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A DIGITAL PRINTING APPARATUS

E 1ELD AND BACKGROUND OF THE INVENTION

The pfé;sent, invention relates to printing and, more particularly, but not
exclusively to digital printing.

Common _printing methods employ liquid ink made of a pigment and an
adhesive in a liqiliti, Volaﬁle, solvent. The liquid ink is applied to the bﬁnted substrate
using a brushz. pipe, stylus; rolling ball or cylinder, by sprinkling droplets such as an
ink jet printer, ;bj means of & printing pad or an offset stencil, by forcing the ink
through a mes,ﬁ., stencil such asused with screen printing, etc.

Printing usmg 11qu1d mk requires that the ink remains at the point it is applied
to the pr‘inted;subrstrat:e‘until‘ the solvent ev;aporates. Whén iiquid ink is applied to
substrates thatl are 'eifher absorbing, sgéh as cloth, paper and cardboard, or have a high
surface tensidn With the ,soliéeﬁt, such as polished metal and glass, the liquid ink is
smeared through or oVér the printed substrate creating a poor image quality

Garméﬁt printing is performed today by screen printing press systems that are
complex, inflexible, and require a specific set-up for each different print and color.
First, an image file undergoes a mechanical spot-color separation process (each color
is printed in biac_lii -and white on a separate sheet of paper or film). Then, the image is
“developed” in a. long optical process, into a fine mesh (screen), which is pressed
during: the printing process ggainst the media. Before printing, each Screen has to be
set in the prd’p’e‘t: station " and adjﬁsted with reference to the other screens. Ink is
transferred to the. garment through the mesh by mechanical means (generally wiping a
squeegee along: the screen).. Gannent screen—prmtmg technology requires a special
press station for each color level. Print quahty is limited due to the high registration
requ1rements between stations; hence printing resolution is relatively low.

An attempt has been made ‘t§ provide a device for printing onto a portion of a
‘substrate, such'as a gafrnent. ‘US Patent 6,095,628 describes and claims an apparatus
for inkjet printing pre-programmed Viévvable indicia onto a substrate. The apparatus is
essentially a co_ﬁxkentional ink jet printer, and is capable of creating the indicia through

ink jet ink depositing upon flat or. rigid substrates as a result of controlled platen
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movement bepeath the ink ‘jet printer head and controlled ink jet printer head
movement and mk flow I"co:ntrol by a programmed CPU. The flexible printing
substrate of tﬁe ‘.patented invention is larger than the platen and portions of the
substrate are draped downwardly over edges of the platen and tucked under the platen.
When prmtmg on garments it is particularly important to limit the penetration
of the ink into the depth of the fal)rie, which causes dull coloring of the garment.
There is thus a widely recognized need for, and it would be highly

advantageous to have, a printing system devoid of the above limitations.

SUMMARY OF THE INVENTION

Accerdmg to-one aspect of the present invention there is provided a digital

printing machme mcludmg a rigid frame, a first linear motion X axis stage mounted
on the frame, a second hnear motlon X axis stage mounted on the frame parallel to the
first axis stage, and arranged for operation independently of the first axis stage, a
printing table assembly movable on-each linear X axis stage, a linear motion Y axis
stage mounted on the frame perpend1cu1ar to the linear X axis stages, above the
printing table.assemb11es, and.an array of 1nkJet nozzles mounted on the linear Y axis
stage for lmearf'mo’;iori i)erpendicular to the X axis stage.

Acc’drdi'ng'lo one emBediment of the invention, each printing table assembly
includes a med1a-h01d1ng plate and an openable cover pivotally coupled to the media-
holdmg plate for holdmg the media firmly against the plate.

Further ,accordmg; to the invention, the printing machine further includes a
curing unit located above. each printitlg table assembly and .arranged to cure ink on
media on the printinig table assembly. o

Still Mﬁﬁ.ﬁccotﬁhg',Ato the_‘anention, the printing machine further includes
an ironiné unAit;Aloeat,edAab‘c)Ve':’each printing table assembly and arranged to iron media
on the printing'table assembly before printing thereon.

There is also provided, according to the present invention, a printing machine
including a rigi_cllfr_a@e, a lihear motion X axis stage mounted on the frame, a printing
table assembly movable on 'the linear X axis stage, a linear motion Y axis stage
‘mounted enlth‘e fraxﬁel perpenclicular to the linear X axis stage, above the printing
table assém‘lily§ a_n'ar':ray of inkjét nozzles mounted on the linear Y axis stage for linear

motion perpendicular- to the“X‘axié stage, a curing unit located above the printing
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table assembly‘l and-arranged to cure ink on media on the printing assembly, and an
ironing unit loeated above the‘ printing table assembly and arranged to iron media on
the printing assembly before priuting thereon.

Accordmg to one embodiment, the curing unit is an infrared system.

According to an alternative embodlment the curing unit is a hot air blowing unit.

There is also provided accordmg to the present invention a printing machine

including a rigid frame, a liuear motion X axis stage base mounted on the frame, a
first printing table 'assembly- movable on the linear X axis stage base, a second
printing table assembly movable on the linear X axis stage base independently of the
 first printing tabie assemb1y5 a linear motion Y axis stage mounted on the frame
- perpendicular to the linear X axis stages above the printing table assemblies, and an
_array of ka et . nozzles mounted on the linear Y axis stage for linear motion
perpendicular to the X axis stage.

Additionally, m accordance with a preferred embodiment of the present
invention, there 1s prov1ded a prmtlng system for printing on a surface for use with a
printing head controllably mounted for printing onto selected locations of the surface
and a controllable Wettmg mounted for wetting the selected locations prior to printing.

There is also provided in accordance with a preferred embodiment of the
present mventlon a printing’ system for printing on a surface for use with at least one
printing apparatus“'comprising at least one ink applicator operative to print an image
over at least a part of the ;sur'fa'ce, and at least one wetting apparatus comprising at
least one liduji,d‘. aprreator operative to apply a wetting composition over at least a
portion of the part of the surface prior to printing, using a wetting composition that is
‘capable of’ interfering w1th tltéi ‘engagement of a liquid ink composition with at least
one biuding';site of the surface. Preferably, the printed image is a photograph.

'There is: further provided in aeeordance with a preferred embodiment of the
present i'nventror;r} :a;.pn'ntmg' :syste:m 4furtherA comprising at least one controller
operative to control the at least one liquid applicator to apply the wetting composition
onto selected parts of the surface.

There is yet further prov1ded in ‘accordance with a preferred embodiment of
the present 1nvent10n a. prmtmg system for use with a liquid applicator that includes

least one of a spraymg nozzle a dnppmg nozzle, a droplet injector, a drop-on-demand
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piezoelectric inkjet nozzle, a:continuous piezoelectric inkjet nozzle, a roller pad, an
offset printing_‘:.stencilr and a screen printing stencil.

There ‘is"_e‘tilll further provided<in accordance with a preferred embodiment of
the presenr iﬁiféﬂﬁon,a pnntmg syetem for use with at least one ink applicator that
includes at least one of a epraﬁng nozzle, a dripping nozzle, a droplet injector, a drop-
on-demand pieZoe’léctric mkjet nozzle, a continuous piezoelectric inkjet nozzle, a
roller pad, an offset printing stencil and a screen printing stencil.

’[‘llere is additionally provided in accordance with a preferred embodiment of
the present invenﬁon a printing system including at least one retractable bath carrying
a thinner 11qu1d the thinner liquid operative to prevent the wetting composition from
drying W1t]:un the 11qu1d apphcator the retractable bath positioned beneath the liquid
apphcator and operatlve to be tetracted on demand to expose the liquid applicator to
apply the wetting: cornposrtlon onto the surface.

' Preferably,v-the ﬂﬁnneriiliQuid' is based on the wetting composition.

Preferably, the thmner 11qu1d is aqueous.

In accordance w1th a preferred embodiment of the present invention, the
ptinting system also 1nc1udes a curing unit located above each the printing table
assembly andlarranged .'tov cure at least one of the wetting composition and the ink
deposited on the .printable,"m'edium mounted on the printing table assembly.
Preferably,jfbe;}cnﬁn"g unit is an infrared system. Alternatively, the curing unit is a hot
air blowing unit.

In »accord'ance with a ,preferred embodiment of the present invention, the
printing §ysrern "alus‘o",includes,an ironing unit located above each the printing table
assembl}‘/and arranged to iron media on the printing table assembly.

In accordance with another preferred embodiment of the present 1nventron the
surface to be ‘printed by the’ prmtmg system is made of fibrous material, porous
material, or-a:materjal that has a hlgh surface tension with the liquid ink. Preferably,
the ﬁbrous material is a- textile’ fabric. Preferably, the fabric consists of wool, silk,
cotton, hnen hemp, ranne Jute acetate, acrylic, lastex, nylon, polyester, rayon,
viscose, spandex, metalhc comp0s1te carbon or carbonized composite, or any
combination thereoﬂ-Preferably, the textile fabric comprises a garment. ‘

In accordance with a further ‘preferred embodiment of the present invention,

the printing system 'construc'ted of a rigid frarne, at least one linear motion X-axis
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mounted: on the frame at least one table assembly operative to bear a printable
medium and - movable on each linear X-axis, a bridge mounted on the frame
perpendlcular to the lmear X-axis and above the table assembly, at least one liquid
applicator mounted on the bridge and operative to apply a wetting composition onto
the printable Arn;edinm mounted on the table assemblies, a linear motion Y-axis stage
mounted on the frame perpendicular to the linear X-axis and Y-axis stages and above
the printing table"' assernbly, and at least one ink applicator mounted on the linear Y-
axis stage fo'r"'linear‘inotion perpendicular to the X-axis stage. Preferably the wetting
composition 1s capable of mterfermg with the engagement of the liquid ink with at
least one blndmg site of the surface of the printable medium.

In accordance with yet another preferred embodiment of the present invention,
each printing table assembly includes a media-holding plate and an openable cover
pivotally coupled to the med1a-hold1ng plate for holding the media firmly against the
plate. Preferably, at least a part of each the printing table assembly is a vacuum table.

In accordance w1th a ‘still another preferred embodiment of the present
invention, the med1a—hold1ng plate includes a raised portion, and the cover includes a
window of the same shape and slightly larger than the raised portion.

Addltlonally, ‘in accordance with a preferred embodiment of the present
invention, the 11near motlon X-axis stage is a linear motor driven stage. Preferably, the
linear motlon Y—ax1s stage is a linear motor driven stage.

Unless otherw1se deﬁned all technical and scientific terms used herein have
the same meamng; as conlmonly understood by one of ordinary skill in the art to
which this mvent1on -,belongs."Ihe'materials, methods, and examples provided herein
are illusfrative,,only? and not intended to be limiting.

Innpl'etnenfation"of the method ‘and system of the present invention involves
performing or: '¢omp1;eﬁng. certain seiected tasks or steps manually, automatically, or a
combination thereof. Moreover, according to actual instrumentation and equipment of
preferred embodiments of the method and system of the present invention, several
selected steps;;coiil'd ‘be implemented by hardware or by software on any operating
system of any: firmware or a combination thereof. For example, as hardware, selected
steps of the inivention could -be irnplemented as a chip or a circuit. As software,
selected tS_tepS.‘.Of ;the ‘invention couldbe implemented as a plurality of software

instructions being €xecuted by a computer using any suitable operating system. In any
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case, selected s'teps of the method and system of the invention could be described as

being performed by a data proeessor, such as a computing platform for executing a

plurality of instructions.

BRIEF DESCRIPTION OF THE DRAWINGS

The irivention is herein: described, by way of example only, with reference to

the accomnany‘in'gfdrawings.- With specific reference now to the drawings in detail, it
is stressed that the partieulars' ‘sheWn are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in order to i)reyide what is believed to be the most useful and readily
understood deseﬁption of the principles and conceptual aspects of the invention. In
this regerd; ne;avttempt is made to show structural details of the invention in more
detail than “is' neee"ssary/ for a fundamental understanding of the invention, the
description'faken« with the drawings making apparent to those skilled in the art how
the several forms"'ef the inventidn may be embodied in practice.

In the drawings:

Fig. 1 1s a:simpliﬁed perspective drawing of a garment printing system
constructed and ‘operative in accordance with one embodiment of the present
invention;

F1g 24, Flg 2B and Fig. 2C are respectively side, front and top simplified
views of a garment pnntlng system constructed and operative in accordance with
another embodlment.of the present lnventlon

F1g 3. is’ a 31mp11ﬁed side view drawing of a garment prmtmg system
constructed and operatrve in-accordance with a further embodiment of the present
invention;.

F‘igT 4 is a schematic illustration of a wetting system constructed and operative
in accorde;'nce twilt_h one ernbodiment of the present invention;

Fig. 5°is a :perspective drawing of a wetting battery of solenoid valves and
spraying nozzles;

Fig 6 i's"a"-‘per's'peetive ‘drawing of two wetting batteries mounted over a bridge;

Fig. 7 is a snnphﬁed perspective drawing of the printing system of Figs. 2A, -
2B and 2C equlpped with the’ wetting system of Fig. 4;
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Fig. 8, Fig. 9A and Fig. 9B are simplified perspective drawings of a preferred
embodiment of the battery of F ig. 5 equipped with a bath of thinner liquid,;

Fig. 10 1s simplified-perspective drawings of a preferred embodiment of a
garment mounting assembly;

Fig. 11" and Fig: 12 are simplified perspective drawings of the garment
mounting assembly of Fig. 10 with a mounted garment in an open and a close
position;

Fig. 13 is a,fsimpliﬁedschematie drawing of an inkjet printing head assembly;

Fig. 14A, Fig. 14B, Fig. 14C, and Fig. 14D, taken together, are simplified
schematic ilhistratiens of .several stages of the printing process, according to a
preferred ernbodlment of the present invention; and

Flg 15 isia sunphﬁed flow chart of the process of wetting the garment prior to

printing.

DESCR[PTION OF THE PREFERRED EMBODIMENTS

The prineiples: and operation of a printing apparatus according to the present
invention may bej;hetter understood with reference to the drawings and accompanying
description. |

Before explalmng at least one embodiment of the invention in detail, it is to be
understood: that the mvenuon is .not limited in its application to the details of
construction arrd the. »arrangement of the components set forth in the following
description or' ﬂh‘t'strated 1n the drawings. The invention is capable of other
embodiments or of bemg practlced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose
of descriptionand should not be regarded as limiting.

The present 1nvent10n relates to a digital printing system for various substrates
that perrmts accurate h1gh quahty, high resolution, multi-color printing directly onto a
substrate in a “relatively sm1p1e system. A preferred embodiment of the present
invention is ‘,useﬁﬂ::for prinﬁn'g over materials that usually cause the ink to smear over
the material, such’ as fibrous materials, porous materials and other ink absorbing
materials, andmaterials'hayirig high surfice tension with the ink liquid. A preferred
embodiment of the present invention is thus provided for the garment industry in

general, and fqr T-shirt prihting‘industry in particular.
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A preferred embodiment of the present invention comprises

A pre-printing asserhbly for wetting the substrate prior to printing. This
wetting sub-system typically comprises an array of spraying nozzles operative to
apply a wetting eomposition over. the printed material. This wetting composition
interferes with the‘eﬁgageinent of the ink with the printed material so as to limit the
spread of the 1nk OVer or w1thm the material;

o A pnntmg assembly comprising at least one printing head operative to

- 4app1y ink on the pnnted material;

e A garment handling assembly;

o Optiehally, at 1edst one curing assembly, operative to cure the wetting

borhpoéiﬁon, or the ink liquid, or both;
. 'prionall_y, -at least one ironing assembly, operative to iron the garment
prior to printing or wetting; and t

o A 'eontfc')ller unit for controlling the operation of the above assemblies,
fyp,ieépHy ~ comprising a computer, preferably comprising a
mic‘teicbntroll‘er,‘ or a programmable logic controller (PLC), or a
peréonail eempﬁter (PC) or any combination thereof.

The ‘abovementioﬁed : wetting assembly and printing assembly preferably
comprises of dne or Iriofe umts capable of applying liquid over selected areas of the
material to be prmted S‘qchjm‘jts- are known in the art as spraying nozzles, dripping
nozzles, d:r,,opl‘et ;"i'njectors,"-dre‘p'-on-demand piezoelectric inkjet nozzles, continuous
piezoelectric iﬁlcjef'nc’)zz(l,es,x roller pads, stamping pads, offset printing stencil and a
screen pﬁnﬁng Stene;l; etc.

The ab'eve‘mentioned garment_handling assembly preferably comprises an
accurate X,.Y, Z. mot1on system and a printing table. Since the printing system is
particularly su1ted to pnntmg on a garment, it has been described herein with respect
to garment printing; b.yAw'ay of example only. However, it will be appreciated that any
other suitable ;ub‘s;cfate can alternatively be utilized.

A preferred embod1ment of a digital printing system according to the present
invention typlcally compnses eleotromcally controlled wetting and printing units such
as spraylng'nozzles,‘_ dnpp;ng nezzles, droplet injectors, drop-on-demand plezoelectnc
inkjet nbzzleégf‘eeﬁtiinueué f‘pieZOelecnic inkjet nozzles, etc. that are capable of creating

image pixels in a'controllable manner.
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A preferred embodiment of the present invention shown and described
below comprises the combination of wetting by spraying technology and printing by
inkjet technology.. It is appreciated that the present invention pertains to every
possible combiila’gion of wetting technology and printing technology.

The ‘digital printing s:ystem‘has the following advantages over conventional
screen-printihg deyiees: ’
e The image file is received in conventional format without the need for
spot eelor separation process.
e N0 screen or Steneii development is needed.
P Tﬁet'ra'nsit.ion froh; one job to another does not require replacement of
screens, cleaning, etc. |
. Pnntmg ﬂex1b111ty the i 1mage can be modified for each print. Variable
data is printed at the same speed.
o The image can be printed in a variety of color levels.
o The sysfem occﬁpies a smaller floor area.
. ‘Higher pnntlng resolution can be achieved.
. Prmtlng files are stored efficiently in a way that eliminates the need for
: large screen storage area and screen cleaning processes.
. Pnntmg d1rect1y onto a garment or textile obviates the need for transfer
~paper and an add1t10nal transfer step.
Reference 1s now made to Flg 1, which is a simplified perspec’uve drawing of
a garment: pnntmg system 10 constructed and operative in accordance with one
embodiment of the (present mvenuon. The garment printing system 10 comprises a
rigid frame 11 .‘i‘rri‘t:zwhich an- accurate linear motion X-axis stage 12 is installed.
According to -4(.;'nei erfibddirﬁeht tf'he X-axis stage 12 is a linear motor driven stage, and
can be a conventlonal linear stage. Alternatively, the X-axis stage 12 can be any other
type of lmear stage like a belt-driven stage, or ball screw driven stage. A printing
table assembly 13 s connected to the X-axis stage 12, which preferably provides high
- acceleration and scanmng speed.
Perpendlcular to the X-axis direction an accurate linear motion Y-axis stage
14 is mstalled above the. pnntmg table assembly 13, preferably on a bridge 15. The X-
axis 12 and the: Yiaxis 14 stages are known in the art as linear stages such as linear

rails, like rail§ madrketed by THK Co., Ltd., Tokyo, Japan, a linear encoder like that '
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sold by RSF Elektronik Ges.m.b.H., Tarsdorf, Austria, and a2 moving plate supported
on the rails. According to a preferred embodiment of the invention, the X-axis stage
12 is a linear motor driven stage, capable of high acceleration rate and stiffness, for
example, Anorad E‘rand model LWIQ of Rockwell Automation, Shirley, New York,
USA. Closed  loop' control is responsible for the high accuracy and motion
smoothness. The ‘p‘()isi,t‘ion of fﬁe printing table 13 along the rails of the X-axis stage 12
is measured by'a 1iqéaf encoder, and is used also to determine the firing timing of the
inkjet nozzles- and ”the v&;etting nozzles. The Y-axis stage 14 is preferably a linear
motor stage sumlar to the X-axis stage 12.

A printing jhéad‘"Al"6,“‘p'referéb‘1y comprising a plurality of inkjet nozzles, is
connected to afvieftical'ZQaXi's system 17, which is preferably a ball screw driven
stage. The Z—az;isf'Sta'gé 17 Vivs“su'pported on an Y-axis moving plate 18, to allow motion
perpendicular to thef(Aiirecfio’n of movement of the printing table 13. The gap between
the printing h_eé’ds array 16 and the printed surface on the printing table assembly 13 is
an important pa;émeter for high quality printing. The Z stage 17 enables movement of
the printing heads array 16 in: the vertical direction for calibration for different media
heights.

It is appreciated-that any other ink applying apparatus can be used for the
printing head 16, suoh xaé, a.idripping nozzle, a droplet injector, a drop-on-demand
piezoelectn'é mkjet ':ri§)221§, a‘fc%mtinuoﬁs piezoelectric inkjet nozzle, a roller pad, an
offset printing stencil and a sereen printing stenicil.

It is aléo' ‘app;ecidtfed fchat,. while the system is particularly suited for printing
on a ﬁnishedj garment, ";o'tﬁér,‘med‘ia can alternatively be employed. The present
invention will _bef deécﬁbéd w1th rcgérdto a finished garment, for ease of description
by way of example.

The ptinting system 10 optionally comprises an ironing unit 19 and also
optionally 'cpmprilse.s:Aa curmg U;tlit 20 ‘The ironing unit 19 is preferably supported on
the frame 11 éiqoii/e‘the X;ax:isls'tage 12, preferably on a bridge, such that the printing
table asserﬁbly. 13 can move underneath. The ironing unit 19 prepares the media for
printing, as Will be ﬁirthér explained in detail belovi The curing unit 20 is preferably
supported on }t’t__@e;b;i‘dge 15 over the rigid frame 11. Alternatively, the curing unit 20
can be 'mou‘nte_'d' over a'l'_s;:épe{rafe bﬁdge in a similar manner to the ironing unit 19.

According to-.one e"r‘nbodiméhvt of the present invention the curing unit 20 is an
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infrared heating unit that evaporates the ink carrier as printing is accomplished or
during print pasSes. Accordtng to another embodiment of the present invention the
curing unit 20.is a hot air blower. Alternatively, any other curing unit can be utilized,
which is suited to the type of ink printed on the garment.

A main computer 21, preferably a microprocessor, controls the entire system,
and is coupled toeach ef the 'various units for coordination, synchronization, and
activation, in accordance w1th a pré-pro grammed printing process. Main computer 21
coordinates a laﬁge_-"num‘t:.)er «_4ojf functions. It receives images from an image file,
processes the images to be printed, activates the curing unit, and controls the motion
systems, the i 1romng ‘unit; .and more. Preferably, movement of the X-axis and the Y-
axis stages is coordmated by’ the microprocessor with the nozzles firing command by
a print heads eontroller,' so that precise printing of a desired object or symbol can be
performed.A Ina ':Ij)referred : emb'odiment of the present invention, compﬁter 21 is
augmentedyvith a}pregram,m%.le legie controller (PLC), later shown and described in
accordance vyith F1g 4

Réferenee’ is now made to- Fig. 2A, Fig. 2B, and Fig. 2C, which are
respectively side, fr’oﬁt and top simplified views of a garment printing system 22
constructed ahd ‘operative in accordance with another embodiment of the present
invention. The prmtmg system 22 compnses a frame 23 that is wider than frame 11
shown in F1g 1, and two mdependent 11near X-axis stages 13 are installed instead of
one X-axis stage,,.as in the embodunent described in Fig. 1. Y-axis stage 14 described
in Figs: ZA, 2Band 2C 1s _sttbstantiatly the same as Y-axis stage 14 in Fig. 1. The
printing system‘. 224lso comprises two curing units 20, two ironing units 19 and two
prmtmg table~ assembllesl3It s a'_p'articular' feature of the present embodiment that
the two X—axi‘,sfstag'es 12 ‘epera:_te independently from one another. Thus, the process
of loading and ,tmle'ading ean be carﬁed out on ene printing assembly at the same time
that printing is fvb"eihg camed out oft t_he second printing assembly. As a result, the
printing heads "ar'ray is Working sﬁBStantially continuously, dramatically improving
throughput of the system Each table can be accessed from the same edge of the
system, thereby permlttmg a smgle worker to operate two printing assemblies. Main
computer 21 controls both X-axls stages for mdependent operation.

Reference 'is-now. made to F1g -3,-which is a side view of a prmtmg system 24

according to a yet another. émbodiment of the present invention. The printing system
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24 comprises a frame 11, which is the same as frame 11 shown in Fig. 1 and two
independently}m()val)letp'rltiting table assemblies 13 mounted on the same X-axis
stage 12. The printing table assemblies 13 are capable of moving back and forth
independently ‘ofj one another. Printing is performed on one printing table 13 while at
the same time‘garr‘nents aré unloaded and loaded on the second printing table. Each
printing table l3 is ‘acc'es'sed‘ from the opposite edge of the system, and is loaded and
unloaded by a different operator Main computer 21 controls both printing tables.
Reference is now made to Fig. 4, which is a schematic illustration of a wetting
system 25 constructed and operatlve in accordance with one embodiment of the
present invention’ .The wettmg system 25 can be added to a printing system, such as
the prmtlng systems 10 22 and 24 described above. In a preferred embodiment of the
present mventlon thé wetnng system 25 comprises a tank 26 containing the wetting -
compos1t10n 27, a pump 28 such as MGC4-MGC11DC available from Fluid-o-Tech
of 23 via Monmondo M11an Italy, connected to the tank 26 through a pipe 29 and
operat1ve to pump the wettmg composition 27 from the tank 26 to the spraying nozzle
19, such as 1101 avaﬂable form Teejet, PO Box 7900, Wheaton, IL, USA, via pipe
30, pressure regulator 31, such as CMOO4R01 available form Camozzi, S.p.A. Via
Eritrea 20/I 25126 Bresc1a — Italy, p1pe '32, manifold 33, pipe 34 and solenoid valve
35. Overflow needle valve 36; such as GS0462216, available from Serto A.G., 25
Schutzenstr, QH78355 Aadorf; Switzerland, is operative to carry excess wetting
composition baclé;to‘ t'l1e tank 26 via pipes 37 and 38. Pipe 39 is also operative to carry
overflow Wettlngcomposmon from the solenoid valve 35 to the tank 26. Preferably, a
plurality of solengtd‘ Valve,s'-"é?S and . spraying nozzles 19 are constructed to form a
battery of spraying nozzles as will be described below. When wetting is initiated, as
will be descﬁbz'edﬁl)élOvv, the computer 21, preferably with the aid of a programmable -
logic conttolle_;ro(P‘I'J(_])AO,' activates the pump 29, and then solenoid valve 35, to inject
streams of the-wetting co'mpos'ition; 27. In a preferred embodiment of the present
invention stiown and deSci"ibed in accordance with Figs. 4 and Fig 15, the role of the
PLC is to ttans’late the . cdhainands effected by the computer 21 into electrical
activation to the relevant components A detailed description of the computer 21
procedure to operate the wetting system 25 is further shown and described below with ‘

reference to F1g 15.



WO 2005/076730 PCT/IL2005/000166
13

It is ap“p,lfe,‘ciated that the wetting the garment prior to printing limits the
penetration of the'ink into the garment so that a larger amount of ink remains on the
external, visual, layers of the fabric, and that the printing head is thereafter capable of
creating smaller dots of ink. Therefore the printed image has a higher quality, through
higher resolution‘and stronger colors.

It is also appreciated that the method and the apparatus for wetting the
garment . can be | altematively used to coat any other surface that is capable of
absorbing the ,inlg, or that has-a relatively high surface tension with the ink liquid, so
as to limit the smea:rmg of the ink through, or over, the surface.

It is further "a'ppreejiated" that the- spta'ying nozzle 19 can be replaced by other
means for applying fiiquid font"o a surface, such as a dripping nozzle, a droplet injector,
a drop—onidemand pieZOeleeu‘ic inkjet nozzle, a continuous piezoelectric inkjet
nozzle, a roller pad,’ an offset pnntmg stencil and a screen prmtmg stencil.

It is addltlonally appre01ated that the printing head 16 can be replaced by
other means for applylng mk onto a surface, such as a dripping nozzle, a droplet
injector, a. drop on-demand piezoelectric inkjet nozzle, a continuous piezoelectric
inkjet nozzle, a roller pad an offset printing stencil and a screen printing stencil, in
any poss1b1e ‘combmatlon of wetting technology and printing technology. Such
possible combinations include, but are not limited to:

Wetting using dripping and printing using drop-on-demand piezoelectric
inkjet nozzle;

Wetting using roller pad -and printing using continuous piezoelectric inkjet
nozzle;

Wettmg usmg spraylng and printing using screen printing stencil; and

Wettmg usmg droplet injector and printing using inkjet nozzle.

Reference i is.now- made‘ to Fig. 5, which is a perspective drawing of a battery
41 of solen01d valves 35 and spraylng nozzles 19, constructed and operative in
accordance W1th one embodnnent of the present invention. The solenoid valves 35 are
each connected v1a the plpe 34 the manifold 33 and the pipe 32 to the pressure
regulator 31 (not shown in this ﬁgure)

Reference is now made to- Flg. 6, which is a perspective drawing of two
batteries 4‘1', mounted over. a bridge 42 constructed and operative in accordance with

one embodhnént. of the'pr'esent invention. It is appreciated that alternatively the
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batteries 41-can be mounted on bridge 13 of Fig. 1 and Figs. 2A, 2B and 2C,
preferably at the opposite side of the printing head 16.

Reference is now mad‘ey to Fig. 7, which is a simplified perspective drawing of
a printing system 43 'constfucted and operative in accordance with one embodiment of
the present inirentibn. The pﬁnting system 43 is an improvement of the printing
systems 1O,V’22.and 24 as shoWn and described in accordance with Figs. 1, 2A, 2B, 2C
and 3 by adding the pre-printing wetting assembly 25. For simplicity, printing system
43 is shown and described as an improvement of the twin axis printing system 22
shown and descﬁbed in. accordance with Figs. 2A, 2B, 2C. Fig. 7 shows the two
batteries 41 mci')u;:itfed_ over the i)l‘idgq 15, each battery over its respective X-axis 12.
Each battéry 41. is " opéféﬁV§;: separétely and independently, to spray a wetting
composition overthe garment pﬁor to printing, as will be described below.

After miounting the garment on the printing table 13, as will be described in
further detailé "beléw; the ol‘)ératort instructs the computer 21 to start the printing
process. The computer 21, with the aid of fhe PLC 40, moves the printing table 13,
under the battery-'41, until one :édge of the area .to be printed is placed directly below
the battery 41:Then the computer 21 and the PLC 40 operate the adequate spraying
nozzles 19, .Whilel'.moving thé.'.printing table 13 beneath, until at least a part of the area
to be printed"is ‘wetted. Pref‘efably‘all and only the area to be printed is wetted.
Preferably the sprayihg nozzles are operated intermittently to apply adequate amount
of Wetfing compoéitibn to the wetted area. At this stage the garment is ready for
printing and the printing. table 13 is moved under the printing head 16 to commence
printing as wiilfbé descnbed below. |

It is -'ap'pgéci‘ate'd -that the operation of selected spraying nozzles 19 while -
moving t‘he« garment belOW ér;ables the wetting of only selected areas of the garment,
particulaﬂ‘}g thQse‘ areas to be ‘ﬁfinted, while other areas are left intact.

OP’ﬂonally the 1coﬁipﬁt¢r'21 , with the aid of the PLC 40, operate the curing
assemf)ly‘ZO Whilje‘: ‘mb\'?i'ng the pnntmg table underneath, to cure, at least partially, the
wetting cofnpdsition, prior to pﬁnting. |

It is appreéiated thét the wetting assembly 25, as well as the printing system
43, can bé gasily x'rl;odiﬁe_d fof. pﬁnting objects other than garments.

Referci;éé is now made to Fig. é, Fig. 9A and Fig. 9B, which are all simplified

perspective drawi_ﬁgs of a preferred embodiment of the battery 41 equipped with a
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bath 44, constructed and‘opefaﬁve in accordance with one embodiment of the present
invention. The bath 44 is contains a thinner liquid, and is operative to dip the tips of
the spraying nozzles 19 in this thinner liquid when the spraying nozzles are not
spraying, as can be seen in Fig. 8. Before spraying is initiated, the computer 21
activates the solenoid 45, also from Camozzi, to move the bath 44 and expose the tips
of the spraying‘inozzles 19, as can be seen in Figs. 9A and 9B.

Reference is now made to Fig. 10, which is simplified perspective drawings of
a preferred embodiment of a garment mounting assembly 46, which is a part of the
printing table .13, constructed and operative in accordance with one embodiment of
the present invention: The garment mounting assembly 46 comprises a media-holding
plate 47 and an op:enable édvéff48. Preferably, the media-holding plate 47 includes a
raised portion 49 ,o'f‘ the same size as the image to be printed, and the cover 48
includes a windotlv 50 of. ’the‘ same shape as raised portion 49. Preferably, the window
50 is slightly larger in s1ze preferably a few millimeters, than raised portion 49. The
cover 48 is held inan open posmon by two gas cylinders 51, as known in the industry.
Preferably, at least part of the printing table assembly, for example the raised portion
40, is a vacuum table, to allow holding of non-porous media such as paper, boards,
plastic etc.

Reference is now made to Fig. 11 and Fig. 12, which are simplified
perspective drawings of the garment mounting assembly 46, with a mounted garment,
in an opened and a closed poeltions‘, constructed and operative in accordance with one
embodiment of the: 'pfesent invention ‘Fig. 11-shows a garment 52 loaded onto the
garment mountmg assembly 46. Garment 53 is loaded manually onto the media-
holding plate, as- the plates chamfers 53 center the garment on the plate. As can be
seen in Fig 12 .after the gannent 531 is loaded onto the media-holding plate, the cover
48 is closed agamst the med1a-hold1ng plate, while gas cylinders 51 urge the cover to
‘the closed onentatlon The edges of the garment are-stretched slightly by the cover
surface that touches the table 's:lower surface around the raised portion. As a result,
the garment is held ﬁrmly in place to allow h1gh-resolut1on printing (i.e., there is
substantially no movement of the media during prmtmg or wrinkling).

According - to another embodunent of this invention, the garment mounting

assembly is a simple, ﬂattened plate, made of aluminum or wood on which a textile
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piece or a garment is positioned. Flattened plates are well known by those who are
familiar with the garment pririting industry.

.Reference is-now made to Fig. 13, which is a simplified schematic drawing of
an inkjet printing head assembly 54 constructed and operative in accordance with one
embodiment of the present mvent1on Printing head assembly 54 comprises an array
of printing heads 55, arranged for printing directly on a finished garment, a textile
piece or other flexible or ng1d medium. Each printing head 55 comprises at least one
inkjet nozzle 56 Printing head 55 can be any conventional printing head, such as
those marketed by Spectra, Inc., New Hampshire, USA and others known in the
industry.

Accordmg to one’ preferred embodiment of the invention, pnntmg heads
assembly 54 1s a. mass1ve array of conventional piezoelectric drop -on-demand or
continuous 1nkJet heads wh1ch perform the high-speed printing. It is a particular
feature of the present mventlon that at least a 500, and preferably several thousands
(i.e., 2,000) noZzles are pro‘vi‘ded for simultaneous printing, resulting in a very quick
and accurate process Each pnntmg “head 55 consists of dozens of nozzles 56 that are
controlled mdependently by maln computer 21, optionally via PLC 40.

Reference is now made to F1g 14A, Fig. 14B, Fig.14C and Fig.14D, which,
taken together; are snnphﬁed sehematlc illustration of several stages of the printing
process, aecording: to a pteferted e‘mbodiment of the present invention. Figs. 14A,
14B,14C and';.1'4fD,‘ show. four consecutive passes of a part of a garment, such as
garment 53 shown in Fig. 12, under a single print head, such as the print head 56 of
Fig. 13. | |

Accordlng toa preferred embodiment, the d1stances between nozzles and
between pnntlng heads are blgger than the printing resolution, hence several print
passes are needed to complete the image. After each pass in the X-axis, here created
by movement of the pnntmg table assembly with media 53, the printing head 55
moves mcrementally. in the,Y—ams to prepare for the next pass. It will be appreciated
that the compnter 21 is ~progr'a_.mm'ed‘to control the relative motion of the printing
heads and the*:pri_nting table‘;assemmy so as to obtain this accurate and complete
coverage..

The_ printing ‘process-is pﬁet.f'orrned while relative motion occurs between the

printing heads ‘array 55 and 't:he‘ print'ing table assembly. At least two axes of motion
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are needed for. tlns multl-color printing: X-axis motion that is in the printing direction;
and Y-axis mot1on that is perpend1cular to the printing direction. As stated above, the
distances between nozzles and between printing heads are bigger than the printing
resolution, <hence ‘several print passes are needed to complete the image. This is
accomplished by moving the. printing table assembly back and forth along the X-axis
while movlng the heads array perpendicular to the line of printing. The X-axis is the
printing line and the'Y-a)lis is the line on which the printing heads array moves after
each pass to ﬁll the gaps between pnnted lines in the next pass. Multi-color pnntlng is
performed as the table surface passes below the drop-on-demand inkjet nozzles array.

Accordlng to an alternative embodiment of the invention, the Y-axis is the
fast-moving ax1s while the X—ax1s moves incrementally to permit filling in of the
gaps between prmted lmes

A prmtmg command 1s sent by the printing heads driver (not shown) to each
nozzle at the exact t1me and locatlon for ink firing. The printing command is actually
an electronic pulse W1th exact w1dth voltage level, rise time and decay time. Printing
heads drivers are commerc1a1 systems known in the industry, such as Inca drivers, of
IncaD1g1ta1 Pnnters Cambndge England When printing is completed, the printing
table is moved to a loadlng p051t10n Then, the printed garment is unloaded and a new
garment is loaded onto the pnntmg table

Reference is‘now - made to F1g 15, which is a simplified flow chart of the
process of wettmg the garment prior to pnntmg, preferably executed by the computer
21. The process of wetting the garment starts with element 57 by loading the i 1mage
file from the cornp'u.ter.’s‘ storage. The process progresses to element 58 to determine
the edges of'the =.iinage on the garment, which are also the edges of the area to be
wetted. The proces's :Continues to element 59 to activate the X-axis 12, which moves
the prlnting table 13 "‘*The iirocess'advances to element 60 to receive from the encoder
the posmon data of the prmtmg table 13. The process proceeds to element to
determme thh nozzles to open (element 61) or close (element 62) and sends the
appropnate commands (elements 63 and 64) to the nozzle solenoids 35, preferably via
the PLC 4Q,.When the_ other edge of the image is reached (element 65) the process is
stopped (clemenit 66).

Tllepnntmg system of the embodiments described above incorporates three

processes, one after the other:
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1. Loading and unloading garments.

2. Wettin.g.-at least a-part of the area of the garment to be printed.

3. Pﬂnttng an image on the mounted over at least a part of the wetted area.

In order to. increase the throughput of the system, these processes can be
performed in paraﬂel, as se'en in the above embodiments of the invention.

It willﬁjfbe: ;jappreciateii -that the invention is not limited to what has been
described hereinaboxte merely h‘y way of example. Rather, the invention is limited
solely by the clalms that follow

Itis expected that dunng the life of this patent many relevant liquid applicator
devices and ink apphcator dev1ces and systems will be developed and the scope of the
terms hereln part1cu1ar1y of the terms “spraying nozzles” and “inkjet nozzles”, is
intended to mclude all such new technologies a priori.

Additional obJects advantages and novel features of the present invention
will become apparent to one ordmanly skilled in the art upon examination of the
following examples whlch are not intended to be limiting. Additionally, each of the
various embodlments and aspects of the present invention as delineated hereinabove
and as clanned ! (-thew clanns section below finds experimental support in the
following examples:

Itis apprec1ated that certain features of the invention, which are, for clarity,
described in the context of separate  embodiments, may also be provided in
-combination i 1n a s1ng1e embodlment Conversely, various features of the invention,
which are, for brev1ty, descnbed in the context of a single embodiment, may also be
prov1ded separately orin. any sultable subcombination.

Although the mventlon has been described in conjunction with specific
embodiments t_hereof, itis ev1dent’ that many alternatives, modifications and variations
will be appar'ent;tioi those",‘skilled in the art. Accordingly, it is intended to embrace all
such altematiﬁes,i;modiﬁcaﬁons and variations that fall within the spirit and broad
scope of the appendeti claivr"ns;,r.

A’ll: h pubhcatlons, patents and patent applications mentioned in this
specification “are - herein . incorporated in their entirety by reference into the
‘speciﬁcation to the same -extent as if each individual publication, patent or patent
application was spec:lﬁcally and md1v1dua11y indicated to be incorporated herein by

reference. In addltlon, citation or identification of any reference in this application -
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shall not be construed as an admission that such reference is available as prior art to

the present invention.
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WHAT IS CLAIMED IS:
1. A digital printing machine comprising:
arigid frame;

a first linear motion X axis stage mounted on said frame;

a second linear motioh’ X axis stage mounted on said frame parallel to said

first axis stage, andarranged for operation independently of said first axis

stage;

a printing table assembly movable on each said linear X axis stage;

a linear motion Y axis stage mounted on said frame perpendicular to said
linear X axis stages, above said printing table assemblies; and

an array of inkjet nozzles mounted on said linear Y axis stage for linear

motion perpendiéular to said X axis stage.

2. The';pripting machine of claim 1, wherein each said printing table assembly
comprises a medié-holding plate and an openable cover pivotally coupled to said

media—holdiqgi)lqté for holding said media firmly against said plate.

3. The printing machine according to claim 2, wherein said media-holding plate
includes a raised portion, and said cover includes a window of the same shape and

slightly larger than said raised portion.

4. The pri:nt'in'g. machind according to claim 1, wherein said linear motion X axis

stage is a lineat. motor driven stage.

5. Thg printing machine according to claim. 1, wherein said linear motion Y axis

stage is a linear. motor driven stage.

6. The printing machine according to claim 1, where at least part of each said

printing table ésse_;mbly is-a vacuum table.

7. The pnntmg machine according to claim 1, wherein said inkjet nozzles include

drop-on-demand ’piez‘o'él‘eétriq inkjet nozzles.

8. The prmtmg macljine~’according to claim 1, wherein said inkjet nozzles include

continuous piezoélectric inkjet nozzles.
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9. The pﬂnting machine according to claim 1, further comprising a curing unit
located above each said printing table assembly and arranged to cure ink on media on

said printing table assembly.

10.  The pr‘int‘i‘ﬁg;maobine according to claim 9, wherein said curing unit is an

infrared systemi.

11.  The printing machine according to claim 9, wherein said curing unit is a hot

air blowing unit.

12.  The printing machihe according to claim 1, further comprising an ironing unit
located aboveé each said printing table assembly and arranged to iron media on said

printing table assembiy.

13. A printing machine comprising:

a rigid frame;

a linear motion X axis stage mounted on said frame;

a prmtmg table assembly movable on said linear X axis stage;

a linear motlon Y. axis stage mounted on said frame perpendicular to said
linear X axis stage above said prmtmg table assembly;

an array of mkjet nozzles mounted on said linear Y ax1s stage for linear
motion perpend1cu1ar to sa1d X axis stage;

a cunng umt 1ocated above said printing table assembly and arranged to cure
ink on medla on sa;ld printing assembly; and

an 1ron1ng umt located above sa1d printing table assembly and arranged to iron

media on, sa1d prmtlng assembly before printing thereon.

14.  The printing machine according to claim 13, wherein said curing unit is an

infrared systeﬁ.

15. The printing machine according to claim 13, wherein said curing unit is a hot air

blowing unit.

16.  The printing .maobine, according to claim .13, 'Wherein said printing table
assembly comprises a inedia'-holding plate and an openable cover pivotally coupled to

said me(dia-holdiﬁgl‘p‘late."for' bblding said media firmly against said plate
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17.  The printing machine according to claim 16, wherein said media-holding plate

includes a raised portion, and said cover includes a window of the same shape and

slightly larger than said raised portion.

18.  The printing machine according to claim 14, where at least part of said

printing table a's'sembly is a vacitum table.

19.  The printing machine according to claim 14, wherein said printing table

assembly is a’ﬂ_at'tened plate.’

20.  The printing machine according to claim 14, wherein said inkjet nozzles

include drop-on-demand piezoelectric inkjet nozzles.

21.  The printing machine according to claim 14, wherein said inkjet nozzles

include continuous piezoélectric inkjet nozzles.

22. A printing machine comprising:

ari gid frame;

a linear motion X axis stage base mounted on said frame;

a first printing table assembly movable on said linear X axis stage base;

a second printing table assembly movable on said linear X axis stage base
independently 6f 'sairdlﬁrs't fprinting table assembly;

a linear motlon Y. ax1s stage mounted on said frame perpendicular to said
linear X axis stages above sa1d printing table assemblies; and

an array of mlqet nozzles ‘mounted on said linear Y axis stage for linear

motion perpendlcular to said X ax1s stage.

23.  The printing machine. of claim 22, further comprising an ironing unit located
above said priﬁtiﬁgftableas‘sernbtlies and arranged to iron media on said printing table

assemblies.

24.  The printing machine according to claim 22, further comprising a curing unit
located above sa1d prmtmg table assembhes and a.rranged to cure ink on media on said

prmtlng table assembhes



WO 2005/076730 PCT/IL2005/000166
23

25.  The printing ‘machine’ according to claim 24, wherein said curing unit is an

infrared ‘system.

26.  The printing machine according to claim 24, wherein said curing unit is a hot

air blower.

27.  The printing machine of claim 22, wherein said printing table assembly
comprises a media-holding plate and an openable cover pivotally coupled to said

media-holding plate for holding said media firmly against said plate.

28.  The printing;machine of-claim 27, wherein said media-holding plate includes a
raised portion, and said cover: mcludes a window of the same shape and slightly larger

than said raised port1on

29.  The pnntlng machme according to claim 22, where at least part of each

printing table assembly is a vacuum table.

30.  The printing machine according to claim 22, wherein said inkjet nozzles

include drop—oh-demand piezoelectric inkjet nozzles.

31.  The ‘pr,i'n'tiﬁr';g _machine according to claim 22, wherein said inkjet nozzles

include continuous piezoelectric inkjet nozzles.

32, Aprinting'system for printing on a surface comprising:

a printing head controllably mounted for printing onto selected locations of
said siirféce;ﬁ é‘r;d

-a controllable weﬁing‘- applicator for wetting said .selected locations prior to

- printing.

33. A printingﬂ§ystem‘fdr‘pﬂ{1ting ona surface comprising:
At IEa'sit‘ one pi‘inting apparatus comprising at least one ink applicator operative
to print an 1mage over at least a part of said surface and
| At least one wetting apparatus compnsmg at least one liquid applicator
operative Wlth: said .ink 'apphcator to apply a wetting composition over at least a

portion of 'SaIQi‘p‘art of said surface prior to printing, said wetting composition being
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capable of interfering with the engagement of a liquid ink composition with at least

one binding site of said surface.

34. A printing system according to claim 33, further comprising at least one
controller operative to control said at least one liquid applicator to apply said wetting

composition onto selected parts of said surface.

35. A printing: system according to claim 33, wherein said liquid applicator
comprises - at. least Qvne‘ of a :sﬁraying nozzle, a dripping nozzle, a droplet injector, a
drop-on-demand pi’ezoeléctric inkjet nozzle, a continuous piezoelectric inkjet nozzle,

aroller pad, an offset pljinﬁng stencil and a screen printing stencil.

36. A prmtmg systern accordmg to claim 33, wherein said at least one ink
applicator compnses at 1east one of a spraying nozzle, a dripping nozzle, a droplet
injector, .a - drop-on-demand- plezoelcc;mc inkjet nozzle, a continuous piezoelectric

inkjet nozzle, a’roller pad, van.'offset‘ printing stencil and a screen printing stencil.

37. A printing system according to claim 33, and further comprising at least one
retractable b‘at.h carrying a ﬂﬁnnér liquid, said thinner liquid operative to prevent said
wetting composifion from drying within said liquid applicator, said retractable bath
positioned benééth‘ said. llicfluid'applicator and operative to be retracted on demand to

expose said-liquid»';appﬁéator to apply said wetting composition onto said surface.

38. A printing system according to claim 37, wherein said thinner liquid
comprises said wetting compdsition.
39. A printing' system -according to’ claim 37, wherein said thinner liquid

comprises aquéous solution.

40. A printing system ‘aqc’()rding-tq claim 33, further comprising a curing unit
located above ,éach said pﬁhfing tablej assembly and arranged to cure at least one of

said wetting composition and said ink deposited on said surface.

41. A pnntmg system accordmg to claim 40, wherein said curing unit is an

infrared system.

42, A printing system according to claim 40, wherein said curing unit is a hot air
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blowing unit.

43. A printing system according to claim 33, further comprising an ironing unit

controllaBly mounted to iron said surface.

44. A prihtin'g system according to claim 33, further comprising:

a ngld frame

a linear mot1on X—ax1s mounted on sa1d frame;

at least oné table assembly, operative to bear a printable medium, movable on
said linear X-ax1s,,r‘

a bndge mounted,:on said frame perpendicular to said linear X-axis, above said
table assembiiﬁ :

said at jfieast-oﬁe liquid applicator mounted on said bridge, said at least one
liquid apblica’tef,i _operative -to_ apply a wetting composition onto said printable
medium, Said_:wettmg'comeSiﬁen being capable of inferfering with the engagement
of a 11qu1d1nk egmposition: with at least one binding site of the surface of said
printable “medi‘iim;‘: |

a linear mdtjon Y-axis stage mounted on said frame perpendicular to said
linear X-axis stages?jabove said printing table assembly; and

said atf'leasf one ink applicator mounted on said linear Y-axis stage for linear

motion perpendi,eiz.ll“ar: to said X-axis stage-

45, . A printing system‘according to claim 33, further comprising:

arigid frame; .

afirst lmear otion X-ams stage mounted on said frame;

a second llnear m0t10n X-ax1s stage mounted on said frame parallel to said
first axis stage and arranged for operatlon independently of said first axis stage;

at least one table assembly, operative to bear a printable medium, movable on
each said linear X-axis; - ,

a bndge mounted on said frame perpendicular to said linear X-axis, above said
table assemblles

said at-l,east,ene liquid applicator mounted on said bridge, over each of said X-
axis, said at ,leasﬁ;eﬁe’ ,quu,id applieator opefative to apply a wetting composition onto |

said prihta‘t;ie medlum, said Wetfing composition being capable of interferinngim the
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engagemerit of a liquid ink composition with at least one binding site of the surface of
said printable medium; |

a linear motion Y-axis stage mounted on said frame perpendicular to said
linear X-axis stages above each of said printing table assemblies; and

said at least one ink applicator mounted on said linear Y-axis stage for linear

motion perpendlcula_r to said X-axis stage.

46. The printih’g ‘system according to claim 45, wherein each said printing table
assembly compnses a medla-holdmg plate and an openable cover pivotally coupled to

said medla-holdmg plate for holdmg said media firmly against said plate.

47. The, pnntmg systom ag:cording to claim 46, wherein said media-holding plate
includes a rai’se‘d;:j_)oi'(tion, ‘an"d:said cover includes a window of the same shape and

slightly laréer than sa1d raised portion.

48. The pnntmg system according to claim 45, wherem said linear motion X-axis

stage is a lmear motor drlven stage.

49.  The printing system according to claim 45, wherein said linear motion Y-axis

tstage is a linear motor driven stage.

50. Theopr:i‘nting system according to claim 45, where at least part of each said

printing table ‘étsS‘embly is'a vacuum table.

51. . The. prmtlng system accordmg to claim 45, further comprising a curing umt

-located above eaoh said prmtmg table assembly and arra.nged to cure at least one of

e

on said prmtmg Iablc’ assembly.

52, Tho printing system -according to claim 51, wherein said curing unit is an

infrared system.

53.  The printing system according to claim 51, wherein said curing unit is a hot air

blowing unit. f

54, The printing system acoording to claim 51, further comprising an ironing unit

located above each -sa;id' prmtmg table assembly and arranged to iron media on said
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printing table assembly.

55. A printing system according to claim 33, and wherein said image is a

photograph.

56. A printing system according to claim 33 , wherein said surface comprises of at
least one of fibrous material, porous material, material having a high surface tension
with said liquid ink.

57. A pre-printing apparatus for preparing a surface for printing, comprising a
controllable wetting applicator for wetting selected locations of said surface prior to.

printing.

58. A pre—pnntlng apparatus for prepanng a surface for printing, comprising at
least one- wettmg apparatus compnsmg at least one liquid applicator operative to
apply a Wettmg composmon over at least a portion of said part of said surface prior to
printing, said wettmg composmon being capable of interfering with the engagement

of a liquid ink composition with at least one binding site of said surface.

59. A pre-printing apparatus according to claim 58, further comprising at least one
controller operative to control said at least one liquid applicator to apply said wetting

composition onto selected parts of said surface.

60. A pre—prlntlng apparatus according to claim 58, wherein said liquid applicator
compnses at least ‘one of a spraymg nozzle, a dripping nozzle, a droplet injector, a
drop-on-demand plezoelectnc inkjet nozzle, a continuous piezoelectric inkjet nozzle,

aroller pad an. offset prmting stencil and a screen printing stencil.

61. A pre-piintihg'apparatus according to claim 58, and further comprising at least
one retractable bath carrylng a thinner liquid, said thinner liquid operative to prevent
said wettmg composruon from drylng within sald liquid applicator, said retractable
bath posrtioned beneath said, 11qu1d applicator and operative to be retracted on demand

to expose said hqmd apphcator to apply said wetting composition onto said surface.

62. A pre-printing apparatus according to claim 61, wherein said thmner liquid

compnses said wettmg composmon
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63. A pre-printing apparatus according to claim 61, wherein said thinner liquid

comprises aqueous solution.

64. A p;e-prin}.ing apparatus according to claim 58, further comprising a curing
unit located ab’cr)ve"eachjsai‘d printing table assembly and arranged to cure at least one
of said wetting:corﬁp‘bsition and said ink deposited on said printable medium mounted

on said printing téble assembly.

65. A pre-printing apparatus according to claim 64, wherein said curing unit is an

infrared system.

66. A pre-printing apparatus according to claim 64, wherein said curing unit is a

hot air blowint'g un1t

67. A prefp'rip‘t'i:rlllgappara_tus according to claim 58, wherein said surface is said

fibrous material; 4nd Zsalidfﬁbr'dils material comprises a textile fabric.

68. A pre-prinﬁng apparatus according to claim 67, wherein said textile fabric is
selected ﬁomwthe: group consisting of wool, silk, cotton, linen, hemp, ramie, jute,
acetate, acrylic; lastex, nylon, polyester, rayon, viscose, spandex, metallic composite,

carbon or carbonized composite, and any combination thereof,

69. A preéprinting apparatus according to claim 68, wherein said textile fabric

comprises a garment.
70. A method forprinting on a surface comprising the steps of:
prov1d1ngsa1d slirfaicé;"

Wett'ingfg‘sé,llc'ctéd aféas',df said surface using a controllable wetting apparatus;

and

printing over at least.a part of said wetted area using a controllably mounted
digital prinfing head
71. A rrtlethpcll"‘f:oﬂppﬁnting-‘qn a surface comprising:

providing said surface to :behprinted;‘
a‘ppljdné@ ‘ivéttiﬁg» composition over at least a portion of said surface prior to

printing using at 'i'eaSt' one liquid applicator, said wetting composition being capable of
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interfering with the engagement of a liquid ink: composition with at least one binding
site of said surface
executing printing an image over at least a part of said wetted surface using at

least one ink applicator.

72. A method',fpr: printing on a surface according to claim 71, wherein said step of
applying wetting :é;)rlr'lposﬁiﬁor;k comprises operating at least one of a spraying nozzle, a
dripping nozzl‘e‘:,l a droplet injector, a drop-on-demand piezoelectric inkjet nozzle, a
continuous piezdelééhic inkjet nozzle, a roller pad, an offset printing stencil and a

screen printing stencil.

73. A meth‘bd ff')r printing on a surface éccording to claim 71, wherein said step of
executing pnntmg compnses operatmg at least one ink applicator comprises at least
one of a spraymg nozzle a dnppmg nozzle, a droplet injector, a drop-on-demand
plezoelectnc mkjet nozzle a contmuous piezoelectric inkjet nozzle, a roller pad, an

offset prlntmg stencﬂ and a screen pnntmg stencil.

74. A method for printing on a surfaice according to claim 71, and further
comprising'l |

a first step. of prov1d1ng a retractable bath comprising a thinner liquid, said
thinner 11qu1d operative to prevent said Wettmg composition from drying within said
liquid applicator, said retractable bath pos1t10ned in a first position beneath said liquid
applicatbr immeréi’ng'the tip of ‘said liquid applicator;

a step of:- exposmg sald liquid applicator, before executing said step of
applying: sa1d Wettmg composmon by retractmg said bath into a second position; and

a step, of 1mmersmg, at least partially, said liquid applicator in said thinner
liquid by restonng said ﬁr_st lposmon" of said bath after said step of executing wetting
is finished.

75. A method" for- printing on a surface according to claim 71, and further
comprising' at ﬂleast"oné of th'éisteps of:
curmg sa1d Wettmg composfuon prior to executing said step of printing; and

cunng sald ink after executmg said step of printing.

76. A method for printing on-a surface according to claim 71, an'd' fuﬁher
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comprising a step-of ironing said surface prior to executing said step of wetting said
surface.

77. A niethpd for printing on a surface according to claim 71, wherein said step of
providing a sﬁrface comprise$: providing a surface that is at least one of fibrous

material, poroﬁs material, material having a high surface tension with said liquid ink.

78. A 'method for prmtmg on a surface according to claim 77, wherein said step of
providing said- surface comprlses providing said fibrous material, and said providing

said fibrous material comprises-providing a textile fabric.

79. A m"ethéd"for printing.on a surface according to claim 78, wherein said step of
prov1d1ng a textlle fabric compnses selecting said textile fabric from the group
consisting ot wool sk, cotton lmen hemp, ramie, jute, acetate, acrylic, lastex,
nylon, polyester rayon Vlscose spandex metallic composite, carbon or carbonized

compos1te and any combmatlon thereof

80. A methpdi'for'pﬁnﬁhg on a surface according to claim 79, wherein said step of

providing a téxf_ilge fabric comprises providing a garment.

81. A method for printing on a surface according to claim 71, wherein at least one
of said steps ‘Qf providing: said surface and wetting said surface is executed, at least
partially, conéﬁr;ently with ‘at least one of said steps of printing said surface and

curing said surface.
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