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Inmencusne euxopucmanns Quexcozpadivnozo Opyxy 0asn
0300071eHHA YNaKoexu ma nideuuleHi 6UMOo2U CROXNCUBAHI8 00 Hel
8UMA2al0mMs n02AUOLEH020 BUBHEHHS (PaKmMOpPi6 6nausy HA AKICHMD
opyrapcokux 6id6umxis. Y pobomi 6yno docaidxiceno npooui 6io-
oumxu, ompumani na npo6o-opyxapcoKomy cmanxy ons Quex-
coepapiunoeo opyxy. Jpyxyeannsa 306pasicenv na xapmoui 30ii-
CHI08AJIOCL eKoJI02iMHUMU papoamu YKpaincvokozo eupooOHuKa.
Iloxaszano énnue noeepxnesozo wapy Kapmony Ha MiKpozeome-
mpiro 8i00umxKie, ymeopenux 2071y06010, Hc06MO10, HOPHOIO i NYp-
nyproto papéoro. Bcmanosneno, wo napamemp wopcmxocmi Ra
015 Kapmony 3 060WAPOBUM KPeli00BAHUM NOKPUMMAM Y NOPI6-
HAHNI 3 Kapmonom 0e3 Kpelidyeanns 3menuwyemvcsa y 3 pasu.
Domozpagii mikpocmpyxmypu nosepxui 8idoumxis, ix npodino
NnOKAa3yomev 3HAMHUI 67UE KPel008an020 NOKPUMMS HA AKICMb
3006pancens. Iliomeepoiceno, wo Qapbosuii wap 3ena0xcye
Mixponepienocmi nosepxui eiooumxy. Ilpome, npu opyxyeani na
Kapmoni 0e3 Kpeti008an0z0 noKpumms, Hacmunku Qapou nponu-
Kaomo enubuwe y cmpyxmypy i He 321aA0%4CYOMb NOBHICMIO 1020
Mixponepienocmi. Sdxuo po3mip OpyKyr01020 enemenmy meHuwuil
3a NAOWY KOMIpKU HA PACMPOBOMY GAIUKY, 6IH NPOBAIIOEMBCS
6 Y10 KoMipKy i papba nanocumovcs noza meixici epanuup 300pa-
scenns. B pesyaromami na 6idéumxy samicmov pacmpogoi kpanxu
Nne6H020 POIMIPY YMEOPIOEMbCI NAAMA 008LIbHOL PopMu, moomo
6100yeaemvcsa max 3eana <ineepcna mononepeoauas. Bumipani
detcumomempuyni noxasnuxu 6i0oumxie (onmuuna eycmuna,
oanamnc no cipomy), 6i0 AKUX CYMMEBO 3ANeHCUMD AKICMb NPO-
oyxuii. Ha niocmaei ¢ynxuii 6ancanocmi Xappinemona oduuc-
JleHI epaHuMHo 0ONYCMUMI 3HAUEHHST ONMUUHOL 2YCMUHU, PIBHO-
MipHOCMi OpYKYBaAHHS, KOHMPACMY, POZMUCKYBAHHI PACMPOBUX
ejlemenmia, mpeninezy. 3a y3azaioHeHUM Kpumepiem onmumizayii
BUHAUEHO KOMNJIEKCHUL NOKAZHUK AKOCMI npoOHux 6iddumxkis,
aKui 3a6e3netums npPozHO308aAHY AKICM® MAUOYMHLOMY Mupa-
JHcy Opyroeanoi npooyxuyii, 00360 1ums npu HeodXionocmi enecmu
KOpexmueu 6 OpyxKapcoKuii npouec

Kniouoei caoea: aexcoepaivnuii opyx, npooni éiooumxu,
Kapmon, monozpayis noéepxmi, 0eHCUMOMeMpPUIHI NOKAZHUKU
axocmi
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1. Introduction

At present, there is a tendency in the market of printing
production towards the intensive use of flexographic printing
techniques. This relates to the rapid development pace of the
packaging industry, the introduction of innovative technol-
ogies, the reduction in the costs of products printed in large
numbers [1]. The market of printing flexographic presses is
rather diverse, ranging from the planetary, tier (stack, balco-
ny) to the linear-type machines. It is known that one of the
main nodes in a flexographic ink apparatus is an anilox roller.
Changing the anilox roller adjusts the dosage of the ink that is
fed to the photopolymer printing plate and to the printed ma-
terial from it [2]. The volume of cells is most important both
for the magnitude of the optical density and evenness of the
print in solid printing. The excessive volume can lead to the
ink overflowing onto the walls of the printing elements of the
printing plate that leads to the deformation of raster dots [3].

There is a wide range of printing inks for flexography, which
affects the quality of a printed image on the print [4].
Flexography is traditionally considered a comparatively
simple printing technology. However, as the requirements
for the flexographic product quality increase, there emerge
certain problems that need to be solved and explored. That is
why defining the effect exerted by some factors on the tech-
nological process of printing plates manufacturing, as well
as and printing, can resolve the issues related to ensuring
the quality of prints made by flexographic printing. Often,
there are problems related to the correct reproduction of ele-
ments in the image with different complexity of the pattern,
which affects the stability of the printing process, as well as
obtaining high-quality prints. The use of various materials
for printing flexographic images requires the study into their
surface structure before and after the application of the ink
and is of paramount importance for obtaining prints with the
appropriate optical and operational characteristics.



2. Literature review and problem statement

Paper [5] reports the results of studying the optimization
of the process of applying ink to the printing elements of the
printing plate when printing the products. It was shown that
the choice of the screening method is important. The authors
note that a major issue in flexographic printing is the high
dot gain, an increase in the area of raster dots on a print com-
pared to their area in the original document, predetermined,
first of all, by the elasticity of a flexographic plate. Dot gain
is compensated for by making changes to an image on the
plate: the size of dots on the printing plate is reduced by the
magnitude of the dot gain. To determine the magnitude of a
dot gain compensation, the test scales are printed, followed
by the densitometric control of the prints.

One of the problems in flexographic printing is the poor
wetting of the surface of the printing elements, especially
solids, by ink. There is a paradoxical situation: the thick-
ness of the ink layer in the regions with a relative raster
dot area of 95-98 % is larger than that on the solids. This
issue was explored in [6]. The authors argue that the images
containing the areas of a solid background, surrounded by
shadow spots, are reproduced incorrectly: on the print, the
areas of a solid background are surrounded by dark halos.
The poor wetting of solids with ink on the plate is typically
compensated for by increasing the ink supply and enhancing
the printing pressure. However, large deformation of the
flexible printing plate results in a considerable raster dot
gain. The consequences of these measures are the high ink
consumption and the gradation distortions on the print.
This phenomenon is described in [7]. An analysis of the flexo
printing process reveals that the choice of anilox rollers, with
certain cell shape and coating, is crucial for the print quality.
Based on the research results, the company Zeller+Gmelin
recommends, when printing with UV inks UVAFLEX Y77,
using the anilox rollers with a line number of 400 lin/cm and
a volume of cells of 2.7 cm3/m? for cyan ink, 4.0 cm3/m? for
magenta and yellow, and 4,5 cm?®/m? for black, which should
improve the quality of the ink transfer [8]. The authors ar-
gue that in order to avoid the emergence of moiré, the raster
structure, formed at the surface of the printing plate, must
be rotated relative to the structure of the anilox roller at an
angle of 15 and 45 degrees [8].

Paper [9] notes that the printing and technical proper-
ties of ink rollers exert a significant influence on the optical
indicators of prints. There are studies into the influence of el-
evated temperature on flexographic printing. Increasing the
temperature may accelerate the drying of ink on the prints,
but can also cause the print to deteriorate. The too high
temperature in a drying plant can cause the print to stretch,
which is due to an increase in the ribbon tension. Under
the same conditions, without a sufficient number of cooling
rollers between the drying and the winding of the printed
ribbon, there is a setting-off or sticking of a printing ink [10].
Given that at present flexo printing plays a significant role
in arranging the packaging for the food and pharmaceutical
industries, much attention is being paid to studying the low
migration inks aimed at making the packaging safe, as de-
scribed in [11]. The issues related to using the UV inks with
cationic or radical polymerization for flexo printing on food
packaging materials were considered in [12]. The possible
mechanisms to slow a process of polymerization using ox-
ygen are defined in [13]. The factors that affect the process
of ink transfer to a printing material were addressed in [14].

However, these processes were investigated by modeling
production situations while the actual printing conditions
were not taken into consideration. The factors for predicting
the quality of flexographic printing by using a set of linguis-
tic variables were described in [15]. The authors considered
the effect of the technological parameters of the printing
process on the product quality indicators. However, they
did not conduct any in-depth research into the print quality
control that could determine the quality of would-be printed
products. Under production conditions, a decision to print a
run is made when the required level of quality is reached at
the stage of obtaining test prints. It is at this stage that there
is a possibility to adjust certain technological modes and pa-
rameters of printing. That is why it is an important process
to obtain the test prints at proofing equipment in order to
pre-define their densitometric parameters and ensure the
quality of the future run of printed products.

3. The aim and objectives of the study

The aim of this study was to identify the factors affecting
the surface topography of the printed material on the quality
of flexographic prints and to verify a procedure for determin-
ing their sensitometric indicators.

To achieve this goal, the following tasks were set:

—to determine a change in the topography of the surface
and structure of the printed material and the prints on it;

—to examine the densitometric quality indicators of
flexographic prints (optical density, contrast, dot gain, gray
balance, trapping); to optimize single indicators by using a
Harrington desirability function.

4. Materials and methods to study the quality of test prints

4.1. The examined materials and equipment used in
the experiment

The following materials were used for the study: the
cardboard GD-2 with a grammage of 250 g/m? and the
cardboard UD-3 with a grammage of 360 g/m?, upon which
we printed colored images at the flexographic proof printing
press IGT F1 at a pressure of 150 N (Fig. 1).

Fig. 1. General view of the flexographic proof printing press
IGT F1 (the Netherlands)

To obtain the flexographic prints, we used the organic sol-
uble nitrocellulose-based inks (TU U 24.3.-30904372-002-
2004) of different colors: yellow (the PNL code is 8201-F),
magenta (the PNL code is 8101), black (the PNL code is
8501-F), cyan (the PNL code is 8301-F), designed for print-
ing the food industry packaging.



Table 1 gives the parameters of inks, used for test print-
ing on the cardboard applying a test printing plate.

Table 1
Parameters of inks for obtaining the test prints
Yellow | Magenta| Cyan Black
Indicators (PNL | (PNL | (PNL | (PNL
code code code code
8201-F) | 8101) |8301-F) | 8501-F)
Grinding degree (stan-
dard — not exceeding 1 1 1 1
5 pm)
Funnel viscosity at 20°
for WZ-246 (nozzle
diameter, 4 mm), (stan- 42 4l 39 37
dard: 30-45 s)
Adhesion by the
adhesive tape method
(standard: not less 4 4 4 4
than 4 points)
Volatile-matter content
(standard: not less 33 36 34 31
than 25 %)
Heat resistance of
the print. -C. +200 | +200 | +200 | +200
Resistance to a water al-
kali solution (standard: 4 3 5 5
not less than 5 points)
Oil resistance (standard:
not less than 3 points) 3 3 3 3
Water resistance (stan-
dard: not less 5 5 5 5
than 5 points)
Resistance to lactic acid
(standard: not less 5 4 5 5
than 5 points)

In flexographic printing, the ink viscosity is in the range
of 0.05-0.5 Pas-s and the thickness of the layer on the print is
1 um. Adjusting the viscosity of the ink is especially important
to ensure the high-quality of a print. In this case, the ink should
not be extruded beyond the boundaries of the printed image.

The ink should be of high density, well applied to the
substrate, ensure that the cells of the anilox roller are filled.
The type of a solvent for ink plays an important role because
its evaporation following the application of the ink on the
substrate results in a stable dry film on the print.

4. 2. Studying the print surface structure

To study the surface structure of cardboards and the
prints on them, we used the AniCam measuring unit made
by TROIKA Systems Limited, equipped with a 24-bit color
camera with a resolution of 640x480 pixels and a view field
of 1.25%0.92 mm (Fig. 2).

Fig. 2. Measuring the structure and profile of the print
surface at the AniCam device (Great Britain)

The three-dimensional image of the surface structure was
acquired from the analysis of digital photographs of the sur-
face of the coated paper. The measurement accuracy is £1 %.
Two types of the image fragments were used to determine
the ink thickness layer: a 4x magnification for the analysis
employing the FlexoPlate QC v8.4 software and a 10x mag-
nification for the analysis employing the Anilox QC v8.4
software. The lens was focused in such a way that the differ-
ence in the height of the printed and unprinted cardboard
could be seen [2].

4. 3. Procedure for studying the print optical properties

The densitometric indicators of the prints were examined
at the SPM 50 Spectro densitometer made by GRETAG,
which operates under reflected light, determines the optical
density of background and the solids, the dot gain (relative
area) of raster elements, trapping, gray balance, the evenness
and contrast of printing. The standardized viewing angles
of 20 and 100 are used for colorimetric measurements of
images observed from different distances. The standardized
radiation sources D50, D65, A, B, C, etc., which have the
corresponding spectral characteristics, are used to predict
the colors of a would-be print edition under different illumi-
nation at a Spectro densitometer [16].

Considering the advantages and disadvantages of dif-
ferent mathematical methods for constructing the integrat-
ed indicators, a Harrington method for building a quality
indicator should be used in order to evaluate quality based
on a balanced system of indicators [17]. The main idea of
the Harrington method for constructing an integrated in-
dicator implies building a generalized desirability function
and the partial desirability functions. The Harrington’s
desirability scale hosts the reference points that divide the
entire scale into intervals, namely: (0-0.2) — very poor,
(0.2-0.37) — poor, (0.37—-0.63) —satisfactory, (0.63—-0.80) —
good, (0.80-1) — excellent. The desirability scale has a
range of changes in the values from zero to unity [18]. The
Harrington’s conversion function is recommended by many
scientists and possesses such prevailing properties as con-
tinuity, monotony, and smoothness. It is recommended to
arrange the coded values symmetrically to zero along the
abscissa. A value from 3 to 6 is typically selected on the
coded scale. For instance, six intervals towards an ascend
and six intervals towards a descend in the value of an attri-
bute. The choice of the number of intervals determines the
slope of the curve within the medium intervals. The desir-
ability curve is typically used visually as a nomogram [19].
To determine the comprehensive quality indicator of the
prints, 9 quality control indicators were selected as a
quality criterion for the image obtained from the test flexo
printing. These include the optical density of a background,
the optical density of a print, the color difference, the mag-
nitudes of trapping, contrast, dot gain, control of the ink
combination, the “gray” balance.

A value for the integrated quality indicator of the printed
image is calculated from the following formula:

o=(f14), M)

where d; is the single desirability function based on the key
indicators. For the two-sided and one-sided dependences,
the Harrington’s desirability functions take the following
form:
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where y; is the coded value of the indicators defined on the
scale; a; is the optimal value of y;, at which the two-sided
desirability function is equal to 1 (100 % quality) and the
one-sided function is not less than 0.95; b;is the value of indi-
cator y;, at which the quality is low, less than 0.05 (5 %); ¢;is
the value of indicator y;, at which a satisfactory quality value
(0.37) for the one-sided desirability function is achieved.

5. Results of studying the quality indicators of the
flexographic test prints

5. 1. Studying the surface structure of prints

The result of our study into the structure of the print has
confirmed the significant effect exerted by the characteris-
tics of cardboard surfaces on the process of ink absorption
during printing. It was established that the roughness pa-
rameter of cardboards affects the quality of the prints. It is
known that the smoothness (roughness) characterizes the
microstructure of the cardboard surface and the evenness
that determines the secondary structure of the cardboard,
that is, its volumetric macro homogeneity, as well as impacts
the effectiveness of interaction with the ink. The limits for
the values of micro irregularities for different types of card-
board are determined by the sizes of the reproduced elements
of the image. Our study has shown that depending on the
location of measurement the prints demonstrate different
roughness of the cardboard (Table 2).

Table 2
Results of studying the cardboard surface morphology
Cardboard Conti Weight, | Ra, Rz, Sp, Str,
oating Py 9 9
grade g/m pm | pm | pm um
Gp2 | TVolaver|oso logo6 | 45 | 874 | 860
coating
UD-3 uncoated 350 126 | 7.34 | 1,034 | 2,475

An analysis of the tabular data shows that the UD-3
cardboard, uncoated, with the addition of cellulose fibers,
is characterized by a large degree of surface irregularities,
from —5.76 to +6.37 um, which indicates the uneven dis-
tribution of the surface structure elements. This is also
confirmed by the roughness parameter Ra=1.26 um. The
examined GD-2 cardboard has an average degree of surface
irregularities from —3.1 to +2.02 pum, which indicates a more
uniform distribution of the elements of the bleached cellulose
fiber structure, the absence of large macro irregularities.
Two layers of the chalked coating were applied onto the
cardboard surface, the roughness parameter Ra=0.426 pm,
which indicates a highly developed micro- and sub-micro-

structure of the surface. It is obvious that such surfaces can
reproduce the fine-screen raster images well.

Therefore, our study has confirmed that the presence of
a chalked coating has a significant effect on surface micro-
geometry. This layer changes the roughness parameters and
the areas of peaks and holes on the cardboard. The rough-
ness parameter Ra for the cardboard without chalking to a
two-layer chalked coating is reduced by 3 times. The results
of studying the cardboard prints morphology are given
in Table 3.

Table 3

Results of studying the morphology of prints obtained at
proofing equipment

Cardboard prints Welgl;t, Ra, Rz, Sp ’) Str,2
g/m pm pm pm pm
GD-2 250 0.415 5.92 896 812
UD-3 350 1.2 7.89 1,410 1,890

When applying an ink layer to the UD-3 uncoated
cardboard, the roughness parameter Ra (the arithmetic
mean of the profile deviation) is reduced by 0.04 um and
is 1.2 um, with the average roughness depth Rz increasing
from 7.34 to 7.89 pm. The surface peak area Sp increases
from 1,034 to 1,410 um?, and Str decreases from 2,475 to
1,685 pm?2. The surface after the application of the ink
layer became more even (there are no macro irregularities)
but the parameters Rz and Str changed, which is explained
by that the ink is applied to these substrates in an uneven
layer, has a raster structure where each dot has its own
microrelief, which affects the magnitudes of peaks and
holes. A similar pattern is observed for the GD-2 card-
board, with a two-layer chalked coating; the roughness
parameter Ra decreases to 0.415 pm, with the peaks area
Sp increasing to 896 um? while the area of the holes Str
decreases to 812 um?2. This fact confirms again that the
ink layer smooths out the micro irregularities on a print
surface. The prints on the GD-2 cardboard are smoother
than those on the UD-3 cardboard. Ink particles pene-
trate deeper into the cardboard without a chalked coating
and do not completely smooth out its microroughness.
Fig. 3-6 shows the microphotographs of the surface to-
pography of flexographic prints made by inks of different
colors, as well as their profiles.

The photographs of the microstructure of the prints’ sur-
face, their profile, and the three-dimensional models show
a significant effect exerted by the chalked coating on the
substrate on the quality of prints. The determined arithmetic
mean values of the deviation of the Ra profile, the depth of
roughness Rz, the changes in the peak area Sp and holes Str
of the surface confirm the effect of the chalked coating on
the depth of ink penetration and the densitometric indica-
tors of the prints.

To obtain high-quality prints when reproducing the line
and solid sections of images, certain technological modes
must be adhered to. In particular, inks should have a viscosi-
ty in the range of 22-24 s and the large areas of a solid image
should have a raster dot area not exceeding 97 %.

If the size of a printing element is smaller than the area of
the cell on a roller, it falls into this cell and the ink is applied
beyond the boundaries of the image. As a result, a spot of an
arbitrary shape is formed on the print instead of a raster dot of a
certain size, that is, the so-called “inverse tone transfer” occurs.



a b
Fig. 3. The surface topography and the profile of a flexographic print obtained on the cardboard using a cyan ink:
a—UD-3; b— GD-2

a b
Fig. 4. The surface topography and the profile of a flexographic print obtained on the cardboard using a magenta ink:
a—UD-3; b— GD-2
g
a5

Fig. 5. The surface topography and the profile of a flexographic print obtained on the cardboard using a yellow ink:
a—UD-3; b— GD-2
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Fig. 6. The surface topography and the profile of a flexographic print obtained on the cardboard using a black ink:
a—UD-3; b— GD-2

5. 2. Studying the densitometric indicators of prints

The optical characteristics of the printed images deter-
mine the quality of the prints. Fig.7 shows the graphical
dependences of the optical density of prints formed by cyan,
black, magenta, and yellow inks. As can be seen from Fig. 7, a,
the upper limit of the optical density for a cyan ink is 1.64, the
lower is 1.42. For the print formed by a magenta ink, the upper
limit of optical density is 1.98, the lower one is 1.72 (Fig. 7, b).

The upper limit of optical density for the print formed by
ayellow ink (Fig. 7, ¢) dropsslightly to 1.52 and the lower —
to 1.38. The maximum value of the upper (1.99) and lo-
wer (1.76) boundaries of optical density is observed on the
print formed by black ink (Fig. 7, d). For the GD-2 card-
board prints, the optical density of cyan, magenta, yellow,
and black inks varies from 0.2 (at saturation of —20 %)
to 2.0 (at an image saturation of 90 %). The optical
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Fig. 7. Dependence of the optical density of the cardboard prints formed by: a — cyan; b — magenta; the indicators
¢ — yellow; d — black ink; D — optical density (units); N — saturation (%); 1 — upper acceptable limit; were determin-

2 — lower acceptable limit; 3 — cardboard GD-2; 4 —cardboard UD-3 ed (Fig. 8).
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Fig. 8. Determining the coded value of an optical density indicator of the cardboard background: a — cardboard GD-2;
b — cardboard UD-3; Dpaper — optical density of the background (units); y1 Dpaper — coded value of an optical density
indicator for the background (units); 1 — calibrated value scale; 2 — measured value of the quality indicator

Accordingly, the Harrington’s scale was used to deter-
mine the coded values for the indicators of the optical den-
sity of the background in an image printed by cyan, yellow,
magenta, and black inks. These values are given in Table 4.

Table 4

Coded values of the optical density indicator for the prints,
determined based on the Harrington’s scale

Image on prints | Coded values of the optical density indicator
Printed material Cyan Magenta | Yellow Black
Cardboard GD-2
max 0.54 0.49 0.44 0.66
min 1,64 1.59 1.54 1.96
mean 1.0 0.95 0.9 1.2
Cardboard UD-3
max 0.49 0.47 0.47 0.64
min 1.60 1.62 1.56 1.93
mean 0.98 0.94 0.92 1.17

An experimental study shows that the value of the opti-
cal density indicator varies from 0.54 to 1.64 for cyan ink,
from 0.49 to 1.59 — for magenta ink, from 0.44 to 1.54 — for

Dec, units (100 %)

Fig. 9 shows that the coded value of the printing even-
ness indicator when using a cyan ink for printing, based on
Harrington’s scale, changes from 0 to 0.37. Moreover, the
identical values of this indicator are observed when printing
using other CM YK colors. It is obvious that this is due to the
identical printing conditions and the same technical charac-
teristics of the inks.

The trapping indicator, based on the Harrington’s scale,
on prints for all inks is 1.

The coded value of the gray balance indicator was also
determined. It is established that for different areas of the
print filling (75 %, 50 %, 25 % of the field) this indicator
based on Harrington'’s scale is equal to 1.

The contrast value of the printed image is rather im-
portant for evaluating print operational performance. The
coded values of the contrast indicator when printing using
black ink on the cardboard GD-2 and UD-3 are shown
in Fig. 10.

Table 5 gives the coded values of the contrast indicator
on the print created by cyan, magenta, yellow, and black inks.

Table 5
Coded values of the contrast indicator on a print

vellow ink, from 0.66 to 1.96  for black ink Print Coded value of the contrast indicator on a print
In terms of the quality of prints, the indicator of printing Ink Cyan | Magenta | Vellow Black
evenness is very important. Fig. 9 shows the chart of deter- Ca'gg_’;rd 54.5 54.5 53.7 21
mining the coded value of the printing evenness indicator
when using a cyan ink on the examined cardboards, based Ca{jlg?grd 52.1 53.5 498 52
on Harrington’s scale.
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Fig. 9. Determining the coded value of the evenness printing indicator using a cyan ink, based on the Harrington’s scale:
a — cardboard GD-2; b — cardboard UD-3; Dc — optical density of a cyan ink solid (units); y3 Dc — coded value of the optical
density indicator of a cyan ink solid (units); 1 — calibrated value scale; 2 — measured value of the quality indicator
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Fig. 10. Determining the coded value of contrast indicator when printing using a black ink: @ — cardboard GD-2;
b — cardboard UD-3; PCb — a contrast of black ink (%); y6 PCb — coded value of the contrast indicator for black ink (units);
1 — calibrated value scale; 2 — measured value of contrast indicator

The coded value of the contrast indicator when printing
on the cardboard GD-2 using the cyan and magenta inks
varies, based on the Harrington’s scale, from 0.5 to 54.5.
When printing using yellow ink, this indicator is —2.3
to 53.7. When printing using black ink, the contrast indica-
tor changes from —12 to 60.

When printing on the UD-3 cardboard, the coded val-
ue of the contrast indicator changes slightly for the worse,
which is probably related to the surface structure of the
substrate, that is, the absence of a chalked coating.

One of the problems of flexo printing is the poor wet-
ting of the printing elements of the printing plate by ink, in
particular, solids. There is a paradoxical situation where the
thickness of the ink layer in the regions with a relative raster
element area of 95-98 % is larger than that on the solids.
This distorts the print with the shadows appearing around
the outlines of the image. It is recommended to compensate
for the poor wetting of solids by ink by increasing the ink
supply and by increasing the printing pressure. However, it
should be noted that this leads to the over-consumption of
inks and distorts the image on the print due to an increase
in the dot gain indicator of raster elements.

Therefore, we determined the coded values of the dot
gain indicator of raster elements (an increase in the area of
raster elements), which are shown in Fig. 11.

Fig. 11 shows that the dot gain indicator of raster elements
varies from (for an 80 % field) when printing by the cyan,
magenta, and yellow inks on the cardboard GD-2 and is 14.
At the same time, when printing on the same cardboard using
black ink, the dot gain indicator is 17 (for an 80 % field) and
20 (for a 40 % field). Our analysis of the dot gain indicator
when printing on the cardboard UD-3 shows the increase in
its value by up to 21 units when printing by the cyan, magen-
ta, yellow, and black inks (for a 40 % field). When printing
with these inks (for an 80 % field) the dot gain indicator of
raster elements drops to 16 units. When printing using black
ink, this indicator drops to 13 (for an 80 % field).

In flexographic printing, the ink viscosity is in the range
of 0.05-0.5 Pa-s and the thickness of the ink layer on a print
is up to 1 pm. Adjusting the viscosity of the ink is especially
important to ensure the high quality of a print. The ink, in
this case, should not be extruded beyond the boundaries of
the printed image.

The ink should be of high density, applied properly on the
substrate, ensure that the cells of the anilox roller are filled.
The type of a solvent for the ink plays an important role be-
cause its evaporation following the application of the ink on
the substrate leaves a stable dry film on the print.
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Fig. 11. Determining the coded value of the dot gain indicator
of raster elements of 100 % field of black ink:
a — cardboard GD-2; b — cardboard UD-3;
DGb 80 — dot gain of raster elements of black ink (%);
y7 DGb 80 — the coded value of the dot gain indicator of
raster elements of black ink (units); 1 — calibrated value scale;
2 — measured value of the quality indicator

We have determined the coded value of a slip indicator
when printing by the cyan, black, magenta, and yellow inks
on cardboard. Based on the Harrington’s scale, the slip indi-
cator is 1 point.

At printing, the optimization process of the print qual-
ity indicators mentioned above is rather important. Fig. 12
shows the diagrams of the single desirability functions of the
optical image densities on the prints.

Fig. 12 shows that the single values for the desirability
function of the optical density indicators of the solid’s back-
ground and the evenness of printing on cardboards are in the
range from 0.95 to 0.99.

Fig. 13 shows the diagrams of the single Harrington’s
desirability functions for the indicators of gray balance, con-
trast, dot gain (an increase in the area of a raster dot) when
printing on the UD-3 and GD-2 cardboards.
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Fig. 12. Diagrams of the single Harrington desirability functions (d) for the optical density
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b — GD-2; ¢ — the level of desirability; y — coded values of quality indicators of the print

clearly show the holes, mi-
cro-holes, which, even after
the application of the ink lay-
er, remain unsmoothed. The
examined GD-2 cardboard
demonstrates a uniform dis-
tribution of the structur-

al elements. The absence of
large macro irregularities is

due to the presence of two
chalked coating layers on

the cardboard surface. Our

analysis of the cardboard sur-
face profiles and the micro-
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Fig. 13. Diagrams of the single Harrington’s desirability functions (d) for the indicators
of gray balance, contrast, the raster dot gain when printing on cardboard: ¢ — UD-3;
b — GD-2; ¢ — the level of desirability; y — coded values for the print quality indicators

The values of the desirability functions for the indica-
tors of gray balance, contrast, and a raster dot gain when
printing on the GD-2 cardboard are approaching 1. At the
same time, when printing on the UD-3 cardboard, these
indicators are significantly lower and are in the range from
0.04 to 0.55.

6. Discussion of results of studying the optical indicators
of the flexographic prints

The results of our theoretical and experimental studies
have confirmed that a comprehensive quality indicator of
flexographic prints is made up of evaluating the separate
elements in the printed image. Taking into consideration the
increased requirements of consumers for the quality of the
prints, the expediency of making test prints at the proofing
equipment before printing the run has been confirmed. That
would make it possible to properly select the technological
modes of printing, to test the ink properties, their interac-
tion with substrates, and to save consumables.

The study of the surface profiles has shown that the
presence of a chalked coating affects the decrease in the
cardboard roughness indicator and smooths out its mi-
cro-roughness. Such a highly developed micro- and sub-mi-

photographs of the structure
i shows that the presence of a
double chalked coating re-
duces the roughness param-
eter by three times. The un-
even surface of the substrate
promotes the deep penetra-
tion of ink inside the card-
board structure and reduces
the saturation of the prints.
The smooth surface of the
coated cardboard promotes
the bonding of the ink to the pulp fibers in the pa-
per base, ensuring its uniform distribution across
the print and the high quality of the printed images.
Our study of the test flexographic prints has confirmed
that failing to comply with the optimum pressure at print-
ing leads to the raster dot gain, changes the image contrast,
its optical density, regardless of the ink it was printed with.
An analysis of the densitometric study has demonstrated
that the optical densities of prints depend on the structure
of the cardboard surface. At an image saturation of 90 %, the
optical density of the prints on the UD-3 cardboard without
a chalked coating decreases by 0.75 relative units compared
to the prints on the coated GD-2 cardboard. The lowest
values of the optical density indicator are characteristic
of the prints made with yellow ink (1.52) and the highest
values (1.99) — of the prints made with black ink, which is
consistent with the theoretical principles of printing pro-
cesses. The quality of the test prints is determined by the
print evenness indicator, which was the same for all images,
which is explained by the use of inks with the same proper-
ties and our adherence to the norms of the printing process.
The value of the dot gain indicator of raster elements on the
prints on the cardboard UD-3 is 7 units higher than that on
the cardboard GD-2. Increasing the area of the raster im-
ages distorts them and, therefore, causes defects. The most




contrasting prints are those made by the black and magenta
inks, the least contrasting ones are the prints of yellow ink.
The constructed desirability functions of the print quality
indicators, specifically the contrast and raster dot gain, have
shown that when printing, using different inks, on the GD-2
cardboard, their values are close to unity. The values of these in-
dicators are twice lower for the prints on the UD-3 cardboard.
Our verification of the procedure for determining the com-
prehensive indicator of print quality based on the generalized
criterion of optimization of single indicators based on Har-
rington’s desirability function has shown the expediency of its
use for evaluating the quality of test prints. A given procedure
could be advanced for predicting the quality indicators of the
flexographic images printed on cardboard used for packaging.

7. Conclusions

1. The effect of the substrate surface topography on the
quality of the prints has been identified. The presence of a
chalked coating on cardboard helps reduce the roughness
indicator and apply the ink more evenly (regardless of color)
on the print. The studied GD-2 cardboard with a double
chalked coating has an average degree of surface irregulari-
ties from —3.1 to +2.02 um, the absence of large macro irreg-
ularities. The roughness parameter Ra=0.426 um, which in-
dicates the highly developed micro- and sub-microstructure
of the surface and the high-quality reproduction of images
on the print. The UD-3 cardboard, without a chalked coat-
ing, is characterized by a large degree of surface roughness,
from —5.76 to +6.37 pm, by an increase in the roughness
parameter Ra=1.26 pm. The quality of the printed images
is much lower.

2. The densitometric study of the prints’ quality has
shown the coded values of the indicators based on the Har-
rington’s scale:

— the optical density of prints for a cyan ink varies from
0.54 to 1.64; for a magenta ink — from 0.49 to 1.59; for a yel-
low ink — from 0.44 to 1.54, for black ink — from 0.66 to 1.96;

— the printing evenness varies from 0 to 0.37, regardless
of an ink color because the technical characteristics of the
inks are the same and they are applied on cardboard under
the same conditions;

— the trapping on the prints over a 100 % field across the
entire printed area is equal to one;

— the contrast when printing on the GD-2 cardboard by
the cyan and magenta inks changes from 0.5 to 54.5 (when
printing with yellow ink, this indicator is —2.3 to 53.7, when
printing with black ink, the contrast indicator changes
from —12 to 60);

— the dot gain (increasing the area of raster elements) (for
an 80 % field) when printing by the cyan, magenta, and yel-
low inks on the GD-2 cardboard is 14 units, for black ink — 17
(for an 80 % field) and 20 (for a 40 % field); the dot gain in-
dicator when printing with CMYK on the UD-3 cardboard
increases to 21 units (a 40 % field);

— the single values for the desirability function of the opti-
cal density indicators of the solid’s background and the print-
ing evenness on cardboards are in the range from 0.95 to 0.99;

—the values for desirability functions of the gray balance
indicator for a different area of the print filling (75 %, 50 %,
25 % field), the slip indicator at printing using different inks,
the indicators of contrast and raster dot gain at printing on
the GD-2 cardboard using different inks are close to 1. At the
same time, when printing on the UD-3 cardboard, these indi-
cators are much lower and vary in the range from 0.04 to 0.55.
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