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Abstract

This paper reviews the current and future
trends of textile digital ink-jet printing, and
compares the production costs of different ink-
jet and screen printing technologies. Different
types of modern ink-jet printers are discussed.
The digital design process and the parameters
for transferring ink-jet printing technology to
screen printing processes are described in this

paper.

Key words: textile printing, digital printing, ink-
jet textile printing, screen printing, CAD CAM

system, design.
Introduction

Textile printing production has increased stead-
ily since 1997, as depicted in Fig. 1.1 [1, 2], with
approximately 60 billion m? of printed textile
being digitally printed this year [3]. For com-
parison, the yearly production of printed textile
in 2000 was 26 billion m? [1, 4].

The world production of textile printing in 2004
was estimated to be 31 billion m?, with most
printing occurring in China, Taiwan, and Ja-
pan (Fig. 1.2) [1, 5, 6].
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lzvlecek

V ¢lanku je prikazan pregled in trendi svetovne proizvodnje teks-
tilnega tiska, razvoj brizgalnega tiska tekstilij, primerjava tehnolo-
gije brizgalnega in filmskega tiska tekstilij in stroskovna primerja-
va. Predstavljene so vrste sodobnih digitalnih tiskalnikov. Razlozen
je potek digitalnega oblikovanja vzorcev in nacin prenosa v klasic-
ni filmski tisk.

Klju¢ne besede: tiskanje tekstilij, digitalni tisk, brizgalni tisk tekstilij,
filmski tisk, CAD CAM sistem, dezeniranje

1 Uvod

Obseg proizvodnje tekstilnega tiska je bil v zadnjih 20 letih naj-
manjsi leta 1997, od tega leta naprej pa vztrajno narasca (sl. 1.1) [1,
2]. Kot kazejo nekatere raziskave je bilo v tem letu tekstilij tiska-
nih z digitalnim tiskom kar 60 milijonov m? [3]. Leta 2000 je letna
proizvodnja tekstilnega tiska znasala Ze okoli 26 milijard m? tiska-
nih tekstilij [1, 4].

Ocena letne svetovne proizvodnje tekstilnega tiska za leto 2004
zna$a priblizno 31 milijard m? tiskanih tekstilij, najvec tekstilij pa je
bilo potiskanih v Aziji (Kitajska, Tajvan, Japonska) (sl. 1.2) [1, 5, 6].
Najnovejse Studije kazejo, da se bo v prihodnjih nekaj letih delez
brizgalno tiskanih tekstilij povecal na 7-10 % [7, 8], tj. 2-2,4 mi-
lijarde m? tiskanih tekstilij. Napredni sistemi za brizgalno tiskanje,
ze pravi industrijski stroji za brizgalno tiskanje, danes dosegajo hi-
trosti tiskanja 150-200 m*h™" [9]. Ta hitrost ne dosega obicajne hi-
trosti tiskanja na avtomatiziranih strojih za rotacijski filmski tisk,
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In coming years, ink-jet printed textiles are esti-
mated to increase to 7 to 10% [7, 8]. Today, ink-
jet printing systems are capable of printing speeds
of 150 to 200 m*h™" [9]. Although rotary screen
printing machines are much faster, about 1000
to 2000 m*h™', ink-jet printing systems have al-
ready displaced many screen printing machines
in some printing factories in Europe [10].

The advantage of the ink-jet printing technolo-
gy over screen printing technology is that there
is no need for the preparation of printing pastes
and screens, which decreases printing costs by
as much as 66%, and shortens collection pro-
duction times [10, 11, 12]. Using modern CAD
(computer-aided design) and CAM (compu-
ter-aided manufacturing) software applications
coupled with ink-jet printers, digitally produced
designs can be directly transformed to the tex-
tile surface. The image on the textile surface is
composed of droplets of four or more dyes. For
textile ink-jet printing, large storage areas are
not needed to preserve the designs since the de-
sign data are digitally stored. [11].
Contemporary digital printing technology en-
ables inexpensive short-length printing on the
order of 100 to 1000 m, and is why coupons are
produced in traditional printing mills [10, 13].
Coupons represent a crucial phase for the de-
signing of a new collection, since usually half
the production time is usually needed for screen
preparation and coupon printing [10]. Digit-
al technology removes the screen preparation
time, reducing the production time by approx-
imately 75% [11, 12], [10]. Approximately 30%
to 50% of all coupons are printed by success-
ful companies that also produce the textiles for
equipment interiors. [14].

Companies that are able to offer more original
and exclusive designs are generally more suc-
cessful than companies whose products are not
unique enough to be distinguished from the
competition [13, 15]. Further, since 1989, print-
ing lengths have consistently decreased, and to-
day the typical printing length in Europe is 500
m? for a colourway [13, 14, 16]. For such short
lengths, digital printing is preferable since it en-
ables less expensive printing (Fig. 1.3) [17].
Most printing factories prepare sample print
prototypes of designs in different colour com-
binations, which cost from $90 to $110 each
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Figure 1.1: World trends in textile printing output [1].
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Figure 1.2: Estimated world production of textile printing in 2004 [1].

ki znasa 1000-2000 m*h’, vendar so v Evropi ponekod s sistemi
za brizgalno tiskanje Ze uspe$no zamenjali stroje za ploski filmski
tisk [10].

Sodobna tehnologija digitalnega brizgalnega tiskanja nam v pri-
merjavi s klasi¢no tehnologijo filmskega tiska ponuja pomembno
prednost, saj nanos barvila poteka brez priprave tiskarskih barvnih
gos¢ in uporabe $ablon, kar zniZza stroske tiskanja (za dve tretjini)
in skrajsa ¢as potreben za tiskanje in realizacijo kolekcije [10, 11,
12]. S pomocjo sodobnih programskih orodij CAD CAM in bri-
zgalnih tiskalnikov se lahko digitalna informacija neposredno pre-
nese na povrsino tekstilnega substrata. Odtis na povrsini substrata
tvorijo kapljice $tirih (CMYK) ali ve¢ barvil. Hranjenje in arhivi-
ranje osnovnih predlog dezenov ne zahtevata velikih odlagalnih
skladi$¢nih povrsin, saj so podatki shranjeni na nosilcu podatkov
v digitalni obliki [11].
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[11, 15, 18]. Additionally, on average, indi-
vidual screens and colours cost an extra $260
and $415, respectively. Usually, only one de-
sign among as many as four or five samples will
be selected for further production [11, 13, 18].
The aforementioned advantages of digital ink-
jet printing offers the potential for cheaper sam-
ple printing. Digital ink-jet printing consumes
70% less dye, 50% less energy, and 70% less wa-
ter than screen printing [10].

Ink-jet printing is computer controlled and of-
fers more advantages in collection design by
increasing the design capacity, increasing the
number of samples and collections in a season,
permitting the fast exchange of colours in a pat-
tern with minimal fabric waste, the electronic
archival of designs, and an unlimited selection
of colours. CAD CAM software enables unlim-
ited correcting, the easy changing of colours,
and the ability to add motives [19]. Further,
screen dimension does not impede the repeti-
tion or change of designs [20]. Ink-jet printing
textile design time has proven to be 50% shorter
compared to traditional methods as a result of
the ability to quickly change colours and correct

patterns [13, 21, 22].

1.1 Comparison of printing costs

Ink-jet printing technology can produce more de-
signs, in a shorter time, and at a lower cost com-
pared to classical printing technology. Produc-
tion costs are composed of different cost groups
[23], and consist of dyes, chemicals, laboratory
and testing materials, water, energy, business are-
as, recycling, and the disposing of waste products.
The entire printing length influences the price of
a running meter of printed fabric. Increasing the
total printing length decreases the cost of print-
ing, as depicted in Figure 1.5 [9, 10].

Rotation screen printing machines print fast-
er compared to ink-jet printers; however print-
ing paste and machine preparation requirements
contribute to a much longer preparation time
for the former. Further, screens cost 150 and the
printing pastes have an associated cost of $1 per
kg for paste pigment and $2 per m? of fabric [23].
According to the literature, that the following
costs are associated with printing on rotation
screen printing machines [24]:

- Designing (up to 3 m) $57 per m?
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Danes je v ospredju predvsem kot tehnologija, ki omogoca tiskanje
krajsih dolzin tekstilij (100-1000 teko¢ih metrov) z nizkimi stroski,
zato je izredno pomembna tudi za izdelavo kuponov v tradicional-
nih tekstilnih tiskarnah [10, 13]. Kuponi tu predstavljajo klju¢no
fazo pri oblikovanju nove kolekcije, saj se kar polovico ¢asa pora-
bi za pripravo $ablon in tiskanje kuponov [10]. Z uporabo digital-
ne tehnologije se ta priprava lahko bistveno skrajsa (za tri ¢etrtine)
[11, 12], ¢as tiskanja se skraj$a s 3 tednov na 2 dni [10]. Na ta na-
¢in tiskajo kar 30 % do 50 % vseh kuponov v enem od podjetij, ki
izdeluje tekstilije za notranjo opremo [14].

Podjetja, ki ponudijo ve¢ izvirnih in ekskluzivnih dezenov, so v
splo$nem uspesnejsa od tistih, katerih izdelki se bistveno ne raz-
likujejo od konkurenénih produktov [13, 15]. Poleg tega pa je v
svetu od 1. 1989 dalje opazen trend po zmanjSevanju koli¢in poti-
skanega dezena [13, 14]. Tipi¢na dolzina v Evropi znasa 500 m?* za
kolorico [16]. Pri tako kratkih dolZinah prihaja v ospredje digital-
na tehnologija tiskanja, ki omogoca tiskanje tekstilij po ugodnejsi
ceni in z manj$imi stroski (sl. 1.3) [17].
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Figure 1.3: Profile of the industrial production of textile printing [10].

Vecina podjetij pripravlja za promocijske in prodajne namene
vzorc¢ne primere (prototipe) tiskanega blaga v trendovskih dezenih
v najrazli¢nejsih barvnih kombinacijah. Tak vzor¢ni kos blaga sta-
ne med 90 US$ in 110 USS$ [11, 15, 18]. Temu pa je potrebno do-
dati $e med 260 US$ in 415 US$ za posamezno $ablono oz. barvo
in upostevati dejstvo, da je obicajno izbran med 4 ali 5 vzorénimi
primeri le en dezen, ki gre v nadaljnjo produkcijo [11, 13, 18]. Pri
tovrstnih obremenitvah v panogi je ustvarjanje dobicka zelo tezav-
no, zato se pojavlja vedno veéje zanimanje za tehnologijo brizgal-
nega tiskanja, ki ponuja nove moznosti. Poraba barvil je manjsa
kar za 70 %, poraba energije za 50 % in poraba vode za 70 % [10].

Tehnologija brizgalnega tiska je racunalnisko vodena, zato lahko
nudi ve¢ prednosti v fazi oblikovanja kolekcije, kot so: povecanje
oblikovalskih kapacitet, izdelava vec¢jega Stevila vzorcev in kolek-
cij v sezoni, hitro menjavanje barv v dezenih z minimalno izgubo
tkanine, elektronsko arhiviranje dezenov, vizualno neomejeno $te-
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Ink jet printing:
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Figure 1.4: Screen printing processes compared to ink-jet printing processes [11].

- Coupons (up to 30 m) $5,8 per m?,

- Collection (up to 100 m) $1,9 per m?,

- Production (up to 300 m) $0,7 per m?.

The highest cost associated with rotation screen
printing is the design, whereas at for ink-jet
printing, design costs are considerably low-
er [10]. Figure 1.5 demonstrates that classical
printing becomes cheaper when more than 800

m [10] are printed.

2 The development of ink-jet
technology for textile printing

The first trials of textile ink-jet printing can be
credited to Textima, a German company that
patented the first ink-jet printer in 1970 [25].
Their initial research was followed by a series

of products from competitive companies in the

vilo barvnih tonov, itd. CAD CAM sistemi s sodobno programsko
opremo omogocajo neomejeno popravljanje, spreminjanje barv in
dodajanje motivov, vse pa poteka na racunalniSkem zaslonu [19].
Omogocene so razlicne postavitve raporta in spreminjanje dimen-
zij dezena brez omejitve z velikostjo $ablone [20]. Nekatere razi-
skave kazejo, da je postopek oblikovanja celo do 50 % krajsi, na
racun hitrega spreminjanja barv in korekcij dezenov, ki potekajo
neposredno na racunalniskemu zaslonu [13, 21, 22].

1.1 Primerjava stroskov tiskanja

S pomocjo brizgalne tehnologije tiskanja lahko natiskamo ve¢ ra-
znolikih dezenov v krajsem ¢asu in z nizjimi stroski kot s klasi¢no
tehnologijo tiskanja. Pomemben faktor pri tiskanju dezenov s kla-
si¢no tehnologijo tiskanja je strosek izdelave dezena. Stroske pro-
izvodnje sestavljajo razli¢ne stroskovne skupine [18, 23], kot so:
barvila, kemikalije in tekstilna pomozna sredstva; laboratorijski,
delovni in testni material; voda in energija; kapital, poslovni pro-
stori in drugi fiksni stroski; ostanki barvil (recikliranje, odlaganje
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United States (Milliken, 1981, carpet printing
[1]), Austria (Peter Zimmer), and Australia
(CSIRO) [11, 26]. The printers were technolog-
ically different, but all similarly produced prod-
ucts with quality that failed to compare with
contemporary printing methods. Ink-jet sys-
tems were further developed after 1991, when
large companies decided to cooperatively de-
velop and improve the quality of ink-jet print-
ing technology. The first system that utilised
impulse thermal technology was developed by
Canon, Kanebo, and Toshin Kogyo in 1991 [11,
18]. Ciba Specialty Chemicals (Switzerland),
specialising in dyes, Sophis Systems (Belgium),
specialising in CAD CAM software, and Mi-
maki (Japan), specialising in ink-jet printing
machines, combined their resources in 1998 to
further develop this technology [11].

Ink-jet printing technology has developed con-
siderably since 1997, and correspondingly, so
has its usage in production systems. As depicted
in Figure 2.1, the annual sale of bubble-jet ther-
mal printers is decreasing while the sale of low
cost piezo systems is increasing. Additionally, the
usage of high cost piezo systems has increased
since 2003. Ultraviolet (UV) fixation technology
was first introduced in 2002, and has since seen
a gradual increase in application (Fig. 2.1).
Ink-jet systems can be classified into three
groups, corresponding to their capacity, print-
ing speed, and cost (Fig. 2.2) [1, 27].

Ink-jet printers with increased printing speeds
from 50 m*h7! to 200 m*h™" appeared on the
market in 2003 [1]. These systems enabled the
printing of different textiles, such as knitted
and woven fabrics, with dyes of different chem-
ical structures. These modern ink-jet print-
ers are approaching the production capacity
of rotation screen printing techniques, and are
therefore classified as an expensive class print-
er (Fig. 2.3) [9].

Ink-jet printers intermediately priced between
cheap and the aforementioned expensive sys-
tems and are capable of printing speeds from 20
to 100 m*h™! Fig. 2.4) [27, 28].

The printers shown in Fig. 2.4 are capable of the
following printing speeds: Aiona 8-16/1600°, 10
m?h™! and m*h7'; Nassenger-V*, 23 to 60 m*h™!
[27]; Dupont Artistri®, 0 to 60 m*h™'; and the
Robustelli Mona Lisa®, 26 to 78 m*h™.
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Figure 1.5: A comparison of ink-jet and screen printing process costs [9].

odpadkov), je o¢itno, da ima celotna tiskana dolzina bistven vpliv
na ceno tekocega metra tiskanega izdelka. Z naras¢anjem skupne
tiskane dolzine stro$ek tiskanja pada [10], kot je razvidno na sli-
ki 1.5 [9].

Hitrost tiskanja na stroju za rotacijski filmski tisk je vecja kot pri
brizgalnem tisku, vendar moramo upostevati predvsem cas potre-
ben za izdelavo tiskarskih barvnih go$¢ ter ¢as za pripravo stro-
ja za tiskanje (namestitev tkanine v dovajalni sistem stroja, priklop
stroja in susilne mansarde, pritrditev tkanine na tiskarsko podlo-
go, namestitev $ablon, doziranje tiskarske barvne gosce v tiskarski
stroj, ¢iS¢enje ob menjavi Sablon, itd.), ter stroske izdelave $ablon,
kar je ca. 150 EUR na $ablono in stroske izdelave tiskarskih barv-
nih go$¢, kar je pri pigmentih ca. 1,00 US$/kg, in stroske upora-
bljene tkanine, kar je ca. 2,00 US$/m? [23].

Raziskave kazejo, da so stroski tiskanja na stroju za rotacijski film-
ski tisk sledeci [24]:

- vzoréenje (do 3 m) 57 US$ za 1 m?,

- kuponi (do 30 m) 5,8 US$ za 1 m?,

- kolekcija (do 100 m) 1,9 US$ za 1 m?,

- proizvodnja (do 300 m) 0,7 US$ za 1 m?.

Najvisji stroski pri tiskanju na strojih za rotacijski tisk so pri vzor-
¢enju, za razliko od brizgalnega tiska, kjer je strosek pri vzorcenju
oziroma tiskanju tekocega metra tkanine bistveno manjsi [10]. Iz
slike 1.5 je razvidno, da klasi¢ni tisk postane cenejsi $ele pri tiska-
nju nad 800 t.m. [10] oz. 1000 t.m.

2 Razvoj brizgalne tehnologije tiskanja tekstilij

Prve poskuse brizgalnega tiskanja tekstilij pripisujejo vzhodno-
nemskemu podjetju Textima, ki je leta 1970 patentiralo prvi bri-
zgalni tiskalnik [25]. Tej zacetni raziskavi je kmalu sledil niz pro-
duktov konkuren¢nih podjetij iz ZDA (Milliken: 1981, tiskanje
preprog [1]), Avstrije (Peter Zimmer) in Avstralije (CSIRO) [11,
26]. Tiskalniki so bili zelo razli¢ni, tiskani tekstilni izdelki pa niso
dosegali Zelene stopnje kakovosti. Povecan razvoj sistemov za bri-
zgalni tisk je opazen po letu 1991, ko prihaja do zdruzevanj veli-
kih podjetij z namenom, da bi skupaj izboljsali kakovost brizgal-
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The Virtu™ Printer® (Fig. 2.5), a product of
Leggett-Platt Digital Technologies and Spuhl
AG, is the first high efficiency ink-jet printing
system with an incorporated UV device for pig-
ment print fixing, and is designed to print fab-
rics with a variety of applications, such as dec-
orative cloth, bed linens, and personal apparel
[28].
The Virtu TM Printer® is capable of printing at
a width of 2500 mm or 3500 mm, roll-to-roll
or flat printing, utilises piezo DOD technology,
has 36 heads, is capable of bi-directional print-
ing, can print in 4 or 6 colours, has a resolution
of 600 or 300 dpi, has an integrated UV fix-
ing chamber, and can print at a speed of 43-58
m?h~! using 6 colours or 150 m*h™' using 4 col-
ours. This system enables continuous UV fixing,
wherein printed fabrics are directed from the
printer directly into the UV fixing system. UV
fixing decreases the printing process time sub-
stantially.

Today, ink-jet printers are ubiquitously used in

the textile industry for:

- Carpet printing (low resolution 10 to 20 dpi),

- The design and printing of prototypes or cou-
pons [29],

- Printing of all sorts of flat textiles (resolution
100 to 720 dpi, and widths from 30 to 160
cm), and

- Printing of decorative textiles, such as cur-
tains and table covers (resolution 100 to 720
dpi, and widths up to 300 cm).

Ink-jet printers can be classified as a no-con-

tact printer, synonymously known as a digital

printer. Laser printers and thermal-sublimation
printers also belong to the no-contact printer
group. A basic classification of ink-jet printers

is summarised in Fig. 2.6 [30].

2.1 The types of ink-jet printers
Ink-jet printers use either a continuous stream
(CS) or an impulse jet (I]) to apply droplets of

inks onto a substrate.

2.1.1 Impulse printing techniques - DOD

IJ printers typically consume less energy and do
not redundantly consume dye compared to CS
printers. CS printers continuously deposit dyes,
regardless of if dye is needed at that immediate

moment. In contrast, IJ printers jet dye drops

Tiskanje in dezeniranje v procesu brizgalnega tiska tekstilij

nega tiskanja. Tako se v letu 1991 pojavi prvi sistem z impulzno
(DOD) termalno (bubble-jet) tehniko za brizgalni tisk (Canon,
Kanebo, Toshin Kogyo) [11, 18]. Za razvoj brizgalnega tiska so ta-
ks$ne povezave pomembne tudi po letu 1997. Leta 1998 se poveZejo
trije proizvajalci Ciba Specialty Chemicals (Svica), Sophis Systems
(Belgija) in Mimaki (Japonska) [11] na treh komplementarnih po-
dro¢jih, in sicer, barvila za brizgalni tisk, CAD CAM programska
oprema ter strojna oprema za brizgalni tisk [11].
Tehnologija brizgalnega tiska se od leta 1997 pospeseno razvija, po-
vecala pa se je tudi uporaba teh sistemov v proizvodnji. Kot je razvi-
dno v diagramu (sl. 2.1), letna prodaja sistemov za termalni (bubble-
jet) tisk upada, naras¢a pa uporaba piezo sistemov nizjega cenovnega
razreda, od leta 2003 pa narasca tudi uporaba piezo sistemov visoke-
ga cenovnega razreda. Od leta 2002 pa se pri¢ne tudi uporaba siste-
mov s tehnologijo UV utrjevanja, ki postopoma narasc¢a (sl. 2.1).

1200
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o "] o 4 S ™ 13 o = b
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high end PlJ ® E-stat & Solvent-based

=TI (WB) O lowend PlJ m UV-curable |
Figure 2.1: The yearly sale of the ink-jet systems [1].

Glede na zmogljivosti sistema, hitrost tiskanja in ceno se tehnolo-
gija brizgalnega tiska deli na tri skupine sistemov (sl. 2.2) [1, 27]:
Nacértovanje in razvoj brizgalnih tiskalnikov z ve¢jimi proizvodni-

( Digital pritning tecnology )
< Low range) < Mid range ) <High range)

Figure 2.2: The distribution of ink-jet systems by cost.

mi zmogljivostmi, ki dosegajo hitrosti tiskanja od 50 m*h'-200
m*h! za direktno digitalno tiskanje tekstilij oz. za tisk transferne-
ga papirja je privedlo do nove skupine visokozmogljivih sistemov
oziroma strojev za digitalni brizgalni tisk, ki so se prvi¢ pojavili na
trzi$¢u v letu 2003 [1]. Poleg povecane hitrosti ti novi sistemi pod-
pirajo splo$no aplikacijo barvil oziroma barvil z razli¢nimi kemij-
skimi strukturami. Omogocajo tiskanje tako pletenih kot tkanih
tekstilij. S temi sistemi, ki se uvr§c¢ajo v visok cenovni razred, se je
brizgalna tehnologija priblizala proizvodnim zmogljivostim rota-
cijske filmske tehnike tiskanja (sl. 2.3) [9].
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on demand (DOD), wherein each dye droplet is
jetted onto an exactly defined place on the tex-
tile, meaning that only one dye droplet can be
placed onto one point. The basic colour set for IJ
printers consists of C-cyan, M-magenta, Y-yel-
low and K-black colour (CMYK). Additional
colours, such as LC-light cyan, LM-light magen-
ta, O-orange, G-green, B-blue, Gr-grey, R-red,
and P-purple, are also used simultaneously
with CMYK colours. The reproduction of colour
for each pixel in a visual display unit using an
IJ printer requires complex computation. Tiny
drops of the separate CMYK inks are deposited
together so as to form a superpixel. Superpixels
are usually composed of a 4x4 matrix of dots,
where the colour of the superpixel is represented
by the relative proportions of the primaries in
the individual pixels (Fig. 2.7) [31].

I] printers are divided into either thermal-
jets, bubble-jets, or piezos, which differ by
the way the droplets are created. Today, pie-
zo DOD technology is most commonly used in

industry.

2.1.1.1 Piezo printers

In piezoelectric systems, droplet ejection is me-
diated by a piezoelectric crystal, whereby an
electric signal deforms the crystal and produc-
es a pressure wave in the ink. Piezo printers can
jet up to 120000 droplets per second. The elec-
tric signals can create forces that cause the pie-
zo material to push, bend, or shear. Piezo print-
ers are divided into three groups according to
this mechanism.

Heads using a shearing system enable the use of
more viscous inks (Figure 2.8a). Such printers
are used for flat screen film production, where
PVC pholie is covered with droplets of poly-
mer, which harden and form a non-transpar-
ent surface. Further, piezo printing heads using
a shearing system also enable different kinds
of dyes to be printed on different substrates in-
expensively at high speeds. The heads are reli-
able and have a long lifetime. The largest pro-
ducers of such printing heads are Xaar, Shear,
Spectra, Mechatron, Tektronix, Trident, Cal-
comp, and Dataproducts. Manufacturers that
produce printers using shearing heads are Dan-
iel Instruments, Raster graphic, ColorSpan, Po-
laroid, MIT, and Brother.
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Figure 2.3: The comparison of ink-jet printing systems [9].
Med nizjim in visokim cenovnim razredom so brizgalni tiskalniki

srednjega cenovnega razreda, ki dosegajo hitrosti od 20-100 m*h™
(sl. 2.4) [27, 28].

Figure 2.4: Intermediately priced ink-jet printing systems [6, 27, 28].

Prikazani tiskalniki dosegajo naslednje hitrosti tiskanja: Aiona 8-
16/1600° med 10 m*h™" in m*h™', Nassenger-V® med 23 in 60 m*h™
[27], Dupont Artistri® do 60 m?h!, Robustelli Mona Lisa® med 26
in 78 m*h™.

V uporabi je tudi ze prvi visokozmogljivi stroj za brizgalni tisk, z
vgrajenim sistemom za UV utrjevanje pigmentnih odtisov Virtu™
Printer® (sl. 2.5), ki sta ga izdelali podjetji Leggett-Platt Digital Te-
chnologies in Spuhl AG in je namenjen za tiskanje blaga za razli¢ne
namene, od dekorativnega blaga, posteljnega perila do oblacil [28].
Osnovne karakteristike prikazanega sistema, ki ga izdelujejo v
ve¢ razli¢icah so: $irina tiskanja 2500 mm ali 3500 mm, tiskanje
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The second mechanism for piezo-based print-
ing uses a head with a double-system that per-
mits the jetting of differently sized droplets (Fig.
2.8b). The size of the droplet is regulated by the
contraction of the lower piezo crystal. The con-
traction can be regulated such that droplets of
different sizes are formed. Double-system heads
can achieve fast printing speeds and are flexible
to dye chemistry, but unfortunately have a rela-
tively short lifetime.

Heads using a bending system (Fig. 2.8c) op-
erate by using a crystal plate mechanism that
bends by the application of an electrical sig-
nal, forcing the ink out of the orifice created by
the bending crystal plate. The benefit of such a
system is the relatively low cost, since they are
produced in great quantity. Further, the drop-
let deposition is precise, which enables a high
resolution for sharp and clear printed figures.
The largest producer of bending piezo heads is
Epson, followed by Textronix, Sharp, and On-
Target technologies. Producers of wide-for-
mat printers are Mimaki Engineering, Raster
Graphics, Roland Digital Group, and Stork.
Piezo DOD printing heads are more reliable
and have a longer lifetime compared to ther-
mal DOD printing heads. Contemporary pi-
ezo DOD printing heads are capable of jetting
300000 droplets per second, which corresponds
to approximately 30 mils™ or 108000 mlh™' [10].
Fig 2.9 presents a high efficient piezo electric
head with multilayered construction. The top
layer is a grid consisting of hundreds of piezo-
electric drivers. The next layer is porous met-
al that permits ink to flow to the bottom layer,
which contains the nozzles. This structure per-
mits ink to flow reliably at high firing rates over

wide cross-sections. The piezoelectric driver

Tiskanje in dezeniranje v procesu brizgalnega tiska tekstilij

Figure 2.5: The Virtu ™ Printer®, a high efficency ink-jet printing
system with continuous UV fixation [28].

z navitka na navitek ali plosko, piezo DOD tehnologija, 36 glav,

tiskanje v dve smeri, 4 ali 6 barv, resolucija 600 ali 300 dpi, 43-

58 m*h™! pri 6 barvnem tisku ali 150 m*h™! pri 4 barvnem tisku,

integrirana komora za popolno UV utrjevanje. Sistem omogoca

kontinuirni postopek UV utrjevanja, ki je neposredno povezan s

postopkom brizgalnega tiskanja, oziroma poteka z enako hitro-

stjo, saj se tiskana tkanina vodi z brizgalnega tiskalnika neposre-

dno v sistem za UV utrjevanje, kar Se dodatno skrajsa postopek

tiskanja.

Danes se uporabljajo brizgalni tiskalniki v naslednjih podro¢jih te-

kstilne industrije:

- tiskanje preprog (nizke loc¢ljivosti 10-20 dpi),

- vzorcenje oziroma tiskanje prototipov dezenov, tiskanje kupo-
nov [29],

- tiskanje vseh vrst ploskih tekstilij, npr. metraze (lo¢ljivost od
100-720 dpi, Sirine materialov od 30-160 cm) in

- tiskanje dekorativnih tekstilij, npr. zaves in prtov (lo¢ljivosti od
100-720 dpi, Sirine materialov do 300 cm).

Brizgalne tiskalnike uvr§¢amo v skupino nesti¢nih tiskalnikov, ki

jih imenujemo tudi digitalni tiskalniki. V skupino digitalnih ti-

skalnikov spadajo poleg brizgalnih tiskalnikov tudi laserski tiskal-

niki, termalno sublimacijski tiskalniki in drugi. Osnovna delitev

brizgalnih tiskalnikov je prikazana na sliki 2.6 [30].

C Ink Jet Technology )

[

Continuous

Drop on demand

l l

Binary
Deflection

l l l l l l
Multiple Hertz Microdot Thermal Piezoelectri | | Electrostat Acoustic
Deflection

Figure 2.6: The basic classification of ink-jet printers.
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above each nozzle is capable of creating a shock
wave, which controls droplet emission. Although
ink flows slowly through the porous layer, each
shock wave pulls ink through rapidly, thus elim-
inating crosstalk between nozzles. Such print-
heads are installed on the DreAM printer and
run at a speed exceeding 300000 droplets per
second. The DreAM printer, produced by Reg-
giani (Italy), in cooperation with Scitex Vision
(Izrael) and Ciba (Switzerland), is the fastest
digital printer and is capable of 150 m? h™!. For
each of the seven colours on the DreAM, there
are seven heads, for a total number of 42. Each
head has 512 nozzles. The printing resolution
is a true 600 dpi. The entire system consists of

a roll-to-roll printer, dryer, and washer for the

printing blanket. The inks can be supplied dur-

ing the printing process.

The main characteristics of piezo-electric sys-

tems regarding dye application are the follow-

ing [28]:

- Inks of higher viscosity may be used, such as
pigment dispersions with incorporated binders,

- The working temperature range is greater (up
to 70°C),

- More chemicals and their combinations are
permitted in the inks,

- Ink surface tension is an important char-
acteristic, and is regulated by included sur-
factants,

- Inks must not contain compounds with chlorine

ions, since they damage the metallic nozzles.

2.1.2 Continuous ink-jet (CS)

In CS ink-jet printing, the jet of ink generated
by each nozzle is broken up into droplets short-
ly after exiting the nozzle. Without interven-
tion, jet breakup would occur randomly and re-
sult in droplets of variable sizes. Droplet size is
corrected and controlled by providing a period-
ic excitation to the nozzle in the time domain
that translates to a spatial perturbation in the
jet of fluid. The combination of the jet velocity
and nozzle excitation frequency determines the
droplet size, which can be controlled with sub-
stantial accuracy.

In traditional CS ink-jet printing, a piezoelectric
transducer is coupled to the print head to pro-
vide periodic perturbation excitation. The oscil-

lations are therefore mechanical in nature. Af-
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2.1 Vrste brizgalnih tiskalnikov

Brizgalni tiskalniki se delijo v dve glavni skupini, v tiskalnike s
kontinuirnim curkom in v impulzne brizgalne tiskalnike. Osnov-
ni princip, skupen vsem tipom brizgalnih tiskalnikov, je nanasanje
barvila v kapljicah na substrat.

2.1.1 Impulzne tehnike tiskanja — DOD

Impulzni tiskalniki imajo dve veliki prednosti pred kontinuirnimi
tiskalniki: imajo manj$o porabo energije poleg tega pa nimajo od-
vecne porabe barvila. Kontinuirni tiskalniki morajo odlagati barvi-
la, ki niso bila porabljena v procesu tiskanja. Impulzni tiskalniki za
razliko od kontinuirnih brizgajo kapljice barvil na zahtevo. DOD
je angleska kratica za spusti-na-zahtevo (drop-on-demand). Z im-
pulznim brizgalnim tiskalnikom se vsaka posamezna kapljica bar-
vila izbrizga iz $obe na to¢no dolo¢eno mesto na tekstiliji, kar po-
meni, da na eno to¢ko lahko usmerimo samo eno kapljico barvila.
Osnovni nabor barv je lahko sestavljen iz razli¢nih barvnih kom-
binacij. Najpogostejsi sistem je CMYK; turkizna (C-cyan), $krlatna
(M-magenta), rumena (Y-yellow), ¢rna (K-black). Vedno bolj se
uveljavljajo CMYK sistemi z dodatnimi barvami, kot so svetlo tur-
kizna (LC-light cyan), svetlo $krlatna (LM-light magenta), oran-
zna (O-orange), zelena (G-green), modra (B-blue), siva (Gr-grey),
izjemoma rdeca (R-red) in vijoli¢na (P-purple). Poltonske prehode
tvorimo s pomocjo matri¢nega nac¢ina nanasanja tock npr. kot ra-
strski vzorec (sl. 2.7) [31].

. Bale gray
] | |AGE = 182}
. |
- ._J
1.3%

- Mid grey
2] s a8
eeoe |
lo o | L

Dark grey
(RGB « 32}

Dat printing order
[Fyiander)

Figure 2.7: 4 x 4 superpixel: grey levels and printing order (left), and
ink drop dither patterns for individual 4 x 4 pixels (right).

Impulzni tiskalniki se delijo na dva osnovna tipa, na termalni oz.
bubble-jet in piezo, ki se v osnovi razlikujeta po na¢inu ustvarjanja
kapljic. Danes v ospredju je zagotovo piezo DOD tehnologija, ki je
dosegla velik porast v zadnjih 10 letih.
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ter leaving the nozzle, the drops are electrically
charged by an amount that depends on the im-
age to be printed. The drops then pass through
an electric field and are deflected either to a sin-
gle pixel location in the medium or to the re-
circulating gutter. Some systems are capable of
multiple-deflection, wherein the drop deflection
is variable and can be addressed to several dif-
ferent pixels. These two concepts are illustrated
in Figs. 2.10a and 2.10b, respectively.

There is a variant of CS ink-jet printing called
the Hertz method, named after the inventor Dr.
Carl H. Hertz of Sweden. In the Hertz method,
the amount of ink deposited per pixel is varia-
ble. This variability is achieved by generating
drops on the order of 3 pL, at speeds of 40 m/
s, with excitation frequencies of over 1 MHz
(Fig. 2.10c). Drops not intended for deposition
on the medium are charged and deflected to a
gutter. Printing drops are charged less to pre-
vent them from merging in-flight. Iris Graphics
has successfully commercialised this technology
in digital colour proofers. The company is now
a part of Kodak.

Kodak has recently disclosed a CS ink-jet
printing system that uses thermal pulses to
uniformly divide the ink jet. In this process,
each nozzle has an annular electrical heater
that is pulsed at a certain frequency. The gen-
erated heat raises the temperature of the ink
jet in the vicinity of the nozzle and locally low-
ers the viscosity of the ink. Since the heating
pulse is periodic in time and the jet velocity is
constant, the resulting jet divides into repro-
ducible equally sized drops.

Due to the complexities of charge deflection, ink
recirculation, and pressurisation inherent to

conventional CS ink-jet printing, CS print heads

Electrodes
woage PP
Nozzle——% & Y Nozzle
Plate —¥
Droplets _
= 9 Subitrate
- | 3
(a)

Tiskanje in dezeniranje v procesu brizgalnega tiska tekstilij

2.1.1.1 Piezo tiskalniki

Piezo-elektri¢ni sistemi proizvajajo kapljice s pomocjo izrivanja
barvila na piezo-elektri¢nem kristalu. Zaradi elektri¢nega toka se
kristal razteza in pri tem potiska kapljice skozi $obe. Koli¢ina na-
nesenih kapljic v sekundi je $tirikrat vecja kot pri termalnih tiskal-
nikih (tam je koli¢ina nanesenih kapljic v sekundi 5000 kapljic/s
do 12000 kapljic/s). Piezo-elektri¢ne glave se delijo v tri skupine.
Prva skupina so glave s striznim sistemom piezo kristalov, ki omo-
gocajo uporabo barvil in raztopin polimerov z visjo viskoznostjo
(slika 2.8a). S temi tiskalniki zato lahko izdelujejo filme za plo-
ske Sablone, kjer na PVC film nanesejo kapljice polimerov, ki se
na povrsini filma strdijo in tvorijo neprosojno povrsino. Poleg tega
omogocajo uniformno nanasanje $iroke palete barvil na $iroko pa-
leto substratov z relativno nizkimi stroski in veliko hitrostjo. Za te
glave je znacilna izredna zanesljivost, saj lahko delujejo tudi ve¢
let. Najvedji proizvajalci teh tiskalnih glav so podjetja Xaar, Shear,
Spectra, Mechatron, Tektronix, Trident, Calcomp in Dataproducts.
Proizvajalci tiskalnikov s temi glavami pa so Daniel Instruments,
Raster graphic, ColorSpan, Polaroid, MIT in Brother, ki izdelujejo
razli¢ne tipe tiskalnikov.

Druga skupina so glave z dvojnim sistemom (slika 2.8b), ki omo-
goca nana$anje kapljic razli¢nih velikosti, velikost kapljice reguli-
ramo na $obi s kréenjem spodnjega piezo kristala. Kristal se kréi
tako, da tvori majhno oz. veliko kapljico in ga lahko naravnamo na
$estnajst stopenj. Tiskanje poteka relativno hitro in z razli¢nimi vr-
stami barvil. Slabost je Zivljenjska doba teh tiskalnih glav, ki je naj-
krajsa v skupini.

Tretja skupina so glave z upogibnim sistemom (slika 2.8c), ki upo-
rablja tehniko upogibanja piezo kristalne plosce, ki se pri dovaja-
nju elektri¢nih signalov upogiba in na tak nacin potiska barvilo
skozi $obe. Prednost teh sistemov je zelo nizka cena, kar je po-
sledica njihove masovne proizvodnje. Poleg tega je nanasanje ka-
pljic izredno natan¢no, kar omogoca najvisje lo¢ljivosti v tej skupi-
ni, kar se odraza v zelo ostrih, jasnih slikah. Najve¢ji proizvajalec
teh tiskalnih glav je podjetje Epson, sledijo mu Textronix, Sharp
in On-Target techonologies. Proizvajalci tiskalnikov za tiskanje §i-
rokih formatov s temi tiskalnimi glavami so Mimaki Engineering,
Raster Graphics, Roland Digital Group in Stork.
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Figure 2.8: Piezo-electric jet printers (DOD) with shearing (a), pushing (b) and bending (c) heads [11, 14].
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are expensive. Additionally, since the nozzles
are actively refilled by a positive pressure oper-
ation, the operating frequencies of these devic-
es are typically at least an order of magnitude
higher than that of DOD systems. For these rea-
sons, CS ink-jet printing systems are generally

only used in industrial applications.

3 Collection preparation with
an ink-jet printer

Collection production at textile manufacturers
is ordinarily divided into spring/summer and
fall/winter seasons. Collection design usual-
ly starts one year prior to manufacturing. The
process of collection production consists of pre-
paring and discussing ideas, producing the pro-
totypes, and bulk production of the finalised de-
signs. In order to ensure a profit, the products
must be marketable and desirable, and the as-
sociated product production process must be
as cost effective as possible. The textile apparel
market is increasingly becoming more compet-
itive and demanding, with some lines produc-
ing as many as 12 collections per year. Conse-
quently, it is critical that the textile industry is
able to design and manufacture collections on
much shorter time scales to meet market de-
mands. Ink-jet printing is an attractive technol-
ogy that can potentially satisfy these demands
on the textile industry.

Preparing a collection with an ink-jet printer

involves the following:

- The preparation of the design report, the col-
our chart, and the sample print using CAD
CAM software,

- Pre-treatment of the textile substrate, de-
pending on dye chemistry and fabric type,

- Ink-jet printing of textile designs, and

- After-treatment of the print, depending on
dye chemistry and fabric type.

Ink-jet printed textiles are most relevant in the

fashion industry and as interior textiles, fol-

lowed by the graphics and automotive indus-
tries. Figure 3.1. summarises the growth rate
for different ink-jet printed textile industry seg-

ments [9].

Some trademarks, sales networks, and design

studios are exploiting the advantages of ink-jet

textile printing [15]:
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Prednost piezo DOD tehnologije, v primerjavi s termalno DOD
tehnologijo, je v vedji zanesljivosti in daljsi Zivljenski dobi tiskal-
nih glav. Ti lastnosti sta omogo¢ili hiter razvoj tiskalnih glav, viso-
ke zmogljivosti, ki omogocajo iztiskanje 300000 kapljic v sekundi
(kar je priblizno 30 ml s™, oziroma 108000 ml h™*) [10].

4

e

Figure 2.9: High effective piezo-electric printing head [10].

Na sliki 2.9 je prikazana visokozmogljiva glava s piezo-elektri¢nim
sistemom, katere kju¢ni del predstavljajo spodnje tri plasti [10]:
- plosca s Sobami
- mikroporozna kovinska membrana, ki deluje kot nosilec barvi-
la in jeklena diafragma, ki nosi na sebi piezo elemente.
Ko piezo elektri¢ni element sprejme elektri¢ni impulz, se diafra-
gma upogne, kar povzrodi iztiskanje kapljice barvila. Po zaslugi
z barvilom nasicene porozne membrane se po iztiskanju barvi-
la pore v membrani takoj ponovno zapolnijo z barvilom. Ta iz-
redno hiter proces dopolnjenja membrane z barvilom pripravi
sistem za naslednji impulz, kar omogoca visoko frekvenco bri-
zganja kapljic barvila.
Visokozmogljive piezo DOD tiskalne glave so trenutno vgrajene v
enega najsodobnejsih strojev za brizgalni tisk visokega cenovnega
razreda in visoke zmogljivosti DReAM, ki ga je izdelalo podjetje
Reggiani (Italija) skupaj s podjetjema Scitex Vision (Izrael) in Ciba
(Svica). Sistem dosega trenutno v svetu najvecjo hitrost tiskanja s
piezo DOD brizgalno tehnologijo tiska, 150 m*h™, in je v Evro-
pi ponekod ze nadomestil proizvodne linije avtomatiziranih stro-
jev za ploski filmski tisk. Sistem se izkazuje predvsem s prakti¢no
aplikacijo na vse vrste tekstilij in z izredno velikim $tevilom tiskal-
nih glav (42 piezoelektri¢nih glav), ki omogocajo tiskanje z loclji-
vostjo 600 dpi in 6 barvami. Sistem ima proizvodne karakteristike,
saj omogoca tiskanje z navitka na navitek, ima integriran susilnik
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Trademark: Victoria’s Secret (Fig. 3.2a);

- Complete design freedom

- Short response time

- Proof of product marketability before the fab-
ric is ordered.

Apparel sale network: Custo (Fig. 3.2b);

- The possibility of ordering of low quantities of
products

- Less risk with stock ordering and lower loss
from over-stocking

Designer: Emily Hermans (Fig. 3.2c);

- Complete design freedom

- Completely digital production permits the
identical manufacturing of sample and final
production products;

Traditional print houses that originally intro-

duced the ink-jet technology [10];

- More effective development of collections with
digital sample printing and precise reproduc-
tion of products than when using a tradition-
al production process.

In addition to the fashion industry, other prod-

ucts manufactured from digitally printed tex-

tiles are appearing on the market (Fig. 3.3):

- Flags and posters (polyester)

- Ties and scarf (silk)

- Car seats (polyester)

- Home products (curtains: polyester, silk, lin-

en; bedclothes: cotton)

3.1 The use of CAD CAM systems

Textile patterns are often composed of complex
figures, and need to be converted into the mil-
lions of points interpreted as electric impulses
for controlling the ink-jet printers.

Advanced software ensures that the image is
transferred from the screen to the textile substrate
with near-identical colour matching. Such soft-
ware permits the efficient reproduction of fabrics.
Functional characteristics of CAD and CAM
software are modular design creation, auto-
mated repeating, colour calibration, design
preparation using different colourways and
resolutions, and effective control of the ink-jet
printer. Programmes for colour calibration set
the greylevels and calculate the colour gamut
that can be reached with four, seven, or more
dyes. A spectrophotometer or sometimes a
scanner is incorporated into the system for col-

our calibration. The entire system adapts the
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odtisov in kontinuirno pranje tiskarske podloge in omogoca, da se
barvilo dopolni med delovanjem stroja. Sistem se izdeluje v dveh
razli¢icah, $irine 1600 mm ali 2400 mm.
temperature.
Glavne znacilnosti piezo-elektri¢nega sistema v smislu aplikacije
barvil so [28]:
- Mozna je uporaba barvil z vecjo viskoznostjo, za razliko od ter-
malnih ali kontinuirnih sistemov, pri ¢emer:
- lahko prenese bolj viskozne snovi, z ve¢jim delezem suhe snovi,
- vzdrzi vi$je koncentracije pigmenta,
- dopusca uporabo veziv v formulaciji s pigmentnimi barvili,
s ¢imer proces predobdelave za pigmentni tisk ni potreben,
- vecje zahteve za tehnologko izdelavo disperzij.
- Sirdi razpon temperaturnega obmoéja delovanja, pri cemer:
- omogoca delovanje pri razli¢nih temperaturnih obmogjih,
brizganje kapljic pri sobni temperaturi, do temperature 70 °C,
- odpira moznosti za uporabo Sir§ega spektra kemikalij in ve¢ji
razpon kombinacij kemikalij.
- Povrsinska napetost je velikega pomena:
- Sobe morajo biti mokre med delovanjem in se ne smejo
zasusiti, potreben je dodatek tenzidov v barvilih
na vodni osnovi.
- Kompatibilnost materialov:
- kot pri termalnih DOD sistemih, obcutljivost na spojine, ki
vsebujejo klorove ione, saj ti poskodujejo kovinske elemente,
iz katerih so izdelane $obe (reaktivna barvila).

2.1.2 Kontinuirne tehnike tiskanja — CS

S kontinuirnim tiskalnikom lahko usmerimo na dolo¢eno mesto
(pixel) ve¢ kapljic. Slabost teh tiskalnikov je v koli¢ini izbrizgane-
ga, a neuporabljenega barvila v procesu tiskanja, pri cemer je po-
trebno iz¢rpavati odve¢na barvila v posebne rezervoarje. Nekateri
sistemi te vrste omogocajo, da za vsako izmed $tirih barvil (tur-
kizno, skrlatno, rumeno in ¢rno) nanesemo po ve¢ kapljic v eno
tocko. Poltone pa tvorimo na tak nacin, da usmerjamo v polton-
ske tocke po ve¢ kapljic barvila v katerikoli izmed $tirih barv. Na
ta nacin dobimo gladke in enakomerne barvne prehode, v kate-
rih z o¢esom posameznih to¢k ne moremo razpoznati. Zaradi ve-
¢jega nanosa kapljic pa dobimo s to tehniko vi$jo globino barve.
Pri tiskanju s tehnologijo DOD pa lahko nanesemo po eno kaplji-
co v eno tocko.

Pri CS tiskalnikih se curek barvila, ki izteka iz posamezne $obe,
razbije v drobne kapljice kmalu po izstopu iz Sobe. Razprsitev cur-
ka bi sama po sebi potekala naklju¢no, pri cemer bi nastale raz-
li¢no velike kapljice. Zato se Sobe periodi¢no vzbuja, kar povzroci
enakomerno razbitje curka kapljic. S kombiniranjem hitrosti izte-
kanja curka in frekvence vzbujanja $obe se lahko zelo natan¢no
uravnava velikost kapljic.

V Kklasi¢nih CS tiskalnikih periodi¢no vzbujanje Sobe omogoca
piezoelektri¢ni prevodnik, ki je povezan s tiskarsko glavo. Oscili-
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colour space to different substrates and print-

ing conditions.

3.2 Colour calibration of the system

of ink-jet printing
For ink-jet printing, substrate characteristics
must also be considered. Different textile sub-
strates have different capacities for dye absorp-
tion. Ink-jet printing usually deposits less dye
than screen printing. A textile material absorbs
approximately 25% of its own weight in ink,
whereas it can absorb up to 125% of its own
weight in printing paste [32, 33].
A critical factor for textile dye absorption is
the dye itself and the pre-treatment of the tex-
tile. Pre-treated textiles absorb more dye on the
surface of the substrate, while in contrast, dyes
penetrate from the surface into the core of un-
treated textiles (Fig. 3.4).
The quality of an ink-jet printed image directly
depends on the degree of dye migration on the tex-
tile surface and the speed with which the dye dries
after it has been jetted onto a textile [35]. Screen
printing requires an extra drying phase after
printing, while in contrast, ink-jet printed dyes dry
on the substrate during the printing process [36].
Colour calibration enables the adaptation of ink-
jet printing to specific textile substrate character-
istics and its associated pre-treatment. Colour
calibration is a process wherein the amount of
dye a textile can absorb is specified, and dye col-
our mixtures are determined to obtain the largest
possible colour spectrum. The colour calibration
is therefore adjusted to specific dyes and textile
substrates. The types of dyes and pigments that
can be used for digital printing of textiles and the
pre-treatment of different textile substrates have
been extensively discussed in literature [33, 37].
Colour calibration is achieved primarily by spec-
trophotometers or high-efficiency scanners. The
control system is usually connected to specific
CAD software, meaning, that systems with dif-
ferent programmes have different control sys-
tems, and thus, different processes for colour cal-

ibration.

3.3 Design preparation for transfer to
classical screen printing
Ink-jet printing is primarily used to prepare de-

sign prototypes, which are later realised using
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ranje je pri tem torej mehansko. Po izstopu iz $obe se kapljice ele-
ktri¢no nabijejo v toliksni meri, kot zahteva vzorec. Nato kapljice
potujejo skozi elektri¢no polje, ki jih odkloni. Pri piezoelektri¢no
vodenem prrocesu obstajata dva nacina odklanjanja kapljic. Pri
binarni metodi se kapljice lahko usmerjajo na posami¢ni piksel
na substratu ali v recirkulacijski kanal. Pri ve¢ odklonski metodi
(multiple-deflection method) je odklon razlicen, tako da kapljice
lahko usmeri na razli¢ne piksle. Oba nacina sta prikazana na Sli-
kah 2.10a in 2.10b.

Posebna vrsta CS tehnologije se imenuje Herz metoda, imenova-
na po izumitelju dr Carlu H. Hertzu iz Svedske. Pri Herzovi meto-
di je lahko koli¢ina barvila, ki se nanese na posamezni piksel raz-
li¢na. Pri tej metodi se tvorijo izredno majhne kapljice (ca 3 pl) s
hitrostjo priblizno 40 m/s in rekvenco zbujanja nad 1 MHz (Slika
2.10c). Kapljice, ki niso namenjene na substrat, se nabijejo in od-
klonijo v zbiralnik. Kapljice, ki potujejo na substrat, se nabijejo z
majhnim nabojem, kar jim prepreci odklon iz smeri potovanja.
Kodak je pred kratkim predstavil CS sistem, pri katerem se za ena-
komerno razbijanje curka barvila uporablja toplotne impulze. Pri
tem vsako $obo obdaja elekti¢ni grelec, ki se napaja z doloceno fre-
kvenco. Ustvarjena toplota povi$a temperaturo barvila v odprti-
ni Sobe in lokalno zniZa viskoznost barvila. Ker so grelni impulzi
periodi¢ni in je hitrost iztekanja barvila konstantna, curek barvila
razpade v enako velike kapljice.

Zaradi kompleksnosti CS tehnologije, imajo tovrstne tiskarske gla-
ve visoko ceno. Po drugi strani pa so hitrosti delovanja tak$nih na-
prav bistveno visje kot pri DOD sistemih, tako da se CS sistemi
praviloma uporabljajo v industrijskem, proizvodnem merilu [32].

Figure 2.10: Continuous ink-jet Binary deflection (a), Multiple
deflection (b), Hertz method (c) [35].
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digital or screen production systems (Fig. 3.5)

(6].

The primary advantages of digital product de-

sign are [6]:

- Reduction of time and cost of sample fabri-
cation,

- Fast response to market demand,

- Simulation colour separation, dye penetra-
tion, and faults at screen printing,

- Precise colour matching.

Despite a high level of digitisation, most design-

ers prefer to originate their artwork on paper or

cards with paintbrushes. This practise is com-

mon in Asia, America, and Europe (Fig. 3.6)

[6].

Computer processing is a continuation of the

hand-made image, and further, is the prepa-

ration of the image for the technological print-
ing process. Colour separation is also necessary
for digital printing; however this process is now
done exclusively by computer and is considera-
bly faster and cheaper compared to before (Fig.

3.7) [6, 38, 39].

Digital sample patterns are prepared for ink-jet

printing using a CAD CAM system in the fol-

lowing manner [11]:

- The original image is input into the CAD
CAM via a scanner, CD, digital camera, or a
digital photo-apparatus,

- A repeat is managed,

- Colour numbers are reduced and colours are
separated,

- Colour separations are corrected,

- Colours are prepared,

- Repeated designs are prepared for printing.

The process for preparing a typical pattern con-

sisting of six colours for ink-jet printing using a

CAD CAM system is shown in Fig. 3.8.

Textile patterns can be composed of an enu-

merable number of colours, wherein more col-

ours in a pattern result in much higher screen
printing costs. For this reason, rotation screen
printing machines are usually limited to print-
ing up to 24 colours, and specialised automat-
ic flat screen printing machines are limited to
printing of up to 40 colours [13]. In contrast,
ink-jet printers are capable of an unlimited
number of colours and consequently, can po-
tentially produce a wide variety of printed tex-
tiles [13].
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3 Priprava kolekcij z brizgalnim tiskalnikom

Modne kolekcije v tekstilni industriji se pripravljajo sezonsko.
Proizvodnja kolekcij se deli na dve glavni sezoni, pomlad/pole-
tje in jesen/zima in druge manjse kolekcije. Oblikovanje kolekcije
se obicajno zacne eno leto vnaprej. Proces izdelave kolekcij sesta-
vljajo: proces priprave idejne zasnove, proces izdelave prototipov
in proces serijske proizvodnje, ki posreduje izdelke na trzis¢e. Da
so ti procesi tudi dobickonosni, je potrebno zagotavljati u¢inko-
vito trzenje in prodajo kolekcij, obenem pa je potrebno postop-
ke izboljSevati in optimizirati ter zagotavljati ustrezen razvoj in
vlaganje v raziskave. Spremembe v tekstilnih in obladilnih izdel-
kih se pojavljajo vedno hitreje. Zelo hitro prihajajo novi izboljsa-
ni tehnoloski postopki. Trzi$¢a so vedno bolj zahtevna in zahteva-
jo vedno ve¢je $tevilo kolekeij v sezoni, tudi do dvanajst kolekcij
na leto. Zaradi tega je hiter razvoj novih in kakovostnih modnih
dezenov vedno bolj pomemben. Obseg kolekcij je sicer zaradi po-
gostega menjavanja bistveno manjsi, zahteva pa veliko oblikoval-
skega in razvojnega dela. Tekstilna industrija ne more dosegati
teh trznih zahtev brez dodatnih prilagoditev. Ena izmed mozno-
sti u¢inkovite prilagoditve tem potrebam je zagotovo uporaba bri-
zgalne tehnologije tiska.
Priprava kolekcije za digitalni brizgalni tisk ima naslednje faze:
- priprava raporta dezena, barvne karte in vzor¢nega odtisa
(CAD CAM sistem),
- predobdelava tekstilije (odvisna od barvil in tehnoloskega po-
stopka),
- brizgalno tiskanje in
- poobdelava odtisov (odvisna od barvil in tehnoloskega po-
stopka).
Brizgalno tiskane tekstilije so se najbolj uveljavile v modni indu-
striji, sledi industrija tekstilij za dom, ter grafi¢na in avtomobilska
industrija (sl. 3.1) [9]. Na sliki 3.1 je prikazana stopnja rasti za raz-
licne segmente brizgalno tiskanih tekstilij [9].

High growth

Further development Moderate growth

2006

Currents activities

Segments

Fashion

Home
Furnishing

Graphic
Arts &
Autom otive

Flags &
Banners

O 0O n nn

Sam pling

'IDEU%

Figure 3.1: Expected growth of different types of ink-jet printed
textiles [9].
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Most designs in Europe are printed in six col-
ours [16]. Ink-jet printing enables an unlimit-
ed number of colours; however the design must
be prepared with as few colours as possible such
that the design transfer to a rotation screen
printing process is economical [13].

Colourimetric evaluation of the printed colours
and computer-aided recipeing is used to trans-
fer characteristics from digitally printed cou-
pons to screen printing. The colours used in the
ink-jet patterns, coupled with a print database
from the screen printer, are used for the appro-

priate printed colour recipeing.

4 Conclusion

Digital ink-jet printing of textiles is a well-

known and important technology for textile

(a) © Victorias Secret
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Nekatere blagove znambke, prodajne mreZe in oblikovalski biroji iz-

koris¢ajo prednosti, ki jih nudi brizgalna tehnologija tiskanja teks-

tilij [15]:

Blagovna znamka: Victorias Secret (sl. 3.2a);

- popolnoma svobodno oblikovanje

- kratek odzivni ¢as

- preizkus izdelka na trzi$c¢u, pred naroc¢ilom blaga

Prodajna mreza oblacil: Custo (sl. 3.2b);

- moznost naro¢ila majhnih koli¢in artiklov

- manj tveganja z narocili zalog in zmanj$anje izgub iz zaloge

Oblikovalci: Emily Hermans (sl. 3.2¢);

- popolna svoboda v oblikovanju

- popolnoma digitalizirana proizvodnja omogoca identi¢nost
vzor¢ne kolekcije in proizvodnje;

Tradicionalne tiskarne, ki so uvedle brizgalno tehnologijo [10];

- bolj u¢inkovit razvoj kolekcije z digitalnim tiskanjem vzorca in
precizno reprodukcijo izdelka v tradicionalnem proizvodnem
procesu

Figure 3.2: Examples of fashion products with an expected high growth potential [15] (substrates: viscose, cot-

ton, silk, PA/Lycra).

finishing. While screen printing is still the pri-
mary textile printing technology, digital ink-
jet printing continues to increase its share in
textile manufacturing. Digital ink-jet print-
ing will continue to grow, but will never re-
place specialised textile screen printing, such
as glitters and expanding pastes, and vat dye
printing, such as camouflage. In the future,
these technologies will supplement each an-
other for cost effective and efficient textile

manufacturing.

Poleg modne industrije so se na trzi§¢u uveljavile tudi naslednje ti-
pi¢ne skupine izdelkov (in substratov) digitalno brizgalno tiskanih
tekstilij (sl. 3.3):

- zastave in plakati (poliester)

- kravate, $ali in rute (svila)

- avtomobilski sedezi (poliester)

- izdelki za dom (zavese: poliester, svila, lan; posteljnina: bombaz)

3.1. Uporaba CAD CAM sistemov
Dezeni za tekstilije so pogosto sestavljeni iz zelo kompleksnih slik,
ki jih je potrebno v procesu ra¢unalniske priprave razbiti v ve¢ mi-
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Figure 3.3: Typical groups of digitally printed products; (a) home textiles, (b) leather fashion supplements, (c)
ties, (d) flags, posters, panels.

lijonov tock, cemur sledi tudi transformacija teh tock v elektri¢ne
impulze za krmiljenje brizgalnih tiskalnikov.

Napredna programska oprema zagotavlja, da se vizualni prikaz, ki
ga kontroliramo na zaslonu, prenese s skoraj popolnoma identic-
nimi barvnimi karakteristikami na razli¢ne substrate. Tak$na opre-
ma omogoca ucinkovito in enostavno izdelavo raportov, kjer se
ponavljanje raporta izvaja avtomati¢no, s tem pa poteka priprava
dezena izredno hitro in natan¢no. Ro¢ni nacin izdelave je zahteval
ro¢no risanje in adiranje, pri ¢emer je vsaka najmanj$a sprememba
pomenila, da moramo celotno risbo izdelati na novo. V poenosta-
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vitvi tega postopka (20 x hitrejsa izdelava) je bistvena prednost so-
dobnih CAD CAM sistemov.

Funkcionalne karakteristike taksne programske opreme so: modu-
larno oblikovanje dezenov, avtomatsko usklajevanje raportnih slik,
avtomatska dolocitev raportiranja z raznolikimi funkcijami, barv-
na kalibracija, koloriranje dezena v razliénih barvnih variacijah,
raznolikost opti¢nih resolucij in u¢inkovito krmiljenje brizgalnega
tiskalnika. Programi za barvno kalibracijo dolocajo stopnjevanje
svetlobnih gradacij in matemati¢no izracunajo barvni prostor, ki
ga lahko dosezemo s §tirimi, sedmimi ali ve¢ barvili. Barvni pro-
stor lahko s pomod¢jo sistema za barvno kalibracijo, katerega del
je tudi spektrofotometer ali pri nekaterih sistemih skener, dodatno
prilagajamo za razli¢ne substrate in razlicne postopke brizgalnega
tiskanja. Kakovost izpisa lahko dodatno kontroliramo programsko
ali pa preko ra¢unalni$kega krmilnega sistema, vgrajenega v bri-
zgalnem tiskalniku.

3.2 Barvna kalibracija sistema za brizgalni tisk

Pri postopku brizgalnega tiskanja je potrebno upostevati karakte-
ristike tekstilije oziroma substrata, na katerega tiskamo. Za teks-
tilne materiale je znacilna razli¢na sposobnost navzemanja barvil
nanesenih pri tiskanju. V tem smislu doloceni tekstilni materiali
izkazujejo visjo sposobnost navzemanja barvila (debelejsi ali bolj
hidrofilni materiali), medtem ko je pri drugih sposobnost navze-
manja barvila manjsa (tanki ali bolj hidrofobni materiali). Nanos
barvila pri brizgalnem tiskanju je obi¢ajno manjsi kot pri klasic-
nih postopkih tiskanja. Raziskave kaZzejo, da isti tekstilni substrat
pri brizgalnem tiskanju navzame le 25 % ratopine barvila glede na
lastno tezo, medtem, ko je pri klasi¢cnem postopku tiskanja sposo-
ben navzeti tudi do 125 % tiskarske barvne gosce [33, 34].

Poleg karakteristik substrata na navzemanje barvil pomembno vpli-
vajo tudi barvila sama, vplivajo pa lahko tudi postopki predobdelave
tekstilije. Vsak tehnoloski postopek brizgalnega tiskanja je zato speci-
ficen. Tekstilije, ki so predobdelane imajo ve¢jo sposobnost navzema-
nje barvila na povrsini substrata, medtem ko pri neobdelanih tekstili-
jah barvilo prehaja s povsine tekstilije v njeno notranjost (sl. 3.4).
Kakovost iztiskane slike s tehniko brizgalnega tiska je neposredno
odvisna od stopnje $irjenja, oziroma migracije barvila na tekstil-

1 z

ﬁ INK H INK
e e
I fabric vy ﬁ —> | pretreatment =

- Uncontrolled penetration - Constant dot size and form
- Color spreading - Better levelness

- Loss of color strenght - Good color yield

- Loss of image quality - Better image quality

Figure 3.4: The influence of textile pre-treatment on the capacity of
dye absorption in ink-jet printing [35].
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nem substratu in hitrosti susenja barvila takoj po nanosu na teks-
tilni substrat [36]. SuSenje poteka razli¢cno dolgo, ve¢inoma pa se
potiskane povrsine ze med samim tiskanjem posusijo. Pri klasi¢-
nem tiskanju je obvezna posebna faza su$enja, s katerim se prepre-
¢i migracija barvil izven kontur vzorca [32].

Specifi¢nim tehnoloskim postopkom ter specifiénim karakteristi-
kam substrata in barvil se prilagajamo pri sistemih za brizgalni
tisk s postopkom barvne kalibracije. Postopek barvne kalibracije je
proces, v katerem dolo¢imo koli¢ino barvila, ki ga lahko navzame
tekstilija oziroma substrat ter obenem definiramo nacin mesanja
izbranih barvil na tekstiliji, za dosego ¢im vecjega barvnega obse-
ga. Postopki barvne kalibracije so zato specifi¢ni oziroma prilago-
jeni za to¢no dolocen tehnoloski postopek, to¢no doloc¢ena barvi-
la in to¢no dolocen tekstilni substrat (neobdelan ali predobdelan).
Vrste barvil in pigmenti, ki se lahko uporabljajo v digitalnem tisku
tekstilij, ter nac¢in priprave razli¢nih tekstilnih substratov za digi-
talni tisk so opisani v dostopni literaturi [34, 37], zato jih v tem
¢lanku ne bomo ponovno opisovali.

Postopek barvne kalibracije sistema za brizgalni tisk poteka na raz-
licne nadine, ve¢inoma z uporabo spektrofotometrov ali pri neka-
terih sistemih z uporabo visokozmogljivih skenerjev. Nadzorni sis-
tem postopka barvne kalibracije pa je obi¢ajno vezan na specificno
CAD programsko opremo, kar pomeni, da imajo sistemi z razli¢-
no programsko opremo tudi razli¢ne nadzorne sisteme in postop-
ke barvne kalibracije.

3.3 Priprava dezenov za prenos v klasicni filmski tisk
Brizgalna tehnologija se najpogosteje uporablja za pripravo pro-

totipov dezenov (na papirju ali tekstilijah), na podlagi katerih se
nato dezen realizira ali v digitalni proizvodnji ali pa v klasi¢ni pro-

izvodnji (sl. 3.5) [6].
Engraving- §> Conventional
Screen prearation production

o
. Digital Strike-off Digital
(oo o (P Te o o oo o,

Figure 3.5: The primary ways for transferring a design to produc-
tion [6].

Glavne prednosti ra¢unalniskega procesa obdelave dezena so pred-

vsem v [6]:

- zmanjSevanju Casa in stroskov vzorcenja,

- hitrem odzivu na zahteve in povprasevanje trga,

- simulaciji videza klasi¢no tiskanih tekstilij, (barvna separacija,
simulacija penetracije barvil, napak pri polaganju $ablone, etc.)

- preciznem barvnem ujemanju in

- dejstvu da je digitalni vzorec del oblikovalskega razvojnega
procesa (odgovornost oblikovalca).

Kljub visoki stopnji digitalizacije se za tiskanje tekstilij v praksi Se
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vedno vecina osnovnih predlog dezenov pripravlja na tradiciona-
len nacin, tj. z ro¢nim nacinom, ta trend je prisoten v Aziji, Ame-
riki in podoben trend je opaziti tudi v Evropi (sl. 3.6) [6].

Figure 3.6: Hand painting of designs [6].

Racunalniska obdelava je tako pravzaprav nadgradnja ro¢ne risbe
in priprava risbe na tehnoloski proces tiskanja. Tako kot pri film-
skem tisku je tudi za digitalni tisk potrebna podobna priprava de-
zena, t.i. barvna separacija, ki se danes izvaja izklju¢no s pomocjo
rac¢unalnika, tako je ta postopek bistveno krajsi in cenejsi (sl. 3.7)
(6, 38, 39].

Figure 3.7: Design colour separation [6].
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Digitalno predlogo dezena obdelamo in pripravimo za brizgalni

tisk na CAD CAM sistemu na naslednji nac¢in [11]:

- vnos originalne predloge dezena v CAD CAM sistem (skener,
CD, digitalna kamera, digitalni fotoaparat),

- montiranje raporta,

- reduciranje $tevila barv in barvna separacija,

- korekcija barvnih izvleckov,

- koloriranje,

- priprava raportiranega dezena za tiskanje.

Postopek priprave dezena za brizgalno tiskanje s pomocjo CAD

CAM sistema je prikazan na sliki 3.8. Prikaz se nanasa na tipi¢en

dezen za podroc¢je Evrope, ki sestoji iz 6 barv.

Design Scannin bitmap Colour reduction
9 image and optimatization
optimized
bitmap
image
Y
Correction repeat 6 COIOW
separation
[ I I I I 1
colour separation 1||colour separation 2||colour separation 3| colour separation 4|| colour separation5 || colour separation 6
Colour
imposition
[
v v v
@o/ur@i\‘ colourway 2 colourway 3
repeated rint Digital file
Putinto repeat —— bitmap —> print. L, gntalt
image preparation with print

Figure 3.8: The design process treatment for ink-jet printing [11].

Dezeni za tekstilije lahko vsebujejo prakticno neomejeno stevilo barv,
vendar je povecevanje Stevila barv v dezenu pri klasiénem nacinu ti-
skanja neposredno povezano v vi§jimi stroski (ve¢jim $tevilom $a-
blon), zato v tekstilni industriji obi¢ajno tiskajo in izdelujejo dezene z
omejenim $tevilom barv. Obicajno rotacijski stroji omogocajo tiskanje
do 24 barv, avtomatski stroji za ploski filmski tisk pa tudi do 40 barv
[13]. Brizgalni tisk pa omogoca tiskanje neomejenega stevila barv, s ¢i-
mer dosegamo veliko raznolikosti proizvedenih tiskanih tekstilij [13].
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Tipicen dezen v Evropi je obicajno tiskan v najvec¢ 6 barvah [16].
Brizgalni postopek tiskanja sicer omogoc¢a neomejeno stevilo barv,
vendar mora biti dezen pripravljen tako, da bo prenos v rotacijski
filmski tisk ekonomsko ustrezen, zato Stevilo barv v dezenu ne sme
biti preveliko [13].

Pri prenosu barvnih karakteristik iz digitalno tiskanih kuponov v
rotacijski filmski tisk si pomagamo z barvnometri¢nim vrednote-
njem barv odtisov in ra¢unalni$kim receptiranjem. Pri tem potre-
bujemo tako bazo podatkov za odtise na rotacijskem tiskalniku kot
barvno karto vseh barv, ki se pojavijo v digitalno tiskanih vzorcih.

4 Zakljucek

Digitalni tisk tekstilij je danes Ze uveljavljena in $iroko poznana
tehnologija plemenitenja tekstilij. Njegova uporaba stalno nara-
$¢a, Ceprav na svetovnem trzi$¢u $e vedno prevladuje filmski tisk.
Predvidevamo lahko, da bo delez digitalnega tiska $e nadalje nara-
$¢al, a verjetno $e ne bo kmalu izrinil filmskega tiska. Glede na to,
da digitalni tisk zaenkrat ne pokriva vseh podrocij tiskanja, ki jih
omogoca filmski tisk, kot so tisk posebnih efektov (bles¢ice, napi-
hljivi tisk, reliefni vzorci), redukcijskih barvil (maskirni tisk), bo-
sta vzporedno v uporabi verjetno obe tehnologiji e dolgo vrsto let
in se bosta medsebojno dopolnjevali.
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