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Abstract
Consumers relation with labelling is a unique interaction, the first impression of a product is
the easiest way to evaluate the printed quality and as a result the product itself (Debra Riley
et. al., 2015). Metal substrates have management limitations, compared to paper-cardboard
printing. Some of these limitations are, the difficult sheet control in the export of the tin sheet
printing machine, due to the weight and the difficulty of transport and control in the printed
table. At this stage, a special feature is the prevention of the printing problem. In order to
predict a printed problem, the easiest way is the naked eye. Through this first quality control
the profit is a few wasted sheets. But an electronic file management, as well as electronic
print tint monitoring, is an easiest way to control the continuous quality printing, and be sure
that every batch has the expected result. This can be achieved through electronic color
management (ICC Profile) (Pre-Press), (Nomikos S. 2019) but also through the optical
control systems of four-color printing and shades. The art of printing has been transformed
from the old skills of visual control, to electronic digital control through (electronic eyes)
type video camera & software, for quality control of the metal substrate (Drupa, 2020),
(Pérez Juárez Carlos Alberto et al. 2021). Throughout the production process, the constant
quality of the printed substrate, declares and supports over time, the branding in the market
(Ampuero, Vila Natalia, 2006). The quality control systems consist of a recording video and
software program for the inside metal substrate. It has improved the procedure of optical
quality control and the features. In this research we evaluated the way that a new quality
control system can established and narrow down the loses of printable materials and increase
the production to maximum because the first and the last print has the same results. The
achievements of this project were that 100% print inspection for metal decoration and
printing was excellent. The first until last metal sheet had the same efficiency and noticed
that where was a reduce of metal sheet print waste. The way that the job was setup in a small
period of time, speed up the procedure. Over time we observed that where was a constant
feedback on print run, notification of serial defects, and adjustable quality parameters after
the placement of the new quality control systems. Research objectives: The management
system in the printing industry and the evaluation of printing in quality production are some
of the research objectives. The control and adaptation of new quality control systems at old
printing systems, help to evaluate the results and the viability of the production. The use of
new electronic quality control systems in print production, can identify and control energy
consumption and footprint reduction.
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1. Introduction
The announcements for the definition of conventional packaging contain the concepts as
presented below. According to Abbot (2000), packaging is defined as a means of:
• The information about its content.
• The protection of the content from the climatic changes, during handling and storage.
• Communication through the identification of content, its design forms, its shape, colours
and its graphic design performance.
• Its usefulness.
• Content and content compatibility.
According to Nomikos S. et al (2009), a general approach to packaging means that housing
made of metal, glass, cardboard and other substrate material, which has different purposes
or objectives where, in this area develops marketing, influences and influences culture and
advertising. It also provides information on the content and protection of the properties and
characteristics of the product.
Also, packaging is defined based on the legal framework (Law 2939/01) any product made
of any kind of material and intended to be used to contain goods. Its purpose is the protection,
distribution, distribution and presentation of goods from the producer to the user or
consumer. Packaging is also the technology that allows us to maintain, protect and dispose
of products without them being worn or damaged.
The main objectives of determining - approaching the basic elements that affect the industrial
design of a package are elements that have been captured by the industrial needs of the
company and the customer - consumer.
The industry manufactures tinplate containers that are primarily intended for the packaging
of agri-food products, such as feta and white cheese, dairy products, olives, olive oil, honey,
pickles, and other items such as chemicals such as pesticides and solvents.
All the above products are different from each other but at the same time they need the same
great care, in order to keep their composition unchanged. Tinplate containers can protect the
products they contain from light, moisture, radiation and oxygen and maintain their
composition for a long time.
The evolution of industrial production, as well as materials and other processes affect new
model designs in the processes that affect it.
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Figure 1-The GCSE cycle of Designing Kimbell (1986)

2. Strategic design models
Capturing the above design concepts, a general model is presented that identifies the
packaging design, with a view to the initial modelling of the data.

Figure 2 - Design Process Model - Design Levels Source: Stokholm M., (2000)

Figure 3 - Design Process Model - Design Levels Source: Stokholm M., (2000)

The holistic process model provides a single source for complete packaging solutions.
Through a network of strategic partners, the design sectors, the materials, the constructionimplementation of the packaging and the supply chain sector are identified with the aim of
delivering - creating innovative packaging products and services.
Electronic communication tools, such as networks (wireless), shared databases, and group
ware applications, are used in collaboration to design, specify, and generate production flows
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for world-class packaging.
The design depiction of both the industrial design as well as the graphic design approach is
shaped and highlighted through models applied both in industry and in the development of
design optimization models. The industrial approach of the production process to the holistic
process of implementing a package, referring to pre-printing-printing-finishing.
3. Layout of printing machines
The printing production according to the Lefkosidirourgia Kavalas S.A. includes 3 basic
printing machines. Bicolor printing, monochrome printing / varnishing & varnishing.
In the following layout (drawing below) the optical quality control and production systems
will be added only to the printing machines:
1. Lithography 1 (two-color printing machine)
2. Lacquering machine 1
3. Lithography 2 (Monochrome and / or varnishing) printing machine
(no electronic quality control and production system will be installed).
The company Lefkosidirourgia of Kavala SA, specializes in the manufacture of various tin
products with respect to environmental requirements. High quality, competitive prices and
efficient services are the main features that shape and gain the trust of its customers.
The following workflow diagram illustrates the possibilities of placing the system in selected
locations, as suggested by the company for quality control in the printing production line.

Figure 4 -Suggested diagram for quality control in the printing production line.

The supply and installation of web camera quality control systems (DecoStar) on the
workflow production line was procured and installed. The optical control system was
initially piloted for test printing on the printing machine.
After the installation of the new inspection systems, the process of locating and adjusting
the most suitable inspection sites during their operation followed, in order to properly control
all areas of the printed tin sheets.
According to the initial estimate, the most necessary inspection sites are those where the
sheets are fed, as well as the printing towers, the location of the UV lamp (for drying and
drying the sheets), and finally the stacking location of the printed sheets. In general, there is
a need to inspect and cover the entire sheet being printed, which in normal conditions has
dimensions of 1000 mm x 1200 mm, while the placement of the camera is recommended to
be adjusted so that it is at a right angle to the surface of the sheet is to be printed.
It is noted, however, that the usual difficulties and problems are observed during the
production of the first sheets, at which time a special vigilance is required for their approval
or rejection until the process of printing production is stabilized. In some cases, discoloration
occurs after the drying process.
After recording the problems and interactive discussion, and after thoroughly studying all

4

6th CIDAG – International Conference in Design and Graphic Arts

the data from the recording of the production issues, it was estimated that the best place to
install the inspection system is immediately after the second printing tower.
A particular problem that was initially addressed was the problem of vibrations when
printing the sheets. Thus, in order to ensure a stable position for the operation of the machine,
and for the monitoring system to function effectively, as the production speed in printing is
5000-6000 sheets / hour, a special provision had to be made to deal with the problem and
the avoiding vibrations that caused problems in imaging the process. For this purpose, it was
decided to build-adapt a special frame (frame), which was placed as a base for the cluster of
surveillance cameras, as well as special anti-vibration feet.
After issues of proper installation and operation of the new systems were fixed, the first test
prints followed in order to identify any problems and make the necessary adjustments
(calibration).
The settings concern the placement and adjustment of lighting (lamps) so that the shots (for
quality control) of the printed sheets can be clearly captured. More specifically, adjustment
is required in the inspection of colors (RGB), sensitivity (sensitivity), brightness
(brightness).
4. Methodology
The research proposal is mainly based on field research and case study, in areas (pre-printing,
printing and termination) with additional bibliographic support. The systems of quality
control that were used in the company Lefkosisdirourgia Kavalas S.A. in Greece are “Coat
Star” and “Deco Star”. The results have shown reduce of print waste in metal packaging,
and increase of production by 100% providing defect-free coated sheets for the following
print run. The fast and easy job setup led this company to reduce the waste of raw materials
to a minimum. It was possible to find any deviation in decoration processing in the earliest
possible stage and 100% inline inspection for every single sheet at the highest coating
machine speed. The quality control systems provided intuitive setup procedure for new
projects or the use of existing project files, as well as constant monitoring of coating quality,
sheet margins, and welding areas at a glance. The detection of defective sheets at the earliest
possible stage of your metal decoration process was possible. Coating inspection assured
best conditions for the later print run and inline check of coating area uniformity.
The applications of the specific quality control system “Coat Star” is in:
• Highlights, coating for every metal < substrates>, decorated packaging product.
• Specialty packaging with complex finishing.
• Cans and tins for paints or oil. Defect sheet marker signal: for mechanical marking of defect
coated sheets.
• Automatic masking function. Adjustable region sensitivity: Individual sensitivity settings.
We present below the characteristics from the possibilities of using the electronic system
<Deco star>: The quality control system “Deco Star” consists of a recording video and
software program for the inside metal substrate. It has improved the procedure of optical
quality control and the features are the following:
1. 100 % Print Inspection for Metal Decoration and printing excellence.
2. Right the first time, every time. Improved Efficiency in Metal Sheet Decoration:
3. Reduce Metal Sheet Print Waste, 100% assurance in delivery of defect-free sheets. Fast
and easy job setup to speed up make ready time
4. Reduce print waste to a minimum 100% inline inspection for every single sheet at the
highest production speed
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5. Intuitive setup procedure for new jobs or use of repeating job files
6. Constant feedback on print run, notification of serial defects, adjustable quality parameters
7. It can be used for tin plate or aluminum, 2, 4 or 6 colors, high-gloss or matte motives
8. The applications are as follows:
a) Consumer products such as milk powder, sweets or tobacco
b) Specialty packaging in any possible blank shape
c) Beverage seal components, lids and caps aerosol cans and tins
d) Most advanced hardware at low maintenance level
e) Detection of color deviations in the earliest possible stage
f) Edge monitoring assures best quality for the finishing process
g) Easy setup and handling of software reduce make ready time and enhance process survey
h) Flexible use of defect criteria for sheet management.
Results: Whilst initially the quality control was carried out manually, the print quality was
improved after the installation and operation of a new system (ISRA). Thereafter, the
specimens are inspected and studied using data from an inline system in order color
deviations and material defects to be identified. Thus, using such automated systems, time,
energy and wastage are reduced, the print quality is improved, the satisfaction of clients and
new possibilities show to arise. The inline inspection system for the coatings improves also
the decoration and provides defect-free coated sheets for the following print run. In
conclusion, by improving the quality of coating and printing also improves the sustainability
of tinplate food packaging, increases the print quality, reduces sources and saves energy.
Using the scatter diagrams
A Scatter diagram plots numeric data pairs, with one variable on each axis, to look for a
relationship between them. If the variables are correlated, the points will overlap along a line
or curve. The better the correlation, the closer the points will be to the line. This cause
analysis tool is considered one of the seven key quality tools.
Indicatively in the following example is illustrated / correlated, the colour density in relation
to the number of sheets printed.
Scatter diagram
Color Density

Quantity sheets
Figure 5 – Scatter diagram
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Figure 6 - Scatter chart (Four - 4 Colors)

The graph shows the values of two variables in the form of points in a plane. If the variables
are correlated, then the points follow the path of a line or curve.
The Scatter diagram is a diagram through which we can study the deviations presented in
the form (printed metal sheets/substrates) in comparison with the final result we want. It is
a scatter plot that uses the x, ψ coordinates to determine their points and location (via a
shape) on the surface. We read it through the dot chart which consists of two variables which
come out through the measurements in the amount of tinplate and the measurement
respectively of the densities in points that we have as a sample (bar) of the computer. These
diagrams are mainly useful for illustrating the correlation between two sizes.
In our initial measurements (Deliverable 1 - Section 1), we considered the data we had from
the measurements (results) through the densitometer and created scatter diagrams, showing
the old measurements (fluctuations / deviations), in the relationship between ink density and
output (quantities of sheets per 20-50 control sheets). The measurements in the quantities of
sheets (for creating scatter diagrams), are created based on the degree of difficulty of each
task, as well as the graphic-printing geometry of the ink surface they occupy. Another degree
of difficulty has a background with a small window on the edge of the work and another
degree of difficulty has the same window (another color) on the edge of the printed shape.
Based on the above, it is clear that they have variations based on the degree of difficulty of
each job and the other elements that shape the printing job.
It is important to mention that every customer wants their own original graphic design
innovative idea to promote their products.
The following Scatter charts show the fluctuations and amount to 5% deviation. According
to the first impression, (SECTION 1) were measured in the background. The following are
scatter plots of the new B 'Scatter mode, which has 95% -98% graphic design working
fidelity.
Because from the first measurements and data of the initial works found in the SECTION 1,
it was before the pandemic (Covid19) (2019), this results in the same 99% work not being a
sample of comparative measurements.
In this case we judged and recorded the new measurements (same graphic design and work
fidelity 95% -98%) where we have the comparable data of SECTION 1 with SECTION 3.
The measurements that were made and the results we got enabled us (information) to
intervene with micro adjustments in the technical metal constructions where the cameras had
already been installed. The cameras in the DecoStar control system were tested and adjusted
by the competent technicians of the company through Software.
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After the installation and operation of the new systems, the work concerns the optimization
of their performance based on the ISO standards that the company has been following for 20
years with the aim of:
1. Improving the quality of prints with a direct positive impact on customer satisfaction
2. The continuous improvement of the printing and the production of the packaging
containers, so that with the help of the new technology the errors and failures, related to the
materials and their use and that if not addressed, will have as a consequence the reduction of
the quality printing of the product produced.
The control is initially performed through the screen 97-99%, scale matching is done with
the client file - essay, the comparison with the standard follows, and the control of the first
printing etc.
With the new systems, it is possible to evaluate the printing errors, so through the quality
control the sheets are rejected, which the program considers problematic, especially because
the print quality will have a reflection and possible effects on the packaging that intended
for food. The aim is therefore to eliminate the slightest possibility of error in printing, and
not only in the colours, but also in the printing of the expiration date or production, etc.
which will have a direct impact on the safety and satisfaction of the consumer and especially
on food.
In practice, a check is made initially based on the customer's model, followed by an
intermediate check regarding spelling, syntax, etc. errors until it reaches the essay (customer
signature) and the final print. The control with the new inspection system monitors all the
stages of printing and detects all possible errors, which in the previous state of the factory
(without this new technology) would simply be supervised by the operator, who would
mainly detect problems in its colours. printing. The production process (DecoStar system)
that has been installed in the printing machine we see the test results and the capabilities
given to us by the advanced quality control system (DecoStar system).
The discrepancies in
• Colour
• Coincidence - sharpness in geometric coordinate points (x, ψ)
where this data also helps to understand the exact location of the error-deviation.
Scatter A' (SECTION 1) and B' (SECTION 3)
DELIVERABLE 1 SECTION 1
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Figure 7 – Scatter A

Scatter B' DELIVERABLE 3 SECTION.
From the scatter of the scatter to the reduction of the minimum amount of leaf scraps.

Figure 8. Scatter B

Lower limit: it
Lower Warning: lwl, Specifications: nominal, Upper Warning: uwl Upper Limit: ut
The discrepancies as shown in the diagram above [except for red lines (borders)], at the
beginning of the printout are evaluated as "layering" of the ink shade and then the minimum
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deviation that appears outside the limits is presented, due to the strict discrepancies defined
by the research team and were captured only by the camera and not by our visual perception
but also by the technician. (That was not perceived by the human eye, but only through the
camera as shown below with the arrows).

Figure 9 – Diagram ‘layering’ the ink

The measurements we received from the program for the initial variables (after the initial
tests), give us the data and the possibilities that the software DecoStar program has, where
they prove the information that could not have been without its use purchased quality control
and production system. Also, the capabilities of the system ensure the prediction in future
use of the printing work itself, as well as the monitoring for the avoidance of tin sheets.
The usefulness of the system is proved not only by the abundance of data that the (Electronic
eye) can give us, in relation to the biological vision of the printer craftsman. The printing
data ensures the quantitative quality of the printed containers externally (as a graphic
message) but also internally to ensure the quality of the food.
In the final measurements after the completion and the micro-interventions of the positions
(technically) we recorded every 20 printed sheets the data which prove and certify the correct
operation in the specifications of the device (DecoStar) and the compatibility of the
programming environment with the CIP3 system.
Comparing the data of the recordings from sections 1,2,3 proves the complete and good
operation along with the increase of quality and productivity in the printing industry.
Finally, the need for research - development and application of new materials for the coating
of tinplate packaging containers with characteristics that will contribute to sustainability
remains a priority. The process of searching, implementing and monitoring the application
of coating materials with advanced quality control systems, such as those installed by the
company Lefkosidourourgia Kavala SA, as many times any failures in their application
cause inconsistencies and problems in the final product prove to be critical. It is also noted
that:
Both the design of the experimental tests and the quality control of the packaging materials
are necessary in order to minimize the chances of similar problems, as well as the problems
of their safe use by consumers due to possible corrosion problems and / or failure of the
packaging materials. food. The above control will contribute to the upgrade of the containers
in order to effectively promote Greek agricultural and other products, both in the domestic
and in the European and international market.
Optimizing the operation of the new system for inspection and quality control of prints can
lead to a reduction in production time, a reduction in the number of scraps (number of copies
required initially until the desired result is achieved, thus reducing the quality of raw
materials: tinplate sheets, inks, etc.) and minimize customer dissatisfaction and complaints
due to problems on sheets that were not perceived and taken to the packaging factories.
While in the previous situation the data were recorded manually, and in fact indicatively at
intervals, today all the data are kept in digital files, the percentages are recorded per job, per
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day, etc. so the production can be controlled at any time, even posteriori, if some information
needs to be sought or verified.
Finally, it is worth noting that in combination with the new inspection system (DecoStar)
the company utilized on the production line the installation of the varnish monitoring system
(CoatStar), which was installed simultaneously with the first (DecoStar). The operation of
these two quality control systems in combination, leads today and will continue to lead as it
works, to improve the quality of printing, not only inside the containers (which come in
contact with food) but also on the outer surface, as well as controls the quality of the surface
before printing, and therefore significantly affects its performance. An important result of
the operation of these new inspection machines is also the lower energy consumption by the
company and the reduction of the strain on the printing machines. Also, finally, it is possible
to detect problems in printing in time and to immediately stop the operation of the machines
if necessary, thus limiting the number of scraps and other problems mentioned above.
5. Quality assurance systems
As is well known, the intensification of international competition does not allow a company
to rest and remain stagnant in whatever business it belongs to. In order to grow satisfactorily
and increase its market share and increase its profits, a company must combine in the most
effective way the various factors of its production (such as labor, capital, technology, etc.)
for the production of various goods and services that will meet the requirements of the
customer and will meet the specifications that he has set first.
Defining specifications is the key to success in organizing a productive process. More
problems arise from incomplete specification than from any other single cause.
The role of specifications is to define the stages of production and the type of work carried
out at each stage, as well as how the final product should be. The goal is the quality that can
be offered today by the excellent application of modern technological achievements, at the
best possible price for the customer.
The specifications, the quality criteria, with which we will evaluate the quality of the final
products require constant monitoring and design and production and are not easy to define.
Many criteria will be specific to a product and many more will relate to the quality of
production processes and business organization. Thus, the need for consistent quality led to
the concept of standardization of specifications and criteria. Also, the internationalization of
the markets to which almost all successful and large companies are addressed has in turn led
to the creation of international organized standards based on which quality control will be
exercised. The quality control process exists to ensure that the product will meet its
specifications.
Business management must operate on the basis of all the accumulated knowledge and
experience around issues of optimizing the efficiency of production factors, delimiting the
goals and activities of the company, formulating and implementing the strategy and action
plans of the company.
Offering quality at the best price is what is required for the customer-consumer and therefore
for successful businesses.
The managements of these companies, through the certification they achieve by adopting
and implementing a quality assurance system, i.e. a management system based on
international standards, aim at much more than their visibility.
Having clarified from the beginning the myths about quality, its strategic importance and the
need to improve it, we proceed to the analysis of the cost of lack of quality (which is the
basic type of information that management uses to plan and control each activity) before

11

6th CIDAG – International Conference in Design and Graphic Arts

analysing international quality assurance standards and systems.
Quality control is a continuous control process during the stages of pre-printing - printing
and post-printing process (completion), in order to produce quality printing products (tin
sheets, product packaging containers), but also customer satisfaction of the printing company
(producer and consumer product packaging). In general, this control is done with the use of
data (data) and specific processes (process), based on production standards. Basic properties
that are checked when printing quality control are usually colour-hue-density-brightness,
glossity, thickness and uniformity printing, as well as adhesion, resistance to natural agents
(radiation, temperature fluctuations, humidity, etc.), chemicals (solvents, water, oils, etc.)
and against mechanical stresses (friction, stacking, etching, etc.).
6. Results and knowledge
The Scatter diagram is a dispersion diagram, i.e. a mathematical diagram that uses Cartesian
coordinates and has predominantly two variables. More specifically, its data is displayed as
a collection of points, each corresponding to a value of the variable. Scatter diagrams are
extremely important as they can capture the situation in different types of correlations
between variables over a period of time, compare and present the information we need based
on a mathematical and reliable way. The Scatter diagram is extremely important for printing
as it is one of the basic quality control tools.
The DecoStar system, which was installed and then finalized at the desired quality control
points, appears to be working perfectly -according to the specifications-, and the received
data is recorded and operated as provided.
According to the possibilities and the specifications we certify that it is done:
100% Print Control for colour printing of the metal substrate. It also has print fidelity
according to the requirements and specifications of the specimen. It is the first print the same
as the repeat ones. There is an accurate shade rendering with geometric coordinates over the
entire surface of the metal substrate. Waste sheets have been reduced in print. There is a
100% guarantee on the delivery of sheets according to the specifications.
Our printer technicians have certified that work is set up quickly and easily in time
preparation (set up).
In addition, 100% inspection is performed on each sheet with a higher production speed
We also certify that DecoStar has a minimum maintenance time and the detection of colour
deviations and recording is done in a shorter period of time.
There is a flexible use of data to develop criteria in the evaluation of the printing process.
• Minimal scrap metal sheets
• Satisfied customers without complaints (due to quality compliance and quantity of
metal containers)
• Satisfied operators due to easy quality control (via DecoStar system)
• Remote access to labor control (quality - quantity)
• Complete satisfactory statistical control at intervals (through electronic records of
printed data)
• Easy inventory of tasks
• Easy and better economy (through management) of the material e.g. tinplate sheets
for cans
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Abstract
This study exhibits the importance of using suitable coatings, printing materials and
practises that meet European and international standards (Directives and Regulation) in
order to achieve better print quality and simultaneously to minimise the carbon footprint.
Besides, saving resources and energy, reducing wastages, etc. tinplate food packaging can
offer further green advantages and promise a greener world for tomorrow.
Case study A. The use of BPA-free coatings for metal food packaging: This study
evaluates the physicochemical and mechanical properties of a BPA-free and a biological
BPA-free lacquer in comparison with a conventional one based on BPA, which are applied
on the internal surface of tinplate food packaging containers. BPA or Bisphenol A is an
organic synthetic compound which is used as a precursor to important plastics. BPA-based
materials are clear, tough, and flame resistant. Legislation and regulations introduced in
Europe and global scale decided to remove BPA from all food-contact materials, as it
proved dangerous to human life. The selected coated tinplate specimens were examined
and characterized by various experimental methods, such as dry and wet adhesion tests
after hydrothermal treatment in solutions –simulants of food packaging and by hardness
measurements, Scanning Electron Microscopy (SEM) / Energy dispersive X-ray
spectroscopy (EDS) and Elemental Mapping. Scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy (EDS) combined with Elemental Mapping allow for
a fast, effective and precise analysis to determine the elemental composition of any
material that can be imaged in an electron microscope. These advanced techniques are
mainly used for the characterization of materials, such as metallic samples, polymers, etc.
in a non-destructive manner. The results showed that the biological and the BPA-free
lacquers response well to all tests and proved to be excellent alternative coatings to
conventional ones. As shown, the experimental tests for the quality control of the coating
materials must be carefully designed since the phenomenon of corrosion of metal
packaging containers is dynamic and involves various factors (type of metal, food
composition and environment conditions).
Case study B. Reducing materials - time - wastage and saving energy: The second part of
the study includes good practices of a Greek company, concerning the use of (i) a new type
of a commercial printing plate, and (ii) a suitable software in order to reduce materials,
energy consumption and save costs, while high quality and sustainability is ensured.

Keywords
Tinplate food cans, sustainability, BPA-free coatings, reducing materials, saving energy.
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1. Introduction
The role of metal food packaging has been proved crucial during the Covid-19 pandemic
and the necessary lockdown worldwide. People had to procure packaged food and other
products for quite a long time, so the metal containers proved to be extremely useful, since
they offer a healthy way of storage and transport, ensure long life, as well as a high quality
in the preservation of consumer’s food. In addition, metal packaging industry represents an
ideal example of a circular economy, since metals can be constantly recycled more than
once in a loop. One of the most commonly used metals for packaging is tinplate,
contributing to “sustainable development, which meets the needs of the present, without
compromising the ability of future generations to meet their own needs” (What Is
Sustainable Development? https://www.monash.edu/msdi/sustainable-development/whatis-it)
Tinplate products are sustainable and environment-friendly since they can be recycled and
reused infinitely without loss of any of its properties. Cans are usually coated with suitable
organic coatings (lacquers and varnishes): the internal coatings are in contact with the food
protecting the metal against corrosion. The external coatings contribute to the protection of
the metal from environmental and mechanical shocks, ensuring the aesthetic upgrade of the
surface and the print quality of the surface.
The main representative of these lacquers was the BPA-based epoxy-phenolic coatings for
their excellent properties. It should be declared that bisphenol A (BPA) is an organic
synthetic compound, which is used as a precursor to important plastics. Although BPAbased materials are clear, tough and flame resistant, the main substance has the ability to
mimic the effects of natural oestrogen and consequently to act as an endocrine disruptor.
Thus, in 2012, the United States' Food and Drug Administration (FDA) banned the use of
BPA in baby bottles and in 2017 the European Chemicals Agency concluded that BPA
should be listed as a substance of very high concern. Finally, in 2019, the European Union
upheld a decision by the European Chemicals Agency to list BPA as a substance of very
high concern, the first step in the procedure for restrictions of its use due to BPA's toxicity
for human reproduction. Thus, many research efforts have been made in order alternative
materials and BPA-free ones to be used. These materials are BPA-free coatings (the socalled BPANI - Non-Intent) and more recently a biological product BPA-free, such as that
produced from industrial food processing waste, specifically from tomato peel. Although it
is known that the adhesion of lacquer depends on many different mechanisms (including
Van der Waals, electrostatic forces and inductive powers, which depend on the substrate
and coatings that have been applied), these mechanisms have not yet been investigated
extensively. Besides, the applied coatings must have suitable physicochemical
characteristics and be applied by the appropriate technique, meeting the requirements and
high standards described by legislation about materials in contact with food.
For this scope, three internal coatings for tinplate cans were selected for this study (case
study A), i.e. a BPA-free and a biological BPA-free lacquer (derived from biological waste
and in particular tomato peel) in order to be compared with a conventional one. The
specimens were coated with the coating machines of Lefkosidirourgia Kavalas S.A. and
then the physicochemical properties and mechanical strength of them were studied.
Besides, the specimens were examined and characterized by various experimental
methods, such as dry and wet adhesion tests after hydrothermal treatment in various
solutions - food simulants and by hardness measurements. Thereafter, they were observed
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using an optical microscope / stereoscope, and their microphotographs were analysed with
the image Pro program for quantitative expression of the results. The analysis of the
surface of the specimens was carried out by the use of Scanning Electron Microscopy
(SEM) / Energy dispersive X-ray spectroscopy (EDS) and Elemental Mapping in order the
distribution of the items on this surface to be recorded.
In addition to the development of the research in order to replace toxic and hazardous
materials with other “green” and bio-based ones, companies must follow the European and
international legislation and the regulations. They have to rethink and reduce materials,
energy consumption as well as to save costs, and ensure high quality. For this scope, the
company Lefkosidirourgia Kavalas S.A. decided to replace the printing plates used
previously with a new type, which offer all the advantages of the former ones without
chemicals. On the other hand, company uses an appropriate software suitable to produce
print output format files and integrate the Pre-press, Press and Post-Press files enabling to
transfer data through a simpler and shorter production process (workflow). These good
practices support sustainability and promise a “greener world” for the future and are
presented in this study (case study B).
2. Methodology of case study A
Tinplate samples (EN 10202) were coated with three different lacquers (Table 1) and were
tested in solutions - food simulants (Table 2).
Dry adhesion test: an adhesive tape (Scotch TAPE) is applied and pressed on the dry
surface of the samples, which is removed after 2 min. This test is repeated after the use of
the Cross Hatch Cutting - Adhesion Testing apparatus (Model 295 / IIEN ISO 2409). The
evaluation is based on the 0-5 scale and then, for a more detailed analysis, based on the %
percentage of the surface that is detached in relation to the total surface of the specimen.
Wet Adhesion Test after boiling in various solutions: The adhesion test is repeated after
prolonged boiling treatment (for about 1 h) of the specimens in the solutions of Table 2.
These solutions – food simulants are used in the packaging industry, as preservatives in
various products for example in standard brine, acidified brine, carbohydrate fermentation
etc. for peas, beans, onions and pickles, dairy products, sauerkraut, salsify, etc. The
specimens after their removal from the solutions were rinsed thoroughly and dried in air.
Hardness measurements (HV3): The Vickers method (3kg) with the Zwick / Roell Zhu
8187.5 LKV Universal Hardness Testing Machine equipped with a microscope was
performed. The penetrator is a 1360 angle diamond pyramid that gives the name DHH
(Diamond Pyramid Hardness) to the method, and offers a diamond-shaped metal footprint.
Optical and Electronic Microscopy: The surface of the specimens was observed by the use
of two microscopes: a. an Olympus 5261 10X-80X optical microscope connected to Sony
Ex Wave Had and PVR Plus Software, and b. a Scanning Electron Microscopy JEOL JSM6510 LV - EDAX (Oxford Instruments, 10mm2 Silicon Drift Detector - X - ACT). In
addition, an elemental analysis of the surface area and mapping of the distribution of the
data on the surface were performed.
Image analysis: For observation and evaluation of the detached and removed surface of the
samples, software "Image J Analysis" was used. The results were expressed as percentage
% of the removed area in comparison to the total surface of the specimens.
FTIR spectroscopy: A spectrophotometer FTIR with Diamond cell was used to take the
spectra of the lacquered specimens in order to control the composition and chemical
structure of the coating materials. Infrared spectroscopy (FTIR) is based on the interaction
of matter with infrared light. The FT-IR reflection spectra in the range 550 - 4000 cm-1
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were taken on a Perkin-Elmer Spectrum GX spectrophotometer connected to a microscope
(Perkin Elmer, AutoImage).
Sample
/symbol

Table 1. The coating materials (lacquers) studied in the present work.
Type lacquer (code)
Description of internal protection lacquers

S

Conventional-(IW 1282-34)

A modified epoxy resin

F

BPA - free (819055)

A polyester BPA-NI

B

BPA-free Bio (ST 3831)

A polyester BPA-NI (Sustainable biolacquer produced from tomato waste)

Table 2. Solutions - food simulants used in the study.
1

Sodium Chloride

1% NaCl

2

Sodium Chloride, Acetic acid

1% NaCl, 1% CH3COOH

3

Sodium Chloride, Citric acid

0,25% NaCl, 0,25% C6H8O7

4

Lactic acid

5 g/L ή 1% CH₃CHCO₂H

5

Acetic acid, Lactic acid

5 g/L CH3COOH, 15 g/L CH₃CHCO₂H

6

Acetic acid, Sodium metabisulfite

5 g/L CH3COOH, 50 mg Na2S2O5

7

Citric acid, Sodium nitrate

10 g/L C6H8O7, 20 mg/L NaNO3

8

Citric acid, L-Ascorbic Acid

10 g/L C6H8O7, 20 mg/L C6H8O6

9

Citric acid, Sodium Chloride

10 g/L C6H8O7, 13 g/L NaCl

10

Distilled / demineralized water

H2O

3. Results and discussion of case study A
Results from dry adhesion tests: All the samples showed excellent resistance to dry
adhesion test and evaluated with the grade 0 of the 0-5 scale, meaning that no significant
differentiation was observed. This observation agrees with the results published by other
researchers concerning relevant scientific studies (Barilli, 2003; Nincevic, 2007).
Wet adhesion tests: The results of wet adhesion tests were also extremely good. Only small
differences were observed between the original samples (R) before and after the boiling
treatment, as presented in Figure 1. These differences can be attributed to the different
composition and properties of the three types of examined coating (lacquers), as well as to
the different effects that may cause the various solutions - food simulants to them.
More specifically, the results also show that all specimens have a loss of coating less than
5% of their surface, and classified with the grade 1 of the range of 0-5. Subsequently, for
the most detailed examination of organic coating behaviour, the results of the detachment
were evaluated according to the percentage % of the removed area of their surface and are
presented in Figure 1. It is observed that samples with the lacquers F and B showed higher
resistance in comparison with the conventional one (S), in the cases where the percentage
% of the removed area was > 1%. However, the values of the differences between the

4

6th CIDAG – International Conference in Design and Graphic Arts

percentage % before and after the boiling treatment were similar for all the organic
coatings, showing very good mechanical properties (adhesion resistance).
It should be noted that all the above-mentioned tests were a useful tool for the evaluation
of the coatings for tinplate cans, as reported, since they can prove their behaviour on
pasteurization treatment conditions (Nincevic, 2007).
In some cases, in this study, a change in the colour of the solutions (food-simulants) was
observed during the immersion and boiling treatment of the lacquered specimens, due to
their aggressiveness. It may potentially imply some chemical changes of the situation of
the surface of the specimens, as for example the sodium chloride solution (1), which
changed from colourless to yellow before the beginning of the boiling process, while the
yellow colour became more intense over the time, probably due to the initiation of
corrosion. When the sample coated with S was immersed in lactic acid solution (4), the
colour of the solution changed from colourless to green. In the solution of citric acid and
ascorbic acid (8), the colour changed for all the samples and became yellow. In conclusion,
some colour changes which were observed may indicate that the surface of the samples
may start to corrode and appear defects or loses the protective properties and the stability
of the coating.

Figure 1. The % percentages of the removed surface of the specimens coated with the lacquers (S), (F) and
(B), when the adhesion test was performed before (p) or after (m) boiling treatment in solutions food simulants.

Hardness tests: The hardness of the uncoated tinplate samples has the value of 111.43
(HV3). Only slight changes in hardness were observed for all cases. In fact, a slight
increase in hardness was observed, maybe due to the aging suffering of lacquers in the
aggressive environment (chemical composition and temperature). A few differences in the
hardness values between the coating types before their immersion in the solutions can be
attributed to their different composition and consequently to their properties. The values, in
decreasing order were S> F> B, as shown in Figure 2. In this Figure, variations in the
hardness values concerning each type of coating (R) in relation to the type of the solutions
(1-10) are observed after the immersion and boiling treatment. The differences may
indicate an alteration of the situation of the coatings that may occur as the samples are in
contact with the solutions in these conditions, such as aggressive composition, prolonged
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time and high treatment temperatures. Considering the relevant literature, the above
changes may be an indirect way to detect such phenomena, like the hydration process,
which is reported to include the absorbance of the solution, swelling and then potentially
dissolving or degrading of the resins. On the contrary, increased values of hardness could
indicate aging of the coatings as happens with S, which is generally the toughest lacquer
while F shows the lesser value of hardness.

Figure 2. The hardness of specimens coated with three different lacquers S, F and B in various solutions food simulants

Optical and Scanning Electron Microscopy (SEM): Indicative microphotographs from
specimens using the optical microscope-stereoscope (X90) are presented in Table 3.
As shown in these microphotographs, all organic coatings show good resistance to
adhesion tests. Especially by observation of the samples in the areas with defects after the
adhesion tests, the conventional lacquer (S) showed certain problems after the treatment in
the solutions 1, 4, 7, 8, 9 and 10, lacquer F in the solutions 1, 4, 5, 7, 8 and 10, and the biolacquer B in the solutions: 1, 6, 8, 9 and 10. Bio-Lacquer appeared a possible “healing” of
the cross -test after the treatment in the solution 4.
More specifically, in some cases, signs of corrosion are presented after the boiling
treatment, as for example on the sample with F in the solutions 1, 4 and 5 (the cross test
was carried out after the boiling treatment) and on the sample with B in the solutions 4 and
6. A detachment of the coating is shown in the case of sample S (the cross test was carried
out before the boiling treatment) in the solution 7. In addition, some “bubbles” were
observed in the case of sample F in the solution 5 (the cross test was carried out after the
boiling treatment), which are reported also in similar conditions in the literature indicating
chemical or other physicochemical phenomena.
The results of the microscopical analysis of the specimens are presented in Table 4 (a,b,c).
Initially, the microphotographs show the surface of the uncoated metal sample and a
corrosion spot on it. The chemical analysis prior to their chemical and thermal treatment
was generally consistent with materials specifications. The microphotographs of the
samples after the treatments in various solutions food simulants are shown in Table 4c. In
addition, the analysis has generally proved a stability and fine resistance of the coatings.
However, a careful observation of the samples proved some metal species and especially
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iron (Fe) and/ or traces of tin (Sn), indicating the incomplete formation of the organic film,
whereas the metal substrate detected (both metals were detected in the case of sample S).
The microphotographs showed some spots indicating heterogeneity in the order: S> F> B.
More specifically, the lacquer B showed a fine film forming and a homogeneous film,
while the conventional lacquer S appeared a reduced amount of titanium (Ti) that is an
element which is applied in the coating ensuring whiteness and opaqueness, and a local
increase of carbon (C) that indicates the presence of high amount of organic binder (resin).
Table 3. Microphotographs (X90) of the specimens in the area of cross-test before (p) or after (m) the boiling
treatment of the samples using the optical microscope - stereoscope
Sp, 7
Fp, 4
Fm, 5
B, 4

Fp, 2

Table 4. Microphotographs of samples using the SEM analysis
Surface of uncoated metal
(X 100)

Corrosion defect of uncoated
sample (X5000)

a
Cross section of a coated sample (X 350)

b
S (X 1000)

F (X 1000)

B (X 1000)
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Metal
surfaces

Solution 1

Solution 4

Solution 7

Solution 8

Solution
10

c
Local flaws or defects were also observed in the organic film of coating of tinplate after
boiling in some solutions proving their aggressiveness. They also illustrate heterogeneities
or discontinuities of the organic films, in some cases. Traces of metals Fe and Sn were
detected in the latter case indicating imperfections to organic membrane or the beginning
of physicochemical and other problems concerning their fastness, which may show
reduced quality of the surface when they are used in contact with food. It is also of great
importance to optimize the quality control of the surface during the printing - coating with
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the lacquers.
Table 5. Elemental Surface Analysis (EDS) and Mapping of coated specimens with lacquers S, F and B and
treated in various solutions
S
F
B
Element Weight%
C

44.16

O

31.31

Al

0.96

Ti

22.07

Fe

1.04

Sn

0.45

Totals

100.00

S-4

Element Weight%

Element Weight%

Element Weight%

C

43.52

C

39.78

C

38.48

O

31.43

O

35.96

O

35.26

Al

0.98

Al

0.84

Al

0.72

Ti

22.77

Ti

22.03

Si

0.14

Fe

0.83

Fe

0.97

Ti

24.15

Sn

0.48

Sn

0.42

Fe

0.70

Totals

100.00

Totals

100.00

Sn

0.56

Totals

100.00

S-10

F-9

B-9
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FTIR Spectroscopy analysis: The results for sample S (conventional coating, epoxy-based)
are presented in Table 6 and especially for the region of 550 – 4000 cm-1 (a) and of 550 –
2000 cm-1 (b) of the same spectrum for the sample as received. It is noted that epoxy resins
show characteristic bands presented in Figures a,b,c of Table 6. Especially, some changes
in the shape of the bands of Figure b are shown, but not in the case of Figure c (concerning
the sample after boiling treatment in the solution of NaCl), which indicate possible changes
in the chemical structure of the coating in the latter case. The other characteristics of the
spectrum of sample S remain almost the same after boiling treatment, in all the cases.
Table 6. Spectrums IR of sample S as received (a, b)
and after the boiling treatment in the solution of NaCl (c).
a

b

c
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The spectrum of sample F (BPA-free, based on polyesters) for the region of 550 – 4000
cm-1 (a) and of 550 – 2000 cm-1 (b) of the same spectrum show characteristic bands in the
case of polyester resins as shown in Table 7. The spectrums show broad (br) bands with
multiple peaks (Figure a, b), which are also observed in the spectrum of the sample F after
boiling in solutions food simulants (not shown). All spectra show the same shape, without
significant differences indicating no significant changes in their chemical structure after
the boiling treatment.
Table 7. Spectrums IR of sample F as received (a, b).
a

b

The spectrum of sample B (organic lacquer, based on polyesters) as received is shown in
Table 8 for the region of 550 – 4000 cm-1 (a) and of 550 – 2000 cm-1 (b) of the same
spectrum. The spectrum shows broad (br) bands with multiple peaks and it also shows
characteristic bands, which are also observed in the sample B after boiling treatment in the
solutions food simulants (not shown). Especially, only slight differences between
spectrums b (as received) and c (in NaCl solution) are observed. Also slight differences
between spectrums b (as received) and d (in citric-ascorbic acid ), e (in NaCl-citric acid)
appear. However, all spectra show the same shape, with no significant differences. They
also show similarities with the spectrum of sample F, indicating the similar chemical
structure (based on polyesters) that do not change during the boiling process in the
aggressive solutions.
Table 8. Spectrums IR of sample Bio-lacquer B as received (a, b) and after the boiling treatment in the
solutions NaCl (c), citric-ascorbic acid (d), and NaCl-citric acid (e).
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a

b

c

d

e

Case study B: Reducing materials - time - wastage and saving energy
In the final section of the study the company Lefkosidirourgia Kavalas S.A. exhibits the
decision to replace the printing plates that were used previously (Amigo, Agfa) with a new
type (Adamas, Agfa), which offer all the advantages of the former ones without using
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chemicals. The latter type of printing plate offers all of the benefits of existing chem-free
alternatives but “brings also robustness to a whole new level”. It is with less cost, the most
durable chem-free plate available on the market and it boosts efficiency, both in plate
throughput as well as in run length, with optimal press performance, zero water and up to
75% less waste compared to other similar products (such as other commercial plates). This
type of printing plate also supports up to 240lpi and incorporates a suitable technology,
contributing to the product’s chemical and mechanical robustness. It can facilitate run
lengths as long as 350,000 copies, or up to 30,000 when using UV inks (or inks cured by
ultraviolet radiation). In addition, these plates represent a step further in photopolymer
technology. With this technology one can go further in terms of robustness since it does
not require any pre-heat, while previously if a company wanted to improve resistance and
robustness in the case of commercial thermal plates, it would need to bake them. This is a
positive action derived from a company that support sustainability.
The following images (Figure 3) show several printing jobs with problems and defects in
the case of using the former plates (Amigo, Agfa) in the factory, as well as a sample of a
new printing job using the new type of printing plates (Adamas, Agfa) (Figure 4) in
Lefkosidirourgia Kavalas S.A.

Figure 3. Printing jobs with defects by the use of plates “Amigo” (Agfa).
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Figure 4. Printed tinplate by the use of the new type of printing plates “Adamas” (Agfa)

b. The next good practice that the company has also implemented is the use of appropriate
software (CIP3). This software produces print output format (PPF) files in order to
integrate the Pre-press, Press and Post-Press files and make it possible to transfer data
through a simpler and shorter production process (workflow). The company decided to use
this type of format in order to be able to manage information related to administrative data,
prints and inks (for separations and ink consumption). Furthermore, these practises
contribute to sustainability, since they reduce the completion times of the works and the
wastage of the production. This is another example of good practices that support
sustainability and promise a “greener” world for the future. Printing jobs with the
application of CIP3 software and new technologies are presented in Figures 5 and 6. The
pre-printing and quality control process through the new advanced systems are depicted in
Figure 7.
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Figure 5. The process using CIP3 software

Figure 6. Modern systems for monitoring the printing works in the factory.

Figure 7. Checking the printing parameters by quality control systems in Lefkosidirourgia Kavalas S.A.

4. Conclusions
The case study A showed that the BPA-free and the biological BPA-free internal lacquers
proved fine properties, strength and behaviour in relation to the conventional epoxy-based
lacquer (BPA based), in the all tests and measurements that were performed.
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The experimental tests concerning quality control of the coatings must be carefully
designed since the phenomenon of corrosion of metal packaging containers is dynamic and
involves many different factors (condition of the metal surface, type of lacquers, food
composition and environment of the surface of the container, duration, temperature, etc.).
The priority for research development and the monitoring of the application of the
packaging materials with advanced quality control systems is very important. Any failure
in the selection and application of lacquers and coating materials may cause nonuniformities, defects, discontinuities and consequently corrosion and other problems in the
final product. With quality control systems, such as those installed by the Greek company
Leidosirourgia Kavalas S.A., we are able to restrict the possibilities of corrosion
phenomena and / or failure of the food-packaging materials to happen, and their
consequences to the health and safety of consumers. In this study (case A), the design of
experimental tests and the methodology applied can be proposed as a guide for laboratorial
quality control tests regarding the characterization and evaluation of physicochemical and
mechanical properties of new or modified materials in order to be applied as protective
coatings in tinplate food- packaging cans.
The case study B presented good practices of a Greek company, concerning the use of (i) a
new type of a commercial printing plate, and (ii) a suitable software in order to reduce
materials, energy consumption and save time and costs, while high quality and
sustainability is ensured. These practices support sustainability and promise a “greener”
world for the future.
In conclusion, the above research studies and the whole procedure may contribute to the
upgrade of packaging systems in order to promote effectively local agriculture and
sustainable products, both in the domestic as well as in the European and International
market.
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προβεί σε υπογραφή σύμβασης εργασίας με το Πανεπιστήμιο Δυτικής Αττικής
(ΠΑΔΑ) και αντικείμενο ΑΝΑΠΤΥΞΗ ΣΥΣΤΗΜΑΤΩΝ ΚΑΙ ΑΞΙΟΛΟΓΗΣΗ
ΤΩΝ ΣΥΣΚΕΥΩΝ ΠΟΙΟΤΙΚΟΥ ΕΛΕΓΧΟΥ ΕΚΤΥΠΩΣΗΣ ΛΑΚΚΑΣ ΚΑΙ
ΤΕΤΡΑΧΡΩΜΙΑΣ

ΦΥΣΙΚΟ ΑΝΤΙΚΕΙΜΕΝΟ
Στα πλαίσια του παρόντος επενδυτικού σχεδίου η επιχείρησή μας έχει
προβλέψει την υλοποίηση των ακόλουθων παραδοτέων και των εξής
Ενοτήτων Εργασιών:

Ενότητα εργασίας 1: (Καταγραφή και έλεγχος ποιότητας πρώτων υλών
και τελικών παραγόμενων προϊόντων (μετά την εκτύπωση κτλ) με βάση
1

την παρούσα δομή, λειτουργία και ροή παραγωγής (work-flow) του
εργοστασίου Λευκοσιδηρουργία Καβάλας Α.Ε.)
Π1.1 Καταγραφή υπάρχουσας δομής και ποιοτικού ελέγχου υλικών
εκτύπωσης λευκοσιδήρου. (Μ3)
Π1.2 Λήψη και εξέταση δοκιμίων φύλλων λευκοσιδήρου και δειγμάτων <
εξωτερικής και εσωτερικής εκτύπωσης> των υλικών εκτύπωσης (βερνίκια,
μελάνια, λάκες).(Μ3)
Π1.3 Αποτύπωση εκτύπωσης, φύλλων λευκοσιδήρου, σύμφωνα με τις
τρέχουσες συνθήκες ροής παραγωγής για την παραγωγή δοκιμίων αναφοράς
(reference samples), < Scatter Diagrams > . Δημιουργία πινάκωνγραφημάτων αναφοράς. Συγγραφή τεχνικής έκθεσης. (Μ3)
Ενότητα

εργασίας

2:

(Προσδιορισμός

θέσεων

που

απαιτούν

συστηματικό έλεγχο για βελτίωση της ποιότητας εκτύπωσης στο
εργοστάσιο Λευκοσιδηρουργία Καβάλας Α.Ε.)
Π2.1 Επισκόπηση προβλημάτων στις παρούσες συνθήκες - ροή παραγωγής.
Συγγραφή τεχνικής έκθεσης. (Μ6)
Π2.2

Εντοπισμός

και

καταγραφή

παρακολούθηση με το νέο εξοπλισμό

στοιχείων

για

την

συστηματική

< Quality Control >.

Συγγραφή

τεχνικής έκθεσης αποτύπωσης .(Μ6)
Π2.3 Προμήθεια και εγκατάσταση μηχανών ελέγχου της ποιότητας της
εκτύπωσης, στις ανωτέρω επιλεγμένες θέσεις της γραμμής παραγωγής
<workflow>.(Μ6)
Π2.4 Διεξαγωγή δοκιμαστικών εκτυπώσεων για έλεγχο λειτουργίας των νέων
συσκευών ποιοτικού ελέγχου της εκτύπωσης <webcamera> (Μ6)
Π2.5 Σύγκριση αρχικών και νέων δοκιμίων που παράχθηκαν με βάση την
υπάρχουσα και τη νέα - εξελιγμένη ροή παραγωγής <workflow>. Κατασκευή
συγκριτικών πινάκων- γραφημάτων και συγγραφή τεχνικής έκθεσης,

<

Scatter Diagrams >. (Μ6)
Ενότητα εργασίας 3: (Εγκατάσταση κι εφαρμογή νέων εξελιγμένων
συστημάτων

ποιοτικού

ελέγχου

των
2

εκτυπώσεων

-Μελέτη

και

αξιολόγηση

της

ποιότητας

εκτύπωσης-χαρακτηρισμός

των

παραγόμενων δοκιμίων)
Π3.1 Μελέτη και αξιολόγηση της ποιότητας εκτύπωσης των φύλλων
λευκοσιδήρου στην εσωτερική πλευρά της συσκευασίας < Quality Control >.
Συγγραφή τεχνικής έκθεσης. Κατασκευή συγκριτικών πινάκων- γραφημάτων.
(Μ12)
Π3.2 Μελέτη και αξιολόγηση της ποιότητας εκτύπωσης των φύλλων
λευκοσιδήρου στην εξωτερική πλευρά , < Quality Control >. Συγγραφή
τεχνικής έκθεσης. Κατασκευή πινάκων- γραφημάτων, <Scatter Diagrams >.
Διάχυση αποτελεσμάτων (ανακοίνωση σε συνέδριο ή /και υποβολή
επιστημονικής δημοσίευσης)(Μ12)

Ενότητα εργασίας 4: (Βελτιστοποίηση συνθηκών λειτουργίας του
εξελιγμένου συστήματος ποιοτικού ελέγχου - αναβάθμιση της ποιότητας
εκτύπωσης )
Π4.1 Δοκιμές τοποθέτησης και λειτουργίας του εξελιγμένου συστήματος
ποιοτικού ελέγχου διερεύνηση των βέλτιστων συνθηκών λειτουργίας και
απόδοσης αυτού.(Μ18)
Π4.2 Οριστική εγκατάσταση και λειτουργία του εξελιγμένου συστήματος
ποιοτικού ελέγχου και ρύθμιση των βέλτιστων συνθηκών λειτουργίας του.
Διάχυση αποτελεσμάτων (ανακοίνωση σε συνέδριο ή /και υποβολή
επιστημονικής δημοσίευσης)(Μ18)
Ενότητα εργασίας 5: (Διερεύνηση/αναζήτηση και έλεγχος εφαρμογής
εναλλακτικών υλικών)
Π5.1 Διερεύνηση δοκιμαστικής χρήσης νέων εναλλακτικών υλικών ή / Work
Flow εφαρμογής. Σύγκριση με τα υλικά αναφοράς. Κατασκευή πινάκων και
τεχνικής έκθεσης.(Μ24)
Π5.2 Συγκριτική ανάλυση των δοκιμίων , των < scatter diagrams >, ( παλαιό
σύστημα ελέγχου ποιότητας και νέας εφαρμογής ελέγχου ποιότητας μέσω <
web camera >). Συγγραφή μελέτης τεχνικής έκθεσης.(Μ24)
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Από τα παραπάνω παραδοτέα, έχουν ολοκληρωθεί σχεδόν στο σύνολό
τους, όπως προκύπτει από τις συνημμένες τεχνικές εκθέσεις των
παραδοτέων. Το προσεχές διάστημα θα γίνουν δοκιμές επαλήθευσης
και συμπληρωματικές μετρήσεις.

Επίσης, έχει γίνει η προμήθεια και η εγκατάσταση του εξοπλισμού VE-BS-ME0001 CodeSTAR System Configuration. Πρόκειται για καινοτόμο εξοπλισμό
που είναι απαραίτητος για τη διεξαγωγή της έρευνας και χρησιμοποιείται μόνο
κατά τη διάρκεια του έργου.
Πρέπει να τονιστεί ότι λόγω της έκτακτης κατάστασης λόγω COVID-19,
υπήρξε σοβαρή καθυστέρηση και δυσκολία στην κατασκευή, παράδοση και
εγκατάσταση

του

συγκεκριμένου

εξοπλισμού

από

την

προμηθεύτρια

Γερμανική εταιρεία (οίκος εξωτερικού). Ειδικότερα, λόγω της εφαρμοζόμενης
καραντίνας, ήταν αδύνατη η εγκατάσταση του εξοπλισμού, κάτι το οποίο έγινε
στα τέλη του 2020, με αποτέλεσμα τη σημαντική καθυστέρηση στην
υλοποίηση των μετρήσεων.
Επίσης, έχουν ολοκληρωθεί 2 δημοσιεύσεις σχετικές με το έργο.

ΟΙΚΟΝΟΜΙΚΟ ΑΝΤΙΚΕΙΜΕΝΟ
Το έργο περιλαμβάνει μία σειρά από δαπάνες όπως:
Α/Α

ΠΕΡΙΓΡΑΦΗ ΔΑΠΑΝΗΣ

1

Δαπάνες προσωπικού με σύμβαση εξηρτημένης σχέσης εργασίας
(υφιστάμενο )

2

Δαπάνες για αγορά οργάνων και εξοπλισμού, στον βαθμό και για όσο
χρόνο χρησιμοποιούνται για το έργο

3

Δαπάνες για ανάθεση έρευνας επί συμβάσει σε φυσικά ή νομικά
πρόσωπα

4

Δαπάνες για συμβουλευτικές
υπηρεσίες χρησιμοποιούμενες
4

και

ισοδύναμες

υποστηρικτικές

αποκλειστικά για την πράξη
5

Δαπάνες ταξιδιών

6

Δαπάνες δημοσιότητας

7

Αναλώσιμα

8

Λοιπές λειτουργικές δαπάνες άμεσα συνδεδεμένες με το αποτέλεσμα
του έργου

9

Δαπάνες υλικών και εφοδίων

10

Δαπάνες διεξαγωγής – εκπόνησης της μελέτης
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