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N being immersed

he invention of the Printing

Press, the industrial revolution and the development

of the web, are just a few of the great achievements,
and historic changes that, inspired by technology,

led to an unexpected social and cultural radical

revolution, and above all, economical.




PREFACE

Today there is a big change taking
place in the glass decoration
industry: the birth of digital
decoration.

A big mistake that many of us make is to think that digital
printing technology on glass is an alternative to current tech-
nologies, when instead it is a totally new paradigm of industrial
production. We are facing a change that is very reminiscent of
what happened in the early 1990s in the world of paper print-
ing, when a process of democratization of printing technologies
began due to the advent of printing systems that were no
longer based on matrices, clichés or plates, but with complete-
ly digital devices. At first, printing companies were not ready to
abandon their culture of the press made of large volumes, high
quality, very high start-up costs and very high specialization

of the personnel and only minimally faced the new emerging
sector. Besides the large scale productions, and the thousands
or millions of copies to be printed, the demand for small runs
increased, allowing a large number of subject to access the
world of press, which fora long time was not possible due to
the high entry costs.

;"D

A new printing
technology for new
expressive languages

The downside was high copy costs, but on the other hand the
demand for limited editions and the almost linear progression of
the marginal cost made it possible to obtain break-even points
of cost - compared to traditional printing - well below the needs
of each production.

The same is happening nowadays in the glass printing field.
There are no longer just large orders, instead millions of new
potential customers who could access printing services. Im-
mediate printing, because it is completely automated. Simplified
printing, because it is completely managed by normalized
workflows and proof of the inexperience of the personnel.
Printing on demand, or not anymore. This is not merely a result
of large-scale industrial needs, but also as an extemporaneous
requirement that opens opportunities, linked to events, cere-
monies and a thousand situations of private life that can find
in the decoration of objects, containers and glass products

their ideal communication medium.




We have tried to create a guide to the world of digital printing based on
the frequently asked questions we got over the years from our customers
and from the world of printing in general. We collected opinions, we

tried to satisfy the main curiosities and we also added our own particular
vision of the evolution that is taking place in the world of glass printing.

When you see a page marked on the
edge by the red triangle it is because the
contents refer specifically or prevalently to
Fermac technologies.
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When you find a QR code or a link to
type on your browser you can access ad-
ditional content such as articles, photo

galleries, videos and VR360 videos.
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PREFACE

TRUST DIGITAL?

Yes, definitely.

Yes, definitely. It is the only way to answer, because nowadays, digital technology has
definitely come out of the early development stage that caused the mistrust of some
operators up until the early 2000s. Industrial fields such as graphic arts, textile, the
coatings and tiles industry, are currently making use of digital as a mature technology,
and they also take inspiration for new ways of creating and developing products

and innovation.

Working
digitally is
faster.

Digital workflows and all of the creative
pre-production process are largely oriented
towards the digital world, to the point that it
would appear anachronistic thinking about
analogue deviations in(of) some steps of the

process, which are nevertheless the norm
in the world of screen printing (for example,
think about the frames production).



PREFACE

“lgnoranti quem portum petat

nullus suus ventus est.”

LUCIO ANNEO SENECA

No wind is favorable for the sailor who does not know which port he wants to land. (letter 71, 3;

1975, pp. 458-459)

Our world is
digital.

The large availability of digital material is also a
big factor, serving as a sign of how all printing
systems will need to evolve. Each of us is now
able to take digital photos, to have the digital
version of our company logo, and also perfect-
ly capable to research or produce a digital text

that we want to replicate.

The technology
is 100% reliable.

Digital printing on glass has come out of the

pioneering field and is no longer confined only
to experimental fields, but it is fully an industrial
reality. Reliability derives from the perfect
synthesis of design and construction quality
of the machines, the new inks, the treatment
expertise before, during and after application
on the object

Digital opens
up hew
opportunities.

Considering how flexible and dynamic the digital world
is, it is fair to say that (it) belongs to everyone. A new
market is born, bringing small and large niches into
it, that can welcome innovative ideas and business
players. It should also not be overlooked that digital
overlaps, albeit in restricted areas with the traditional
press, in particular on narrow lots and diversified
productions.

But ifyou need some extra ideas on how best to

seize new opportunities...
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For those who will inferpret the digital
change as an opportunity rather than a
threat, will find large unexplored market

outlets, and new nichesWill arise.
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DIGITAL OPPIORTUNITIES

01 02
Variable data Web to Print

An extraordinary innovation is that in digital printing, every Digital printing and web speak the same language. Indeed, digital is the

decorated piece could potentially be different from the large extent of the web, because a large part of the workflow works
previous and the following one. This is called variable data on the same network protocols and with the same languages. The
printing. There are countless uses of this technique that latest generation of digital machines, offer access to management and
ranges from the simple numbering to personalizing each monitoring functions directly from a smartphone or tablet. Beyond the
produced object. By feeding the printing software with data functionality of the machines, digital printing technology on glass, is
from the database, it is possible to see text, images, colors or particularly suitable for working in web-to-print projects, where users can

other features of the decorations variables.
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This type of solution virtually opens endless possibilities for advanced In this context, the natural ability of digital machines to produce
offers and services. Another aspect that shouldn't be overlooked is that small batches, including minimized product changeover times, and
this approach is particularly contemporary to the world of current web, the lack of start-up times and costs, play a crucial role.

in which on-demand print services and large databases coexist, two
ingredients making the base of the creation and development success
of new commercial niches.

purchase online the product they want, with their own made decoration.

11
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DIGITAL OPPORTUNITIES

03

Small Baiches
and Prototyping

One or more digital machines, can successfully support traditional
printing systems when required, in order to manage the increasingly
frequent requests for small batches. Corporate events, anniversaries, gi-
veaways, special editions, area testing, pre-production and prototyping,
are just some of the uses suggested of the new digital machines. Fur-
thermore, on small or medium-small print runs, in terms of total supply

cost, they are still more convenient than traditional screen printing.

Digital Printing Systems

Extremely low startup cosi

Break even around medium productions

The cost balance point between digital and traditional is quite variable
based on the printing parameters and objects, but it can be said that
it can also be possible to produce a few hundred pieces digitally before
arriving at the break-even point.

04

Full-color picture
rendition

A point where digital printing on glass surpasses traditional printing is in
its ability to reproduce continuous tone images (i.e. photos and graphics
rich in nuances). This is made possible by a native ability to manage and
reproduce four-color images (CMYK) at an ideal resolution, that is, to "hide"
the presence of the screen.

This, in silk-screen printing was a rosette pattern, in the case of digital
printing is of the stochastic type, or if observed enlarged it appears as an
apparently dispersed motif.

Thanks to this diffusion of points the images appear rich in tonal

and chromatic passages that are practically impossible to obtain in
screen printing.



DIGITAL OPPORTUNITIES

05 06

Optimal printing Decoration on concave
on shaped items and convex shapes

Modern digital printing systems, Fermac digital range in particular, Compared to traditional screen printing, digital printing does not

use an advanced object path management system in order to require any contact between the inking element and the support. This
decorate shaped products. This is achieved by using the so-called feature makes decorating complex objects possible, such as all glass or
virtual axis, which is the software representation of the product containers that have convexity or concavity. This feature is also important
dynamics inside the machine. Each actuator, device and sensor to decorate objects that present reliefs (such as symbols, markings or
are therefore coordinated in order to precisely match the object surface features), which can be perfectly aligned and decorated by using
specifications. an optical centering systems.

Moreover, the virtual axis primary task, is to ensure a constant decora-

tion speed, allowing the print heads to work in the most suitable way.

13
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DIGITAL OPPORTUNITIES

07
Full bottles

The latest generation of digital decorating machines are designed

to handle full containers (e.g. bottles, jars or any other product).

The product inside is not altered or stressed, which opens up new
possibilities to a large number of projects that were impossible to realize
with other direct printing systems, like the personalization of fine drinks
bottles, the opportunity to make dedicated messages, numbering,
marking and any other situation requiring the handling of products
already packaged and capped.

08

Hot Stamping

High quality finishing can be implemented thanks to auxiliary devices
such as hot stamping, which allows the addition of a wide range of
metallic colors & effects to the object areas, for big volume production
or even small batches.




DIGITAL OPPORTUNITIES

09

Saving energy and
eco-friendly printing

When printing a glass or another product digitally, you save about
80% of the energy required by screen printing (and one fifth of the
power). For those who are passionate about ecology, or are turning
to a consumer-conscious market, it will be nice to know that a
digitally decorated object can be 100% recycled, because organic
inks sublimate at the temperatures of the blast furnaces without
affecting the quality of the recycled glass, which is therefore

perfectly pure.

10

The game
of fransparencies

In a digital printing system, you can define the color consistency
by dosing the correct amount of the base white. With maximum
simplicity it is possible to set out completely covered areas, or
portions where the decoration remains with transparent colors.
Thanks to this combined characteristic of the opaque white and
the four transparent colors, it is possible to experiment in order to

achieve results that are unachievable with screen printing.

Play with ink
transparency

s

15
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DIGITAL OPRORTUNITIES

1 1 Comparison with silk-

screen printing

Ink usage

Mirroring

Thanks to the advanced object path management system, Fermac digital -50 /o

printing machines can carry out the "mirroring", in other words they can
allow the optimal legibility of the decoration on the printed product both ‘
internally and externally. This technique is performed with a particular
inking sequence. The first step consist into guiding the object directly under
the CMYK color print head, where the decoration is carried out in order to
guarantee an optimal viewing from the inside. Then it goes to the white
which is applied two times giving an optimal opacity. After that, the printing
process normally proceeds with the next (Four) four-color processing for

the outside visible colors. Top coating completes the cycle. Thanks to

this particular technique, the final product acquires a refined finish that

enhances the decoring.
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Less ink. More profit.

There is no doubt that for the time being, digital printing ink is more

expensive than screen printing ink, but it is very important to consider

Y - N that digital machines use a smaller amount of ink (up to 50% less) in
' order to achieve an equivalent decoration. The bottom line is that, the
o, J ink cost for each digitally decorated piece is still lower than screen

] - - printing.

13

3D Printing Embossing
Effect

It is possible to use a special print head to create a 3D printing

embossing effect from the mould.

ke
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LIMITS

What digital can and cannot do.”An
innovaftive technology that is not designed
to replace screen printing, but rather to
bring glass printing toward new limits that
were impossible to overcome so far.

UMITS

Digi‘r_ql printing and screen printing are two distinct Tecgnologies. They certainly both
—— produee a graphic output on glass, but each with its ©wn characteristics, and related
S = odvonfo@e&gnd drawbg@cks. However, nofjall digital world is the same, and there are
several salutioris. igleigele jgle); olwoys get The most potential out of the digital direct printing
technolog, FoIIowMT e‘widely hlghllghTed great advantages of digital workflow, in this
chapter we Wil illustrai® the objective limits of this technology, and the specific limits of some

implementations. f
I
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LIMITS & NO-LIMITS

01

DEALING WITH SPOT
COLORS

The four-color printing (CMYK), in which digital technology excels,
represents a limit to the reproduction capacity of some spot colors (for
example, from the Pantone range). In this case, the colors are obtained
starting from 16 basic colors that are properly mixed according to the
directions given by the parent company.

15 base colors

4 base colors + white

1,800~

listed colors

100,000,000+

possible combinations*

*1004 combinations assuming the
possiblity of mixing any desired
percentage of any of the 4 basic
color

In the second case, the color is obtained by combining the four
basic colors, without making the screen effect perceivable when
looking closely, while in the first case, the coverage is complete
and derived from a single color.

Spot Color Best match in
1201X CMYK
Solid color Dotted color

It's not possible to reproduce every basic colors in CMYK,
while others, like white and transparent, produce particular
intonations that are out of gamut.

Nevertheless, the reality is that many colors can be reproduced with
high fidelity, or good similarity, by setting the color management
system correctly. We should also consider that, there is a difference in
the compactness of a spot color between screen printing (which uses a
dedicated frame), and the one reproduced with CMYK.

19
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LIMITS & NO-LIMITS

02
Printing speed

Digital printing machines favor the ability to handle complex products, with machine paths guided by CNC or equivalent systems, rather than high
speed, which often rely on specific equipment, format changeover times and operator skill. There is no doubt that if the need is to have high level of
productivity on the same type of product, traditional printing machines offer better performance, but you should consider that digital machines were
not designed for this type of use. The cost balance point(cost-benefit balance point?) between digital and traditional is quite variable based on the
printing objects and parameters, but in some cases, you need to produce a few hundred pieces before reaching the break-even point.

6000 printed pieces
2000 /
1500

000 ‘4—

500

—

0 1 2 3 4 time (hours)

B oigital Compact Linear Digital Rotary BB siikscreen Hign-specd Rotary

03

Vertical or
horizontal print heads?

Only some types of machines are affected by this problem, and it shouldn't be
considered as a generic limit of digital printing, but instead a particular design
of some specific models. Some printing solutions are designed to have the
printer head horizontally placed. As it is usual to expect, the trajectory of the
micro-drops of ink cannot follow a rectilinear route, no matter how far the
distance is, because is subjected to the "ballistic" effect that causes a minimum
approximation error to the point of arrival. Although this tolerance is on the
micrometric scale, it is still visible. This happens because the accuracy required
in four-color printing is critical in elements such as fine lines (for example in
texts) and in the sharp outlines of objects in which a register error is noticeable
forthe human eye.




What about
centering and
register?

It is safe to say that the era of registration, typical of
screen printing is over. The perfect alignment of the
printing inks is an embedded feature of the print head,
and the labor time previously needed for this operation

is just a memory. Centering, on the other hand, which is
the phase when the machine precisely aligns the product
according to references or surface characteristics (such as
reliefs), is guaranteed by high precision optical systems. In
addition to the centering, a quality control function can be

implemented both on linear and rotary machines.

LIMITS & NO-LIMITS

Vertical head + Comparison of possible error
(R |
1 °
By placing the print head vertically, the
1Lt top-down direction allows the gravity
T to be induced, thus causing just a

Horizontal head ¢

B !

negligible accuracy variance.

———mS P\ ,/\/////////////, :
S
- i

) 77558
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LIMITS & NO-LIMITS

05

Single pass or Multi pass printhead?

Multi pass

Scanning
movement
of the head

Printhead

The printhead moves over the substrate with a scanning
movement.

The printhead does many passes over the substrate to fully
cover it or to enhance details.

A major benefit of scanning, is to make missing or deviant
nozzles less visible. This could be caused either by partially or
completely blocked nozzles, ora mechanical inaccuracy in
the printhead.

Scanning also ensures a finer granularity and the full image
covering, producing a smooth and colorful image without
graininess or white space between dots.

Scanning is a relatively slow process, because the printhead
passes over the same area, thus losing time because the car-
riage must decelerate and then accelerate in the opposite
direction for each end of the scan.

Furthermore, scanning could degrade small text and fine

lines.

Tolerance
to nozzle blocking

Covering
of the image

Geometry
respect

Small texts
and fine lines

Granularity
of images

Print speed
of the head



LIMITS & NO-LIMITS

Single pass

* Onthe other hand, single pass process, directly prints on a
moving substrate (the object revolves).

* This is the only industrial solution for high speed production.

* Thanks to the size of the print head, and the constantly spe-
ed movement of the product, horizontal and vertical lines of
the decoration keep high accuracy.

SUNRE

AWESOME TAG

Printhead

Tolerance
to nozzle blocking

Covering
of the image

Geometry
respect

Revolution
Small texts movement

and fine lines of the

product
Granularity

of images

Print speed Sl — e
of the head

23



PREFACE

2
¥
U

ER] | ]
Y

[0

Thanks to the introduction of the  ur-- olors process into digital printing
on glass, is it understandable that, other than making it an extraordinary
opportunity to expand the creative and commercial potential, it also
raises a number of questions and curiosities. Follow us as we will try to
guide you in this world.

Better gradients
and ftints

Full colur Digiey ’

CMYK images : & Smaller

and graphics ] screen/dot
size for better
details

Let's put the magic of full color
images into the glass decoration



PREFACE

Go!

Ready to print

The introduction of digital printing comes with a new
paradigm: the four-color process, and as always happens, it
is easier to be scared by a new way of working, rather than
understanding its incredible potential. The four color pro-

cessing is definitely not a newcomer in graphics, that ranges

Digital means

Innovation and
opportunities

-
Jfrom the publishing field, to the printers we all have on our

1= gjo I‘ tofind tools and systems that are perfectly
ble

ofworking in CMYK. What has been lacking so far,

s't#e way to transfer beautiful full-color images onto glass,
limiting this luxury to the mastery of the best decorators,
but at what price (cost)? And what about the production

time? Luckily, everything nowadays has changed and it's all
incredibly simple.




26

THINKING

WORKING

D)
AL

From color science fo web
languages, here is how digital
printing systems simplify the
glass decoration process.




LIMITS & NO-LIMITS

Digi’r( hnologies rely on color science to ensure pre-
dictable results according tfo the customer needs. Due to
widespread standards, and the color specialists experien-
e, modern printing systems allow for reliable, repeatable
results in less time.

-
I THE WOKFLOW REVOLUTION
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DIGITAL PREPRESS

DIGITAL PREPRESS.

Low accuracy
Low precision

High accuracy

- Low precision
Lowaccuracy - @K b
High precision * -
/ Py
S &
High accuracy
High precision
2.

With CMYK printing
profiling becomes critical

The ability to reproduce color images carries the need to have a consistent and
predictable workflow. In the digital imaging field, this aspect is delegated to a
standardized system called "color management". All of the involved devices in the

prepress, are calibrated according to the standards provided by the International
Color Consortium (ICC).




DIGITAL PREPRESS

\\

O
01 |

Profiling inputs

and editing systems 5
3

The primary goal of the integrated color management, is to guarantee a o

correct interpretation of the color and luminosity data coming from the input Artsoffware

devices. Scanners, digital cameras, and designer monitors are typically

calibrated in order to correctly decoding the raw input data they have

stored.

Predict color/Soft proofing

02

Profiling printers

SCIN )

b

AN
&) Input profiles

Camera&Scanners Mobiles

-O Editing profiles
[\

As aresult, each output device must have its own profile. Then (6V Print profiles g

itis possible to link the desired color related to the monitors and
cameras with the printers. We should consider that there are
physical limits that affect the ability to reproduce the same color
we see on the screen, and therefore the purpose of color mana-
gement is to determine the closest result, but still more consistent
and uniform over time.

Ensure colors

03 ©
Soft&Hard proofing

Color management plays an essential role in prepress, which is to do both hard and
soft proofing. In the first case it is possible to obtain a certified simulation on paper
using suitable printers, or even to proceed to the decoring stage as an effective
print preview, thanks to the unique features of digital glass printers. Soft proofing,
is an interesting alternative that allows you to visualize on a calibrated monitor a
faithful simulation of the printed result, taking specific effects such as the color

and the type of the support into account.

29
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DIGITAL PREPRESS

RIPPING PROCESS.

01

From pixel to ink drop

The Ripping process to make is consists of converting vector, images
and curves into bitmap (or pixel based) images that the inkjet printer can
reproduce. It also handles color and screening. The starting point is a
digital file such as: TIFF file with text for example, or the graphic and
photographic image that has to be printed. What the software does, is
converting this file into instructions for the print head to locate the ink

drops with the right size and spot on the substrate.

02

How does it work?

* Image Scaling

* Resolution adjustment

* Optimizing the dynamic range of the image

* Color management

* Color separation of the main image into the 4 primary
colors : Cyan, Magenta, Yellow, Black + the white for the
background.

* The variable data must be inserted in some algorythm
inside the template of the rest of the image (see next
chapter).



PRINTHEAD
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User inferfaces

DIGITAL|PREPRESS

[£]

3 Party Control

ESKDOS
3 Party RIP & ONYX

e

<N
—

High speed .— ‘—k“
PDF RIP i

Color Variable lt

P [ ||\|n %

00000

000+

The RIP software converts a file into bitmap format, where
the raw data contains the individual address for each pixel
location on the image, and therefore, whether or not a drop
of ink will be there. For the 8 levels greyscale, we must specify
3 bits/pixel. The data path defines the value for each pixel in
terms of layout of the printhead. The pixel data is stored in a
memory, then a printing command is sent to the printhead.

Peripheral Confrol

TCP/IP
Print Server

Ink Supply System

Utilities & Tools

Print
Manager Boards

HEAD
Interface Boards
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DIGITAL PREPRESS

RIPPING

.
ﬁ o T ‘ i
_— R e

=l [T
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Layout Design File Variable Color Separation,
& Design Data RIP Management and

@ Linearization - Real time

Data Source

Making industrial »
Binary and Grey Level

prOdUCtions Screening - Real Time
of unique pieces

There are countless situations where the customization of decorated pro-

ducts could open interesting opportunities. Nowadays in particular, in a time W

when the culture of using technology is particularly widespread, we are

witnessing the increasing need to directly communicate with each indivi- = =

dual customer through texts, images or throughout the use of codes (such

as OR codes), but also via web and social media channels of a given brand. -4 - %

This necessity, is now accessible thanks to the capabilities of the printing
machines, and the prepress software that incorporates specific functions - -ﬁ. o

forvariable data management.
Swathe Generatfion

Printheads Head Inferface Print Manoger Stitching &
Board Board Multipass

A
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DIGITAL| PREPRESS

Empowering
data-driven activities

QR-Code and
DataMatrix

No limit to the creation of codes for

multiple customization uses.

Bar Codes ~ DIGITAL THINKING
. DIGITAL PRINTIN

Standard or customized barcodes can be
used to mark and separate sub-lots or indivi-

dually decorated products.




DIGITAL PREPRESS

COLOR

M

Using the RIP
to Improve Image Quality

Two key parameters: tuning ink to substrate and
optimum halffoning

The four-color printing, or generally any type of printing which includes a basic colors overlapping process, comes with the problem of the
predictability of the result. The image file that is displayed on the screen, is the representation of the information encoded during its creation, which
will be transferred and printed on the final support. Each of these steps involves each system (shooting, visualization and printing) decoding the data
from the original file with a potential margin of error that would lead to an unpredictable final result. In the digital domain, we overcome this problem
by using the ICC color profiles, because we try to establish how each device will do the color data decoding of an image. In the printing field, this task
is called "transcoding process”, and by using the RIP (Raster Image Processor) software, the file “moves” from the field of the representation to the
reproduction. Thanks to the RIP it is possible to apply the necessary color profiles to keep the result consistent regardless of the substrate on which the
print is made. Is it possible to create dedicated profiles for each substrate, which is the best way to guarantee consistency and quality throughout

the production process.

L g T

e - A
= SepmimEn

Color

[T g _|I' -
i / mMmanagement
s | | o
- ] - * Output color profile using ICC specification
e et 2 * = * Specifies how colors should be converted

for rendering purpose, when the gamut of
the source exceeds the one of the output

device

Profiles Viaker 5's GUI i1 Profiler's GUI



System Linearization
or Calibration

Linearization ensures the printer prints contone
values evenly throughout the scale, from
0-100%:

* It makes multiple printers behave in a similar predictable way

* It makes color management easier

For chemical and physical reasons, inks tend to produce uneven results on a variety of media. Imagine having to reproduce a simple
nuance of coverage tests, with values between 0 and 100%. It happens that you will see a non-optimal or non-gradual distribution.
The linearization, is the process that brings this non-optimal input situation to a predictable and optimal one. The linearization process
requires making a custom color profiles by using colorimeters or spectrophotometers and a specific software.

Method

* Generate a linearisation test chart

* Print it

* Measure the output data

* import the measured data into the RIP
software to apply changes

A linearization Test Chart

35
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PRINTING|PROCESS

RESOLUTION

The optimal resolution to
represent continuous nuances
effectively

Resolution in graphic design is the measurement unit that indicates the sharpness level or the
ability to reproduce an image. You can refer to resolution when it comes to image files, monitors or
printers and in any case you want to define the quantity of elements (pixels for images, or points
for printers) that are present in an inch, or in 25.4 mm. The higher the resolution, the sharper the
image will be. 360 DP!I is an optimal value, because it is equivalent to just 70um of space between
every ink drop, definitely close enough to reproduce hi-res image files (300 PPI) without making

the grid effect visible.

On your screen

I I I | |
-
Pixels per Inch

25,4 nm 10 times

100 fimes

On your Printer

DI I | !
-
Dots per Inch

100 fimes

1/360"
0,0028mm
70 microns

This means a grid spaced
at 70 microns. On this
grid, you can have smaller
or bigger drops with this
distance



PROCESS DIAGNOSTICS

DROP

::jetXp

ert’

ropwatcher System

01

Analysis and optimization of the
waveform for droplet speed, size,
and satellites

The JetXpert Dropwatcher, is able to capture images of single droplets on the fly by synchronizing a high-speed strobe light
with a high-resolution camera on the printhead jetting. The system can automatically analyze the images and apply ad-
justment on the droplets according to your specifications. The images and data can be used to evaluate the waveform and

to improve future testing, working towards the perfect ink formula or printing process.

The JetXpert software measures drop volume, velocity, average radius, and trajectory, and it can be customized to include
additional measurements for your unique needs. All of the information can be exported into Microsoft Excel™ or similar

programs where it can easily be incorporated into tables, plots, and reports.

Drop Measurements

* Velocity
* Volume
* Trajectory

* Visualization of drop information

=
.-—.mlnlumqg..—-—--.-
[T e

» Number of Satellites | | - at et =

* Ligament Length

i | =

02

Analysis
Capabilities

Minimize wetting, latency, and jet-out.
Optimize waveforms and ink formulation.
Compare drop-to-drop and nozzle-to-nozzle
consistencies.

All made possible through the industry-leading
imaging technology.
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PRINTHEAD.

These settings ensure whether or not the print head
will fire drops of the same size, in order to vary
the ink density on the printed media with lighter

shades of ink drops.

01 02

Density Variable dot
control size

Grayscale heads can vary the density of the In piezo print heads, it varies the dots size.
individually printed dots, so a drop might be They can produce up to 7 different dot sizes.
able to replicate anything from 30%, 50% or

100% color.

Drops&Subdrops

o,

L5

483448

03

Fine detailing
for halffones

Greyscale printheads fire drops made up of
smaller sub drops (between 6 to 20pl). By
changing the drop size, it is possible to give the
effect of a more complex and sharperimage.
Small drops provide the fine details in an image
(halftone) and larger drops provide full intensi-
ty of solid color.

@

Drops emerging from nozzle

Final size of drops on substrate

-y

St

70pl

6-20pl

regular ink drop w

grayscale grqyscale head

subdrops
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The best
rendering for
smooth image
tonal fransitions

o'

360 dpi

o grey levels

2 grey levels
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DIGITAL PREPRESS

SUPPLY.

01 02 03
Refill botile Main tank Filter

The main role of the ink supply is to ensure the correct negative pressure
(vacuum) inside the printhead. The right level of ink flow is fundamental
for the printing quality and stability. Too little ink means gaps in the
printing and too much means irregular jetting.

Printhead

The ink supply is divided in 4 parts

Main tank for refill without or with mixing system for the white. The ink level is controlled and the

ink is in suspension inside the printhead with an independant vacuum system. The print head

works by using an electric stimulation to eject a drop of ink. This breaks the meniscus at each 04
nozzle (the meniscus is the curved surface of the ink formed at the nozzle orifice by surface ten-

sion). The drop is held back in the nozzle by a slight negative pressure until the energy pulse is

applied. The ink supply must do as well: filtering of the ink from the main tank to avoid particles Prl ni Head

clogging the nozzles, it can de-gas sometimes if it is necessary to remove air bubbles.
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FROM SMART PHONE

E\ A web/cloud oriented solution to
U manage and monitor the printing system

Fermac and Bosch "Rexroth" have together refined (improved) the printing machine management and monitoring system thanks
to aweb app that allows real-time access to the functions and diagnostics from any device. The intuitive and familiar interface of
your smartphone or tablet is therefore placed side by side with the on-board user panel, thus making the printing system totally
integrated into your cloud of hardware and software solutions.

Web App v i _“.‘-.'

Uploading: any type of picture file I
Monitoring: workfiow and machine stafus -

Maintenance.\. I;l
isualization

o3 N
. rexroth .

@ o—ABosch Company\.
Self—learning:f\’ @ ./:finting Simulation

product profile

Upload
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BRINGING IT
ALL TOGETHER
UV INK JET INKS.
FOR UV LED CURING

Inks are at the center of the printing application

and are a crucial building block in the overall
performance of the decoration. They connect the
different components of the printing process, bringing
it all together from the ink supply to the printheads to
the curing equipment down to the substrate.

High Performance Products

Each component plays an important role in optimizing the performance properties of the final
ink formula. However, balancing the sometimes contradictory requirements of the raw
materials, such as viscosity versus pigment content, raises a number of technical issues that
an ink manufacturer must take into account, particularly when formulating a low

viscosity, high opacity UV white ink. These issues tend to be compounded when the inks
need the additional functionality required for containers applications such as hollow glass
printing where the final properties include adhesion to glass substrate, physical or chemical
resistance, and the capability of being over-printed.
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ion of the
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onents of a
1include:

OLIGOM ER impart the basic performance properties of

.

the cured ink, including its adhesion range and flexibility
A the right backbone of the ink ensures the compatibility with the eq uip r ent as well

as fulfilling the high specifications of the decoration -

o

MON_QMERS have the major function of providing lower ink

or coating viscosity
A making sure the viscosity is aligned with the requirements of the printheads,
making the printing process more reliable

PIGM ENTs determine the color gamut of the ink

A higher pigment load leads to more vibrant colors, a larger color gamut and less

ink consumption of up to 25% compared to conventional graphics inks

PHOTOINITIATORS ..o orcorect curing

of the inks

A curing speed has to be highest output of the machine
while keeping the high pe

ADDITIVE

wetting agents and dispersan

‘ this ensures stable conditi
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OVERCOME THE
TECHNICAL LIMITSTO
GET THE PERFECT INK

Printing Process

Full digital UV ink system from one partner: The CYCONJET® - system used on Fermac
printers is an Ink system specifically developed for glass items. In addition to the standard
applications of inkjet inks, CYCONJET® offers well-harmonised systems including inkjet
primers and inkjet topcoats as well as high-quality inkjet inks.

INKJETABLE UV TOPCOATS

For increased chemical and mechanical resistance.

INKJETABLE UV INKS
(WHITE AND CMYK)

High color density, wide color gamut, low ink consumption and

highest batch to batch consistency.

INKJETABLE UV PRIMER  °

For perfect adhesion on the glass surface and a stable,
lean and flexible in-line process

Liquid ink
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Compatibility

The primer, ink and topcoat systems are designed and tested to be compatible with all ink carrying parts
of the printing equipment from ink supply to the printheads. Ensuring long lasting performance of the
equipment and stable printing processes. —

ur PFUIL WY
- = AL e e T
SRR % :
LIPS rlr.' R -r‘-' [ e
Efficiency AHETNAE
F e e L f
Due to the fully digital setup of the print including the UV curing inkjet primer specially developed for . ;-"f'.._--"' &

highest performance on glass, the system offers highest flexibility and process efficiency without any
setup times. Additionally the high pigment load of the colored inks leads to more vibrant colors, a larger
color gamut and less ink consumption of up to 25% compared to conventional graphics inks.

Safety

Safety is a very important topic when it comes to decoration of glassware like tumblers, bottles or food

containers. Mankiewicz has been concerned with the safety of the raw materials used in our products for a
long time now in order to be in a position to guarantee the long-term availability of the products provided
by us. Close co-operation with our suppliers as well as intensive work with all committees and associations
enable us to gear our research and development to the latest developments and to provide our customers
with REACH compliant solutions for their respective applications at all times.
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INK JET PRINT HEAD.

KONICA MINOLTA KM1024i printhead

LB-ine © |, © ©

LA-ine

RA-ine

© :
A

The printhead E The resolution

used for hollow (] achieved is:

glass container Q 360 DPI, means

are single pass. 3 360 ink droplet

for 1inch

The print head 00 All of the print

is composed of .;_°° heads are

4 x rows of 256 S0 heated from

nozzles S 35°C up to 50°C
3 depending on

viscosity

1024iMHE-D Inkjet Printhead featuring an
All-nozzle Independent Drive System with a
Multi-line Structure

Unlike the existing 3-cycle system drive, an independent drive system that enables
simultaneous emission from all 1024 nozzles has been adopted. The high-density
structure featuring 4 lines of 256 nozzles aligned with high precision enhances po-
sitioning accuracy to realize high-definition print quality. Maximum Drive Frequency
(45kHz) approximately 3 Times greater than that of the KM1024 Series. This is the
ideal inkjet printhead for development of single-pass system inkjet printers capable
of high-speed printing.

of 6 m/s

jetting speed

With the

Konica Minolta
1024iIMHE-D print
head, the ink
droplet size is 13
PL* with a jetfting
speed of 6 m/s.

*1 picoliter (PL) =
1512 Jiter (L)
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INKJET PRINT HEAD.

How much is really 1 picolitre?

1 picolitre
ink drop

13pm

Width of
typical human hair

80pm

01

Piezo heads

Piezo heads are all based on the
principle that a particular type of
crystal (often lead zirconate titanate
in inkjets, written as PZT) expands or
contracts when an electric current

is passed though it and switched off
again. This expansion/contraction is
used as the basis of a pump in the ink

chamber.

ink channel air channel

actuator wall nozzle

electrode

02

Nozzle transit

Depending on the configuration of

the crystals (called in “bend” or “shear”
modes), a two-way expansion either
draws in ink and then forces it out of the
chamber via the nozzle

03

Size variation

Piezo heads can generate drops of variable
sizes from the same chamber and nozzle,
giving different ink densities on the media.
These are called greyscale

common

04

Extended
lifespan

Piezo printheads last much longer than
thermal heads because there is less thermal
stress and the piezo crystals can expand/
contract millions of times. A piezo head is
normally intended to last for the lifetime

of the machine, as long as there is no fatal
blockage or external damage. However they
also cost considerably more to make and buy
than thermal heads, so users need to put
more effort into maintaining them.
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SURFACE
PRETREATMENT.
FOR BEST INK
ADHESION

Creating a Wetting
nanoscale-roughness

x=0°

The PYROSIL® Process is based on the flame-pyrolytic Wetting - Spreading
deposition of amorphous silicon dioxide on a substrate material, angle x
atype of silicate coating. The glass surface is treated with a o .

L ) " - Liquid s X<90
gas flame which is doped with a silicon-containing precursor P )

) [ drop Good wetting

material (PYROSIL®). The PYROSIL®, also referred to as the .
precursor, burns in the flame and deposits on the surface in a / b

x=90°
very thin but dense and firmly adhering silicon oxide coating & 5

Incomplete Wetting
(5—100 nm). Due to the short lame-substrate interaction the

material's surface temperature remains moderate. Surface Iél Xx>90°
>
of the part to Incomplete Wetting
e wetted

‘ x>180°

— No Wetting

The "Wetting" is referred to the ink droplet behavior after hitting the
surface. The higher the surface tension, the more the ink droplet spreads,
resulting in less details definition. The lower the surface tension, the more
the ink droplet keeps its jetting state, resulting in high definition for thin
lines and details, but poor adhesion .

Roughening (nano-porous) of the material surface
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The life span of the decoration is calculated according

to the same minimum standards of screen printing, and

it must last for 500 dishwasher cycles, which is the reason
why surface pre-tfreatment is so important.

Coating and process properties

* Roughening (nano-porous) of the material surface

PIROSYL®

* Hydrophilisation of the surface, very high surface energy
* Invisible and flexible coating

* Realization of a well-defined and highly reactive surface
* Long-term stable coating (in combination with a primer,

it can be stored without activation loss for 1 — 4 weeks
before further processing)
* Effective and cost-efficient scalable process )
Pyrosil Layer
* Low temperature protects material
» Parameters can be customized to meet any special

i SUBSTRATE
requirements

Functional principle of PYROSIL® Process

PIROSYL®

Deposition of silicon dioxide coating on the material surface
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PRINTING PROCESS.

The optimal decoration is ensured by keeping a constant speed,
and the virtual axis mechanism that controls the electromechanical
system of the machine hundreds of times every second.

Primer  White 1 Top-Coat

up to 720 Dpl

01 02

Primer Two passes
of White

onto uneven glass and is the base for successive color layers. This layer forms In linear machines, the white printhead execu-
tes up to two passes according to the coverage

The role of the primer layer is to create a surface suitable for the deposition of the
successive layers of color. The primer layers role is to create a uniform surface

a sandwich enclosure with the top coat final layer and ensures the stability of all

the other colors. The primer is perfectly transparent and not harmful and can level required. On the other hand, rotary

therefore not be declared as such in an eventual label. machines, for technical reasons are equipped
with two different heads that perform the

same operation at a much higher speed.

Additional content

Decoration on a
linear machine
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Sequence of a standard
printing on linear or
rotary machines

Primer  White

up to 720 Dpl

mirroring printing on
linear machines

inside facing

Sequence of a standard
printing with additional spot
colors on rotary machines

000456

White White Top-Coat Primer White  White Spot1 Spot2  Top-Coat

up to 720 Dpl

outside facing

03

CMYK printing

At this point, each ink of the four-color
process is applied following a specific
pinning. After that, linear machines can
perform the "mirroring", which consist
of carrying the object under the white
printhead and back to the CMYK section
fora further step. In this way it is possible
to obtain a perfectly visible decoring from
both the inside and the outside of the
object. "Mirroring", is also possible on
rotary machines, but a special setting is
required.

04
Top Coat

The top coat is applied for a better
stabilization of the ink and to ensure
an optimal "mechanical" resistance of
the decoration. Thanks to this step, the
decoration acquires a more uniform
aesthetic finish and adheres to the
standards of durability required also for

silk-screen decoration.

05

Final curing

The final curing is obtained with a
20W lamp. This ensures a perfect
polymerization of the UV ink layer.
With this process, the resistance of the
printing is lasting more than 700 cycles
in the short cycle for bars and pubs.
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UV LED PINNING AND CURING.

LED light ensures compliance with the perfect wavelength
necessary for pinning on each individual ink station and for curing.

Ve
— | Led 385 or 395 or 406 nm LED range ) > | LEDonly
c
= Led 365 / \ é
é ....... .:,_... E— g 5
= . Mercury Lamp e 355 365 385 395 405 415
5 Wavelenght (nm)
2
o
[0}
a2

700-400 nm

Radio waves Micro waves Infrared Ultraviolet X-Rays Gamma-Rays

] Lw‘,

Wavelenght | UVA UVB e
400-315 nm 315-280 nm 315 -280nm

Energy

I:\-f- ; I..

24W UV Led. ™

fhefinal and opftimal ink d

catalysis is achievedibykingh
16-24 Watt LED Lamps.
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Treated substrate

The role of
pinning

With the impact of UV LED
light exposure, it is possible to
freeze the ink droplet.after the
jetting to ensure fine details

or enhance the spreading

of the ink droplet to achieve
good covering and obtain a
uniform colorfull solid surface

PRINTING PROCESS

Internal surfaces
darkened to avoid
reflection

Special anti-reflective paints are
used for the internal parts of the
machines in order to minimize the
risks of degrading the quality of the
photosensitive inks.

Say goodbye to 40-feet ovens.
Well... o any oven, indeed.

The ink jet process is developed with UV LED curing system, which means that the ink formulation is developed to
get a very good reactivity of the photoinitiaters with UV LED exposure. This results in very good overprinting prop-
erties and a very high quality level with full adjustable process according to artwork. The wave length is 395 nm
and the UV power is going from 2W to 5W for the pinning and from 16 to 24 W for the final cure. After the final UV
LED curing process, the item is ready to be packed.
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KINEMATICS
AGENT 0.07%,
MISSION: LIVE AND LET PRINT.

|

OW TO ENSURE 0.07mm OF
PRECISION ON THE OBJECT

* Are you wondering why just 0.07/mm? Simply T—
because it is the gap between two drops of ink -""':‘ '
that must be properly deposited for decoration. —

ensure that the print head can work within such 1

A digital decoration machine must e built to -
a narrow folerance range.
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A virtual axis takes care of the spatial
positioning of the object

The almost absolute precision needed fora complex printing system such as a decorating machine, requires perfect
synergy between all aspects of the machine. Mechanical construction must be carried out using techniques and
technology that reduce tolerances to a minimum; this is the reason why high quality components are used such

as recirculating ball screws, prismatic guides, racks, ground pinions, and extensive use of planetary gearboxes. In
addition to the mechanical muscles, the system requires a brain and eyes to ensure perfect positioning. The so-called
virtual axis is used to define the object path in advance, and allows the control and feedback systems to correct and
appropriately apply changes to the kinematics real-time.
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Range

SOLUTIONS

THE DIGITAL PRINTING COMPETENCE-CENTER

Fermac is a uniqué partner for all
of your needs inthe field of digital b
printing on glass
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JetArt CL
Series

Linear

For decoration of any developable

shaped item:

Cylindrical, conical, oval, square, etc... JetArt F1800
Tumblers, boftles, cosmetic & perfumes
Up to 6 pcs/min

Series

JetArt FXX

ROi’CI ry Series

From 20-80 pcs/min
Existing in 2 versions:

Hybrid (digital+screen-printing) Hybrid digital

Fermac range of digital printing systems include linear and rotary
machines, able to handle production rates ranging from a few pieces to
80 pieces per minute. These machines are designed to cover every need in
the context of digital printing, and allows to complete the commercial

offer for every decorating company, with all the benefits deriving from

S T
[
R o ]

this extraordinary technology.
The range is completed with hybrid printing systems, that blend scre-
en-printing and digital printing, for those who want the best of both

worlds.
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Over 250 customers in 52 countries use Fermac
tfechnology for decoration. Fermac has been a
leader in high quality glass decoration systems since
1993, and nowadays it is a trusty partner for every
company that want to embark on the digital path,
with the confidence in a constant world class support.
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Italian style and quality.

Fermac machines are the result of a unique blend of passion, competence and skill that distinguish quality Italian industries.
Digital printing systems are complex and extremely demanding in terms of reliability and durability. This is the reason why the
expertise of (our?)designers and specialized technicians, is the key to the success of this new generation of systems. The
care and craftsmanship involved in every aspect of the development of the machines, are combined with the indispensable

efficiency approach, for a company that is now firmly oriented towards the global scene.
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ANATOMY OF Al PRINTING SYSTEM

OF A DIGITAL PRINTING SYSTEM

A digital printing system consists of the
decorating machine, plus some auxiliary
devices that are necessary for the
printing process itself and to optimize.the

‘production plant Iog|s’r|c.§‘,r

-
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Similarities and differences with traditional
printing for easy implementation of digital
printing in existing sites.

In a decorating company, traditional printing systems occupy a
large amount of space mainly due to the need for the oven and
complex product flow management systems. Digital printing
offers a simplified approach, even if it is still necessary to place
the decorating machine in a logistically efficient context made
of suitable transports and accumulations. When talking about
a printing system, we are not referring only to printing units, but
to the entire production business. In terms of the production
flow, there are similarities to the traditional pressing plants, like
transport and product management in particular, but also there
are differences given by the specific nature of the technology. For

Additional content

View decoration from
inside with VR360
technology

example, it is necessary to place an object pre-treatment station
just before the decorating machine.
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LINEAR

01

Conveyors &
Logistics

Conveyors, accumulation table, depal-

letiser, spacers, spacer star, ledless screw,

manual stepping system.

ANATOMY OF Al PRINTING SYSTEM

02

Pretreatment
unit
To make the surface suitable for digital print-

ing by increasing the surface tension and the
adhesion characteristics.

03

Infeed
sysiem

Uploaded between pad and tailstock.
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SMART

04

Centering
system

Carried out by using a linear camera

(Centrum), that ensures the perfect

match for a specific application.

05

Shape
check

This is the process that checks if the
product shape is within specs.

06

Quality
control

Optional quality control operated by
Spectrum dedicated system
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RO
SPEED FOR FAST

Ensuring quality
up to 80pcs/min

Electronically controlled intermittent motor of
two motors for the recovery of the clearance and
guarantee a positioning with precision inthe
order

of 1/1000* on the main table.
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2 extra 2 more optional Energy wise
stations colors -

Regenerative power supplies: the
systems that provide power to the drives,

The rotary machines are equipped with Models are available equipped with two allow to recuperate the kinetic energy,
two additional stations for loading and stations dedicated to the use of heads with which is regenerated and put back into
unloading products spot colors the network. This is also and embedded

feature of linear machines.

Improved
safety for
people

Fume extractor on the pre-treatment
station and room air intake inside the

machine.

Additional content

Decoration on a
rotary machine, the

Fermac F12J
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Glass digital
prinfing seems
tfo be designed
for maketing
people.
Unrivaled
capabilities

of full color
reproduction,
perfect
infegration
across all the
production
ess with
apps
ndards,

!
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Marketing constantly requires going beyond the creativity
boundaries. Making successful campaigns, nowadays often
means, getting to the point of putting a strain on the technical
capabilities of the downstream production systems. However,
as marketing and sales people are aware, this is not just a
whim, but a real need for innovation, which nowadays, if
lacking, makes it impossible to build trusty relationships with

the targeted audiencet.

Innovation comes from flexibility.

It is easy to have good ideas when you have the tools at your disposal without any limits! This is particularly true in the digital glass decoration field, because modern

printing machines offer such a wide range of opportunities, thus opening new areas to explore for the marketing strategies of businesses. In the marketing field,

flexibility is a term that you would like to extend to its maximum potential, which is what digital technology promises to do: reach the specific audience faster and

better, with targeted messages, integration with the already in use workflow, and break down the time-to-market boundaries of existing technologies. Digital is all

thisand ... yes it seems it is made for marketing.

01

Power to
creativity

Four-color printing allows to consi-
derably simplify the prepress process,
because it is already widely spread in
the creative and marketing depart-
ments of agencies and companies.
Full color control, thanks to the digital
color management, enables people
involved in marketing to obtain predi-
ctable and high quality results.

02

Tests

The digital process offers great flexibility
in terms of doing test runs, A / B testing,
and to precisely modulate the aesthetic
choices, evaluating the appeal to the
public before moving forward with large
production batches.

03

User-generated

Finally, it is possible to include the universe
of user-generated content in its marketing
weapons, thanks to the possibility of using
variable data printing.

04

One-to-one
marketing

Digital technology allows the customization
of small lots or even single pieces, even in
an industrial production context. In this
way it is possible to reach a vast audience
by providing innovative solutions strongly
oriented towards the customer-centric
approach.

67



kg’rshore ' '
by the \

iNSE ohong |
the To and

the generation




PRINTING & MARKETING

Glass or not glass? That is not the question... Thanks to modern
digital printing systems it is possible to decorate countless
surfaces, materials and shapes. Scheurich, the renowned

German brand for plant pots and accessories for indoor and

outdoor use, is an example of how it is possible to intercept
new market trends and translate them into commercial
success thanks to the technology progress.

o Ry wigel 92
Ceramic H‘;F | -#-ﬂ% lﬁﬂaﬁj Range
Ceramicis one of the many substrates I.)e}f*ﬁ}ﬁ Fé%ﬁggﬁ extension

on which it is possible to decorate i
With the infinite possibilities of

decoration it is easy to diversify

with our screen-printing machines

on glass.

Four-color printing also allows you product ranges by selecting styles

to considerably expand your creative and subject to each individual target.
space by faithfully reproducing conti- i

nuous tone images.

Further information

Scheurich
website

Scheurich Reinvent its style with digital.

Continuous growing marks the success story of Scheurich: Founded 90 years ago as wholesaler of glass and porcelain, Scheurich has reinvented itselfagain and again
over the years. This high level of flexibility, combined with comprehensive know-how and distinct innovative drive are what makes them who they are: the leading
brand for ceramic and plastic plant pots for indoor and outdoor use.

With a team of 470 employees Scheurich manufactures their ceramic and plastic products almost exclusively in Germany. At the production site in Kleinheubach
Scheurich produces up to 100.000 ceramic items each day. The basis of our ceramic products is clay. We source this exclusively from Germany and pay attention to
the highest quality. Short delivery routes, high-quality materials and a resource-saving production ensure a positive environmental balance.
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(LIERN 1S

ad Bryon‘

answers some
questions about
the present

O W10 ROALE T 0t TR A and the future

NEW!
Full Color Plastic
Stadium Cups

ol

Further information

GrandStand
website

Grandstand Glassware + Apparel

At Grandstand we partner with you to provide quality products and creative branding that connect your passion and art to your customers. The level of integrity that
we hold ourselves to is evident in every Grandstand product that leaves our facility. When your brand is on our line, we put our reputation right beside it. Since 1988,
Grandstand has ensured that your brand is compelling, credible, consistent, and connected. We bring the full weight of our experience and expertise to showcase
your business. It's what we’ve done for over 17,000 craft breweries, distilleries, restaurants, corporations and businesses — small and large. Give your brand the at-

tention it deserves — every time.
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Pros&Cons of digital technology in an interview with Chad Bryan,
director of operations at Grandstand, Lawrence, Kansas - USA.

01

Evolution of
digital.
An outlook.

What does digital technology mean to
you?

CB - Today we produce around 60,000,000
pieces peryear which are distributed among our
approximately 30 printing systems. A few years
ago we decided to expand our offer of solutions
thanks to our first Fermac linear printing
machine. Today we have commissioned, again
at Fermac, a second unit, this time rotary, which
we hope will definitely bring technology from
the pioneering field of the early years, through
the expansion phase we are experiencing today,
towards a definitive industrial maturity. We
hope that the new production paradigm will
perhaps supplant some aspects of the screen
printing workflow that begin to appear obsolete
compared to the potential of the new systems.

What are the margins for improvement
in digital?

CB - We are certainly talking about a very
promising technology that already gives
significant results today. However, there is one
aspect, in our experience, in which we would
like to see an improvement in performance

and it is the repeatability on a large scale of
decorations on products of complex shapes.

I do not mean that it is not possible, but

we observe good results on small lots. As
production increases, adjustments must be
made to ensure the necessary stability. We
know it is a field where progress has already
been made since we installed our first machine
and we are confident that we will be able to deal
with these types of containers more confidently
in the future.

02

Colors

What does it mean to pass to the four-color
process?

CB - Itis another way of thinking, for us and for

our customers. Today we are in the midst of great
opportunities that gives us the four-color process

in the reproduction of continuous tone images and
the request of customers to preserve the look of their
spot colors. In these weeks we are implementing

a color management system that will allow us to
communicate better with our customers, we will
have the color profiles of our machines and the
various types of substrate. In this way we will have
predictable results and we will be able to make them
available to third parties to have reliable soft proofs
on their own screen.

03

Digital&
the Web

Do you have experience with online
projects using Fermac printing
technology?

CB - Of course, we have direct experience.
On our site you can already buy customized

products that we then produce in digital

printing. For us it is a constantly evolving
project and in these weeks we are
embedding WYSIWYG tools to allow users
to have an increasingly effective shopping
experience and for us increasingly more
integrated into the production workflow.

04
Productivity

What is the production range you
make with your linear decoration
machine?

CB - It must be said that our machine

is designed to print only a few pieces per
minute, so it is ideal for the minimum run
that we offer to online customers which is
48 pieces. This is a quantity that could even
be reduced in the future. However it must be

said that we have also made runs in the order

of 10,000 pieces, on the otherhand it is a

machine that works 24 hours a day.

It seems that digital machines offer
incredible performance for format
change. Are the 15 minutes stated
realistic?

CB - Yes, 15 isa good number. We expect
that times will necessarily lengthen when
we have the new rotary machine, but this
will depend on the fact that there are more
stations and more heads than our linear
machine.
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TROUBLESHOOTING

How to achieve better large fiat color areas

Per aumentare la qualita della copertura del colore per fondi pieni occorre
aumentare la tensione superficiale mediante un aumento di Pyrosil o ral-
lentare la velocita del bruciatore per raggiungere una tensione superficiale
superiore a 60 dynes/cm?.

Reduce the pinning value in percent to allow the ink to expand on the

surface.

Improve quality of thin graphic objects (texts, lines)

Instead to print fine lines or small texts, you have to do the reverse proce-
dure: reduce the surface tension and increase the pinning value.

Require items without "cold-end-tratment"

For an optimal decoration it is necessary to specify that the "cold end
treatment” often based on PE, but not only, must be removed from the
surface of the glass before printing inkjet. The glassworks can be asked to
supply glasses or bottles without "cold end treatment", if it is not possible
and necessary to remove the treatment with the passage to the oven at
500°C during 90 min.

Digital prepress and raster image preparation

To ensure optimal decor performance it is essential to prepare the files
following simple instructions. The native resolution for raster elemen-

ts (images or pixel-based graphics) must be at least 360 DPI and the
composition of colors to try to have as few overlapping colors as possible
especially when printing full or spot colors.
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Optimal gray neutrality

Ifit is found that in the attempt to print a grayscale image (black and white
image or graphic) there is a deviation from perfect neutrality, it is necessary
to check the source file.

As with any other four-color-based printing technique, digital printing on
glass makes it possible to faithfully reproduce gray by using only black ink
or a combination of the three primary colors and black as a key color (hen-
ce the letter "K" of CMYK). By their nature the combination of cyan, magenta
and yellow does not produce a perfect black, but rather a dark greenish
shade. However the use of the three colors in addition to black gives a ri-
cherlook to the image and determines a more gradual rendering. For this
reason we recommend using a technique known in the world of prepress
as GCR (Grayscale Component Replacement) which allows to keep the
same perceptually value, but reducing the component of the three colors,
and therefore the potential deviation from the perfect neutrality of gray.

Improve the rendering of texts and fine graphic
elements.

We recommend the use of antialising in the production of fine text
and graphic elements, such as lines, textures or drawings. Antialising

is the technique available in numerous image processing software that
reduces the scaling effect, particularly unpleasant in digital printing
on glass. The procedure used by the antialising algorithm consists
substantially in softening the image with a suitable modulation of the
intensity of the pixels that are in the vicinity of curves or inclined lines

of the decoration to be printed.
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CNC

CNC machines (Computer Numerical Control), or NCM (numerically control-
led machines), are today very widespread and used in almost every field of
mechanics. They represent the evolution of CN machines, because they
allow direct numerical control from an external computer (CNC).

CMYK

CMYKis the acronym for Cyan, Magenta, Yellow, Black. It is a color model
with subtractive synthesis, which is used in color printing devices and con-
sists materially in the mixing of substances which, reflecting only part of
the light spectrum, appear as a specific color, such as inks, pigments and
paints. In this case, the reflected color is the result of the subtraction from
the light spectrum of the frequencies absorbed by the opaque substance
layer. The reproduction of color in print through these four inks (cyan,
magenta, yellow, black) is called four-color printing.

Color Space

A color space is a specific organization of colors. In combination with
physical device profiling, it allows for reproducible representations of color,
in both analog and digital representations. A color space may be arbitrary,
with particular colors assigned to a set of physical color swatches and cor-
responding assigned color names or numbers such as with the Pantone®
collection, or structured mathematically as with the NCS System, Adobe
RGB and sRGB.

Color Model

An abstract mathematical model describing the way colors can be
represented as tuples of numbers (e.g. triples in RGB or quadruples in
CMYK); however, a color model with no associated mapping function to an
absolute color space is a more or less arbitrary color system with no con-
nection to any globally understood system of color interpretation. Adding
a specific mapping function between a color model and a reference color
space establishes within the reference color space a definite "footprint”,
known as a gamut, and for a given color model this defines a color space.

Digital Printing

It is a generic term to identify a printing system where the form to be
printed is generated through electronic processes and imprinted directly
on the substrate to be printed. The term "digital printing" is used in par-
ticular to indicate those technologies that do not require the creation of
traditional printing systems such as films or frames.

DPI

Dots perinch (DPI, or dpi) is a measure used in the fields og graphig

design and print. It refers tof spatial printing, video or image scanner dot
density, in particular the number of individual dots that can be placed

in a line within the span of 1 inch (2.54 cm). Similarly, the more newly
introduceddots per centimeter (d/cm or dpcm) refers to the number of
individual dots that can be placed within a line of 1 centimeter (= 0.393 in).
Monitors do not have dots, but do have pixels; the closely related concept
for monitors and images is pixels per inch or PPI. Many resourcese use the
terms DPI and PPl interchangeably.

Gamut

The "gamut" is the entire range of colors that can be produced by a color
model. Color printing systems fail to reproduce the full spectrum of

the visible spectrum to the human eye. The RGB range can reproduce
approximately 70% and the CMYK range even less. If a color is outside the
CMYKrange it is replaced with the best approximation available, which
often turns out to be very different from the original.

Hot-Stamping

It refers to a type of decoration obtained by hot transfer of a very thin
metal sheet. Typically used for edging or to insert elements with a bright
metallic appearance in any type of decoration.

ICC Profile

Set of data that describes, according to rules and standards promulgated
by the ICC (International Color Consortium), the way in which colors are
represented numerically in a given color space. In particular, ICC profiles
are commonly used to numerically describe the way in which colors are
represented in digital devices for input / output of images such as digital
cameras, scanners, printers and displays.

Pantone®

Pantone Inc. is a US company that mainly deals with graphics technolo-
gy, color cataloging and the production of the identification system of

the latter. Known as the Pantone Matching System, it has become the
international standard for graphics and is also used for color management
in industry and chemistry.
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Planetary Gear

An epicyclic gear train (also known as planetary gear) consists of two gears
mounted so that the centre of one gear revolves around the centre of the
other. A carrier connects the centres of the two gears and rotates to carry
one gear, called the planet gear, around the other, called the sun gear. The
planet and sun gears mesh so that their pitch circles roll without slip. A
point on the pitch circle of the planet gear traces an epicycloid curve. In
this simplified case, the sun gear is fixed and the planetary gear(s) roll
around the sun gear.

QR-code

A QR code is a two-dimensional bar code, that is a matrix code, composed
of black modules arranged in a white square pattern. It is used to store
information generally intended to be read via a smartphone.

RGB

It is an additive type color model: the colors are defined as the sum of the
three colors Red (Red), Green (Green) and Blue (Blue), hence the acronym
RGB.

Due to its characteristics, it is a particularly suitable model in the repre-
sentation and visualization of images in electronic devices. In fact, most
devices normally use combinations of Red, Green and Blue to display the
pixels of an image, but this also means that it is particularly dependent
on the device itself: the same image could be displayed differently, if
displayed on two different devices, as the materials used to make the
screens vary according to the manufacturer.

RIP (Ratser Image Processor)

The Raster Image Processor (RIP) is a hardware device or software program
used to process an image or other type of file on the computer so that it
can be printed in the best way.

Screen printing

Screen printing or silk-screen printing is a permeographic type printing
technique. This type of printing is based on a process of waterproofing
well-delimited areas of the printing fabric, so as to allow an ink placed
above this fabric to permeate through the fabric left free and pass over
the surface, placed under the screen printing frame. The passage or per-
meation of the ink from the upper part of the screen printing frame to the
printing surface underneath, through the silk-screen fabric, takes place
through a passage, with a slight pressure of a bar equipped with an edge
in polyurethane elastomer which rests on the ink and presses the latter,
through the printing fabric through a sliding movement. This bar is called
squeezing or squeegee for screen printing.

This printing action can be repeated cyclically, by hand or through special
silk-screen printing machines, reaching a high production speed, capable
of satisfying industry or craftsman according to the equipment available.

Silane

It is a chemical compound with the chemical formula SiHa. It is used in the
pretreatment systems for the surface of the products to be decorated and
has the purpose of favoring the seal of the ink over time.

Spot color

In offset printing, a spot color or solid color is any color generated by an
ink printed with a single run, while a process color is produced by printing
a series of dots of different colors.

Web-to Print

It is a term that refers to doing business with printing using web platforms,

websites. Includes platforms for both B2B and B2C audiences.
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The purpose of this book is to answer many frequent question about
this new promising yet not so well known technology.

Is it time to switch to digital?

Is digital an opportunity rather than a threat?

What is the state-of-the-art of digital prinfing technology?

What will | be able to do or not to do with digital?

What kind of systems are available nowadays?

Is it possible to fit a digital system intfo an existing decorating facility ?
Digi... what?

This document has been published by FERMAC SRL, a leading company
in the manufacturing of screen printing and inkjet printing machines for
hollow glass containers, with more than 600 machines installed
worldwide. The introduction of digital in the world of glass decoration,
has produced unequal(unexpected?) reactions, and brought different
types of technologies fo the market place. The purpose of this
publication is, to provide a snapshot of the technology to its current state
of development, to give the reader a glimpse of the many opportunities
it can offer, but at the same time, to point out its limits and the differences
with the ever-present, and effective screen printing on glass. One thing
for sure, digital is undoubtedly opening a universe of unexpected and
potentially rich decorating options and opportunities.




