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An experimentally determined list of the required and suffi-
cient technological operations to produce semi-hard book covers
has been proposed, with the calculated contour and structu-
ral design, which implies strict tolerances in the deviations from
a rectangular planar geometry.

It has been proven that the main features in the modeling and
manufacturing of covers affect the conditions for ensuring tole-
rances, as well as stable circulation quantity. They imply that the
edges and flaps as the additional structural elements of the covers
JSorm, after folding and gluing to the main part, a double compo-
site structure.

Due to this, there are no laps in the joints of edges and flaps,
so the plane of the inner part of the covers acquires a flat shape,
without defective contours. Therefore, one can argue that the
parallel deviation of the outer contours of semi-hard covers from
a rectangular design will not exceed the ranges for bookbinding
divided into groups based on quality indicators.

It should be particularly noted that the conditions for pro-
viding tolerances, circularity stability, as well as the composite
structure of semi-hard covers, are influenced by the roller-roll
mechanisms, which perform their rotary pressing and high-speed
coordinated transportation during manufacturing.

The current study into the effect exerted by the plastic defor-
mation has established the mechanisms of the process of improo-
ing a cylindrical surface of the rotary-pressing rollers. It has
been proven that they imply the formation of a completely regu-
lar microrelief of the hexagonal type with a concave shape and
a partly regular micro-relief, in the form of the flat-parallel slotted
recesses arranged at an angle to the central axis of the rollers. As
well as the application of technology of the ionic nitriding of the
obtained microrelief'in the plasma of the helicon discharge.

The final stage of strengthening a near-surface layer of the
rollers with ionic nitriding in the plasma of the helicon discharge
captures the maximum level of the increased durability of the
near-surface layer. It fluctuates in the range of the ratio of the
plane onto which a regular microrelief is partially applied to the
general plane of the roller’s surface

Keywords: composite structure, strengthening treatment, cylin-
drical surfaces, slotted recesses, microrelief
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1. Introduction

Modern means of information reproduction by electronic
media, despite the increased attention to them, especially
from the younger audiences, are developing together with
the paper information media, first of all, in the form of book
products. Minor annual fluctuations in the preferences to one
or another category of information media do not affect the
sustainable promising development of each of them.

The highly technological competitive environment of
information resources reproduction promotes innovative de-
velopment, the pace of which increases annually; not only
electronic means against paper-based, or vice versa, but stimu-
lates the intra-structural development of each direction.

The global publishing industry is characterized by a dis-
tinctive active innovative search for the areas of develop-
ment, which is manifested by the assortment features of

book products in terms of the structural, energy-saving, and
ergonomic components of their production [1].

Accordingly, the latest strategic approaches in the plan-
ning of printing technologies are aimed at the effective
utilization of material resources and the maximal possible
reduction of their use [2].

Thus, it is a relevant task to identify special features in
the production of ergonomic and resource-saving semi-hard
covers for book blocks, which traditionally use frames in the
form of bindings. Planning experimental studies that would
contribute to creating the possibility of targeted control over
the processes of semi-hard covers production implies the
identification of features in the gluing of structural parts of
book openings.

The designs of individual types of semi-hard covers [3]
that have prospects of widespread use in the manufacture of
book products, as well as devices of variable geometry for the



cutting of blanks for semi-hard covers, were developed and
reported by the authors of [4].

Separately investigated and determined is the mutually
associated influence exerted by the design, contact surfaces,
and the operating conditions of roller-roll mechanisms that
ensure regulated uniformity and geometric accuracy of covers
glued together.

Revealing the peculiarities of production of semi-hard
covers, in the process of screw folding, bonding of structural
parts, as well as rotary pressing, with a simultaneous coordi-
nate displacement, is the relevant area of research into the
factors, which lead to defects during production, as well as
their elimination.

2. Literature review and problem statement

Semi-hard book covers, in terms of their structural fea-
tures, belong to bookbinding whose manufacture uses one
sheet of a binding material. A continuous sheet is used to cut
out the workpiece of a would-be cover; the edges and flaps,
depending on the design of additional parts, are given an
adhesive polymeric composition.

By using a screw folding, additional parts are folded into
the middle plane of the covers and pressed by pressing rollers
at a folding-gluing line.

A study whose results are reported in [5] established
three main steps to form the glued (adhesive) connections:
the application of an adhesive on the surfaces to be glued, the
assembly of the product’s components, the polymerization
of the adhesive until the product is firmly glued. The main
attention in the cited study is given to a detailed and modern
analysis of surface treatment methods, prior to gluing, as well
as the factors influencing the gluing process, at the stage of
surface preparation. This means that the list of the examined
technological processes lacks the gluing of the products’ com-
ponents, at which the gluing of additional parts is gradual,
over individual consecutive plots, in the process of techno-
logical zonal clamping.

Taking into consideration the absence of information and
a procedure related to determining the optimal parameters
and technological regimes for different starting layers of the
materials glued together, and different types of adhesives, the
purpose of work [6] was to study the impact of the hetero-
geneity of the structure of paper and cardboard surface. The
stages of the reported research account for applying the glued
materials gradually, with a blanking plane of the wet adhesive
contact, but do not take into consideration their relative po-
sitions and the preservation of the defined positioning during
the clamping period over the hardening of the adhesive.

According to the authors of [7], the use of adhesive poly-
meric compositions to glue different materials with homo-
geneous and distinctive structures improves the strength of
the structural connection of parts made from these materials,
their operational stability, and the duration of use. Still to be
investigated is the direction that determines the peculiarities
of bonding parts that are components of a single initial work-
piece of a would-be product. For example, such as unfolding
the workpiece of a semi-hard cover with edges and flaps.

However, work [8] noted that when gluing identical flat
parts made of paper or cardboard, such as components of
semi-hard covers, there are no open surfaces for evaporation.
Therefore, the process of natural glue polymerization is
prolonged in time. Given the practical significance of the re-

ported research [8], it should be noted that the work did not
consider the conditions for ensuring a stable contour geome-
try of the products glued together during the transportation
and gradual solidification of the adhesive.

Proceeding from the basic provisions of the theory of heat
and mass transfer, paper [9] investigated the dynamics of
the natural and microwave drying of adhesive compositions
used for the manufacture of book product components. The
authors established the influence of the processes that acce-
lerate the polymerization of adhesive composition; however,
additional research is needed to define the bonding condi-
tions, at clamping.

The production of high-quality semi-hard covers with
a constant contour geometry, dense composite structure, and
stable circulation quantity implies not only proper gluing
conditions but the high surface strength of roller-roll mecha-
nisms of rotary pressing.

To expand the areas of studying the effective methods of
the strengthening treatment of rollers and shafts, the authors
of [10] devised a technological process of their hardening
by oscillating smoothing. This ensures the increased stress
intensity at the site of elastic-plastic deformation. However,
there are no variants for creating a profile reinforced surface of
the rollers whose rotating movement would contribute to the
coordinated movement of blanks in the predefined direction.

Identical experimental investigations [11] established the
nature of the effect exerted by the basic parameters of oscil-
lating smoothing on the roughness of cylindrical parts, which
decreases after smoothing with a slower feed of the tool.
However, there is a reason to believe that the formation of
amicro-relief by oscillating smoothing does not fully promote
the formation of the profile surface of the rollers operating in
a pair, which execute the coordinate movement of products.
Therefore, the reported operational parameters predetermine
additional research into the profile plastic deformation of
a rollers’ surface layer.

As shown by [12], the difference in the efforts that de-
form the surface layer of round parts becomes significant at
the diameters of a circular contact exceeding two millimeters.
Given this, it was investigated that a significant impact on
the stressed state in the body of a part, at the same contact
area, contributes to that the maximum stress would occur in
the center of the contact.

In this regard, it is a relevant task to determine graphic
dependences of the height of the micro-relief’s laps on the
surface of the cylindrical parts on the efforts of pushing the
indenters’ matrices with the fixed dimensions of their radii.

The mechanism of the effect exerted by the surface-plastic
treatment of discrete, sequentially-singled plots, comparable,
by their size, to the working surface of indenters’ matrices, has
several varieties [13]. In one case, given the redistribution of
the material structure of the surface layer, there is a change in
the geometry of the surface of the cylindrical parts. In another
case, the residual stresses can change the rigidity of a part,
without altering its external geometry. At the same time, the
factors of the controlled surface plastic deformation, described
in the cited paper, are insufficient to devise a methodology for
the formation of a surface layer, with the regulated properties
of strength, high bearing capacity, and the distribution of the
predefines residual stresses of compression.

Identifying the properties of one of the types of decora-
tive-strengthening processing, the smoothing of cylindrical
surfaces, which are enshrined in a diamond crystal, was the
subject of an experimental study reported in work [14]. It is



noted that the wear resistance of the smoothed surfaces in-

creased by 2—3 times, compared with the grounded ones, by
20-40 %, compared to the polished ones. The contact endur-
ance of the smoothed surfaces proved to be 35-50 % higher
than that of the polished ones. However, there is reason to
believe that the surfaces of the same roughness, obtained by
various methods of processing, are different in performance
properties. Therefore, it is necessary to carry out an addition-
al study, not only of the height of the obtained roughness but
also the height of the supporting surface area, which, usually,
is only a small part of the contour area.

The above studies and the findings from them relate to
the manufacture of semi-hard book covers, which is per-
formed via a continuous speed flow of straight-line displace-
ment of blanks between the sections of a folding-gluing line.
Given that semi-hard covers, as the book frames, are the fin-
ished products, which are consequently connected to a book
block, technological norms imply struct tolerances in their
deviation from a contour rectangular geometry.

This allows us to argue that the problems that arise in
the manufacture of semi-hard book covers can be solved by
identifying and investigating their technological features. As
well as the operating conditions of the roller-roll mechanisms
that directly affect the quality of cover production, in order
to devise and implement a procedure for strengthening their
cylindrical surfaces, which would increase the operational
duration of the mechanisms.

It should be noted that the lack of convincing statistical
results and the tangent certainty of the examined studies
stipulate the expediency and benefits of research in the area
of resolving the above scientific issues.

3. The aim and objectives of the study

The aim of this study is to determine features in the
production of semi-hard covers in the process of technologi-
cal operations, complying with which would facilitate the
manufacturing of covers with the calculated contour and
structural design. That could make it possible to implement
a procedure to strengthen the cylindrical surfaces of the
pressing roller-roll group at the production line of semi-hard
covers, which would provide for the stable conditions to exe-
cute technological processes.

To accomplish the aim, the following tasks have been set:

—to identify the influence of the processes of screw
folding of edges and flaps and their speed gluing on the
conditions of technological compliance with the rectangular
geometry of semi-hard covers, during their manufacture;

—to propose a procedure for strengthening the cylin-
drical surfaces of a roller-roll group at the production line
of semi-hard covers by means of plastic deformation and
formation of a regular micro-relief with its subsequent ionic
nitriding in the plasma of the helicon discharge.

4. Materials and methods to study the processes
of making semi-hard book covers

4.1. Materials and equipment for making semi-hard
covers with a rectangular contour geometry

The procedure for investigating the processes of making
semi-hard covers implies the use of the mechanisms to apply
an adhesive onto the structural components of covers, their

screw folding, and rotating pressing. For the manufacture of
covers, we selected thin cardboard chrome-ersatz, a thickness
of 0.6 mm (Ukraine), and the poly-vinyl-acetate dispersion
PVAD DF 51/15B (Ukraine), which are widely used in the
bookbinding processes.

The roller-roll mechanisms used for experiments are
the integral structural components in the scheme of a
folding-gluing line that we designed to produce semi-hard
covers. Unlike the equipment for the manufacture of book
frames, which performs limited-speed technological process-
es, the line ensures the high-speed continuous technology for
running the experiments.

It was taken into consideration that, after the application
of an adhesive, in the process of screw folding, the edges and
flaps are attached to the main plane of the cover, not at the same
time but gradually, as they are folded in the folding device.
Therefore, research depends on the preliminary settings and
the stable operation of the roller-roll mechanism of rotating
pressing, which should ensure the alignment of covers and
prevent the displacement of edges and flaps.

A roller-roll section with an adjustable head of rotating
pressing is shown in Fig. 4; it consists of the clamping rollers
mounted on the drive shaft, having the option of moving
along the shaft. As well as the supporting force shaft, rotat-
ing by the autonomous drive; it enables speed control during
experiments.

4. 2. Materials and equipment for conducting experi-
ments to strengthen the parts of the mechanism for the
rotating pressing of covers

We have applied a procedure from [15] of the technolo-
gical process to form a regular microrelief, which changes the
structure of the surface zone of the metal of rollers in contrast
to the core and which is carried out in several stages of the
physical and mechanical treatment.

Initially, a constant regular microrelief is formed on the
surface of rollers, with parametric indicators given in Table 2.
The next stage of strengthening the near-surface layer of the
rollers is a partially regular microrelief, whose technological
difference is in the formation of slotted flat-parallel recesses,
geometrically coordinated at an angle to the axis of rollers.

To perform experiments to strengthen the near-surface
layer of the low-carbon steel rollers, we used the screw-cut-
ting lathe 16K20. The clamping unit of the lathe spindle
hosted the parts for further processing. In addition, the lathe
support hosts the mounted machine [15], with clamps, which
hold replaceable deforming matrices with the defined radii of
the working areas. The matrices perform the surface plastic
deformation with a constant radial effort when executing the
feed motion along the axis of the matrix’s displacements.

We modified the surfaces of the pressing rollers, after the
formation of a partially-regular micro-relief, by applying the
procedure of ion-plasma nitriding in the helicon discharge,
without altering the microgeometry of the surface. The study
involved the samples made from structural steel 20x, which
were not exposed to preliminary heat treatment.

Diffusion layers were formed, using the ion-plasma ni-
triding, in a specialized technological installation [16]. The
installation hosts a helicon plasma source with a working
frequency of 13.56 MHz, as well as the plasma-arc boosters
combined in a single vacuum chamber. The technological
process of ionic nitriding in a discharge plasma chamber
was carried out in two stages: preliminary cleaning of the
sample (by plasma in the environment of argon) with the



subsequent process of nitriding. Preliminary cleaning of each
sample was carried out in the following sequence.

We pumped out air from the chamber used for the experi-
ments by the jointly applied diffusion and forevacuum pumps
to the value of pressure in the working chamber of a hybrid
helicon-arc reactor of the order of 10~ mm Hg. Art. The va-
lue of the generator power, which implemented a helicon dis-
charge, is P=600 W. The pressure of the working gas (argon)
at the time of purifying the substrate was 7-10~3 mm Hg. The
duration of the purification process is 5 minutes. After clean-
ing, the working gas argon was pumped out of the chamber;
instead, nitrogen (or a mixture) was pumped in, in the atmo-
sphere of which the mode of the helicon discharge was imple-
mented. The duration of the nitriding process is 30 minutes.

5. Studying the factors that influence maintaining
the contour geometry of semi-hard covers

In their design, modern book frames are divided into
covers and bindings, with the number of variants exceeding
200 items [17]. In its turn, the covers, as a significant part of
this list, include a series of different structures. A distinctive
feature of such structures is the manufacture of covers from
a single part — a plane sweep cut out from the binding mate-
rial before attaching to the book block, or trimmed together
with a book block, after gluing to it.

The integral covers, as an improved version of the cut
binding, have, on the upper, lower, and front fields, narrow
edges, the width of 7-12 mm, bent and glued to the main
plane of the cover. The glued edges help strengthen the con-
tour part of the integrated cover.

To achieve additional indicators of operational strength,
the folded and supplemented covers, as the next structural
series, form a double spatial structure from the tape of a bind-
ing material whose width the height of the cover [3]. Or, form
a double spatial structure due to the edges and flaps of diffe-
rent planar geometry of the folded and non-glued to the mid-
dle of the cover. The double spatial structure of such covers en-
hances their overall strength and duration of operational use.

The most tangible in terms of performance properties
for bindings are the semi-hard covers, in which the edges
and flaps create, together with the main part of the covers,
a continuous double glued structure [18]. Therefore, in terms
of strength and durability, the semi-hard covers are an inter-
mediate option between the soft and hard book frames, such
as covers and bindings.

The specified structural features of the covers as book
frames correspond to the State standard of Ukraine «Covers
and bindings». The designs of semi-hard covers and tech-
nological processes of their manufacture, considered in the
current paper, are innovative, confirmed by our intellectual
property patents.

According to preliminary estimates, the cost of semi-hard
covers, with a double-glued composite structure, is correla-
ted with the cut covers of the single thickness, and in terms
of the practicality of use — with bindings. The mass of books
in semi-hard covers decreases, compared to the books in
bindings, by about 12—-15 % [18].

Fig. 1 shows some of the designs of semi-hard covers [18],
which were practically implemented in the technological
processes of book production. The edges and flaps in Fig. 1, a,
after folding and gluing to the main rectangular part of the
cover, form a double continuous structure, in the places

denoted by their geometric dimensions. The part of the
spine zone, of width ¢, retains the initial single thickness of
a binding material.

In Fig.1,b the triangular flaps form a double-glued
thickness across the entire rectangular area of the cover, as
well as in the spine part, of width ¢,. In Fig. 1, ¢, the flaps of
a geometrically complex configuration form a double glued
configuration only in the zones of their gluing. The spine
part, of width ¢, remains along the entire length with initial
single material thickness.
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Fig. 1. Structural differences of semi-hard covers:

a — rectangular flaps; b — triangular flaps; ¢ — flaps of
complex configuration; 1, 2 — edges and flaps with an
applied binding glue; 3 — radicular blanking lines;

4 — blanking contour lines

In places of joints between the edges and flaps, or only flaps,
no laps of one part of their structural elements on the other are
observed. Therefore, the formed adhesion plane acquires a flat
shape, convenient for gluing flyleaves, without the manifesta-
tion of defective contours in the joints. At the same time, due to
folding, in places of blanking and double gluing, the strengthen-
ing of the contour part of the covers occurs; for cases shown in
Fig. 1, a, b, along a continuous perimeter; for the case shown in
Fig. 1, ¢, with discrete breaks in the spine zone.

For experimental studies and the possible industrial
application, we have designed and fabricated a modular-sec-
tional line to manufacture resource-saving semi-hard covers.
Determining mechanisms in the line, in terms of ensuring
high-quality production of semi-hard covers, are the mecha-
nisms of a roller-roll assembly that perform the rotating
pressing of the glued parts of covers, with their simultaneous
coordinated transportation.

Technological norms for the production of high-quality
competitive book products imply strict tolerances for a de-
viation from the rectangular geometry of book frames since
the frames are the finished intermediate products with their
subsequent attachment to book blocks. There are also tole-
rance margins when assembling a book, for the parallelism
and the calibrated dimensions of the edging formed after the
blocks are attached to the book frames (Table 1).

The qualitative indicators of dimensional deviations,
specified in Table 1, when making the book frames and at-
taching them to the book blocks, are conditionally divided
into three groups. These include: 1 — textbooks and reference
books, 2 — fiction, 3 — books on fine arts.

Fig. 2, a shows the layout of a book in the frame with the
following designations: 1 — book frame, 2 — book block, 3 —
edging from the inner side of the frame, 4 — contour lines of
the edging from the outer side of the frame.



Table 1

Dimensional tolerances for deviation of the geometry
of book frames and the parallelism of edging

Dimensional tolerances

Quality | Quality | Quality
indica- | indica- | indica-
torof | torof | torof

group 1 | group 2 | group 3
(mm) (mm) (mm)

List of attributes of dimen-

No. . L
sional deviations

Parallel deviation of the outer
1 | contours of a book frame (per
100 mm length)

0.4-0.5 | 0.3-0.4 | 0.2-0.3

The skew of the deviation of

2 | the book block attached to the | 0.8-1.0 | 0.6-0.8 | 0.4-0.5

frame (per 100 mm length)
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Fig. 2. Dimensional indicators of the contour part
of a book frame and the coordinates of the block connected
to the frame: @ — assembled book block; b — the geometry
of a book frame and the attached block

Given the minimum deviations, specified in Table 1, for
the contour sizes of book frames, we shall consider the
required conditions for the geometry of semi-hard covers,
shown in Fig. 2, b. As well as the necessary conditions for
attaching a book block to the cover, assuming as the techno-
logical basis that the outer part of the block is rectangular.

After folding and gluing the edges and flaps, the comple-
ted semi-hard cover should meet the following conditions.
The cover width at the top and bottom parts must be the
same, Bi=B;;, the cover length in the left and right side
should also be the same, S;=Sj;, and all the angular sizes of the
cover must be equal to 90°.

Failure to comply with the listed conditions of the di-
mensional deviations, specified in Table 1, would lead, after

attaching the book block to the cover, to the formation of
edging, with deviations. The deviations would turn the
assembled book into a product with technological defects,
which should be sorted out and removed from the circulation.

Rectangular contours of the book block, at plane s,=b;xsp,
attached to a semi-hard cover, as well as the coordination
plane of flyleaf gluing sy=bsxsy, would ensure the formation
of the technologically defined edging bi=by=b;i=b;3 and
S1=8y=si1=Sp, which, to a necessary degree, would promote
quality production of books.

6. Implementation of methods for strengthening the
cylindrical surfaces of a roller-roll assembly at the line
of semi-hard cover production

Fig. 3 shows the roller-roll coordinate-transporting sec-
tion of the line to produce semi-hard covers with the adjust-
able head of rotating pressing. The drive shaft (1), of dia-
meter Dy, hosts the fixed clamping rollers (2, 3), of diameter
D,. The rollers are of the same thickness (L1=L,) and can be
moved along the driveshaft and are fixed to the dimensions
predefined by the cover formats.

The supporting power shaft (4), of diameter D, is driven into
rotation by an autonomous drive of the coordinate-transporting
section and ensures the regulation of the speed of the section
in a wide range. The mechanisms for adjustment of clearan-
ces Ty (5, 6) of the circular pressing by the clamping rollers are
not only adjusted to dimensional indicators but also ensure their
stable maintenance over the circulating cycle of cover making.

The main functional component of the coordinate-trans-
porting section should be high accuracy when working with
bookbinding materials of natural and artificial origin, of dif-
ferent thickness. As a rule, the blanks of covers, following the
application of an adhesive and the screw folding of edges or
flaps, are moved to a calendering zone by the belt pair-contact
transporters at high speed.

Under such conditions, when the clamping rollers touch
the front of the cover, its partial jam could occur, or a loss of
the rectangular geometry of the outer contour. Therefore, the
diameters of the roller group Dy and D3 (Fig. 3) must corre-
spond to the conditions for a defect-free speed contact with
the cover, at the time it enters the rotational pressing zone.

After applying the adhesive, in the process of screw fold-
ing, the edges and flaps are attached to the main plane of the
cover not at the same time, as it happens in the machines for
making bindings, but gradually, as they are folded in the fold-
ing device (Fig. 4).

Therefore, the composite structure of the cover, with the
attached, by the adhesive layer, edges and flaps, is, before
entering the coordinate-transporting section, for further
compaction, in a shaky spatial state, prone to a slight loss of
the rectangular geometry of the outer contour.

It should be taken into account that the rigidity of the co-
ver, at the beginning of entering the pressing zone, is minimal,
and then grows rapidly, as the composite structure is com-
pacted in a roller-roll mechanism, 7> Ty and ¢5; >t (Fig. 5).
The clamping effort is adjusted by the clearances T; (Fig. 3, 5),
which are set between a pair of clamping rollers and the
drive supporting shaft. At the input to the section, one must
take into consideration the double thickness of the binding
material and the thickness of the adhesive layer T=2xt,+ g
as well as the thickness of the cover Ty, which should be
obtained after exiting the section (Fig. 5).
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Fig. 3. A coordinate-transporting section with the adjustable head of semi-hard cover pressing:
1 — the drive shaft of clamping rollers; 2, 3 — the clamping rollers with fixed linear movements; 4 — drive supporting shaft;
5, 6 — the mechanisms of gaps adjustment for the rotating pressing of covers; 71 — adjustable gaps

Fig. 4. Screw folding of semi-hard covers:
1 — cover; 2 — the layer of an adhesive on flaps; 3 — stages
of gradual screw folding of the flap of a cover

A roller-roll assembly of the calendering mechanism
ensures stable conditions for the execution of technological
processes due to the stiffness of the clamping rollers and
by maintaining constant pressure between them and the
supporting shaft. Rollers are usually made of different types
of low-carbon steels employing the technology to improve
surfaces to the indicators of high strength and durability.

In turn, the semi-hard covers are formed by using binding
adhesives that contain the potent components to ensure the glu-
ing strength. Such as solvents, plasticizers, protective colloids,
in the form of polyvinyl alcohol, as well as components that
increase the stickiness to improve adhesion. A separate group,
which is conditionally termed the «cold» adhesives, includes
those glues that contain a significant amount of moisture.

The cover pressing process implies compacting their
structure, in the middle of which, between the outer layers of
a binding material, there is one of the types of the specified
adhesives, so it is possible to partially extrude the adhesive
outward. The extruded adhesive comes into contact with the
outer surface of the clamping rollers and, given its chemical
aggressiveness, affects the gradual destruction of the surface
of the rollers. By forming small sinks that lead to a decrease
in the contact area of the rollers with a cover, at the time of
its rotating pressing.

It should be taken into account that the contact of rollers
with the plane of the cover generates the touch zone almost
in a straight line.
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Fig. 5. The kinetic diagram of the rotating pressing of a semi-hard cover:
1 — a binding cover material; 2 — adhesive; 7 — cover thickness prior to pressing; 7y — a gap between the rollers and
supporting shaft, the thickness of the cover after pressing; f, — the adhesive thickness prior to pressing; #_4 — the adhesive
thickness after pressing; P — the distributed efforts at the moment of pressing; V — speed and direction of cover movement



Therefore, reducing the size of the pressing touch line,
through the gradual destruction of the surface of the clamp-
ing rollers, leads to the slipping or distortions of covers and
the loss of their qualitative characteristics. In addition, in the
process of pressing and transporting along the line, at high
speed, the outer working surface of the roller-roll assembly
withstands significant dynamic loads. The surface becomes
prone to polishing and to reducing the diameter of the rollers
from the original sizes.

It should be noted that the operational polishing of the
rollers forms an uneven wavy surface, with a slight amplitude
of dimensional deviations, although sufficient for the partial
loss of the contact with the surface of the covers during trans-
portation. Therefore, it is a relevant task to implement a pro-
cedure to strengthen the cylindrical surfaces of the pressing
roller-roll assembly in the coordinate-transporting section of
the production line for semi-hard covers.

There are known technologies for improving the surface
layer of steel parts of printing machines by the method of
plastic deformation [10], which make it possible to obtain the
compacted surface of parts in the form of a regular microrelief.
The plastic deformation is carried out in a cold state by a spe-
cial tool, the indenter, at a screw-cutting metal-cutting lathe
by the method of vibration run-in [12].

Vibration run-in is based on the complex relative dis-
placement of the tool’s deforming matrix with respect to the
machined surface, on which a completely new microrelief is
formed. In the process of plastic deformation, a small part of
the metal is displaced upwards while the main volume of the
metal is compacted into the part’s thickness.

A procedure was devised in [19] to apply the technolo-
gical process of forming a regular micro-relief, which changes
the structure of the surface zone of the rollers’ metal, in con-
trast to the core, and which implies several stages of physical
and mechanical treatment. During the implementation of
these stages, at the expense of the contact force interaction
between the deformed tool and the steel rollers’ surface, the
surface enters the stressed-strained state of compaction.

After forming a completely regular microrelief at the
first stage of strengthening the near-surface layer of rollers,
the second stage of the complex treatment forms a partly
regular microrelief. The technological execution of such
a microrelief implies the application of flat-parallel recesses,
in the form of slots, geometrically coordinated at an angle o
to the axis of the rollers (Fig. 6). This, in turn, contributes
to the change in the magnitude of the residual compression
stresses, depending on the structure of the formed partially
regular microrelief.

When applying a partially regular micro-relief, there oc-
curs the complete smoothing and formation of a new micro-
relief, at the place of that formed previously. The height,
shape, and location of such a microrelief are determined not
only by the amount of the compression effort but also by the
radius of the deforming matrix, the amplitude of its oscilla-
tion, the velocity, feed, and the number of oscillations.

To improve the physical and mechanical characteristics
of the near-surface layer, the final stage of modifying the sur-
face strength of the rollers employs the technology of ionic
nitriding in the hydrogen-free environment, in the plasma
of the helicon discharge [20]. The result of such a treatment
is the changed composition of the near-surface zone of the
rollers” metal, due to the diffusion processes that cause the
formation of a new structural and phase state, different from
that of the core.

Fig. 6 shows two clamping rollers, separated from a draw-
ing in Fig. 3, of diameter D and width L each, in the me-
chanism of coordinate transportation of semi-hard covers
mounted on a drive shaft.

The surface of the first roller shows the (enlarged) per-
manent regular micro-relief (1) of hexagonal type (according
to the profile of a pressing matrix). The surface of the second
roller demonstrates a partially regular micro-relief (2) whose
flat-parallel slotted recesses, of width b mm, are applied at
a step of 2b mm, at an angle o to the axial line of the rollers.
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Fig. 6. Strengthening treatment of the cylindrical surface
of the rollers of the mechanism of coordinate transportation
of semi-hard covers: 1 — permanent regular microrelief;

2 — partially regular micro-relief; b — the width of flat-parallel
recesses; 2b — the distance between recesses;

o, — recess inclination angle; @D — the diameter
of the rollers; L — the width of the rollers

A parametric system was built to link the characteristics
of the steel rollers in a folding-gluing line to the indicators of
a stable rectangular geometry of the fabricated covers. It con-
siders the modes and technological features of the processes
of surface reinforcement of parts of the roller-roll mechanism.

The parametric system, given in Table 2, arranges the
investigated sample range and the conditions for using the
required technological indicators. At the final stage of the
technological improvement of the surface layer, we derived
indicators of the partially regular microrelief, given in Table 3,
which take into consideration the type and shape of microre-
lief, as well as the distribution of microhardness obtained after
the ionic nitriding in the plasma of the helicon discharge.

In Tables 2, 3, the following designations are used: b — the
width of flat-parallel slotted recesses, o, — the inclination angle
of slotted recesses, D — the diameter of a rotating-pressing
roller, e — the eccentricity of a deforming matrix, 2 — the
depth of slotted recesses, HRC — the hardness of a material by
Rockwell; &; — the height of laps after the formation of slotted
recesses, Ngyups — Matrix oscillation frequency, ny, — spindle
rotation frequency, P — the effort of pressing by a deforming
matrix, Py, — generator power, py;; — the pressure of working
gas (mixture) in the chamber during nitriding, pees, — the
pressure of working gas in the chamber during purification,
R — the radius of the deforming matrix, R, — the arithmetic
mean of the profile deviation, S — the feed, T},; — the maximum
temperature of the roller’s surface during nitriding, ¢,; — ni-
triding duration, ¢, — purification time, U,; — the potential
at nitriding, Ugq, — the potential at purification.

Our study has registered the maximum level of durabi-
lity increase for a near-surface layer, which fluctuates in the
range of the plane, on which a partially regular microrelief
is applied, over 24-29 % of the total plane of the roller’s
surface. The surface hardness, respectively, increases, on ave-
rage, by 30-32 %.



Table 2

The parametric system of plastic deformation of the surface of rotating pressing rollers
at the ionic nitriding of the formed microrelief

Part title and Plastic surface deformation ‘e nitriding in the plas ‘b
initial param- Material C lotel 0 - Tiof | Partiall 0 - Ionic nitriding in the plasma of the
! ompletely regular microrelie artially regular microre- helicon discharge
eters (sampling range) lief (sampling range)
Preliminary purification:
working gas — argon
Petean=7-10" mm Hg.
. Lejeqn="> Min.
Rotating press- Steel — 20x 0= . o
ing roller Initial hardness 5__1052_;;011;’ R=1.5-2.5mm Ude“}’;_ _Sé) 00 \27\([) oV
D=65mm, HRC 44..46 0 0 m P=75-500 N A
L=80 mm Preliminary ey ’ . ng=0-50 rpm. . . & .
Naoun.s=1,000-2,000 doub.s/min; . working gas — nitrogen or a mixture
surface treatment of the 8§=0.2-7.5 mm/min, o o
. , §=0.08-12.5 mm/rev; o ane (argon 30 %, nitrogen 70 %)
roughness: roller’s surface — o=>5°..30 3
R,=017-35 um polishing ng=25-2,000 rpm. Prie=5..7-10"" mm Hg
am : £pix=30 min.
Uyic: ~50..-200 V,
or «floating» Py, =600 W,
T,:=330 °C

Table 3

The physical-mechanical parameters of the rotating pressing rollers’ surface after reinforcing treatment

Completely regular microrelief

Partially regular micro-relief

Tonic nitriding in the plasma
of the helicon discharge

Completely regular microrelief of hexagonal
type (GOST 24773-81) belongs to the class with
elements of concave shape; to the group of a new
microrelief; to the kind of a mesh type; to the type

of a hexagonal shape; to the shape of a concave type

Partly regular microrelief in the
form of flat-parallel slotted recesses;
I=2b (Fig. 6); h=0.002...0.0075 mm;

b=0.25...0.55 mm;
7;=0.0002...0.002 mm

Geometric parameters — unchanged,;
Microhardness distribution: to a depth of
300 pm — 5,000...4,000 MPa; from 300 pm

to the center of the roller —
unchanged

Such indicators are ensured by forming initially a regular
microrelief by a deforming matrix with a radius of R=0.9 mm.
At the following parametric conditions of the technological
process of strengthening: the feed §1=0.09 mm/rev., the ma-
trix indentation effort Py=180 N, the frequency of rotation
of the pressing roller 7,;=120 rpm, the matrix oscillation
frequency #ngou.s= 1,400 doub.s/min., the oscillation ampli-
tude e=0.8 mm.

The next step of strengthening is the formation of a par-
tially regular microrelief, in the form of the flat-parallel slotted
recesses cut at angle o.=15°, by the matrix with a deformation
radius of R=1.8 mm. The technological process is
ensured by the following performance indicators
of the equipment: the feed S5=0.09 mm/rev., the
matrix indentation effort Py=80 N, the workpiece
rotation frequency 7,,=45 rpm.

The angle 0.=15° was selected from the sam-
pling range of 5°...30° as it ensures the creation of
necessary and sufficient guiding efforts to trans-
port a semi-hard cover along the central axis of
the folding-gluing line. An experimental study
has found that the inclination angles of slotted
recesses of up to 15° significantly affect the cover
orientation, while the angles exceeding 15°, in
proportion to the growth, lead to the deforma-
tion of the outer contour of the cover. 0

The obtained results, shown in Fig. 7, re-
produce the dependences of the height of the
microreliefs’ laps on the matrices’ indentation
efforts with the fixed dimensions of their radii,
where R1=1.8 mm - the radius of matrix 1; R2=
=2.0 mm - the radius of matrix 2; R3=2.5 mm —
the radius of matrix 3.

0.003

0.0025

0.002

0.0015

0.001

The height of microrelief's, mm

The experimental array of the indicators of the dependence
of the height of the micro-relief’s laps on the indentation efforts
of deforming matrices was formalized for the construction of
graphic dependences in Fig. 7 employing a method of statistical
treatment. We have determined the mean arithmetic indicators,
for systematization and graphic clarity, in the fixed zones of the
applied effort of the indenter pressing, corresponding to the
size range of 100—500 N, with a discrete pitch of 50 N (Fig. 7).
Due to the possible unreasonable overload of the current paper
with measurement data that required methodological process-
ing, the initial array of experimental parameters is not given.

0.0028

150 200 250 300 350 400
——-R1 -=-R2 R3

The indentation effort of deforming matrices, N

450 500

Fig. 7. Dependences of the microrelief’s laps height

on the indentation efforts of deforming matrices: R1=1.8 mm — the radius
of matrix 1;

R2=2.0 mm — the radius of matrix 2; R3=2.5 mm — the radius
of matrix 3



Graphical results of the obtained indicators demonstrate
the effective use of the deforming matrix R1=1.8 mm for
the formation of a partially regular microrelief that ensures
a gradual proportional change in the height of the laps, due
to the proportional change in the indentation effort. This, in
turn, promotes the formation of credible calculations of surface
strength, which could be used in the development of produc-
tion technology of rollers with the predefined characteristics.

Deforming matrices of radii R2=2.0 mm, R3=2.5 mm
do not provide benefits from using them, due to the hetero-
geneous discreteness of the formed laps, the compacted
near-surface layer of the rollers’ material, under the condition
of a proportional growth in the indentation efforts.

The improvement of the near-surface layer of rollers is
achieved by forming a completely regular micro-relief, a part-
ly regular micro-relief, with the flat-parallel slotted recesses,
cut at an angle, and by using the ionic nitriding technology
in the plasma of the helicon discharge.

Applying the parametric set of the specified reinforcing
technologies contributes to stabilizing the process of the
rotating pressing of glued semi-hard covers and their coor-
dinate transportation. Arranging the covers’ sweeps during
their sequential operational transportation positively affects
the quality and circulation stability of manufactured pro-
ducts, as well as the duration of the operational resource of
the production folding-gluing line.

7. Discussion of results of studying the technological
features in the manufacturing of semi-hard book covers

The results of our study into the technological processes
of making semi-hard book covers have shown that in terms
of strength and durability the semi-hard covers are an inter-
mediate option between the bindings and the folded covers
made from a single part.

This is due to the existing structural differences of covers’
sweeps, in the form of edges and flaps, shown in Fig. 2. The
edges and flaps after folding and gluing to the main rectangu-
lar part of the cover form a double composite structure, in con-
trast to the spatial double structures examined in study [3].

In some cases, a part of the spine zone, of width #
and 3 (Fig. 1, a, ¢), does not double and remains with the
initial single thickness of a binding material. At the same
time, due to the double gluing, it is possible to strengthen the
contour parts of the covers, in cases shown in Fig. 1, a, b, along
a continuous parameter, in the case shown in Fig. 1, ¢, with
discrete breaks in the spine zone.

Moreover, in the joints of edges and flaps, there are no
laps of one part to the other. Therefore, the formed gluing
plane acquires a flat shape, convenient for gluing the fly-
leaves, without the manifestation of defects related to pro-
truding contours in the joints.

It should be noted that the essential mechanisms for
ensuring the high-quality production of semi-hard covers,
under industrial conditions, are the mechanisms in a roller-roll
assembly. The mechanisms execute the rotating pressing of
glued parts of the covers, with their simultaneous coordinated
transportation along the central axis of the folding-gluing line.

It is easy to see (Fig. 2, b) that after folding and gluing the
edges and flaps, the finished semi-hard cover at the top and
bottom part should be the same, that is, B;=B;;. The cover
length in the left and right parts must also be the same, S;=S;,
while all the angular sizes of the cover must be equal to 90°.

The rectangular contours of a book block, of plane
sp=byxsp, which is attached to a semi-hard cover, as well as
the coordinate plane of flyleaf gluing sy=bsxsy, ensure the for-
mation of the technologically defined edging by=by=b;1=b;y
and s;=sy=5;1 =sj3, which, to the required degree, would pro-
mote the quality production of books.

In this sense, failure to comply with the specified condi-
tions for dimensional deviations, given in Table 1, could lead,
after connecting a book block to the cover, to the formation
of edging with deviations. It should be noted that the above
circumstances are in agreement with the practical data
reported in works [6, 7, 9], whose authors also stress main-
taining the technological stability in the production of glued
products under the operating conditions of coordinate-trans-
porting systems.

However, unlike the results of studies [6, 7, 9], the ob-
tained data suggest that after the application of an adhesive,
in the process of screw folding, the edges and flaps are at-
tached to the main plane of the cover not at the same time.
The attachment occurs gradually as they fold in the folding
device, as shown in Fig. 4.

Therefore, the composite structure of the cover, with the
edges and flaps, attached by an adhesive layer, is in a shaky
spatial state, prone to an easy loss of the rectangular geometry
of the outer contour. In turn, it should be noted that the rigid-
ity of the cover, at the beginning of entering the pressing zone,
is minimal, and then quickly increases in proportion to the
compaction of the composite structure by a roller-roll mecha-
nism, 7'>7, and ¢, > ¢, , (Fig. 5). It should be noted that the
operational polishing of the mechanism’s rollers forms a hetero-
geneous wavy surface, with a slight amplitude of dimensional
deviations, which is sufficient for the partial loss of contact
with the surface of the covers during coordinate transportation.

Therefore, it is a relevant task to implement modern tech-
nology for strengthening the surface layers of cylindrical sur-
faces, by creating a steady regular microrelief, which would
contribute to the prolonged preservation of the operational
inhomogeneity of the external dimensions of the rollers.

After the formation of a completely regular microrelief
in the near-surface layer of the rollers, a partially regular
microrelief is formed, whose technological execution implies
the application of flat-parallel recesses in the form of slots
shown in Fig. 6, of width b mm and of step 2b mm, geomet-
rically coordinated an angle o, to the axis of the rollers. The
flat-parallel recesses contribute to a change in the amount
of residual compression stresses, depending on the structure
of the formed partially regular microrelief.

In turn, it follows that during the application of a partially
regular microrelief there is complete smoothing and formation
of a new micro-relief, instead of that formed previously. The
height, shape, and arrangement of such a microrelief are deter-
mined not only by the amount of the compression effort but
also by the diameter of the deforming matrix, the amplitude of
its oscillations, the velocity, feed, and the number of oscillations.

The improvement of the physical and mechanical charac-
teristics, at the final stage of modifying the surface strength of
the rollers, implies the use of an ionic nitriding technology in
the plasma of the helicon discharge [20]. As a result, those dif-
fusion processes that cause the formation of a new structural-
phase state of the surface, different from the core, change the
composition of the near-surface area of the rollers’ metal.

We have derived indicators of a partially regular micro-
relief, given in Table 2, for the experimentally developed
parametric system, which takes into consideration the type



and shape of micro-relief, as well as the distribution of micro-
hardness obtained after ionic nitriding.

Our study has registered the maximum level of durability
increase of the near-surface layer, which fluctuates in the range
of the plane upon which a partially regular microrelief is applied,
by 24-29 % of the total plane of the roller’s surface. The surface
hardness, respectively, increases, on average, by 30-32 %.

The graphic results, shown in Fig. 7, demonstrate the ef-
fective use of a deforming matrix with radius R1=1.8 mm for
the formation of a partially regular micro-relief that ensures
a gradual proportional change in the height of the laps due
to a proportional change in the indentation efforts. Accord-
ingly, the derived results of surface hardness are based on the
measurement of the dependence of the height of microrelief’s
laps on the indentation effort of deforming matrices and do
not take into consideration the dependence of the width and
depth of irregularities on the indentation effort.

Therefore, the above circumstances indicate the existing
shortcomings of the proposed parametric system for rein-
forcing the surface plastic deformation. The area of further
research related to their elimination should be aimed at
establishing the influence of the decorative-reinforcing treat-
ment by oscillatory smoothing.

Smoothing ensures an increase in the intensity of stresses
at the core of the elastic-plastic deformation of the near-sur-
face layer of steel rollers. This would help form credible
calculations of surface strength, which could be used in the
development of manufacturing technology for rollers with
the predefined parametric characteristics.

8. Conclusions

1. We have proposed a list of the required and sufficient
technological operations, compliance with which would con-
tribute to the manufacture of covers with the calculated
contour and structural design. The specified features in the
cover design imply that the structural elements, in the form
of edges and flaps, after folding and gluing to the main part,
form a solid double composite structure. In the joints of the
edges and flaps, there are no laps, so the plane of the inner part
of the covers acquires a flat shape, without defective contours.

With this structure of covers, there are new possibilities
of their contour strengthening, along a continuous or discrete
perimeter, by the creation of the conditional rebars of stiffness,
in the preliminary blanked, to fold the edges and flaps, places.

Given this, it can be argued that the parallelism of devia-
tions in the outer contours of semi-hard covers from a rectan-

gular design would not exceed the defined ranges. The dimen-
sional indices of such ranges are 0.4—0.5 mm, 0.3—0.4 mm,
0.2—0.3 mm for the book frames, divided into groups based
on qualitative indicators. And this, in turn, makes it possible
to limit the skewness of the deviations by book blocks.
The attachment of book blocks to semi-hard covers and
the formation of edging occur in the ranges of 0.8—1.0 mm,
0.6-0.8 mm, 0.4—0.5 mm for the groups, according to the
same qualitative characteristics as for covers.

2. An experimental parametric system for stabilizing the
positioning of covers has been devised, at their linear move-
ments in the process of rotating pressing. The strengthening
of the cylindrical surface of the pressing roller-roll assembly,
obtained at its application, ensures stable conditions for the
technological process of manufacturing covers.

The features in the strengthening of the surface imply the
use of the means of plastic deformation. The result of the first
operating cycle of the deformation is the formed completely
regular microrelief of the hexagonal type, convex in shape. The
parametric range of the dimensional sampling of the micro-
relief from an experimental array is: for the radius of a deform-
ing matrix — 0.5+1.0 mm, for its eccentricity — 0.2+1.0 mm, for
the oscillation frequency — 1,000+2,000 doub./s.

The determining factor in the next operating cycle of
plastic deformation is the formation of a partially regular
micro-relief, in the form of the flat-parallel slotted recesses,
cut at an angle o=15° to the central axis of the roller. The
flat-parallel recesses ensure the creation of the required and
sufficient guiding efforts for transporting semi-hard covers
during the manufacturing process.

The results, derived from the strengthening of the cylin-
drical surface of the rollers, are presented graphically, thereby
demonstrating the effective use of a deforming matrix of
radius R1=1.8 mm, from the sampling range of 1.5-2.5 mm.
The deforming matrix ensures a gradual proportional change
in the height of the laps in a partially regular micro-relief,
due to a proportionate change in the indentation efforts of
the indenter.

We have established the distribution of microhardness of
the near-surface layer of rollers after the final technological ope-
ration of ionic nitriding in the plasma of the helicon discharge.
To a depth of 300 um, it is 5,000—4,000 MPa, and from 300 pm
to the center of the roller — there are no changes. Our study has
registered the maximum level of an increase in the durability of
the near-surface layer, which fluctuates in a range of the plane
upon which a partially regular microrelief is applied, 24—29 %
of the total plane of the roller’s surface. The surface hardness,
respectively, increases, on average, by 30—32 %.
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