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(57) Abréegée/Abstract:

The invention relates to a device and method for cleaning the surface of a printing roll, such as an anilox roll. The device includes a
laser-equipped assembly adapted to project a laser beam on the surface of the printing roll. The laser-equipped assembly uses a
reflector and a lens to guide the laser beam along a predetermined path on the surface of the printing roil. In some embodiments,
an autofocus system may be included to move the lens so that the desired focal point for the laser beam on the printing roll surface
IS achieved.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wo 20187111613 A1 IO 0 R A A

CA 030454771 2015-05-295

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/111613 Al

21 June 2018 (21.06.2018) WIPO I PCT

(51) International Patent Classification:
B41F 35/02 (2006.01)

(21) International Application Number:
PCT/US2017/064623

(22) International Filing Date:
05 December 2017 (05.12.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/375,599 12 December 2016 (12.12.2016) US

(71) Applicant: PAPER CONVERTING MACHINE COM-
PANY [US/US]; 2300 South Ashland Avenue, P.O. Box
19005, Green Bay, WI 54307-9005 (US).

(72) Inventor: CRUZ, Lemus Erico; 1881 Oak Avenue, Apart-
ment 613W, Evanston, IL 60201 (US).

(74) Agent: HIMICH, Matthew J. et al.; Thompson Coburn
LLP, One US Bank Plaza, St. Louis, MO 63101 (US).

(81)

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: APPARATUS AND METHOD FOR PRINTING ROLL CLEANING

(57) Abstract: The mvention relates to a device and method for cleaning the surface of a printing roll, such as an anilox roll. The device
includes a laser-equipped assembly adapted to project a laser beam on the surface of the printing roll. The laser-equipped assembly
uses a retlector and a lens to guide the laser beam along a predetermined path on the surface of the printing roil. In some embodiments,
an autofocus system may be included to move the lens so that the desired focal pomt for the laser beam on the printing roll surface

1s achieved.

[Continued on next page/



CA 030454771 2015-05-295

WO 2018/111613 AT {10 | 00VA)AV0 AR D 0 DA ORI A SR Or

Published:
—  with international search report (Art. 21(3))



CA 030454771 2015-05-295

WO 2018/111613 PCT/US2017/064623

APPARATUS AND METHUD FORK PRINTING ROLL CLEANING

FIELD OF THE INVENTION

10011 The subiect invention generally relates to an apparatus and method for cleaning
printing press rolls, and more specifically to an apparatus and method for cleaning anilox rolls,

engraved rolls and printing rolls with sumilar surfaces.

BACKGROUND OF THE INVENTION

002] The present invention relates generally to systems and devices used in
tiexographic, gravure, offset and corrugated board printing as well as m lamunating/coating
industry. Flexography s a printing process that 1s used predominantly in the printing of

packaging materials. Flexography may be used to print corrugated containers, {olding cartons,

paper sacks, plastic bags, milk and beverage cartons, disposable cups and containers, labels,
adhesive tapes, envelopes, etc. Typically, a subsirate 18 fed imto the press from 4 roll, and 15
prirded upon as the substrate 18 pulled through a series of print units, each of which prints a
single color. The colors of the difterent print stations are overlaid 1o create the desired 1mage.
Hach print untt includes several yollers, such as an ik roller, meter roller, plate cylinder, and
impression cyhinder, An amlox roller 15 a fype of meter roller that may be an engraved metal of
ceramie roller, and that transfers ink from the fountain roller to the pninting plate. The
characteristics of an anilox roll determine the amount of ink that will be transferred to the
plate. Such rolls are typically constructed of a hard metal core that 1s coated by ceramic, chrome,
and other metalls, and whose surface contains mithions of very fine dimples, known as cells.
The substrate then moves between the plate cylinder with the printing plate and the impression
cviinder, The impression cyhinder applies pressure to the plate cyvlinder so the image is

transferred from the plate {0 the substrate.
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0031 Over time, the cells of arulox roliers may become fouled with dned mk. The dried
ik imits the amount of ik that may be carried by the antlox roller, and reduces the
elfectiveness ot the roll. Theretore, amiox rollers must be cleaned periodically.

(0041 Prior art methods of cleaning anilox rollers mnclude using mechanical cleaning,
chemical solvents, soda blasting, and ultrasound processes. Each of these methods has certain
drawbacks.

0051 Mechanical methods involving brushes or other mechanical abrasives ate slow
and may damages the surface of the roll. The use of chemical solvents to clean anilox rolls also
face a number of disadvantages. In some methods of chermeal cleaning, the use of chemical
products to remove ink also mvolves a8 manual action by means of brushes, Whale this operation
can be pertformed while the roller 1s rotating, the mechanical action and chemical cleaner

application must be carefully synchromized. Once manual cleaning 18 over, the rolier must be

washed immediately {0 remove the caustic agent and the product wastes. Another method
involves otf-line cleaning by way of caustic chemicals that dissolve the ik residue in the cells.
Such methods typically invelve partial immersion of the rollers in a bath of cleaning solution or
the chemicals are sprayed on the roller. In both cases, the chemical agent gives nise {o a chemical
reaction to dissolve the ink deposits. At the end of the cycle, the roller 1s washed with water {o
stop the chemical reaction and {o remove the cleaning product and the mk wastes, Chemical
solvents are, however undesirable due to theyr environmental impact and potential harm fo
people. In addition, the costs of removing waste products can be substantial,

(0061 Anocther commmon method for cleaning anilox rolls involves soda blasting. While
clearung by way of soda s relalively casy to use and causes low environmental impact, there are

still shortcomings. For example, soda blasting mmvolves high pressure spraying of soda in water.
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Spraving the roll evenly is difficult. Also, the soda may cause damage to the material defining
the cells, especially with a ceramic surface. Similar to chemical cleaning, the disposal of waste
products can alse be substaniial.

0071 Yet another method involves spraying crystals of solid carbon dioxide {dry ice)
onto the cvlinders. As with soda blasting, the potential for harm to the anilox rolier surface with
this method 18 substantial.

0081 Another system for cleaning antlox rolls iwelves ultra-sound systems. While
such systems are unlikely to cause damage to the rolls and do not suffer from environmental
issues, the speed of such systems is somewhat limited, thus leading to greater downtime.

0091 A more recent technology that has been used mvolves using g laser (o clean the
antlox roll. A laser beam 18 moved along a path over the surface of the anilox roll and the laser
beam burns off the dnied ink. An example of such technology s described i the mventor's
Spanish patent 2,390,039, the teachings of which are incorporated herein by reference.

(0101 This earlier technology, while proving to be very efiective {o clean amiox rollers,
still faces some shortcomings. For example, in order to cause the laser beam to move along
desired paich on the surface of the anilox roll, the laser beam is directed by a reciprocating or
oscillating murror. Because the laser was oscillated by a scanner or mizror in a back and {orth
pattern across a field, the scanning speed was limited. A further 1ssue with the earhier technology
refated to the fact that anilox rolls come in difterent diameters. Because of this, the optimal focal
potnt for the faser may not be easily obtained for a particular roll without adjustment of the roll

relative to the laser generator.

(Y

SUBMTITUTE SHEET (RULE 26)



CA 030454771 2015-05-295

WO 2018/111613 PCT/US2017/064623

SUMMARY OF THE INVENTION

1011] The following provides a summary of certain exemplary emboditments of the
present invention. This summary 18 not an extensive overview and 18 not intended to identify key
or critical aspects or elements of the present invention or to delineate its scope.

{012] In accordance with one gspect of the present invention, an apparatus for cleaning
a printing roll is provided. For purposes of illustration, an anilox roll is discussed. The apparatus
may comprise a mount adapied {o rotatably secure the anilox roll. This mount may be configured
to secure the roll so that the roll 1s rotatabie. In g preferred embodiment, the mount comprises a
pluraiity of parallef rollers to support the anilox roll by resting the anilox roll on the rollers. The
paraliet rollers are operatively connected 10 a drive system as 18 Known i1 the art {or rofating the

naraliel roliers and the antlox rodl thereon during the cleaning process, In some embodiments of

the present 1nvention, the anilox roll cleaner may be operable with print unut having the amlox
roli such that a separate mount 1s unnecessary. in this embodiment, the cleamng apparatus may
be postiioned adjacent o the antiox roil.

10131 The amilox roll cleaning apparatus further includes a laser-equipped assembly.
This assembly comprises a laser source configured to generate and direct a laser bearn. In some
embodiments, the laser-equipped assembly comprises a reciprocating retlector that 1s positioned
to recetve the laser beam from the laser source and {o redirect the laser beam. One issue that may
occur with reciprocating reflectors is that as the reflector is moved back and forth, as it reaches
the end of one movement, it must decelerate, change direction, and then accelerate again.
Because of this, the laser beam energy 18 focused for longer periods of time at the ends of its path
than in the nmiddle, which causes hotspots or bumouts that may damage the surface of the andlox

roll or create a non homogeneous cleaning. In preferred embodiments of the present invention, it
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18 preferred to include lateral shields {o block a certain portion of the path of the laser energy to
prevent such hotspots.

[(014] In other embodiments, the laser-cquipped assembly includes a rotatable polygonal
reflector. In a preferred embodiment, the laser beam 1s redirected by polygonal reflector along g
repeated unidirectional path for cleaning the surface of the anilox rell. This is achieved by way
of the rotation of the polygonal reflecior about an axis such that the facets of the reflector
intercept the laser beam. As the reflector rotates, the changing angle of the surface of the facets

relative to the path of the laser beam from the laser source causes the laser beam o be redirecied

in repeated succession a desired path. The relative shape and angles of the facets may vary so as
t0 cause the laser beam fo traverse paths of different lengths and shapes, ©.g., straight or curved.

(315] Unlike the reciprocating or oscillating scanner the polygonal retlector moves the
laser along a desired path in a single direction in a repeating manner. As such, there 18 no need
for any deceleration or directional change. Accordingly, the greater concentration of laser energy
at the ends of the path of the laser beam is ¢liminated such that the enfire range of the laser beam
can be used. Also, the raie at which the scanner can be operated 15 substantially higher than with
an oscillating or reciprocating scanmer since there 18 no change in the direction of rotation
RECessary,

3161 With either of the reciprocating scanner or a rotating polygonal scanner, after the
{aser beam 18 reflected off the reflector, 1 1 directed through a lens. In a preferred embodiment,
the second lens is a {-theta lens, This lens focuses the laser beam 1o a desired intensity and beam
diameter at a desired focal position a certain distance from the lens.

017] The laser-equipped assembly preferably turther mcludes an autofocus system. The

optimal focal position of the laser beam primarily depends on the stze of the particular arlox
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roller to be cleaned. Antlox rolls come in 8 wide variety of diameters, The antofocus system
enables the apparatus to adjust the distance of the lens relative to the surface of the anilox roll
such that the focal length for a particular lens coincides with the surface of the amlox roll. The
autofocus system comprises a carrier that is operatively connected to the lens, and a distance
determiner. The distance determiner may take the form of various technologics that are used (o
determine whether objects are the desired distance from one another. This saves substaniial setup
time and reduces downtime for printing operalions.

0181 In some embodiments, the distance deternmner may comprise an active autolocus
systemi. Active autofocus systems tyvpically include an energy enutter that 1s configured fo
fransmit an emitted energy at an object. Active autofocus systems further inchude an energy
receiver that 1s adapted o receive the refiected energy. In the present invention, an energy
emttted 18 configured to transmut an emitied energy at the surface of the antlox roll. The energy
reflected offer the anilox roll surface is received by the energy receiver, which generates & signal
that represents a characteristic of the reflected energy. A programmed processor then determines
whether the distance of the laser assembly to the surface of the amilox roll s as desired based on
the signal. To the extent that adjustment is necessary, the processor 18 further programmed o
actuate the carrier to adjust the position of the lens relative to the surface of the amlox roll such
that the focal position of the laser 18 positioned as desived on the amilox roll surface. The emitted
energy may take any number of forms, such as a low-powered laser beam, a collimated hight
beam, infrared light, or ulirasonic waves. As the emitied energy strikees the surface of the anilox
roll, a portion of the crmitfed energy is reflected back towards the laser-equipped assembly and s
energy receiver. The energy receiver is adapted to recerve the reflected energy and generate @

sipnal representing a charactenistic of the rellected energy. For example, the signal may represent

SUBMTITUTE SHEET (RULE 26)



CA 030454771 2015-05-295

WO 2018/111613 PCT/US2017/064623

the time the reflected energy 1s recerved. The signal may, aliernatively or in addition, represent
an intensity of the reflected energy receiver or a lime that the reflected energy was recetved.

0191 The processor may COMPprise any miCroprocessor or other progranunable device,
The processor 1s programmed to utilize the si onal from the energy receiver to calenlate the
distance of the surtace of the anilox roll to the laser assembly. This calculated distance can be
used, along with information regarding the position of the lens, {0 determine whether the laser
beam assembly, and especially the lens, 18 in the proper posifion such that the focal length of the
laser beam focused by thé lens coincides with the surface of the amilox roil.

(0201 Alternatively or additionally, the distance determiner may COmprise a passive
autofocus system. For example, the passive autotocus system may comprise a phase detector or a
contrast detector, Certain passive autofocus systems, such as contrast detectors do not roquire an
energy enmtter. Instead, such an autofocus system merely determines the maximum contrast
point for an image, which would typically be at the desived tocal pomt.

10217 If the position of the laser beam assembly is such that the focal position 18 not
optimal, the processor may actuate the carrier to adjust the position of the lens relative to the
surface of the anilox roll 10 a predetermined distance. For example, the entive laser beam
assembly may be moved closer or farther from the surface of the anilox roil. More preferably, the
tens held b'y a carvier may be moved within the laser beam assembly to adjust the location ot the
focal position, This feature is advantageous 1 that antlox rolls may be of different sizes, As
such, the distance of the surface of the anilox roll relative (o the laser assembly may require
adiustments i order to have the desired focal position of the laser properly comeide with the
surface of the roll. It should be recognized that the distance determination may be a quantitative

determuination or may be a gualifative determunation as to whether the relative distance of the
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tens to the antlox roll 18 the correct distance or not. For example, with 8 passive distance
determiner, the apparatus mayv determine that the relative distance of the lens to the anilox roll 15
the correct distance is incorrect and cause the camer to adjust the position until the correct
distance is achieved,

10221 The present invention further includes a method for cleaning antlox rolls. The
method includes positioning the anilox roll to be cleaned adjacent to a laser-equipped assembly.
This may include placing an anilox roll in an off-line apparatus for cleaning the anilox roll.
Alternatively, the anilox roll can remain in the print unit and the laser-equipped assembly i3
nositioned adjacent the anilox roll n the print vnit. The method further 1ncludes in some
emboduments actuating the autofocus system to determing the distance of the laser-equipped
assermbly from the surtace of the anilox roll. Actoating the agiotocus system may inchude
causing an emitier fo transmit an emutied energy at the surface of the anitiox roll. Actuating the
autofocus system may further cause an energy receiver {0 be ready (o recerve reflected energy,
and after receiving the reflected energy, to generate a signal representing a characteristic of the
reflected energy, as discussed. Actuation of the autotocus sysiem further Causes & processor,
which 18 programmed with the appropriate algorithms, o determine whether the distance of the
surface of the anilox roll to the laser assernbly 18 correct. To the exient that the focal position of
the laser beam is not in a desired position, the processor causes a carnier (o adjust the focal
position of the laser beam by either adjusting the lens or the posttion of the laser-eguipped
assembly. Once the lens is properly positioned, the processor actuates the laser cleaning
assembly so as to generate the laser beam for cleaning,

0231 Additional features and aspects of the present mvention will become apparent to

those of ordinary skill in the art upon reading and understanding the following detailed
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description of the exemplary embodiments, As will be appreciated by the skilled artisan, turther
embodiments of the mmvention are possible without departing from the scope and spirit of the
invention. Accordingly, the drawings and associated descriptions are to be regarded as
iHlustrative and not restrictive 1n nature,
BRIEF DESCRIPTION OF THE DRAWINGS
10241 The accompanying drawings, which are incorporated into and form a part of the

spectication, schematically tlusirate one or more exemplary embodiments of the

invention and, together with the general description given above and detailed description

given below, serve to explam the principles of the 1vention, and wherein:

10257 FIG. 1 is g perspective view of an exemplary emboediment of an antlox roil
cleaning apparatus in accordance with a preferred embodiment of the present invention;

1026] FIG. 1A 1s a perspective view of the anilox roll cleaning apparatus of FIG. |
without the anilox roll;

(3271 FIG. 2 s an cnlarged perspective view of the laser assembly of FIG. 1 shown in
an assembied state;

10281 FIG. 3 is an enlarged perspective view of the laser assembly of FIG. 2 with an
external housing removed to show the interior

(207 FIG. 4 is an enlarged perspective schematic view of 4 laser source and a
reciprocating reflector according a preferred embodiment of the mnvention;

Q30] FIG. 5 is an enlarged perspective schematic view of a laser source and a rotating
polygonal reflector according to an alternative preferred embodiment of the mvention; and

'(331] FIG. 6 is an enlarged side schematic view of a laser beam engaging the surface of

an antlox roll with the laser assembly shown with the external housing removed.

9
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™

DETAILED DESNCRIPTION OF THE INVENTION

10321 Exemplary embodiments of the present invention are now described with
reference to the Figures. Reference numerals are used throughout the detailed description to refer
to the various elements and structures. Although the followmg detmled description contans
many specifics for the purposes of tlusirstion, a person of ordinary skill in the art will appreciate
that many variations and alterations to the following details are within the scope of the invention.
Accordingly, the following embodiments of the invention are set forth without any loss of
generality to, and without imposing limitations upon, the claimed mvention. The present
invention relates to a system for removing materials such as paint and other coatings from
varipus surfaces, wherein the system includes a laser scanner having muliiple optics, With
reference now o the Figures, one or more specitic embodmments of this mvention shall be
described m greater detail.

0331 Referring to FIG. 1, an antox roll cleaning machine according a preferred
embodiment of the invention is shown. As discussed, the anulox roll 1s discussed by way of
example with the understanding that the present invention 18 suitable for use with other printing
rolls. The machine 10 includes a frame 12. Supported by the frame 12 s a conveyor 13
comprising a pair of tracks 14 and 16. Mounted with the conveyor 1s a laser-equipped assembly
18, which will be discussed in further detasi below. Posihioned paraliel {o the conveyoris a
mount 19, which in this embodiment comprise a plurality of rollers 2 and one that is not visible
in this drawing (FIG. 1A). In this embodiment, cach of the pair of roliers is similarly configured.
Roller 20 includes a plurality of spaced discs 21, 22, 23, and 24 rotatably secured to an axle 25.
The rollers 20 and the roller not vistble are aligned parallel o one another and spaced such that a

variety of different sized anilox rolls, such as anilox roll 24, may be supported by the rollers.

1)
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During the cleaning operation, the laser-equipped assembly 18 is moved by the conveyor 13
along and parallel to the amlox roll 24. While in this preferred embodiment, the conveyor 13
comprises a pair of tracks 14 and 16, any conveyor suttable to support and move the lase-
cquipped assembly parallel fo the anilox roll as 1s known mn the art may be used. The mount 19
may mnclude other configurations, such as additional rollers, or axial mounts for rotaiing the
antlox roll 24. Operatively connected to the mount 18 a drive system 26. The drive system 26

may be mechanically or electrically driven or driven by any means known in the art to cause the

anilox roll 24 {o be rofated. The drive may also mclude a fine tuning adjustment {o increase or
decrease the speed of the rollers.

1034] Referning to FIG. 2, the laser-equipped assembly 18 comprises a housing 28, The
housing 28 may include a plurality of exhaust ports 30, 32 {o vent heat from the assembly 18, In
this preferred embodiment, the housing 28 defines an aperture 34 paraliel {o and facing the
anilox roll 24, The aperture 34 includes on lateral sides thereot a paw of lateral shields 36 and 3&.
The shields 36 and 38 are secured to the housing by way of bolts 40 passed through slots 42, The
shields 36 occlude a poriion of aperture 34, The amount of occlusion may be adjusted by varving
the position of the bolis 40 within the slots 42. As will be discussed in further detail, the laser-

eqiipped assembly 18 generates a laser beam 44, which exits through aperture 34 {o focus laser

energy on the surface of the anilox roll 24. The laser beam 18 of a power suthicient to burn away
any 1ok or other residue in the cells of the anilox roll 24 without damaging the surface of the
anilox roll tseli

0351 Shown in FIG. 3 15 a view of the interior of the laser-equipped assembly 18 with
the housing 28 removed. A laser source 46 15 provided o generate laser beam 44. Ip this

particular embodiment, the laser source 46 1s mounted vertically, but may aliernatively be

i1
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mounted honizontally, A reflector (not shown) is included in refiector assembly 48. Lens 30 is
provided to receive the laser beam from the reflecior alter exating the reflector assembly 48 (o
focus laser beam 44. Lens 50 is mounted with carrier 32 of autotocus system 34, In this

embodiment, the lateral position of the lens 50 relative to the refiector assembly 48 15 adjustable

such that the focal point of the laser energy is adjustable. The autotocus system 34 turther
includes a distance determuner 56. The distance determuner 56 commumnicates with a programmed
processor 60, which deﬁérmines whether the distance of the laser assembly to the surface ol the
anilox roll is as desired. The processor then causes the camier 32 to be adjusted {o move the lens
50 so 1t 18 in a desired position.

0361 It should be understood that there are various ways to measure distance, ang the
distance determiner 56 may uhilize different methods. For example, the distance deferminer 56

mavy include an energy emitter that emits ultrasonic sound waves ot intrared lhight. In the first

case, sound waves are emitted, and by measuring the delay in thewr reflection, distance to the
subisct 1s caleulated. With an infrared light entier, two emuiters may be used to triangulate the
distance fo the amilox roll surface. Another type of distance determiner may use a laser
rangefinder. Such a rangefinder uses a laser bearm {o deternune the distance to the amlox roll
surface. Sinular to the ulirasonic ermtter, a laser rangelinder may operate on the time of thight
principie by sending a laser pulse towards the anilox roll surface measuring the fime for the
return reflection. Alternatively, g laser rangefinder may utilize triangulation lechraques.

0371 Alternative to the aforementioned active antotocus methods, a passive autofocus
syster can be used. Une such method utilizes phase detection. Phase detection 1s achieved by
dividing incoming light into pairs of images and comparing them. Another form of passive

autofocus involves contrast detection, which is achigved by measuring contrast within a sensor

i2
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field through a lens, The intensity difference between adjacent pixels of the sensor naturally
increases with correct image focus. The optical system can thereby be adjusted until the
maximum contrast 1s detected.

(0381 Reterring to FIG. 4, one preferred embodiment of a refiector is described. The
reflector 100 receives g gser beam 44 from laser source 46, which m this example 1s depicted as
a vertically disposed laser source. The laser beam 44 strikes reflector face 102, which is mounted
on reflector body 103. The laser beam 44 is then redirected as shown. The reflector body 1s
operaiively connected to an oscillator (nof shown), which causes the retiector body 104 {o pivot
back and forth a2 desired magnitude and frequency. As the reflector body 104 1s pivoted, the
angle of the reflector face 102 relative to the laser source changes. Since the generation of the
laser beam 44 15 continuons, the laser beam, when it contacts the surface of the antlox roll,
moves atong a linear path. With the reciprocating or osciiiating reflector, the laser traces a back
and forth pattern. Because the reflector bady, as if pivots, must decelerate, change direction, and
accelerate at the ends of its cvele, the laser 18 direcied io the edges of the linear path {or a greater
amount of time than in the middle of the path. This may cause burn outs. Therefore, as shown mn
Fig. 2, the lincar shields 36 occlude the aperture to block such portions of the laser's linear path
so that the laser does not reach the antlox roll surface.

0391 Refemng to FIG. 5, an alternative preferred embodiment of a reflector 1s
described. In this embodiment, a polvgonal reflector 200 15 included. Sumilar (o the reciprocaling
reflector, the polveonal reflector 200 receives a laser beam 44 from laser source 46, The laser
beam 44 strikes facets 202, 204, 206, 208, 210, and 212 of the polvgonal reflector as ¢ s rotated.
In this embodiment a hexagonal reflector is shown, but other polygons may be used. The

polygons, however, should be regular polygons. As the polvgonal reflector 200 1s rotated and the
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laser is reflected ot of a facet, such as facet 202, the angle of the facet relative to the laser source
46 changes, such that the retlected laser traces a linear path on the amiox roll surface. Unlike
with the reciprocating reflector, the polvgonal reflector 18 rotated in a single direction, not back
and forth. Accordingly, the laser traces a unidirectional path on the surface of the anilox roll.
This configuration will not result in burm outs since the reflector moves at a constant rate. In such
an emboditoent, linear shields are unnecessary. Also, because there 1s no need to change
direction, the speed at which the laser path can be traced ¢an be higher.

[(40] Referring to FIG. 6, further explanation of the autofocus system. In this example,
the lens 30 15 such that the optimal distance of the lens from the anlox roll surtace 70 is 150 mm.
The sutofocus system 34 gdipsts the distance of the lens relative to the anilox roll surtace 70
such that the lens 18 153 mm away.

0411 While the present invention has been ilustrated by the description of exemplary
embodiments thereof, and while the embodiments have been described in certain detatl, i is not
the intention of the Applicant to restrict or in any way limit the scope of the appended claums to
such deotail. Additional advantages and modifications will readily appear to those skilled in the
art. Therefore, the invention m tis broader aspects 1s not limited to any of the specific details,
representative devices and methods, and/or itlhustrative examples shown and described.
Accordingly, departures may be made from such details without departing from the spirit or

seope of the applicant’s general mventive coneept.
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i An apparatus tor cleaning a printing roll, the apparatus comprising:

a mount adapted to rotatably secure the printing roli;
a lgser-equipped assembly, the laser-equipped assembly comprising:
a laser source configured to generate and divect a laser beam;
a reflector positioned to receive the laser beam from the laser source and to redirect the
laser beam across a path; and
a lens adapted to receive the laser beam from the refiector and to tocus the laser beam {o
a focal position; and
an autofocus sysiem comprising:
a carrier operatively connected with the lens and adapted 1o adjust the posttion of the lens
relative 1o a surface of the printing roll; and

a distance determiner.

2. The apparatus of claim 1, wherein the reflector 18 a reciprocating reflecior.
3. The apparagtus of ¢laim 2, wheremn the laser-equipped assembly comprises g

housing and the lens is positioned within the housing, the housing further defining an aperture
through which the laser beam s directed, the aperture further comprising at least one lateral

shield adapted to occlude a portion of the aperture.

4. The apparatus of claim 3, wherein the lateral shield 1s adjustable to occlude a
oreater or lesser portion of the aperture.
5. The apparatus of claim 1, wherein the reflecior 18 a rotatable polygonal reflector

and redivects the laser beam across a umdirectional path.
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8. The apparatus of ¢laim 1, the distance determiner comprising an active autofocus
sysiem.
7. The apparatus of claim 6, the active autolocus system comprising:

an energy emitter contigured to transmut an emitted energy at the surface of the printing
roil and to reflect refiected energy from the surface of the printing roll;

an energy receiver adapied to receive the retlected energy and generaie a signal
representing a characteristic of the reflected energy; and

a processor programmed {o determine a distance of the surface of the printing roll to the
laser assembly based on the signal, the processor further prograromed to actuate the carrier 1o
adiust the posttion of the lens relative to the surface of the printing roll such that the focal
position of the laser 1s positioned as desired on the printing roll surface.

8. The apparatus of claim 6, the active antoiocus system comprising a triangulation
system, the tnangulation system comprises.

a second laser spurce adapted o direct 8 second laser beam on the printing roll surface,

a camera adapted to determine a focation where the second laser beam contacts the
printing roll surface, and

a processor programmed to calculates based opn triangulaiion the distance of the laser
assembly to the printing roil surtace,

9, The apparatus of claim 7, the emiter 1s conligured to emit at least one of a laser
beam, an nirared light, a collimated light beam, and an ultrasonic signal.

10.  The apparatus of claim 9, wherein the signal comprises at least one of a receipt

time for the reflected energy and an intensity of the reflected energy.

it
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i1.  The apparatus of claim 1, the distance determiner comprising 4 passive autofocus
SYSICH.
1Z2.  The apparatus of claim 11, the passive aufolfocus system comprising a phase
detector,
t3.  The apparatus of claim 11, the passive autofocus system comprising a contrast
detector.
14,  An apparatus for cleaning a prninting roll, the apparatus comprising:
a support adapted to position a laser-equipped assembly comprising an autofocus system
in operative proximaty to the printing roll;
the laser-equipped assembly mounted with the support, the assembly comprising:
a laser source contigured to generate and direct g laser beam; and
a movable reflector positioned to receive the laser beam from the laser source and
to repeatably redirect the laser beam along a predetermined path; and
a lens adapted to receive the laser beam from the reflector and {o direct the laser
beam to a focal position; and
the autofocus system comprising:
a carrier operatively connected fo the lens;
an emitter configured to transmt an enutied energy at the surface of the
printing roll such that a reflected energy from the surface of the printing roll is
subsequently refiected;
an energy recetver adapted to recetve the reflected energy and generate a

sighal representing a characteristic of the reflected energy;
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4 processor programined to determine the distance of the surface of the printing
roll {0 the laser assembly based on the signal and to actuate the carrier to adjust the
position of the lens relative to the surface of the prinfing roll.

15, The apparatus of claim 14, wherein the reflector 1s a reciprocating reflector.

16.  The apparatus of claim 15, wherein the laser-equipped assembly comprise a
housing, wherein the lens 1s positioned within the housing, the housing further detining an
aperture through which the laser beam 1s directed, the aperture turther comprising at least one
lateral shield adapted to occlude a portion of the aperture.

17.  The apparatus of claim 16, wherein the lateral shield 1s adjustable,

18.  The apparatus of claim 14, wherein the retlector 1s a rotatable polygonal reflecior
and redirects the laser beam across a urnudirechional path,

19.  The apparatus of claim 14, the emutier configured {0 emit at least one of a laser
peam, an infrared light, or a collimated hight beam,

20,  The apparatus of claim 19, wherein the characteristic of the reflecied energy
comprises at lcast one of a receipt time of the reflected energy and an intensity of the reflected
Chergy.

21, Anapparatus for cleaning a printing roli, the apparatus comprising;

a mount comprising a plurality of parallel rollers adapted to support and the printing roll;

a drive system operatively connected o the paraliel rollers, the dnve system rotating the
plurality of paraliel roliers;

a laser-equipped asserably mounted on a conveyor, the conveyer adapied to move the
assembly parallel {0 the printing roll on the mount, the laser-equipped assembly comprising:

a laser source configured to generate and direct a laser beam,

R
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a veflector posthioned 1o receive the 1aser beam from the iaser source and {0

redirect the laser beam across a patly,

a lens adapted fo receive the laser beam from the polygonal reflector and to focus

the laser beam to a focal position; and
an autofocus system comprising, a carrier operatively connected with the lens and

adapted to adjust the position of the lons relative to a surface of the printing roll, and a

distance determmer.

22, The apparatus of clamm 21, wherem the reflector is a reciprocating reflecior.

23, The apparatus of claim 22, wherein the laser-equipped assembly comprise &
housing, wherein the lens 1s positioned within the housing, the housing further defining an
aperture through which the laser bearn 15 directed, the aperture further comprising at ieast one
lateral shueld adapted to occlude a portion of the aperture.

24, The apparatus of claim 21, wherein the reflector is a rotatable polygonal reflector

and redirects the laser beam across a urndirectional path.

19
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