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Flexographic printing is the leading method for producing flexible and label
packaging; however, ensuring print quality stability remains a relevant scientific and
practical challenge. This paper investigates the influence of flexographic process
parameters on the quality of imprints on BOPP film, produced on a Mark Andy press
using solvent-based Sun Chemical inks and photopolymer plates (150 Ipi). Colour
characteristics were assessed in the CIELAB colour space using an X-Rite SpectroEye
spectrophotometer. A single-colour cyan test was used to determine the tonal value
increase (TVI), and a four-colour CMYK test for press profiling. The TVI curves for
magenta, yellow, and black inks are highly similar, while cyan shows a somewhat greater
increase, correctable by adjusting printing unit pressure. Colour differences between
the proof and production print (Ok-print) are AEab < 6 and AE2000 < 4, complying
with ISO 12647-6 tolerances. The results confirm the effectiveness of the proposed press
standardisation approach and individual colour profile construction.

Keywords: packaging, film, dot gain, flexographic press, profile, imprints,
colorimetric indicators, quality.

Problem statement. Flexographic printing firmly holds a leading position in the
modern packaging and label industry. However, the high production speed and variety
of substrates — from thin polymer films to corrugated board and aluminium foil —
impose strict requirements on process stability. Any deviation from technological norms
immediately results in rejects.

Quality control of flexographic imprints is not merely the final stage of production
but a continuous process combining objective instrumental measurements and systematic
analysis of technological parameters. Instability of the smallest halftone dots, deviations
of colour characteristics from the reference, and imperfect gradation curves are the
main challenges faced by flexographic enterprises when mastering new products and
equipment. This issue is particularly acute when printing on polymer films, where ink
behaviour differs significantly from traditional paper substrates [1, 2].

Analysis of recent research and publications. The quality of flexographic
imprints and the factors shaping it are actively studied by the scientific community. The
fundamental regulatory documents governing flexographic process parameters — from
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colour coordinates to gradation curves — are the ISO 12647-6 standard series [3, 4].
These standards establish permissible deviation ranges for optical density, tonal value
increase, and colour difference AE, which serve as the basis for evaluating the quality of
production imprints.

A significant contribution to the study of the influence of flexographic process
parameters on print quality was made by Zolek-Tryznowska et al. [5], who investigated
the effect of ink viscosity, plate type, and substrate on optical density and tonal value
increase when printing on polymer films. The study confirmed the decisive influence of
printing plate and substrate characteristics, while the effect of ink viscosity proved less
significant for coverage areas of 40—100%.

In the flexographic printing process, the importance of selecting appropriate
printing plates depending on the inks used is growing. Particular attention is paid to the
compatibility of plates with water-based inks, which require specific surface properties
[6]. Therefore, printing plates must possess appropriate hardness and water resistance,
which directly affects print quality.

Havenko, Labetska and Telehina [1] studied the microstructure of flexographic
imprints using optical and electron microscopy methods, establishing a relationship
between halftone element parameters and colour reproduction quality. Further research
by Havenko, Telegina and Wieczorek [2] demonstrated a significant influence of printing
speed on the quality of flexographic imprints on PET film — specifically on tonal value
increase, edge sharpness of halftone elements, and uniformity of ink application. Similar
patterns were observed by other authors when studying flexographic print defects related
to anilox roller parameters and the rheological properties of inks [7].

The issue of standardisation and profiling of flexographic presses has gained
particular relevance in connection with the growing requirements for colour accuracy in
brand colour reproduction in the packaging industry. Liu, Qiu and Ling [8] summarised
mathematical models for dot gain compensation and proposed effective correction
strategies that can be integrated into prepress preparation. Abusaq et al. [9] demonstrated
the possibility of optimising the flexographic process using lean manufacturing methods
and artificial intelligence to improve efficiency and quality stability. However, the issue
of comprehensive standardisation of a flexographic press based on the construction of an
individual colour profile when printing with solvent-based inks on BOPP film remains
insufficiently studied, which determines the relevance of this work.

Aim of the research. The aim of the work is to investigate the factors affecting
changes in image tonality and the quality characteristics of flexographic imprints on film
materials.

Presentation of the main research material. The study objects were imprints produced
on BOPP film using the flexographic method on a Mark Andy press. The characteristics
of the materials and printing conditions are given in Table 1.
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Table 1
Characteristics of materials and flexographic printing conditions

Parameter Description Value
Film Type Bopp
Substrate Thickness 20 um
Roll Width 1250 mm
Ink Type Solvent-based, Sun Chemical
Printing Plate Screen Ruling 150 Lpi
Anilox (CMYK) Volume / Screen Ruling 3.3 cm*m?/ 524 l/cm

The colour coordinates of selected colour patches were measured using an X-Rite
SpectroEye spectrophotometer in the CIELAB colour space. Measurement conditions:
D50 light source, 0°/45° geometry, 2° standard observer, measurement on a black
backing. The colour difference was calculated using the AEab and AE2000 formula:

AE = \[(AL) + (Aa)? + (Ab)?], (1)
where AL, Aa, Ab are the differences in lightness and chromaticity coordinates between
the sample and the reference.

A single-colour test No. 1 (cyan channel) with a multi-tone halftone scale at screen
angles of 7°, 22°, 37°, 52°, 67° and 82°, as well as negative and positive lines and text,
was used to determine the tonal value increase. A four-colour test No. 2 was used for
press profiling (Fig. 1).

Test 1 Test 2
Fig. 1. Test 1 for determination of tonal value increase and Test 2 for press profiling

Objective evaluation of imprint quality employs a set of parameters: optical density
(D), tonal value increase (Dot Gain / TVI), ink registration accuracy (Register), colour
difference (AE), and ink lay uniformity. Modern production verifies these parameters
using densitometers, spectrophotometers, and automated inline video inspection systems
— high-resolution cameras that scan the web directly during printing and compare the
current imprint with the digital original artwork [3].

Most quality defects (dirty print, banding, ghosting, edge blur, show-through, mottle)
have interrelated causes distributed across four groups: input materials (inks, varnishes,
substrates), equipment (presses, plates, aniloxes, mounting tapes), technological
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parameters (viscosity, pressure, speed), and the human factor (staff qualification and
experience) [2, 7].

The choice of printing plate type is of particular importance when printing on
polymer films. Table 2 presents a comparative characterisation of elastomeric and
photopolymer plates.

Table 2
Comparison of elastomeric and photopolymer printing plates
Characteristic Elastomeric Photopolymer
Durability Higher resistance to abrasion Less durable, especially with
and chemicals aggressive inks
Detail accuracy Suitable for large and medium- | Higher accuracy for fine details
sized designs
Cost Higher initial cost, but longer Lower initial cost, shorter
service life service life
Substrates Ideal for thick, complex Better suited for thin and
materials smooth materials
Application Optimal for solvent-based inks | Better suited for water-based
and UV inks
Ecology No chemicals required in Require chemical or water
production washout

The stability of the smallest printing dots and the characteristic print curve were
analysed on imprints obtained after the first reprint. Visual evaluation of halftone
dots showed that the smallest halftone dots in certain patches behave unstably during
printing. Dot instability is particularly noticeable in the highlight range at a screen ruling
of 150 Ipi, which requires correction of the plate production process: exposure time and
processing conditions.

The characteristic TVI curves for magenta, yellow, and black inks are highly
similar. Only cyan ink showed a somewhat greater tonal value increase compared to the
other inks, which can be corrected by adjusting the pressure in the corresponding ink
application unit. The overall characteristic print curve is correct (Fig. 2).
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Fig. 2. Characteristic print curve for screen ruling 150 Ipi
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Fig. 3 presents the results of the study of tonal value increase (AP, %) on production
imprints for all four CMYK inks at a screen ruling of 150.
Tone Value Gain (AP, %) on LPI 150 Imprint
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Fig. 3. Results of tonal value increase studies on production imprints

The graph shows that in the highlights (coverage 1-20%) all inks demonstrate a
positive tonal value increase — from 4 to 11%, with cyan ink showing the maximum
values. In the midtone range (40-60%) the opposite tendency is observed for magenta,
yellow, and black: a negative increase indicates partial dot recovery, characteristic of
elastic photopolymer plates. In the shadows (80-90%) the negative increase for colour
inks is associated with dot merging and the corresponding loss of detail.

Based on the printed four-colour test No. 2, an individual profile was built for
the Mark Andy flexographic press. An imprint printed with the added profile should
reproduce the colours of the production imprint (Ok-print) as accurately as possible. To
verify colour consistency, the colour differences AE*ab and AE*2000 between the main
colour patches of the proof and production imprint were calculated (Table 4).

As shown by the data in Table 4, the obtained colour differences between the proof
print and the production imprint (Ok-print) are within the tolerances stipulated by ISO
12647-6:2006 and ISO 12647-6:2012 [1, 2]: AE*ab < 6 and AE*2000 < 4 for all four
CMYK inks. The greatest deviation was recorded for yellow ink (YY), which is typical of
flexographic printing on transparent films and is explained by the increased sensitivity
of the yellow channel to variations in ink layer thickness.

Conclusions. The standardisation of the printing process on the Mark Andy press
consisted in the optimisation of printing plate production parameters, resulting in a
flexographic plate that prints stably on the given press (stable dots in the highlights and
an appropriate and uniform tonal value increase across the entire range of the multi-tone
halftone scale).
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Table 4
Colour differences between proof and production imprint
Ink Imprint Proof AEab | AE2000 [ ISO 12647-6
L a b L a b Tolerance

58,56 | -38,17 | -50,57 | 55,55 [ —38,55 | —55,26 | 3,616 3,075 <6/<4
49,01 | 77,41 | -3,70 | 48,79 | 78,58 | —1,19 | 2,760 1,040 <6/<4
92,33 | -0,30 | 97,44 | 97,56 | —3,72 | 104,16 | 5,431 3,761 <6/<4
12,00 | 1,67 | 2,09 [ 1545 | 1,96 3,49 3,139 2,581 <6/<4

~[<l1Z|0

An important result of the standardisation process is the creation of an individual
colour profile for the Mark Andy press. This profile was subsequently used to create
a digital colour proof. The colour imprint printed using the colour profile accurately
reproduced the colours of the production colour proof, as evidenced by small colour
differences — AE*ab below 6 and AE*2000 below 4. This profile will be used by the
printing house to create colour proofs for clients on the basis of which they approve the
print job, and this proof will help the printing house achieve accurate production colours
more quickly.
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Dnexcoepaghiunuii OpyK € NPOBIOHUM MEMOOOM BUPOOHUYMBA SHYYKOI Ma emuKem-
KOB0I YNaKosKu 3a6805KU 8UCOKIU NPOOYKMUBHOCI, CYMICHOCMI 3 WUPOKUM CHEKMPOM
cybcmpamie ma ekonHomiuniu egpexmuenocmi. Boonouac 3abesneuenns cmabinonocmi



172 [TOJIITPA®IS I BUABHIMYA CITPABA / PRINTING AND PUBLISHING * 2026 / 1 (91)

AKocmi 8i06UmMKI8 y rexcoepaghiunomy upoOOHUYMET 3aNIUUAEMbCA AKMYALIbHON HA-
VKOBO-NPAKMUUHOI NPOONIEMOoIo, 0cobaIuUso npu Opyyi Ha NONIMEpHUX nliekax, oe no-
6e0inKa (apou cymmeso 8iOPIZHAEMbCA 6i0 MPAOUYIIHUX naneposux cyocmpamis. Y
cmammi 00CNIONCeHO 8NIUE napamempie ¢hiexcoepa@iuno2o npoyecy Ha AKicmb 6i0-
oumkis, sukonanux na naisyi BOPP. O6 ekmom 0ociosceHus 0yiu mupaxchi i00Umxu,
sueomosneni Ha grexcoepapiuniv mawuni Mark Andy 3 euxopucmanuam posyunHux
¢dapd Sun Chemical ma ¢pomononimeprux ¢hopm i3 niniamyporo 150 Ipi. Aninokcosi
eanu 05 6cix (hapb xapaxmepusysanucs 06 'emom 3,3 cm’/m? ma ainiamyporo 524 n/cm.
Konipni xapakmepucmuku oyintosanucs ¢ npocmopi CIELAB 3a donomozoro cnekmpo-
domomempa SpectroEye X-Rite. /[na susnauenns npupocmy pacmpogoi moHaIbHOCH
BUKOPUCIAHO OOHOKONIpHULL mecm (ONaKumHull Kauau) 3 pacmpogoio 6a2amomoH0800
wKanow 3 kymamvu pacmpa 7° 22° 37° 52° 67° ma 82° a oia nobyodosu npoginio
mawunu — 6azamoxonipuui mecm CMYK. Bcmanosneno, ujo xapakmepucmuuui Kpugi
NPUPOCMY MOHAILHO20 3HAYEHHs O NYPNYPOBOi, x#0oemoi ma yopHoi ¢apb € mak-
CUMANLHO NOOIOHUMU, MOOJI K Oiakumua ghapdoa demoHCmpye dewo Suull npupicm
PAcmpo8o2o MoHANbHO20 3HAUEHHS, WO MOdice OYMU CKOPUSOBAHO Pe2YIIO8AHHAM MUCK)
¥ ionosionomy b6noyi Hanecenns (apou. Bisyanvha oyinka noxkaszana HecmabiibHicme
HAUMEHWUX PACMpPOosUX MO4OK y OIana30Hi C8IMAUX MOHIB, WO BKA3VE HA HEOOXIOHICMb
onmumizayii napamempis supoOHUYMSEa OPyKapcobKoi popmu — uacy ekcnosuyii ma pe-
arcumie nposenenus. Ha ocrosi 6azamoxonipno2o mecmy no6y0o8ano iHOUBioyaibHUll
Koaipuuti npoghine mawunu Mark Andy, akuii ukopucmano ons cmeopeHHs yupposoi
Konboponpoou. Konipui 8iominHOCmI Midic npoOHUM 8i0OUMKOM Ma 8UPOOHUYUM OPYKOM
(Ok-print) cmanosramo AEab < 6 ma AE2000 < 4 oas ecix ¢hap6 CMYK, wo sionosioae
odonyckam cmanoapmy ISO 12647-6. Ompumani pesyrvmamu niomeepoxicyioms eghex-
MUBHICMb 3aNPONOHOBAHO20 NiOX00Y 00 cmanoapmu3ayii ghnexcoepapiunozo npoyecy
ma noby0osu iHOU8ioyaibHO20 KOLPHO20 NPOPIII0 MAUUHY, WO 003680158€ CKOPOUYBAMU
4ac HANAWMY8AHHs NPU GUKOHANHI HOBUX 3AMOGIEHD | 2apanmysamu KiicHmam moyme
BIOMBOPEHHS KONLOPY.

Knrwowuogi cnosa: naxosanms, niiexa, npupicm pacmpogoi kpanku, grexcozpadiuna
Mawuna, npoghine, 8i0OUMKU, KOLOPUMEMPUYHT NOKAZHUKU, AKICIb.
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