used herein, the term "effective transfer rate" refers to that rate
at which colorant  would be transferred in an unimpeded open system, e.g.,
where a vent is present in the cup and  an excess of colorant is available
to enter the return conduit. In embodiments lacking a vent, an -10 air gap,
or both, the transfer of the colorant in the return conduit is impeded by
the slower rate of  colorant provided to the cup by the feed conduit. In
these embodiments, a negative pressure  



inside the cup typically results by action of the higher effective transfer
rate in the return conduit  compared to the feed conduit. Accordingly, the
methods disclosed herein are capable of  operating at slightly reduced
pressures compared to ambient pressure, which typically occurs  when the cup
remains filled with colorant. A number of embodiments of the present
invention have been described. Nevertheless,  it will be understood that
various modifications may be made without departing from the spirit  and
scope of the invention. Accordingly, other embodiments are within the scope
of the  following claims. -11 What is Claimed: 1. A system for presenting
colorant to a colorant cup apparatus that is adjacent to a pad  printing
cliche, said system comprising: a colorant container comprising colorant; a
feed conduit in fluid communication with said colorant container and said
cup  apparatus; an inline viscometer external to said colorant container and
proximate to said  feed conduit to measure the viscosity of colorant within
the feed conduit; a solvent dispenser comprising colorant solvent in fluid
communication with said  colorant container; a control mechanism operative
to dispense the colorant solvent into said colorant  container with said
solvent dispenser, based upon a viscosity measurement performed by  the
inline viscometer proximate to said feed conduit; and a return conduit in
fluid communication between said cup apparatus and said  colorant container,
2. The system of claim I additionally comprising a second inline viscometer
external to  said colorant container and proximate to said return conduit to
measure the viscosity of  colorant within the return conduit. 3. The system
of claim 2 wherein said control mechanism is additionally operative to
dispense the colorant solvent into said colorant container with said solvent
dispenser,  



based upon a viscosity measurement performed by the second inline viscometer
proximate to said return conduit. 4. The system of claim 1 additionally
comprising a display operative to indicate the  viscosity of the solvent
based upon a viscosity measurement performed by said inline  viscometer
proximate to said feed conduit. 5. The system of claim 1 additionally
comprising: a second inline viscometer external to  said colorant container
and proximate to said return conduit to measure the viscosity of  colorant
within the return conduit and a display operative to indicate the viscosity
of the  -12 solvent based upon a viscosity measurement performed by at least
one of. said inline  viscometer proximate to said feed conduit and said
second inline viscometer external to  said colorant container and proximate
to said return conduit. 6. The system of claim 1 wherein the cup apparatus
comprises multiple colorant cups each  colorant cup comprising an
essentially circular wall, an interior roof portion capping said  wall and
an air gap beneath said roof portion, wherein said feed conduit is in fluid
communication with each colorant cup and said return conduit is also in
fluid  communication with each of said colorant cups. 7. The system of claim
6 wherein said multiple cups comprise two cups in an essentially  planar
position proximate to said printing cliche. 8. The system of claim 1
additionally comprising a printing station for printing on items  wherein
the colorant container comprises a container comprising an indication of a
colorant manufacturing lot which can be associated with particular items
printed on at  the printing station. 9. The system of claim 1 additionally
comprising a mixer positioned to mix colorant within  the colorant
container. 10. The system of claim 3 additionally comprising a mixer
positioned to mix colorant within  the colorant container, wherein the mixer
is operational to mix colorant and solvent  within said colorant container
based upon an indication from the control mechanism to  dispense the
colorant solvent into said colorant container with said solvent dispenser. 



11. The system of claim 10 wherein said mixer comprises a spindle driven by
a motor and a  paddle mounted on said spindle, wherein said paddle is
positioned within the colorant  container in fluid contact with colorant
contained within the colorant container, vacuum under cups 12. The system of
claim 1 wherein said solvent dispenser includes a solvent inlet valve in
communication with said controller for dispensing colorant solvent into the
colorant  based upon a signal received from said inline viscometer. 13. The
system of claim 1 additionally comprising a feed pump operative to transfer
colorant  under positive pressure from said colorant container to said cup
apparatus. - 13  14. The system of claim 13 wherein said feed pump includes
a peristaltic pump, an impeller- type pump, a gear pump, a pump having a
back-flow feature, or any combination  thereof. 15. The system of claim 14
wherein said feed pump is a peristaltic pump proximate to said  feed
conduit. 16. The system of claim 1 additionally comprising a return pump
operative to transfer  colorant from said cup apparatus to said colorant
container. 17. The system of claim 16 wherein said return pump is
additionally operative to provide a  negative atmospheric pressure under
said cup apparatus. 18. The system of claim 17 wherein said return pump
includes a peristaltic pump, an  impeller-type pump, a gear pump, a pump
having a back-flow feature, or any  combination thereof. 19. The system of
claim 17 wherein said return pump is a peristaltic pump proximate to said
return conduit. 20. The system of claim 1 additionally comprising a
peristaltic feed pump operative to  transfer colorant under positive
pressure from said colorant container to said cup  apparatus and a
peristaltic return pump operative to transfer colorant from said cup
apparatus to said colorant container. 21. The system of claim 19
additionally comprising a support apparatus mounted on casters  



to facilitate mobility of the support apparatus and items attached or
supported by the  support apparatus, wherein said: colorant container, feed
pump, inline feed viscometer,  feed conduit, return conduit and control
mechanism; are all supported by the support  structure. 22. The system of
claim 20 additionally comprising a conduit coupler inline on the feed
conduit operative to disconnect a first portion of the feed conduit
supported by the  -14 support apparatus from a second portion of the feed
conduit attached to the cup  apparatus and a conduit coupler inline on the
return conduit operative to disconnect a  first portion of the return
conduit supported by the support apparatus from a second  portion of the
return conduit attached to the cup apparatus. 23. The system of claim 20
additionally comprising a temperature control apparatus for  maintaining the
temperature of the colorant in the colorant container between and upper
threshold temperature and a lower threshold temperature. 24. The system of
claim 1, wherein a majority of the return conduit has a cross sectional area
that is larger than that of a majority of the feed conduit. 25. The system
of claim I wherein said inline viscometer comprises: a chamber with a first
end and a second end for containing colorant; a first electrical coil
position around the first end of the chamber and a second  electrical coil
positioned around the second end of the chamber; and a piston within the
chamber and operative to move from one side of the chamber  to the other
side of the chamber based upon an electrical charge in one or both of the
first  electrical coil and the second electrical coil. 26. The system of
claim 25 additionally comprising a viscometer temperature sensor  operative
to measure the temperature of the colorant within the viscometer. 27. A
method of providing colorant to a printing apparatus, the method comprising:
positioning a colorant cup adjacent to a printer cliche, wherein said cup
apparatus  comprises a cup comprising an interior roof portion, a contiguous
wall around the  circumference of the interior wall portion and an air gap
beneath said roof portion and  



within a perimeter formed by the wall; transferring colorant with a
peristaltic feed pump from a colorant container  external to said printing
apparatus through a feed conduit to a cup apparatus; - 15  measuring the
viscosity of the colorant within the feed conduit with an inline  viscometer
external to said colorant container and proximate to said feed conduit;
automatically dispensing colorant solvent into said colorant container with
a  solvent dispenser comprising an automatic controller, based upon an
indication of the  viscosity measurement of the colorant within the feed
conduit received by the automatic  controller of the solvent dispenser; and
transferring colorant with a peristaltic return pump from the cup apparatus
through a return conduit to the colorant container. 28. The method of claim
27 wherein the transferring of colorant with a peristaltic return  pump from
the cup apparatus through a return conduit to the colorant container creates
negative atmospheric pressure within the air gap. 29. The method of claim
27, wherein colorant solvent is automatically dispensed if the  viscosity
measurement indicates that the viscosity of the colorant within the feed
conduit  exceeds a predetermined threshold. 30. The method of claim 27,
wherein colorant and air residing within said cup are transferred  to said
colorant container at a higher rate compared to the rate at which the
colorant is  transferred from said colorant container to said cup. 31. The
method of claim 27, wherein colorant and air residing within the cup are
transferred  to said colorant container at least about twice the rate at
which the colorant is transferred  from said colorant container to said cup.
32. The method of claim 27 wherein the printing apparatus comprises a print
pad that is  positioned adjacent said cup and colorant is transferred into a
first portion of said cup  and out of a second portion of said cup, said
first portion being located closer to said  print pad than said second
portion. 33. The method of claim 27 additionally comprising the step of: 



measuring the viscosity of the colorant within the return conduit with an
inline  viscometer external to said colorant container and proximate to said
return conduit;  -16 automatically dispensing colorant solvent into said
colorant container with the  solvent dispenser, based upon an indication of
the viscosity measurement of the colorant  within the return conduit
received by the automatic controller. 34. The method of claim 27
additionally comprising the step of automatically mixing  colorant and
colorant solvent dispensed into the colorant container based on solvent
being dispensed into the colorant. 35. The method of claim 34 wherein the
mixing step is carried out with a paddle driven by a  motor, and wherein
said paddle is mounted on a spindle and positioned within the  colorant
container. 36. The method of claim 27, wherein said peristaltic pump is
capable of operating in a non- positive displacement mode. -17 




