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(57) ABSTRACT 

A flexographic printing system for printing flat corrugated 
sheets using radiation curable inks. An ultraviolet curing unit 
is positioned after each of the printing stations. The ink 
applied at each station is partially cured before a different 
color ink is applied at the next printing station. 
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CORRUGATED SHEET FED PRINTING 
PROCESS WITH UV CURABLE INKS 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application is a continuation of application Ser. 
No. 1 1/406,881, entitled CORRUGATED SHEET FED 
PRINTING PROCESS WITH UV CURABLE INKS, filed 
Mar. 19, 2006, and is incorporated herein. 

BACKGROUND OF THE INVENTION 

0002 Corrugated paperboard has traditionally been used 
for the functional purpose of packaging goods in an inexpen 
sive, Sturdy container for transport and storage. The aesthetic 
value of the container was not considered as the container 
played no role in promoting the product therein to the pur 
chaser. In more recent years, traditional methods of selling 
products have been changed to eliminate as many costs as 
possible. Stores have been rearranged to eliminate traditional 
warehouse shelving in back rooms; containers of products are 
now stacked throughout the store where consumers can select 
and purchase their choice of product with minimal assistance 
by costly store personnel. Corrugated containers which now 
play a vital role in advertising a products features and ben 
efits must have an aesthetic appeal to help differentiate one 
product from another. Consequently, methods for the aes 
thetic treatment of corrugated are being developed. 
0003 Stiff, heavyweight corrugated can only be continu 
ously printed and/or coated on a straight line flexographic 
printing press since Such thick sheets cannot be caused to 
wrap around and over plate cylinders or impression cylinders, 
as is common with flexographic presses which are used for 
printing flexible sheets and webs. 
0004 Flexographic straight-line printing machines tradi 
tionally are employed for the printing of relatively thick 
sheets of highly absorbent corrugated which move in a 
straight line, in flat condition, through one or more ink-print 
ing stations. At each Such station the thick, absorbent sheets 
pass in the nip between a flexographic plate cylinder and an 
impression or back-up cylinder, the raised images on the plate 
applying flexographic ink directly to the absorbent surface of 
each sheet. The flexographic ink comprises resin, pigment 
and volatile diluents and dries by the absorption of the diluent 
into the absorbent Surface. This results in some spreading of 
the printed images, lines, etc., with resultant loss of sharp 
ness, detail and quality of print. By manufacturing corrugated 
Such that the printing Surface is not highly absorbent, the 
printed image can remain crisp and detailed. 
0005 Modern printing processes used in the production of 
a variety of publication and packaging materials, including 
corrugated, typically use multiple colors to enhance the 
attractiveness and usability of the product. These processes 
commonly require high speed, sequential printing of several 
layers of variously colored ink, laying one on top of anotherto 
form still further colors, in order to achieve high production 
speeds and economic use of the equipment. Under these 
conditions, it is important to ensure that each Subsequent 
layer of wet ink does not mix with preceding layers, thereby 
producing undesired color mixtures and diminishing the 
quality of the final product. 
0006 Prior art has addressed this problem by several dif 
ferent methods. The easiest method is to completely dry each 
layer of ink before applying the next layer. However, drying 
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takes time and energy to accomplish, reducing productivity 
and increasing production costs. 
0007 Another method uses wet trapping. Wet trapping is a 
process whereby each successive ink layer is not fully dried 
prior to the application of the next layer. For this method to 
work it is important that each preceding layer adhere to its 
applied Surface rather than the applicator of the Successive 
layer. Prior art relies on the tack or the stickiness character 
istics of each Successive layer being less than the preceding 
layer. 
0008. In traditional offset lithographic printing, wet trap 
ping relies on the Viscosity and tack of the inks. The viscosi 
ties range in value from 20,000 to 100,000 cps and have a 
range of tack characteristics that permit wet trapping without 
any need for drying between color layers. 
0009. In recent years, flexographic printing has come into 
more common use for high quality, multicolor printing, par 
ticularly for various types of packaging products such as 
labels, bags, wraps, sleeves, folding cartons, displays, and 
corrugated containers. One advantage of this process is that a 
variety of substrate materials can be used to be printed on, 
including paper, film, foil, laminates, cardboard, and corru 
gated. 
0010. In flexography, an applicator and metering roll, 
known to the trade as an anilox roll, transfers ink from an ink 
containing pan or chamber to a printing plate roll. The anilox 
roll surface is covered with an array of ink receptor cells 
which receive ink as the roll is rotated through the liquid ink. 
Excess ink is metered off the anilox roll to leave a uniform 
layer of ink for transfer to the plate roll. The printing roll uses 
a compressible printing plate which has raised portions. 
These raised portions are coated withink and pressed against 
the substrate to transfer the ink from the plate to the substrate. 
This process requires inks with lower viscosity than is used in 
the offset lithography process. The ink viscosities are typi 
cally less than 2,000 cps and are commonly less than 400 cps. 
0011 Flexographic inks generally are of two types: evapo 
rative inks and energy curable inks. Further, those skilled in 
the art will understand that clear coatings and varnishes are 
un-pigmented inks commonly used for protection of the final 
printed Surface against marring and scuffing, and are similar 
to pigmented inks in their chemistry. Therefore, the term 
“ink' will be used to include clear coatings and varnishes. 
0012 Evaporative inks use a transparent volatile vehicle to 
carry the colorant or pigment and binder or resin which binds 
the colorant to the substrate being printed, as well as provide 
other required functional properties of the finished product 
Such as slip control, marresistance, and printability control. 
The ink vehicle is composed of Volatiles and a small amount 
of additives. The colorants and the binder are solids; therefore 
the primary role of the volatile, which can be either water or 
Volatile organic chemicals, commonly known as solvents, is 
to put the ink into a fluid form capable of being printed. Once 
applied to the substrate, these inks solidify on the substrate 
through a drying process which evaporates the volatiles. 
0013 Energy curable inks, similar to evaporative inks, use 
colorants; however, unlike evaporative inks, the combined 
vehicle and binder are not volatile and the components remain 
on the Substrate instead of Some portion being evaporated. 
This ink is chemically transformed from a fluid to a solid 
through exposure to a concentrated beam of highly energized 
electrons or ultraviolet light. The tack of energy curable inks 
are very low and cannot be adequately measured with con 
ventional instruments. 
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0014. The above-described inks are commonly used in the 
flexographic printing industry. The choice of ink is deter 
mined in part by the end product being printed and in part by 
economics. 
00.15 Evaporative solvent-based inks have been used on 
many products for many years but require costly special 
equipment and care in use due to their flammability. The 
evaporants from these inks also require costly, special equip 
ment to either recover or destroy the Volatile organic chem 
istry vapor rather than discharge it to the atmosphere where it 
has a recognized bad effect on air quality. 
0016 Evaporative water-based inks are being used 
increasingly to replace solvent-based inks. The use of water 
based inks avoids the costs and problems associated with 
flammability and emission abatement. However, water gen 
erally requires more energy to evaporate than solvent. Also, 
water-based inks, by the nature of their chemistry, require 
care on the part of the press operator to maintain the proper 
levels of ink viscosity and pH. 
0017. During the printing operation, the ink is continually 
exposed to relatively dry, ambient air in ink reservoirs, cham 
bers or trays, and on anilox rolls and plates, which promotes 
Small amounts of evaporation of Volatiles from the ink. As 
unused ink is continually recirculated through the ink appli 
cation system, over time, the amount of volatiles in the ink are 
reduced. This changes the viscosity and pH values of the ink, 
thereby affecting the product quality and necessitating stop 
ping the printing process to remove dried ink from plates and 
rollers, as well as restore the required viscosity and pH levels. 
00.18 Energy curable inks, being non-volatile, do not 
require the costly equipment and care associated with the 
volatility of evaporative solvent inks, such as flammability, 
and emission abatement. Further advantages of energy cur 
able inks are that on-press productivity can increase in that the 
press operator no longer needs to constantly monitor and 
adjust the ink chemistry to obtain the proper pH levels and 
viscosity values. Nor does the operator need to worry about 
cleaning the ink pumping system, ink pans or chambers, and 
anilox rolls during and between printing jobs. The ink does 
not solidify or harden until it is exposed to the appropriate 
energy Sources. 
0019. The chemical transformation of energy curable inks 

is activated by exposure to either a beam of highly energized 
electrons as provided by electron beam (EB) equipment or 
ultraviolet (UV) light as provided by UV lamp equipment. 
0020 EB equipment requires the use of very high voltages 
to generate the necessary energy for accelerating the elec 
trons. In addition to the danger posed by the required Volt 
ages, press operators and others must be shielded from the 
effects of the high energy electronbeams; consequently, EB is 
large and expensive when compared with evaporative drying 
equipment and other energy curing equipment. It is used for 
special applications where product requirements dictate. 
0021. UV lamp equipment uses elongated, medium pres 
sure, mercury vapor bulbs to provide the required levels of 
ultraviolet energy. The mercury vapor bulb is a sealed quartz 
tube that is pressurized and primarily contains a Small bead of 
mercury and argon gas. When properly energized, the mer 
cury becomes part of a plasma contained within the sealed 
quartz tube. This plasma is created either by a microwave 
generator or, as commonly used in flexographic printing, by 
anarc generated between electrodes located at each end of the 
bulb. Mercury bulbs produce peaks of energy at several spe 
cific wavelengths within the ultraviolet spectrum that ener 
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gize photosensitive initiators that are included in the ink 
chemistry to start the required chemical transformation of the 
ink. The mercury in the bulbs can be further modified by the 
addition of Small amounts of other materials such as gallium 
and iron to modify the ultraviolet spectral output of the bulbs 
and thereby give the ink manufacturer more options in pro 
ducing easy-to-use and easy-to-cure inks. Many years of 
industrial experience with this technology has increased the 
effectiveness of this equipment and has reduced the cost. As 
an example, a two lamp system, each lamp consisting of a 
single bulb rated at between 400 and 600 watts per inch of arc 
length, will fully cure ultraviolet curable inks applied at pro 
duction printing speeds of 750 to 1,200 feet per minute. Such 
a system can cost can cost between S1,000 and $2,000 per 
inch of maximum product width per print station. A compa 
rable evaporative system for drying water-based inks can cost 
between twenty-five and fifty percent of the cost of a single or 
two lamp UV systems. 
0022. Further, UV lamp systems include a power supply 
that is capable of generating specially regulated Voltages and 
currents suitable for use with the characteristics of the UV 
bulb. For flexographic printing, Voltages can range from 
under 400 volts to over 2,000 volts, depending on the bulb arc 
length and the power required per inch of bulb length. Those 
skilled in the art know that the interaction between the bulb 
and the power Supply require that each bulb have one power 
Supply. In comparison, when drying water-based inks with an 
infrared heating dryer, multiple infrared bulbs can be pow 
ered by one inexpensive power supply, whereas UV energy 
curing systems must have one costly power Supply for each 
bulb. Therefore, the UV equipment economics encourages 
the use of the fewest possible UV bulbs for the printed product 
width and production speed. 
0023. As commonly used, UV lamp systems make use of 
a single, elongated bulb oriented transverse to the direction of 
product travel through the printing press. For example, if the 
printed material is 60 inches wide, the UV lamp system will 
be equipped with a bulb that has anarc slightly longer than the 
printed material is wide. UV bulbs are commonly made with 
arc lengths of up to 80 inches. However, as the bulb length 
increases, bulb manufacturers have found that it becomes 
more and more difficult to maintain bulb straightness due to 
structural limitations of the quartz tube and the absorption of 
heat by the quartz material while operating. Where the width 
of the printed material is greater than the practical length of 
the UV bulb, additional bulbs are added to the system. 
0024 Prior art has suggested possible methods for wet 
trapping, low tack UV curable inks. 
(0025 U.S. Pat. No. 4,070,497 refers to a topcoat applied 
over a series of coatings, each of which has been partially 
cured with ultraviolet light and which then is finally cured by 
an electron beam. In the preferred embodiment of this inven 
tion, the Substrate material is metal, but materials such as 
wood, paper, and plastic are cited. The cited dwell time for 
curing each coating is 0.1 to 2.0 seconds. Each intermediate 
coating layer is partially cured to prevent the Successive coat 
ing layers from running into or mixing with each other. The 
cited processing speeds are 15 feet per minute. 
(0026 U.S. Pat. No. 5,407,708 describes a system and 
method for printing food packaging plastic film Substrates, 
including heat shrinking Substrates, using a combination of 
UV radiation and EB radiation. The flexographic printing 
system cited employs a common central impression cylinder 
for Supporting the Substrate as it is printed in multiple stations 
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around the central impression cylinder. As each ink layer is 
applied, it is partially cured, sufficient to allow the next ink 
layer to be applied without pick-off or smearing of the previ 
ous layer. The final curing is accomplished by use of an 
electron beam generator which completes the cure while 
bonding the inks to the food packaging Substrate. The advan 
tages cited refer, among others, to the reduction in required 
amounts of photoinitiators, the completion of the photo 
chemical reaction (curing) to eliminate odor and taint of 
packaged food, and the reduction of heat applied to the heat 
shrinkable substrate. The invention cites inks with photoini 
tiator contents of 10% or less and UV radiation input of 300 
watts per inch or less. 
0027 U.S. Pat. No. 5,562,951 describes a method for 
decorating an article printed with separate radiation curable 
inks, without completely curing each ink prior to application 
of the next ink. After all the inks have been applied, the article 
is subjected to a cure dwell time sufficient to affect a complete 
cure of all the applied inks. The preferred embodiment refers 
to articles of glass or ceramic used to contain cosmetics or 
beverages. The ink application method suggested is screen 
printing, gravure printing, hand application, and the like. In 
order to affect a partial cure, the inventor lists an optimum 
radiation intensity of 15 m/cm to 20,000 mj/cm and cure 
dwell time of 0.05 seconds to 5 seconds at room temperature. 
0028. In U.S. Pat. No. 5,690,028 a continuous substrate is 
fed around a central impression cylinder which rotates so that 
the Substrate Successively passes through a plurality of inking 
stations. When passing through eachink station, ink is heated 
to a predetermined temperature that is higher than the tem 
perature of the central impression cylinder wherein the vis 
cosity of the ink is dropped low enough so that the ink may be 
transferred to the cool Substrate causing the temperature of 
the ink to drop and the viscosity to climb. This allows previ 
ous down inks to have a higher viscosity than the ink applied 
at the Succeeding station. Finally, after all the layers of ink are 
applied, the ink is fully cured at a final curing station. This 
method requires Substantial modification of the printing press 
equipment to maintain the appropriate temperature through 
out the ink circulating system at each print station. Further 
more, it may be necessary to apply cooling to the Substrate or 
reduce the press speed in order to maintain ink temperatures 
at levels that do not adversely affect the ink. 
0029 U.S. Pat. No. 6,772,683 uses a method also suited 
for use on a central impression press with sequential ink 
application stations. The energy curable ink vehicle, in addi 
tion to containing the normal photosensitive initiators, con 
tains a non-reactive, evaporative diluent. After the ink is 
applied to the Substrate, the non-reactive diluent is evapo 
rated, thereby raising the viscosity of the ink. Subsequent 
applications of ink are similar so that a low viscosity ink is 
always applied to a higher viscosity Surface. Again, after all 
the layers of ink are applied, the ink is fully cured at a final 
curing station. This method requires equipping the press with 
Some type of dryer between each print station. Also, this 
method requires the manufacture of special inks that contain 
both energy curable and evaporative constituents, thereby 
reducing the general availability and increasing the cost. 
Finally, the use of evaporative constituents requires that the 
press operator continually monitor and adjust the ink viscos 
ity throughout the press run, thereby increasing the produc 
tion cost. 
0030 This prior art has disadvantages for the present 
requirements of printing energy curable inks on corrugated 
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material using commonly available, straightline flexographic 
printing presses. These printing presses can produce multiple 
color printed and die cut sheets, ready to be folded into 
containers, at production rates of up to 11,000 sheets per hour. 
As each sheet on these commonly available presses can be as 
long as 66 inches in the sheet transport direction, it is a simple 
calculation to determine that the corrugated Surface speed 
through the press can be as high as 1,008 feet per minute. 
(11,000 sheets or revolution of the print cylinder per hour 
times 66 inches per revolution of the print cylinder divided by 
12 feet per inch divided by 60 minutes per hour equals 1,008 
feet per minute). 
0031. In addition, commonly available and traditional 
presses used for Straight line corrugated printing, are known 
as “close-coupled machines’ or “mobile printing unit 
machines. These close-coupled machines are characterized 
by two features: 1) the corrugated material is printed on the 
bottom of the sheet so as to locate the large, heavy, fast 
rotating printing plate cylinder and other associated ink trans 
port equipment close to the floor where it is structurally more 
rigid and where it is more accessible by press operators, and 
2) by having very little distance between the centerlines of 
each Successive print station. These distances commonly 
range between 24 inches and 35 inches. Consequently, with a 
66 inch circumference print cylinder taking up most of this 
available space, there is very little room for installing equip 
ment to cure energy curable inks between Successive print 
cylinders. Depending on the press configuration, approxi 
mately nine to eighteen inches in the sheet transport direction 
and up to twelve inches of vertical distance is available. For 
this reason, only some form of UV lamp system is suitable for 
location between print units on these presses when used with 
energy curable inks. 
0032. Further, these machines are made with a sheet trans 
porting system that keeps the corrugated material traveling a 
straight line path as it moves through the machine from print 
station to print station, especially when the corrugated mate 
rial being printed is shorter than the centerto center spacing of 
each Successive print station. The sheet transporting system, 
known in the trade as a “vacuum transport system’ is unique 
to each press manufacturer but all Such systems share a com 
mon method, i.e. Vacuum pressure holds the top of the corru 
gated material against rollers, belts, or pulleys which move at 
a Surface speed that matches the production speed of the press 
and transports the corrugated material from print station to 
print station, passing over a dryer for evaporative inks or a UV 
lamp used for energy curable inks. 
0033. Those skilled in the art will appreciate that these 
rotary components must maintain proper alignment one with 
another and with the rest of the machine and must always 
rotate at the required speed in order for the machine to pro 
duce quality printed sheets. If these rotary components and 
their support structure get too hot, it can also be appreciated 
that a variety of thermal effects may adversely affect the 
continuing proper operation of these parts. 
0034. Yet further, those skilled in the art of direct flexo 
graphic corrugated printing are familiar with the results of 
studies done by the Technical Association of the Pulp and 
Paper Industry (TAPPI) and other trade groups that have led 
to a “rule of thumb' that 80 percent of press operation is used 
for printing corrugated sheets that are less than 50 percent of 
the maximum printable width of the press. Therefore, the use 
of evaporative dryers or UV lamps with direct exposure to the 
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vacuum transfer system is potentially a source of disruptive 
maintenance if the heat from these devices is not limited by 
Some method. 

0035. Prior art dryers use both hot air convection methods 
and infrared radiation methods for drying evaporative inks, 
but infrared radiation dryers are generally preferred due to 
their higher heat transfer efficiency and their ability to be 
selectively activated across the width of the machine so that 
the required heat is applied only to the width of corrugated 
material Surface being printed and not to the areas of the 
vacuum transfer system where no corrugated material is 
shielding the vacuum transfer plate and rotary components 
from direct exposure to the infrared radiation. 
0036. As noted previously in this background description, 
the economic manufacture of UV lamp systems encourages 
the use of long bulbs that under many operating circum 
stances will exceed the width of the corrugated material. In 
addition, high intensity UV bulbs radiate about 50 percent of 
their energy as infrared energy which, in these same circum 
stances, results in continual direct exposure of the vacuum 
transfer system to this heat. Prior art UV lamp systems are 
employed in web fed presses Such as those using cooled 
central impression cylinders or cooled rollers where directly 
applied heat is removed or those where the location of the UV 
lamp system is not directly exposed to complex transport 
mechanisms critical to obtaining quality printed product. 
0037 Finally, prior art devices have the disadvantage of 
high cost. In order to be generally affordable for corrugated 
container printers, the capital cost of the UV lamp equipment 
should be competitive with currently available evaporative 
drying equipment costs. 
0038 Naturally, it would be highly desirable to provide a 
system and method formultiple color printing and die-cutting 
of corrugated materials in one pass of materials through the 
press, and more particularly, for providing Such a system and 
method that is compatible with the cost and use of evaporative 
ink drying equipment. 

BRIEF SUMMARY OF THE INVENTION 

0039. In accordance with the present invention, a system is 
provided for partially curing radiation curable inks to a Sub 
strate at Successive printing stations. The system comprises a 
first print station having means for applying a first application 
of a radiation curable ink to a Substrate, an ultraviolet radia 
tion means downstream of the first print station for partially 
curing the first layer of ink on the Substrate so as to prevent 
pick-off and Smearing at a Subsequent print station, a series of 
Subsequent print stations downstream from the first station 
UV radiation means, each with a means for applying radiation 
curable inks to the Substrate, each Subsequent application 
station with a UV radiation means downstream of the print 
station for partially curing each Successive applied ink layer, 
except for the last station which uses a UV radiation means to 
finally cure all preceding ink layers. 
0040. In a preferred embodiment of the present invention, 
the system is a flexographic printing system used for printing 
flat, thick, heavy absorbent and non-absorbent sheets in a 
straight line path through the press and able to run at Surface 
speeds of 1,000 feet per minute. The UV radiation means is 
located between adjacent print stations for partially curing the 
ink applied at the preceding station. The input of each radia 
tion curing means used for partially curing the ink is prefer 
ably less than 200 watts per inch of sheet width. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1 is a schematic side elevation section view of 
a representative in-line corrugated printing press having a 
plurality of laterally spaced printing stations and inter-station 
UV curing systems constructed in accordance with this inven 
tion. 

0042 FIGS. 2A and 2B are top and cross-sectional views, 
respectively of the UV curing head assembly of the inter 
station UV curing system. 
0043 FIG. 3 is a cross-sectional view of the inter-station 
UV curing system along section 3-3 of FIG. 2A. 

DETAILED DESCRIPTION 

0044 FIG. 1 shows flexographic printing press 10 for 
printing on flat sheets 12 of corrugated material as sheets 12 
travel along linear path P through press 10. Press 10 includes 
printing stations 14A-14E, and final curing/die cutting station 
16. 

0045. Each printing station 14A-14E includes rotary plate 
cylinder 18, metering anilox roll 20, ink chamber 22, impres 
sion roll 24, transfer rollers 26, vacuum chamber 28, and 
exhaust fan 30. 

0046. Attached to each rotary plate cylinder 18 is a flex 
ible, raised-surface printing plate. Metering anilox roll 20 
applies ink to the plate, and ink chamber 22 applies ink to 
anilox roll 20. Impression roll 24 supports sheet 12 when the 
raised print Surface of the printing plate is pressed against the 
printed corrugated material. 
0047 Transfer rollers 26 are part of each print station and 
are arranged between impression rollers 24. Most, if not all, 
of transfer rollers 26 are contained within a closed, vacuum 
transfer chambers 28. Exhaust fan 30 is used to pull air from 
vacuum transfer chamber 28, through whatever openings are 
available, including from between transfer rollers 26. When 
sheet 12 of corrugated material is passed through press 10 for 
printing, sheet 12 requires Support where it is not captured by 
the nip between the printing plate on cylinder 18 and impres 
sion cylinder 24. The vacuum within vacuum chamber 28 
pulls sheet 12 against transport rollers 26 while the driven 
rotation of transport rollers 26 moves sheet 12 toward the next 
print station, thereby maintaining sheet speed and direction to 
ensure proper print registration. 
0048 Ink is transferred to the bottom side of sheet 12 from 
the printing plate. Each print station 14A-14E applies a dif 
ferent color of ink. In order to keep each Succeeding ink from 
mixing with the previously applied ink, each of print stations 
14A-14D includes inter-station UV curing unit 32, which is 
located after each print application point to partially cure the 
“wet' ink before the next color is applied. Inter-station UV 
curing unit 32 includes UV curing head assembly 34 and fan 
duct assembly 36. Depending on the width of sheets to be 
printed, UV curing head assembly 34 includes one or more 
UV lamp subassemblies. 
0049 Final curing and die cutting station 16 includes final 
UV curing unit 38, die cutting rollers 40A and 40B, and 
transfer rollers 42. After the final application of ink at print 
station 14E, sheet 12 is transported by rollers 26 and 42 past 
final UV curing unit 38, where UV energy sufficient to com 
plete curing of the layers of ink is directed onto the ink on the 
bottom surface of sheet 12. Following the final curing, sheet 
12 is fed through die cutting rollers 40A and 40B and then 
exits press 10. 
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0050 FIGS. 2A and 2B show UV curing head assembly 
34, which includes housing 50 (formed by covers 52 and 54 
and base plate 56), UV lamp subassemblies 58A and 58B, 
terminal blocks 60, latch 62 and mounting guide 64. Each 
lamp subassembly 58A, 58B includes UV lamp 70, reflector 
72, quartz glass cover 74, side support 76, lamp holder 78, and 
spacer 80. UV lamp 70 is preferably a commonly available, 
medium pressure, mercury vapor lamp, rated at about 150 
watts per inch or less, and preferably about 100 watts per inch 
or less. 
0051 Reflectors 72 are made from thin aluminum sheet 
metal, preferably coated with a dichroic coating to reflect 
ultraviolet energy but absorb infrared energy. The reflector 
shape is preferentially a section of an ellipse, designed in 
conjunction with the position of UV lamp 70 to reflect a 
uniform application of ultraviolet energy on to corrugated 
sheet 12 as it passes. 
0052 Several sections of reflector 72 are spaced continu 
ously and uniformly along the length of UV lamp 70. The 
length of the sections are designed to eliminate thermal dis 
tortion of reflector 72. Further, a series of small diameter 
holes 82 are located at the bottom of reflector 72 and are 
closely spaced along the axis of UV lamp 70. These permit 
cooling air from the fan duct assembly 36 to flow through the 
holes 82 and onto UV lamp 70. 
0053 With many corrugated printing press installations, 
there can be a significant amount of paper dust and debris in 
the air. The source of this dust and debris can be from the 
corrugated sheets or from a die-cutting process (rollers 40A 
and 40B) that is frequently incorporated into the end of the 
printing press (as shown in FIG. 1). This rotary die-cutting 
process is used to cut out the appropriate sections of the 
rectangular sheet of printed corrugated material to form the 
box or display. As this process cuts through the corrugated 
material, a significant amount of dust is generated. Also, 
small slots may be cut out of the material and the cutout 
portions are flung widely through the rotary action of the die 
cutter rollers 40A and 40B. In order to prevent dustand debris 
from building up in close proximity to high temperature 
lamps, the lamps and other hot parts must be isolated. Quartz 
glass cover 74, in conjunction with the airflow, shields UV 
lamp 70 and reflector cavity 72. 
0054 Side supports 76 provide the structure to hold the 
reflector 72 sections and quartz glass covers 74, as well as 
guide cooling airflow along the outside of the reflector sec 
tions. UV lamp 70, at each end, is held in a cradle-like holder. 
0055 UV lamp subassemblies 58A, 58B are attached to 
base plate 56, which contains holes 84 that permit air from fan 
duct assembly 36 to enter UV lamp subassemblies 58A and 
58B. Covers 52 and 54 are used to guide air movement, 
capture quartz glass covers 74, contain terminal blocks 60 and 
form a wireway for power and control wiring. 
0056 FIG. 3 shows a cross-section (along section 3-3 of 
FIG. 2A) of inter-station UV curing unit 32 which includes 
the fan duct assembly 36 and the UV curing head assembly 
34. UV curing head assembly 34 is detachable from fan duct 
assembly 36. Latch 62 of assembly 34 and catch 86 of assem 
bly 36 are used in conjunction with a mounting guide 64 of 
assembly 34, and mounting hole 88 of assembly 36 to posi 
tion UV curing head 34 on fan duct assembly 36 and secure it 
in place. 
0057. As shown in FIG.3, fan duct assembly 36 includes 
several fan subassemblies 90 spaced apart and located within 
duct housing 92. Fan Subassembly also includes mounting 
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plate 94, fan mounting bracket 96, motorized impeller 98, air 
inlet ring 100, terminal block 102, motor capacitor 104, and 
finger guard 106. Motorized impellers are commonly avail 
able and use a backward inclined centrifugal fan wheel that is 
integrated with a motor to provide high Volume, high pressure 
air movement in a confined space. Replaceable filter media 
108 is placed between fan mounting plate 94 and hinged filter 
holder 110. Paper dust and other debris is generally present 
within the press and the filter media reduces the amount that 
is able to enter fan duct assembly 36 and UV curing head 
assembly 34. By opening hinged filter holder 110, the filter 
media 108 can be removed for cleaning or replacing. Fan duct 
assembly 36 also acts as a wireway for containing wires used 
in powering and controlling UV curing unit 32. Airflow paths 
through fan duct assembly 36, and UV curing head assembly 
34 are represented by arrows in FIG. 3. 
0058. The present invention provides a system for curing 
radiation curable inks applied to relatively thick sheets of 
absorbent and non-absorbent corrugated which move at high 
speed in a straight line, in flat condition, through one or more 
ink-printing stations. The system partially cures each applied 
layer of radiation curable ink to allow “wet' trapping of the 
ink and a final, complete cure of all the ink layers. The use of 
low power UV lamps provides a system which has minimal 
thermal effect on the printing press. The system has a capital 
cost comparable to prior art evaporative ink drying systems. 
0059. The ability to use UV curable inks to print corru 
gated sheets increases the ratio of productive time divided by 
operating time by eliminating the amount of press stoppage 
time required to adjust the ink chemistry, clean printing plates 
and clean other printing Surfaces. These types of press stop 
page time have been common with water-based evaporative 
ink printing presses used for printing corrugated sheets. 
0060 Although the present invention has been described 
with reference to preferred embodiments, workers skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. For example, although UV curing head assembly 
34 has been shown with two staggered UV lamp subassem 
blies 58A, 58B other configurations having only one UV 
lamp or having three or more UV lamps may be used, depend 
ing upon the width of the sheets being printed. 

1. An in-line flexographic printing press for printing cor 
rugated paperboard sheets using radiation curable inks, the 
printing press comprising: 

a transport system for transporting corrugated paperboard 
sheets along a linear path; 

a series of printing stations positioned along the linear path 
for Successively applying layers of radiation curable ink 
to the corrugated paperboard sheets; 

a series of interstation UV radiation sources, each UV 
radiation source associated with one of the printing sta 
tions for only partially curing the layer of radiation cur 
able ink applied by that printing station before the layer 
reaches a next printing station; 

a final printing station for applying a final layer of radiation 
curable ink; 

a final UV radiation source following a last printing station 
of the series for curing the final layer all preceding 
partially cured layers of radiation curable ink to produce 
printed corrugated paperboard sheets; and 

a cutting station at which the printed corrugated paper 
board sheets are die cut. 
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2. The system of claim 1, wherein the printing stations are 
positioned to apply ink to a bottom Surface of the sheets, and 
the interstation UV radiation sources and the final UV radia 
tion source are positioned to direct UV radiation at the bottom 
surface of the sheets. 

3. The system of claim 1 wherein the interstation UV 
radiation Sources each include at least one elongated UV 
lamp. 

4. The system of claim3, wherein the UV lamp comprises 
a medium pressure mercury vapor lamp. 

5. The system of claim3, wherein the UV lamp has a rating 
of about 150 watts per inch or less. 

6. The system of claim 5, wherein the UV lamp has a rating 
of about 100 watts per inch or less. 

7. The system of claim 3, wherein the interstation UV 
radiation sources each include at least two UV lamps. 

8. The system of claim 1, wherein each of the interstation 
UV radiation sources includes a fan duct assembly and a UV 
curing head assembly mounted on the fan duct assembly. 

9. The system of claim 8, wherein the fan duct assembly 
directs air flow through the UV curing head. 

10. The system of claim 9, wherein the UV curing head 
includes at least one elongated UV lamp having a rating of 
about 150 watts per inch or less. 

11. The system of claim 10, wherein the UV lamp has a 
rating of about 100 watts per inch or less. 

12. The system of claim 1, wherein the transport system is 
capable of transporting sheets at Surface speeds of up to at 
least 1,000 feet per minute. 

13. A method comprising: 
transporting the flat corrugated paperboard sheet through 

an in-line flexographic printing press; 
applying a first layer of radiation curable ink to the sheet at 

a first print station of the printing press; 
partially curing the first layer with UV radiation immedi 

ately following the first print station: 
applying a second layer of radiation curable ink to the sheet 

at a second print station of the printing press; 
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partially curing the second layer with UV radiation imme 
diately following the second print station; 

applying a final layer of radiation curable ink at a final 
printing station of the printing press; 

fully curing the final layer and the partially cured first and 
second layers immediately following the final printing 
station to produce a printed flat corrugated paperboard 
sheet; and 

die cutting the printed flat corrugated paperboard sheet. 
14. The method of claim 13, wherein the first and second 

layers are applied to a bottom surface of the flat sheet, and 
wherein partially curing the first layer comprises directing 
UV radiation onto the first layer of radiation curable ink on 
the bottom surface. 

15. The method of claim 13, wherein the UV radiation for 
partially curing is produced by one or more UV lamps having 
a rating of about 150 watts per inch or less. 

16. The method of claim 15, wherein the UV lamps have a 
rating of about 100 watts per inch or less. 

17. A method comprising: 
transporting a flat corrugated paperboard sheet along a 

linear path past a plurality of printing stations of a flexo 
graphic printing press: 

applying a layer of UV curable ink to the sheet at each 
printing station; 

partially curing each layer of UV curable ink applied 
before it reaches a next one of the printing stations; 

applying the final layer of UV curable ink over the partially 
cured layers; 

fully curing the final layer and the partially cured layers to 
produce a printed flat corrugated paperboard sheet; and 

die cutting the printed flat corrugated paperboard sheet. 
18. The method of claim 17, wherein the UV radiation for 

partially curing is Supplied by a UV source having a rating of 
about 150 watts per inch or less. 

19. The method of claim 18, wherein the UV source has a 
rating of about 100 watts per inch or less. 
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