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The aim of the paper is to analyze the state of the printing
industry in the current conditions, learn reproduction tech-
nologies on non-absorbent surfaces, and study modern tech-
nological processes of obtaining products based on 3D print-
ing, which is the research object. The problem lies in the lack
of general recommendations for using the above technology
to produce printed products or their elements.

The main factors affecting the quality of finished pro-
ducts have been determined. The criterion to compare pos-
sible options for creating printed products was selected,
namely, the examination method was considered. After pro-
cessing the expert group summary, the consistency degree
of opinions was determined using Kendall’s concordance
coefficient. The most significant factor was identified, and
further research is focused on it. Layer-by-layer deposition
modeling was chosen as the technology for creating the test.
Test fragments were developed, and materials and equip-
ment to run the experiment were selected. A quantitative
and qualitative assessment of the quality of 3D printing was
carried out.

Following the conducted research, the shortcomings were
taken into account, and a number of recommendations for
further creation of the forthcoming high-quality product
were made. Those recommendations refer to the optimal
line width (1.5 points and more), typeface origin and font
size (20 points and above) for the reproduction of text infor-
mation, and thickness of the element base of printed pro-
ducts (minimum 2.5-3 mm).

The above recommendations allow a 3D printing pro-
duct and its elements to achieve a remarkable quality level
and visual appeal, as well as enable enterprises to use it as
the basis of technological instructions for applying modern
technologies

Keywords: printing technologies, 3D printing, printed
products, graphic images, font size, text information, binding,
examination method, layer-by-layer deposition, ABS plastic
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1. Introduction

According to the research of the monthly survey of enter-
prises «Ukrainian business during the war» of the Institute
of Economic Research and Political Consultations, 2022,
«How Ukrainian industry overcomes the challenges of the
Wars [1], a critical drop in production is recorded in a num-
ber of industries. As of July, 7 % of enterprises in the print-
ing industry did not operate. Compared to the pre-war pe-
riod, capacity utilization was as follows: 14 % of enterprises
were loaded by less than 25 %, 7 % were loaded by 50-74 %,
and the rest 57 % by 75-99 %. Optimism about the future
was cautious across the board. The Index of expected chan-
ges in the business environment in almost all industries de-
creased from +0.16 in June to +0.09 in July. However, there
are positive ratings in most industrial sectors, except for
printing. The indicator of the financial and economic situa-
tion and expected changes was the same, at —0.38. Produc-
tion expectations for three months are optimistic regardless
of industry — all indicators are positive. Also, the expec-
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ted index of production changes in the printing industry
reached zero.

The comparison of the company’s financial and economic
situation with the same last year’s period shows a significant
economic decline [2] (November 2022) in all sectors. It’s
worth saying that the index of the current financial and eco-
nomic situation for the printing industry was recorded as the
highest (—0.54). Regarding business performance and short-
term expectations, the index of production changes has a sin-
gle positive value of 0.15 among all sectors and industries,
which indicates the best situation in the printing industry.
Production expectations reached a positive level of 0.09. The
highest sales index for enterprises in the printing industry
was also recorded (0.23). The index of export changes is
the highest at a zero mark, and the printing industry has
the highest index of expected export changes (0.25). A pos-
itive trend in the growth rate of new orders (0.45) was also
reported. New orders grew most in the Kyiv region (0.23).
The highest indicator of expectations for increasing receiv-
ables and payables was also in the printing industry. It was




equal to zero. There is also a positive trend in the search for
qualified and unskilled workers in the printing industry, and
regional differences in the labor market were recorded. The re-
covery leader (missile fire, power supply problems) was also the
printing industry, where 75 % of enterprises worked at almost
full or full capacity in November. The industry consistently
showed strong recovery rates, in particular 53 % in October
and 61 % in September.

The functioning of the printing industry in wartime is cru-
cial, being one of the factors in achieving a victory. The ability to
make right production decisions, communication with business
structures, and significant opportunities for digital laser and ink-
jet printing technologies are extremely important tasks for today.
The growth of digital printing, the penetration of IT into print-
ing workflows, etc., are far from a complete list of tasks that re-
quire various tools to optimize working processes. And here, one
of the critical factors is the ability to apply the acquired know-
ledge of fundamental disciplines in the applied printing industry.

Despite the circumstances, the industry remains afloat,
modern technologies are supported, and hybrid products ap-
pear, combining diverse technological processes with various
equipment and materials. Thus, traditional printed product
elements are combined with the latest technologies, such as
3D printing. 3D printing technology is rapidly developing
due to its availability, simplicity and ability to create objects
of various shapes from numerous materials. However, the
lack of scientifically based recommendations regarding the
combination of technological support of traditional and mo-
dern processes requires additional research, so the study of
3D printing is an urgent scientific and technical task.

2. Literature review and problem statement

3D printing is one of today’s most innovative technologies
that have a consequential influence on all existing industries and
fields of activity. Medicine, manufacturing, space research, etc.
have undergone the greatest changes from 3D printing. A com-
parative analysis of existing 3D printing technologies with an in-
dication of application areas, main capabilities, and brief descrip-
tion of operating principles is given in [3]. However, an analysis
of technology relevance for specific industries must be detailed.

The work [4] shows the results of reducing material con-
sumption, design flexibility, and competence in manufacturing
complex structures using 3D printing technologies. However,
calculations for the printing industry are not specified.

Even though the printing industry is a hotbed of various
printing technologies, 3D printing is difficult to attribute to a par-
ticular type, not to mention traditional ones. However, innova-
tions do not bypass the printing industry. Printed materials with
the Braille reproduced using 3D printing is one such innovation.
Research in [5, 6] confirms the possibility of using 3D printing
in polygraphy. Reproduction of relief text by 3D printing greatly
simplifies the communication between blind and partially sighted
people in society. However, a three-dimensional object printed
on a 3D printer as an element of printed products, such as a cover
for a book, notebook, album, etc., or a decoration for these prin-
ted product samples has not yet been considered. In addition, 3D
printing allows you to create relief images that can provide not
only a visual component but also give pleasant tactile sensations.

The expansion of additive manufacturing and open access
to digital production facilities creates opportunities for per-
sonalization, creativity and manufacturing souvenirs using
3D printing. With a qualitative approach, the study [7] demon-

strates the results of developing and personalizing souvenirs
using new technologies. The advertising-souvenir segment is
closely intertwined with printing, and the work [7] indicates
the possibility to use additive technologies in this area.

The jet 3D printing technology is considered in [8]. The
possibility to simultaneously print products using several
printer heads to create heterogeneous complex structures for
electronic devices is shown. However, this direction can be
developed more widely and projected onto printed products,
such as RFID labels.

In [9], the results of developing a methodology for manu-
facturing polymer threads embedded in a 550 pum radio fre-
quency identification (RFID) chip using the extrusion pro-
cess for 3D printing programs are presented. It is shown that
3D printing is suitable for manufacturing RFID elements
that can be included in printed labels and the like and used
as an element of product protection.

Issues related to manufacturing other printed product
samples in combination with additive technologies still need
to be solved. Since 3D printing in polygraphy for decor pro-
duction is practically not considered, the study of using it
to create elements of printed products, such as bindings, is
relevant. The given analysis suggests that it is expedient to
conduct a study to determine the best modes and parameters
for reproducing image elements using 3D printing.

3. The aim and objectives of the study

The aim of the study is to develop a methodology for im-
proving the process of manufacturing 3D printing products
based on improving the technology of creating elements us-
ing 3D printers. This will make it possible to develop general
3D printing recommendations for producing printed product
components and reducing the production cycle.

To achieve the aim, the following objectives are set:

— to classify materials, equipment, and technological ca-
pabilities of 3D printing;

—to perform mathematical processing of the results of
comparing options for creating bindings by the three-dimen-
sional printing method and to choose the most rational tech-
nological process;

— to determine the minimum permissible layer thickness
for the qualitative and quantitative reproduction of image
elements.

4. Research materials and methods

4. 1. Research methodology

The object of research is 3D printing technology in terms
of manufacturing elements of printed products. The subject
of the study is the modes and parameters of the production of
elements of the final product.

Non-compliance with printing parameters leads to process
instability, violation of reproduction of small and font elements,
defective prints, lack of readability and perception of the general
appearance of the graphic image. Consumables vary significant-
ly in their composition. A detailed study of their physicochemi-
cal transformations under the influence of printing contact will
reveal the patterns of the impact of factors on the stabilization
of the printing process and normalization of the reproduction
of image elements by 3D printing. Thus, it is possible to express
the research hypothesis of forming readable, uniform image



layers on the print, ensuring the stabilization of their repro-
duction by adjusting printing modes and parameters.

To choose the most rational technological option for produc-
ing 3D printing products, it is necessary to select a criterion to
compare possible options for creating bindings using a three-di-
mensional printing method. With the use of 3D printing, the
option of making a binding for a book block is considered. The
book block is created using the traditional printing method.

The examination method (method of expert evaluations)
is considered following the processing of information ob-
tained by interviewing competent experts with sufficient
knowledge to solve the investigated problem.

As you know, the examination process is divided accord-
ing to general methods [10] into several stages:

— definition of the expert, his competence in this study;

— conducting a survey;

— processing of survey results;

— determining the consistency of experts’ opinions.

To determine the degree of consistency of experts’ opinions,
M. Kendall’s concordance coefficient is used (from the Latin
concordance — to align, arrange):
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where m is the number of experts, 7 is the number of factors,

Z x; is the sum of the ranks of the factor numbered i. If there

i=1
are related ranks in the rankings, the concordance coefficient
is calculated using the formula (correction for equal ranks):
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where Hj is the number of groups of equal ranks in the rank-
ing of the j-th expert, ¢ — the number of equal ranks for the
k-th group of related ranks. If there are no equal ranks, for-
mula (2) becomes formula (1).

4. 2. Researched materials and means used in the ex-
periment

The main factors affecting the quality of finished pro-
ducts are technology, materials, equipment, personnel, mea-
surements and input information.

For developing test fragments (Fig. 1), the main elements
placed on the front side of the binding were selected: book
title and author name, graphic element. Text information is
provided using three fonts (Calibri, Times New Roman, and
Monotype Corsiva): sans serif, serif, and decorative, with
different sizes (12, 14, and 16 pt). Graphical information is
provided using lines of different widths at angles.

The format of the theoretical book, for which the binding
of the eighth type is made, 60x84,/32, is chosen. The dimen-
sions of the cardboard side are 96x144 mm.

Layer-by-layer deposition modeling was chosen as the
technology for creating the test due to its low price and rela-
tively good quality.
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Fig. 1. Developed test items for conducting research

Printing was made on ABS plastic [11] using the Flash-
forge Creator Pro printer. The main printing parameters and
modes are given in Table 1.

As a result of selecting printing equipment, materials and
modes, a test was created, shown in Fig. 2.

Table 1
Researched technological support
Equipment/
Material / Characteristic/Indicator Value
Mode
Modeling by
Printing technology lt:;e?}f);}ij(e)f
deposition
Number of print heads 2
Nozzle diameter, mm 0.4
Flashforge Construction area, mm 225x145x150
Creator Pro X Layer thickness, mm 0.1-0.5
3D printer [19] Print speed, mm/sec 40-100
Platform With heating
ABS plastic,
Materials PLA plastic,
PVA plastic
Thread diameter, mm 1.75
Display Available
Glass transition temperature | About 105 °C
Bending strength 41 MPa
. Ultimate tensile strength 22 MPa
ABS plastlc Tensile modulus 1,627 MPa
properties [20] - -
Relative elongation 6 %
Cooling shrinkage Up to 0.8 %
Material thickness About 1.05 g/cm?
Model height 6 mm
Nozzle diameter 0.4 mm
Printing modes Layer thickness 0.3 mm
Table temperature 50°
Printing speed 60 mm/sec




a b
Fig. 2. Manufactured test fragments: @ — immediately after
printing; b — after additional processing

According to the given test (Fig. 2), the primary indi-
cators were measured. Based on their analysis, recommen-
dations and conclusions were made regarding the stable
reproduction of image elements.

3. Results of research on the factors determining the
reproduction quality of elements obtained on a 3D printer

5. 1. Classification of materials, equipment, and tech-
nological capabilities of 3D printing

The currently available 3D printing technologies were
systematized based on the study of literature data, and the
classification was created shown in Fig. 3 [12—15]. The clas-
sification is based on two criteria: the type of material and

methods of influence. Materials are divided into photopoly-
mers, plastic threads, powders, and sheet materials by type
and ultraviolet, heat, glue, and pressure by influence methods.

Today, there are two main technological varieties: model-
ing by the method of layer-by-layer deposition of material
and stereolithography. The process of layer-by-layer material
deposition is the creation of three-dimensional objects by
applying successive layers of material that repeat the contours
of the digital model. Printing materials are usually thermoplas-
tics, supplied as coils or threads. ABS plastic is the most popu-
lar material for this technology. It has many advantages: easy
paintability, extensive color palette, and high printing speed.
PLA (polyacrylic acid) takes the second place. It is entirely
environmentally friendly and has the highest printing accuracy.

Technical materials are used for models that require increased
resistance to various influences. PET (polyester) is used in the
case of a simultaneous combination of strength and viscosity, and
PC (polycarbonate) — to manufacture high-strength products
operating under high loads. PC allows you to create light-trans-
mitting products, it is more rigid and more robust than PET but
less dense. PBT (polybutylene terephthalate) is characterized by
high technical characteristics — abrasion resistance and low coef-
ficient of friction. As a strong and flexible plastic, Nylon is used to
make ropes, fabrics, strings for musical instruments, etc. Elastane
and Plastan are rubber-based materials. Laywood and BronzeFill
materials allow you to imitate wood and metal, respectively.
Another type of material is decorative. Their primary purpose is
to build additional technological elements during printing and
then remove them [16]. The materials are summarised in Fig. 4.

The second production technology is stereolithography.
The following types of materials are used for it: mock-up (for
making models, prototypes, models), wax (making jewelery,
dental products), medical (dental products, prostheses, im-
plants), technical and decorative.
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Fig. 3. Classification of 3D printing technologies
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Fig. 4. Classification of 3D printing materials

These materials can and even should be used in printing.
They can be used for decorating various products and making
stamps for embossing and cutting. This will help to reduce
the manufacturing process and save time [17—19].

5. 2. Mathematical processing of the results of compar-
ing options for creating bindings by the three-dimensional
printing method

Individual assessments in a group of experts are applied
by filling in questionnaires. A survey was conducted taking
into account the following criteria: cost (K1), quality (K2),
process productivity (K3), material use (K4), profit (K5),
product cost (K6), and work time expenditures (K7). It is
proposed to carry out the following evaluation: assign a rank
to each considered criterion from the most significant to the
least but within the range from 1 to 4 (the least important
criterion is assigned a rank equal to 4). Table 2 was obtained,
which shows the results of 7 experts.

After determining the final opinion of the working group
of experts, it was necessary to decide on the degree of con-
sistency of the experts’ opinions. Weighting factors were
calculated, normalized ranks were determined (Table 2), and
T; values were calculated.

Table 2
Assigning criteria ranks by experts
Criteria
Experts

K1 K2 K3 K4 K5 K6 K7
1 47 1! 12 3° 23 21 30
2 4 23 | |2t | 12 | 3| 8
3 3° 1! 23 12 47 36 24
4 4 [ 1t x| B | s | P | 4
5 22 23 1! 24 36 47 25
6 4 1t ]2 |3 | 3| 4| P
7 3° 22 1! 23 24 36 47

Consider filling on the example of expert 1 according to
Table 2: rank 1 is repeated twice, as it was assigned to the
second and third criteria (K2, K3), which had ranks 1 and 2,
respectively. Accordingly, the normalized rank of these ob-
jects is the arithmetic mean, equal to (1+2)/2=1.5. This
value in the new matrix will be in the first row in the second
and third cells (under K2, K3).

Rank 2 is repeated twice in the first line, as it was as-
signed to the fifth and sixth criteria (K5, K6), which had
places 3 and 4, respectively. Accordingly, the normalized rank
is: (3+4)/2=3.5. This value in the new matrix will be in the
first row in the 5™ and 6™ cells. Rank 3 is assigned places 5
and 6, and the value (5+6)/2=>5.5 will occupy the fourth and
seventh cells in the new matrix, where the number 3 was in
the original matrix. The fourth rank, repeated once, corre-
sponds to place 7, which is its normalized value.

Normalized ranks for other experts are determined in
the same way. The last row of this table contains the sums of
normalized ranks for each criterion. The T; column is entered
in the matrix, which is used to assess the reliability of the
results. According to formula (3), for experts 1, 2, 3, 4 and 6,
its values are the same since the values of three ranks were
repeated twice, and one was not repeated:

T,=3-(2°-2)=18, j=1,2,34,6.

For the fifth expert: T5=43-4=60, for the seventh we have
Ty=(33-3)+(23-2)=30.

Since the most critical criterion has the lowest rank (this
condition is preserved during normalization), it will corre-
spond to the minimum sum of normalized ranks, meaning
that all experts evaluated this criterion with a relatively
small number.

According to Table 3, the first place and the most signi-
ficant advantage should be attributed to the third criterion.
The second place belongs to the second criterion and the



third to the fourth. The fourth place goes to the fifth, the
fifth place to the seventh, the sixth place to the sixth, and the
seventh place to the first criterion.

Table 3
Standardization of ranks for each criterion
Criteria
Experts T;
K1 K2 K3 K4 K5 K6 K7

1 7 1.5 1.5 5.5 3.5 3.5 5.5 18

2 7 3.5 1.5 3.5 1.5 5.5 5.5 18

3 5.5 1.5 35 1.5 7 5.5 35 18
4 6.5 1 2.5 2.5 4.5 4.5 6.5 18

5 35 3.5 1 35 6 7 35 60

6 6.5 1.5 1.5 4.5 3 6.5 4.5 18

7 5.5 3 1 3 3 5.5 7 30
Total | 41.5 | 155 | 125 | 24 | 285 | 38 36 | 180

Accordingly, the K3 criterion was recognized as the most
critical — process productivity, the second — quality, the
third — material use.

The concordance coefficient W was calculated according
to formulas (2), (3), which varies from zero to one. As is well
known, given W=0, there is complete inconsistency, and
W=1 — complete unity of experts’ opinions. When W>0.5,
the experts’ opinions are consistent by more than 50 %, and
the survey results can be used in further work. When W<0.5,
the opinion is not consistent, a new expert survey should be
conducted. According to (2), Table 3 and m=n=7, we have:

_ 12759
CP(7-7)-7-180

The value of the concordance coefficient indicates a mo-
derate degree of consistency in the opinions of experts who
participated in the survey.

To check the significance [20] of the concordance coef-
ficient at a given significance level 0(0.05; 0.01), the actual
Xo, =m(n—1)W and critical x> =(n—1,0) values are cal-
culated (according to tables of Pearson’s critical points).
If %2, >%2, the rank connection between experts’ opinions
is considered significant, the concordance coefficient can be
trusted, and its conclusions are valid. If it is the other way
around: %2, <>, then the hypothesis is accepted that there
is no rank correlation between the opinions of all experts.

The actual and critical values of the criterion were cal-
culated:

X%, =7-6-0.6=252.

When x? =(n—1,0:)=(6,0.01)=16.8, (for 0=0.05x’, =12.6),

the experts’ opinions as consistent and trust the conclusions
obtained on its basis.

5. 3. Quantitative and qualitative evaluation of the
quality of 3D printing

As evidenced in the previous paragraph, it was considered
how exactly the elements are displayed on the finished model
to evaluate the quality of three-dimensional printing, the
second most important indicator. To do this, the presence of
distortions, incorrectly created or missing layers, the quality
of binding layers together, etc. were checked. For this, visual
and instrumental (electron microscope) methods of product
quality assessment were used.

A visual quality assessment of the binding base was made.
It is a parallelepiped with sides of 96x144 mm and a height
of 3 mm. The dimensions of the base have not changed, and the
edges are even without missing elements or air bubbles. How-
ever, a defect was found: the diagonal of the rectangle, which is
visible on the front and back of the part (Fig. 5). This type of
distortion can occur due to an incorrect algorithm for setting
the beginning of the creation of the part base, where the con-
tours of the figure are first created, as well as due to an insuffi-
ciently heated extruder at the beginning of work with the part.

Small details are not reflected on the binding. Numerous
plastic threads cannot be removed as they are located inside
small elements.

An instrumental assessment of the reproduction quality of
lines of different widths at different angles was also carried out.
For this, the line width was photographed and measured by
an electron microscope and compared with the initial data.
The result of measuring all lines is listed in Table 4. Each group
of lines was considered separately (Fig. 6).

a b

and y2, >, respectively, it is possible to consider the con- Fig. 5. Diagonal distortion of the part base
cordance coefficient as statistically significant, recognize in the front and back
Table 4
Results of measuring lines of different widths at different angles
Line width in points
Inciinngalteion 1pt 1.5pt 2 pt 2.5 pt 3pt 4pt
Before After Before After Before After Before After Before After Before After
0° 0.35 0.54 0.53 0.91 0.70 1.01 0.88 1.01 1.06 1.45 1.41 1.71
45° 0.35 0.77 0.53 1.09 0.70 1.20 0.88 1.36 1.06 1.57 1.41 2.04
90° 0.35 0.69 0.53 0.58 0.70 1.05 0.88 1.02 1.06 1.42 1.41 1.69
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Fig. 6. Demonstration of a group of lines under a microscope and the diagram of line width change before and after printing:
a— 1ptline; b— 1pt line change diagram; ¢ — 1.5 pt line; d— 1.5 pt line change diagram; e — 2 pt line;
f— 2 pt line change diagram; g — 2.5 pt line; h— 2.5 pt line change diagram; /— 3 pt line;
Jj— 3 pt line change diagram; kK — 4 pt line; /— 4 pt line change diagram

Visually, the group of lines with a width of 1 pt (Fig. 6, ) is
acceptable. However, as can be seen from the diagram (Fig. 6, b),
all lines have increased in size almost twice, and the line at a 45°
angle is almost not attached to the base.

The second group of lines with a width of 1.5 pt and the
measurement results are shown in Fig. 6, ¢, d. The line at
a 45° angle was the most distorted. It increased by almost
2.5 times in size, while the line at a 90° angle was almost un-
changed. The line at a 0° angle from the base demonstrated
a 2-fold increase in width, but in the middle of the height, it
loses the trend due to one missed layer and becomes thinner.

The third group of lines with a 2 pt width distor-
ted (Fig. 6, ¢, /) by a total of 0.3—0.5 mm, the worst printed
line at a 45° angle, which turns into a set of unconnected dots.

The fourth group of lines with a width of 2.5 pt and the mea-
surement results are shown in Fig. 6, g, 4. Visually, the 0° and 45°
lines appear to be printed well, but under the microscope, it can
be seen that the 0° and 90° lines have voids inside. The width
of the lines is practically unaffected, but distortions are present.

The lines of the fifth group with a 3 pt width (Fig. 6, 1, )
are printed the worst. All three lines have voids as vast as the
outlines of the line. The distortion starts from the middle of
the layers. The width of the lines is not affected much, but the
voids clearly distort them.

The sixth group of lines with a 4 pt width (Fig. 6, &, [) was
reproduced very well, where the distortion of the line width is
not so significant compared to the rest of the groups. There are
no unprinted lines, the edges are clear and even, and there are
no missing layers. The lines are securely attached to the base.

The evaluation of the fonts confirmed their poor quality,
so they need to be more readable, and there is a lot of plastic
between different parts of the font drawing.

Each group of fonts is considered separately, using the
example of reproduction of 1 pt and 2.5 pt inscriptions.

The first group of 12-point fonts is shown in Fig. 7, a, b.

This group of fonts, as mentioned earlier, was reproduced
the worst. Numbers and letters are poorly reproduced. Under
a microscope, you can see that the outlines of the letters are
barely visible. Handwritten fonts were reproduced the worst,
the letters cannot be distinguished at all.

The second group of 14-point fonts is shown in Fig. 8, a, b.

Fig. 8. 14-size fonts under a microscope: a — 1 pt; b — 2.5 pt




This group of fonts was reproduced better. Sans Serif
fonts can be read. The serifs were not displayed properly in
Serif fonts, so the letters are poorly reproduced. Handwritten
fonts are unreadable at all.

The third group of 16-point fonts is shown in Fig. 9, a, b.
Sans Serif fonts are reproduced legibly and without distor-
tion in this group, and the letters are almost without defor-
mations. The serifs can be recognized in Serif fonts, but the
quality of the letters still needs to be improved. Handwritten
fonts are very distorted and unreadable.

Fig. 9. 14-size fonts under a microscope: a — 1pt; b — 2.5 pt

After analyzing all the elements of the test part, it is
recommended to use a line with a 1.5-2 pt width for small
elements, and 3 pt line width for larger items. The fonts were
not displayed well enough. 16 pt Sans Serif fonts were repro-
duced best.

As aresult of the research and further test analysis, errors
were taken into account, two binding layouts were created in
one color and in two colors.

The result is shown in Fig. 10.

Fig. 10. Prototype made by 3D printing: a — ready-made
prototype of a one-color binding; b — finished prototype
of a two-color binding

The binding prototype has a clear image and legible
text, embossed elements that are visually appealing and
pleasant to the touch. Therefore, using additive technolo-
gies in printing to produce elements of printed products is
an acceptable and quite fast option compared to traditional
technologies. In addition, this method ensures product
strength and durability.

6. Discussion of the results of studying the reproduction
quality of elements obtained by 3D printing

Based on the conducted research, printing of the test
model and binding in two different versions, all the short-
comings were taken into account, a list of recommenda-
tions for further creation of high-quality plastic bindings
was created.

It is necessary to choose equipment and materials that
can create the selected model. It is essential to consider
the printing accuracy of equipment, nozzle diameter, and
printer structure. Regarding the material, for parts with tiny
elements, it is better to use PLA plastic to prevent a large
number of plastic threads. For parts with larger elements, you
can safely use ABS plastic (Table 1).

When creating images from lines of different widths, the
minimum width of small lines should be greater than 1.5
or 2 pt. To create larger elements, it is necessary to use 3 pt
lines or more (Fig. 6).

When creating the model and further setting printing
parameters, it is necessary to take into account that lines at
a 45° angle are most distorted, regardless of the line width.
It is also essential to highlight the design of the future
binding when specifying the direction of movement of the
printer axes. Lines that are perpendicular to the direction of
travel are also strongly distorted.

When choosing fonts, the best choice is to use 20 pt
or bigger Sans Serif fonts. If Serif fonts are needed, choose
36 pt and higher sizes to reproduce them correctly. When
selecting decorative fonts, using bold fonts without small
elements is recommended. It is better to avoid handwritten
fonts (Fig. 7-9).

When choosing the layer thickness, it is necessary to con-
sider the part’s complexity, namely the presence of small ele-
ments. The greater the number of small elements, the thinner
the layer should be. This is due to smooth transitions, but it
is also necessary to choose a suitable material to avoid a large
number of plastic threads.

When choosing the thickness of the binding base, it is
necessary to select a thickness of at least 2.5-3 mm to avoid
deformation and for sufficient strength of the base.

To create inside-out bindings (images and letters do not
protrude above the base, but sink into it), it is necessary to
choose the correct base thickness and not use small elements.
The larger the elements, the better because with small ele-
ments, everything will be tightened with plastic threads and
spoil the appearance of the part.

It is also possible to use plastic of different colors, but the
number of colors must match the number of print heads. The
plastic must be melted to the same temperature to reliably
bond the elements. When changing the thread, for example, the
plastic cools and becomes hard, making the bond unreliable.
When using plastics of several colors, plastics with the same
properties must be used. These limitations should be taken
into account when planning manufacturing processes and
analyzing production capabilities. At the stage of creating
a technical task, it is necessary to examine the limitations
that can be imposed on the finished product when used. For
example, the printed product’s weight may increase due to
the use of plastic elements. If it is a mass production that re-
quires distribution and mass shipping to customers, this may
affect the cost of logistics. Therefore, using bulk elements
created by 3D printing is appropriate for small-scale, one-off,
exclusive production.



To reduce the visibility of creating layers and filling the
model (plastic supply lines), it is possible to process plastic
using acetone.

Unlike [5, 6], where additive technologies were consi-
dered only in terms of Braille font reproduction, the obtained
result of manufacturing other printed product components
allows expanding the palette of structural elements. This
becomes possible using ABS plastic and 3D printing. The
manufactured elements are characterized by strength and
design originality and are appropriate for exclusive gift print-
ing products. Combining 3D printing with classic printing
technologies is an acceptable solution to obtain long-lasting
printed products or publications with added value. This ap-
proach expands the range of so-called hybrid technologies —
the combination of two or three technological solutions in one
production process to create an original or complex product.
This was mainly implemented in the offset printing method.
However, 3D printing today can be combined with the digi-
tal method in the production of books on demand in a single
copy, with the stencil method, etc. The obtained results are
adequate both from a practical and theoretical point of view.
Taking them into account will ensure that the textual and
pictorial information on the element created by 3D printing
meets the above requirements. Otherwise, the result may
be unsatisfactory in readability and design attractiveness.
The expected results can also include increased demand
for printed products due to the combination of porous and
non-absorbent materials, providing a 3D effect and volume
to printed products. The direction of combining plastic frag-
ments with elements of a printed Pop-Up book is fascinating.
Based on the book, you can expect a mix of printed editions
with 3D-printed playing cards, items, souvenirs, and more.
In the future, this can become an excellent entertainment or
educational product for a children’s audience.

The limitations of this study include using a specific mo-
del of a 3D printer and its consumables. The results obtained
using a different material and technical base may differ some-
what from those given in the study. However, given the appli-
cation of the chosen technology and compliance with the re-
commended modes, the recommendations can be unchanged
and relevant for other similar equipment and materials.

The development of this research can be the use of 3D
printing in the development of RFID elements and their im-
plementation in packaging and labels. Also, producing single
samples of printed products with elements printed on a 3D
printer can be cost-effective and fast in obtaining an exclu-
sive, original design.

7. Conclusions

1. 3D printing technologies (by type of material and me-
thods of influence) and materials (FDM, SLA) that can be
used to manufacture elements of printed products are systema-
tized and classified. Based on the classification of materials,

equipment, and technological capabilities, possible combina-
tions of elements in the «original-layout-imprint» system were
determined. To manufacture printed product elements follow-
ing the above classification, modeling by the layer-by-layer
deposition method should be chosen. ABS plastics are com-
bined with this technology. With such a combination of ma-
terial and technical support, the technological process will be
productive, and the product quality will be high.

2. The main factors affecting the quality of finished pro-
ducts are determined. A criterion to compare possible options
for creating them was selected. Namely, the examination
method was considered, and the degree of consistency of ex-
perts’ opinions was determined using the M. Kendall concor-
dance coefficient. The most significant factor is singled out —
process productivity. The second important thing is quality.
The third is material selection. The productivity of the 3D
printing process is crucial when deciding to use it as part of
hybrid technologies for manufacturing printed products. The
speed of printing a volumetric element and the availability
of the material and technical base allow you to produce the
product quickly and combine it with the main product.

3. Using the method of layer-by-layer deposition, test
fragments were developed, materials and equipment for the
experiment were selected, and quantitative and qualitative
assessment of the quality of 3D printing was carried out.
Recommendations have been developed that significantly
improve the quality, visual appeal of elements and the product
as a whole manufactured by 3D printing. The minimum width
of small lines that form the image should be more than 1.5 pt.
Using lines at a 45° angle should be limited. Using Sans Serif
fonts of 20 pt and above will allow you to create a readable
text image. However, if necessary, 36 pt and higher Serif fonts
and even decorative fonts can be used. The thickness of the
product that will be combined with the main printed product
depends on its complexity and purpose. The recommendations
formed can be the basis of technological instructions used by
enterprises with the involvement of modern technologies.
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