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3anpononosano memoo excnepumMeHmanbHO20 NOWYKY ONMUMAT-
Ho20 cnigsionowenna mosuunu Ill-noodi6rozo xaetiosozo wapy xopin-
Ye60i HACMUNU KHUICK0B020 OIIOKY 3WUMO20 HUMKAMU, MA He0OXIOHUX
i docmammix 3ycusb wo NPUKAA0AOMvCs 015 1020 nepesunans 6 npoue-
i poskpusanis 610Ky.

3anexncnicmo npuKAA0eHUX 3YCuab 00 PO3KPUCAHH OIOKY 6 CMOPiH-
K061l a00 cmoxacmuutiil noCai006HOCMI, A MAKONC MICUe NePeUHAHNS
KOpiHUea0i K1el0680i naacmunu, 6nauearoms Ha Mpuealicmsv UKOPU-
Cmannsa KHuzu 00 nOYamKy He360POMHUX PYUHIBHUX NPOUECE.

Ioxazano, wo 30invuwenns moswUHY K1€N06020 WAPY NPUIBOOUMD
00 30invUENHS 3YCUTb, HANPABTIEHUX HA NOOOTAHHS NPYIHCHUX 6I1ACMU-
8ocmell NONIMEPHUX NAACMUH, OMPUMAHUX NICASL NOTIMepU3aUii HaHe-
Cenozo KJ1eto, 3i CmopoHu 6UzHYMOT 306HIUNBOT NOGEPXHI KOPiHUA OI0KY.
A maxkodic, 00 30invUeHHA NOBEPXHEE020 HAMARZY 66ieHYMOL NOGEPX-
Hi KJ1e1i06020 wapy, wo 3HAX00UMbCsa 6 0e3nocepeonboMy Kowmaxmi
3 IMNIIAHMOBAHUMU 8 CMPYKMYPY KIe10 WEEUHUMU HUMKAMU | naANnepom
KOpiHuesux (hanvuie KHUNCKOBUX 30UUMIE.

30invmenns n06ePxXHEB020 HAMSAZY NPU3BOOUML 00 3MEHUIEHHS
NOKA3HUKIE BI0HOCH020 BUO0GICEHHS KIEU0B020 WAPY, AKe He2amuHo
6NIUBAE HA YMBOPEHHS NPUPOOHIX KYMi6 POIKPUCAHH KHUNICKOBUX 010~
K16 i GUMazac NPuKaAA0anHs 000amK06UX 3YCuUlb 01 eKCIYAMauiitinozo
BUKOPUCMAHHS KHUZU.

Busigneno, wo posmawyeanns mouox NPuUKAAOAHHSA 3YCUdb O
nepezunanns KopiHueeoi Kael060i naacmunu, 6 30HAX 00MedHceHux
Kymamu o6xeamy i 6 0ebMmoBUOHUX OLNAHKAX MINC 30UUMOBO20 NPO-
CcMopy, 6NAUBAE HA BEAUMUHY NPUKIAOEHUX 3YCUTb.

IIpedcmasnenuii onuc npysicno-naacmuunozo cmany I-nodiénoi
KOpinye6oi wacmunu KHuMCK08020 0J0KY Y 6u2is0i po3podienozo anzo-
pummy emanie 6nauSYy MOGWUHU KJIeU06020 wapy Ha Oedopmauiio
KOpiHuesoi uacmunu.

Ompumani 3anexcrnocmi 3minu Kymie ooxeamy i domuunux Kymie
KJ1eli08020 wapy, Ha emanax OUCKPEemHOi 3IMIHU 11020 MOGWUHU, NPed-
cmaeeni y 6uzisA0i 63AEMO 3ANEHCHUX ePAPIUHUX KPUBUX 6 3a2aNbHIll
cucmemi Koopounam.

Pesynvmamu eusenenozo cniggionouenns mosuunu Ill-nodionozo
KJ1ell06020 wapy ma 3min kymie odxeamy i domurnux Kymie cnpusiu
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Mechanical damage to book products that occurs over
a long time of intensive use affects the preservation of geo-
metric parameters, the competitiveness of physical appea-
rance, operational stability, as well as the plastic capability
by the book block opening angles to reach 180°.

In the process of active reading, as well as while copying
on flat devices to scan the originals, the high reproduction
quality and proper image representation can be ensured only
by using pages of the maximally open blocks.

Damage to book products occurs in those components,
which are exposed to the greatest influence of the operational
load, and which, due to structural features, lose a warranted
operational resource defined by the standards for technolo-
gical fabrication.

The destruction of the adhesive film of the spine part of
book blocks during the long-term use of a book is one of the

most common defects occurring in the use of book products.
According to data from the leading German libraries that
perform technological restoration of worn-out book inven-
tories, the destruction of the adhesive film accounts for
approximately 15 % of the total number of other common
types of operating defects [1].

Destruction of the adhesive film causes deformation of
the spine of the block and the loss of a book product present-
ability (Fig. 1, a). It also leads to the partial loss of sheets,
sagging, as well as the separation of individual sections from
the spine (Fig. 1, @), splitting blocks into parts, in any in-
ter-section places, with the destruction of the edging tape, or
without its destruction (Fig. 1, b).

Non-compliance with technological standards, or a sepa-
rate malfunction of the adhesive apparatus, leads to glue flow-
ing in between the section- or page space (Fig. 1, ¢). There are
defects related to the partial discrete gluing of the tangent
sections or paper pages in a book block, in the areas of the



inner spine part of section folds, in places of needle punctures
and of preliminary fastening of sections with threads.

Due to defects in the unpredictable zones of gluing that
restrict the movement of the spine part of a block during its
operational opening, there is gradual destruction and loss of
operational stability in the period much less than warranted.

Fig. 1. Certain types of destruction of the spine
part of book blocks stitched with threads: a — deformation
a block spine and the loss of individual sheets, or sections;
b — splitting the spine of a block with the destruction of
an edging material; ¢ — glue penetrates the space between
sections; d — separation of bookends, detachment of
the first or last sections

Separation of bookends and Nachsatzen from the first
and the last sections of a block, as well as the separation of
sections at the beginning and end of a book (Fig. 1, d) indi-
cates the lack of proper fastening of the spine part of the book
block by an adhesive polymeric film.

Searching for the optimum conditions of the technolo-
gical manufacture of book products relating to fastening the
spine part of a book block, sewn with threads, by adhesive
compositions is an important area of research aimed at de-
termining the main destructive factors and ways of their
minimization, or significant elimination.

2. Literature review and problem statement

The world publishing is characterized by an active inno-
vative search of development directions, which is manifested
in the assortment features of book products in terms of the
structural, energy-saving, and ergonomic components of their
production [1]. One of the factors affecting prolonged use of
book products is to ensure reliable fastening of the W-shaped
spine part by the stitches of binding threads and by the appli-
cation of adhesives, which together provide for the durability
of fastening and resistance to plastic deformation.

Paper [2] reports a study that showed that one of the
many advantages of adhesive connection is that it opens up
new opportunities for connection of materials with diffe-
rent physical and geometric characteristics, without causing
changes in the structure of these materials. Newest processes
to glue materials of different origin include a series of ope-
rations that ensure the assembly of the adhesive connection
in accordance with the structure of the product, such as
preprocessing the surfaces for gluing, glue preparation, ad-
justment of the position and assembly of structural parts,
hardening of the glue. However, it should be noted that the
cited paper, when enumerating technological operations of
gluing individual materials, fails to address the gluing of
movable composite structures, which include the W-shaped
spine parts of book blocks, sewn by threads. This means that
the study into the adhesive connections of materials with

different geometry and physical properties has not identi-
fied the details of the process of gluing profile semicircular
paper parts, which include the folded book sections, sewn by
threads with pre-tension.

The expediency of using adhesive joints was confirmed
in[3] by the improved mechanical stability between the
structural elements of various semi-finished products that al-
lows the gluing at high output and reliability, which ensures
the durability of finished products during long-term storage.
However, the cited work did not investigate the still-uncla-
rified impact of destructive operational factors on the capa-
bility of glued products to be used over time.

It should be noted that, as shown in paper [4], the past few
years have seen a significant reduction in the circulations of
book editions and the rapid increase in their titles. Limited edi-
tions of books, printed digitally, can consist of only a few copies.
Accordingly, for limited circulations, when fastening the spine
part of a book, there is no possibility of adjusting the adhesive
apparatuses for the specified thickness of adhesive application,
which is in practice adjusted by using a significant number of
book blocks that are discarded. In practical terms, this causes
difficulties due to overspending of quality semi-finished pro-
ducts, so the thickness of the adhesive layer is always excessive,
in order to prevent premature destruction of book blocks, and
is due to the absence of auxiliary objective indicators.

As argued by authors of [5], a promising area of research
aimed at possible reduction of adhesive consumption is to de-
termine the indicators of strength and adequacy of the thick-
ness of the adhesive layers, applied by a cylindrical glue roller,
without the consideration of the rounded geometry of the
folds of sections, stitched by threads into a book block. Despite
the practical significance of the reported results, the authors
did not consider the possibility of applying the adhesive by
a shaped roller, whose geometry is close to the W-shaped sur-
face of the spine part of book blocks sewn by threads.

In contrast to the results reported in [5], the data obtained
in [6] on the intensity of the destruction of book block spines,
fastened by the non-binding adhesive technique, make it pos-
sible to identify influencing factors that reflect the physical-
mechanical properties and structure of contact materials. The
authors consider the discreteness and pulse nature of the ex-
ternal force applied by a reader to open the book, the presence
of deformations, changes in the geometry of the spine, and its
structure. Therefore, there are reasons to believe that the cause
of the destruction of the spine of the book block fastened by
a non-stitching adhesive technique may be the concentration
of stresses in the adhesive joint, which is observed along the
edges of the glue seam. That may be the consequence of the
difference in the deformation of the adhesive film and paper,
in the value of their modulus of elasticity, as well as the
physical and mechanical properties of adhesive compositions.
However, no practical testing has been undertaken to confirm
these assumptions. The factors, specified in the cited paper
in the research into the spines of book blocks, fastened by
a non-stitching adhesive technique, were not matched, due
to possible conversion coefficients, or other optimally close
indexes, to the operational properties of the spines of book
blocks, sewn by threads and edged by glue compositions.

An example of the non-stitching adhesive bonding has
shown [7] that obtaining credible numerical indicators of the
deformation of an adhesive layer at the spine of a block, as
well as establishing a dependence between the action period
and stresses arising at block spine bending, must match the
conditions for experiments. It should be noted that one must



consider both the initial factors of the use of book products
and the same estimated thickness of adhesive composition
application on the spine of a book block, which is in a static
state until opening.

Work [8] considered phenomena of the stressed-strained
state of a narrow fragment of the flat spine adhesive layer
with a thickness defined by the structure of the book block
selected for the experiment. The studied fragment is separated
from the general array of the connecting adhesive film and
is in the tangent zone of two adjacent pieces of paper sheets.
It should be noted that the established analytical dependences
in the deformation of a spine’s adhesive film helped investigate
the influence of technological factors on the durability of the
non-stitching adhesive fastening of book blocks. That means
that taking into consideration a given factor provides an op-
portunity to adjust the thickness of an adhesive layer at the
spine part of the book block, bonded by a non-stitching adhe-
sive technique (NAT), directly under conditions of circulation
production of books. However, unlike the reported results for
blocks made by NAT, paper [8] gives no identical studies for
the W-shaped spines of book blocks stitched with threads.

To expand the directions of research into the operational
deformation of book spines” adhesive plates, work [9] separa-
ted the adhesive layer, with a small fraction of the spine folds
of a book block, on a paper-cutting machine. The authors
modeled the conditions under which the edges of the adhe-
sive layer of a book block, fastened by a non-stitching ad-
hesive technique, were clamped, and turned at a predefined
angle when opening the book. The opening is carried out
along the line between two sheets of paper, position-based,
anywhere in the book block. At known approximation, the
reaction of the adhesive layer on bending can be taken pro-
portional to the elastic deflection of the singled-out area.
The reported study made it possible to explore the nature of
changes in the stressed-strained state of the flat spine’s ad-
hesive plate of the non-stitching adhesive bonding of a book
block’s sheets when opening the book. However, there are
reasons to believe that the experimental efforts applied for
bending the examined adhesive plates [9] do not fully cor-
respond to the efforts that form the natural opening angles
of book blocks when reading, therefore, additional research
must be undertaken in this direction.

However, it is impossible not to notice that the results
reported in [8, 9] regarding a change in the stressed-strained
state of the spines’ adhesive plates take into consideration
the binding of book blocks only by a non-stitching adhesive
technique. This binding applies to the block consisting of
individual sheets, after trimming the spine part, rather than
a block of separate folded sections.

In the trimmed spine part, discrete recesses are formed,
to increase the surface area of gluing. After application of
the adhesive, some part of the spine of the block, sheet-wise,
similar to reinforcement, integrates into the thickness of the
adhesive, forming in the area of bonding a solid composite
medium of enhanced rigidity. The phenomena of elastic
deformation, inherent in it, are formed, which cannot be
directly copied to be applied to the processes of deforming
a W-shaped adhesive plate.

The formation of a composite environment of the W-shaped
spine part of a book block stitched by threads has its own pecu-
liarities of creation, which, first of all, include the integration
into the surface part of the connecting spine’s adhesive layer
of sewing stitches of thread and the planar attachment of an
edging tape. This means that it has not been defined how the

stages of the elastic-deformed state of a W-shaped layer form
and what factors influence its transformation, which requires
the continuation of thorough research in this area.

A separate approach to modifying the strength, added to
the adhesive layer of book blocks, fastened by a non-stitching
adhesive technique (NAT), in order to improve the structural
and operational durability and to ensure the maximum open-
ing angle of blocks, was described in work [10]. It involves
the technological options for bonding the edging-captur-
ing tape to the surface of the spine part formed by NAT.
The authors established regularities of the influence of the
physical and mechanical properties of edging materials on the
strength of books made by NAT.

At the same time, there are no studies into the influence
of edging materials on the phenomena of the elastic-plastic
deformation of an adhesive layer at book block bending, iden-
tical blocks with different thickness of glue, or book blocks
with the W-shaped spine part.

Study [11] argued that for the processes of edging the
book blocks, sewn by threads, with a W-shaped configuration
of the spine, increasing the concentration of the adhesive at
its constant consumption gives a significant effect of growth
in strength. The two-fold increase in concentration ensures
the increase in the strength of bonding sections from non-
stitched types of paper for high printing by 1.5-2.5 times,
and by 3.0-4.5 times in glued offset papers. The use of con-
centrated glue, at the constant consumption of dry matter,
provides for greater strength of section bonding, better
conditions for drying the spine, thereby making it possible to
save glue when handing blocks made from the unglued paper.

The cited study did not investigate the profile application
of the adhesive to the spine of the block, so, when calculating
the thickness of an adhesive layer, the considered angles of
contact were those that restrict zones only of the semi-cir-
cular areas, tangent to the folds of the sections, without the
consideration of wedge plots in the space between sections.
No effect of increasing the concentration of an adhesive
composition was considered, at the same thickness of the
adhesive layer, on the phenomena of the elastic and plastic
deformation of the adhesive plate at bending.

The above studies relate to the phenomena of gluing sur-
faces of different materials, the concentration, and modifica-
tion of adhesive compositions, operational destruction of flat
adhesive layers in the book blocks fastened by a non-stitching
adhesive technique. That allows us to argue that issues relat-
ed to the destruction of the W-shaped spines of book blocks,
stitched by threads, that reflect the physical and mechanical
properties of the contact materials, can be addressed by iden-
tifying the effect of changing the thickness of the adhesive
layer on changes in the angles of contact and tangent angles.

Therefore, there are reasons to believe that the insuffi-
cient definiteness and an insignificant number of confirmed
practical results from studying the phenomena of the elas-
tic-deformed state of the book W-shaped spine joints, which
has so far been considered insufficiently, predetermined the
relevance of our research into this area.

3. The aim and objectives of the study

The aim of this study is to detect the influence of the
thickness of a glue layer of the W-shaped spine part of a book
block, sewn by threads, on the changes in angles of contact
and tangent angles. The dependences to be established



would contribute to the creation of necessary and sufficient
conditions that should ensure the strength, plasticity, and
operational stability of the adhesive polymeric composition
at long-term bending.

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

— to determine the ratio of increasing the thickness of an
adhesive layer and the indicators of its strength and resis-
tance to the formation of microcracks and destructive zones,
as well as determine the feasibility of additional consumption
of glue per unit of product;

— to construct an algorithm describing the stages in the
influence of adhesive layer thickness on the elastic-plastic
deformation of the spine part of blocks using an example of
gradual bending of two plates of different thicknesses, which
edge the folded calibrated sections in two identical blocks;

—to measure and build the graphic dependences of
change in the angles of contact and tangent angles of an ad-
hesive layer at the stages of a discrete change in its thickness;

— to suggest constructing an estimated scheme for deter-
mining the moments of force, applied at the discrete places of
bending the plates from the initial fixed thickness of £ mm to
the thickness of z+A, ; mm, where A,...A, = const.

4. Materials and methods to study the profile
application of an adhesive layer onto the W-shaped spine
part of a book block

The technique of applying an adhesive composition onto
the W-shaped spine part of a book block, sewn with threads,
implies using the Kolbus KM 600 binding line. The line is
designed for manufacturing book products whose spines are
fastened using a non-stitched adhesive technique (NAT), as
well as for edging book blocks that are stitched with threads.
The Kolbus KM 600 binding line is a part of the compact
flowline for making books in hardcovers BF-512 (Germany).

However, the layer of an adhesive applied by the Kolbus
KM 600 binding line onto the spine of a block, sewn with
threads, does not repeat the profile of the rounded sections’
folds (1) (Fig. 2, @) but forms an outer surface of the adhesive
close to a straight line (2) (Fig. 2, a) [12]. This technological
feature of the production process of edging book blocks leads
to partial overconsumption of glue, creates additional stres-
ses in the adhesive plate when opening a book at readable
angles, speeds up the operational destruction of the plate.

Therefore, the current research involved an experimental ad-
hesive application mechanism that we designed (Fig. 2), moun-
ted in the Kolbus KM 600 binding line. The mechanism employs
a profile roller, which repeats the relief part of the W-shaped
spine of a book block and adjusts the application of the speci-
fied discrete layers of an adhesive for our study (Fig. 2, b—d).

The experimental device for applying a changing dimen-
sional adhesive layer, shown in Fig. 2, consists of the moving
clamps (3), to fix the fragments of the spine part of a book
block (1), before applying the adhesive and transporting
them in the clamped state along the guides (4).

In addition, the device includes an adhesive bath (5)
with a zone of adhesive application (6) by a profile rotating
roller (7). The adhesive is applied discretely onto the de-
fined size t,4; its total thickness after each measurement is
increased and denoted via ¢, For the experiment, we used
book blocks, sewn with threads, made from the offset paper
produced by Sappi (Austria), with a weight of 150 g/m?, with
32-page sections, in which a section’s thickness is 5.44 mm,

and a spine rounding radius is, respectively, 2.72 mm. Mea-
surements were carried out by an electronic paper thick-
ness measuring instrument with a measurement precision of
0—10 mm/0.01.
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Fig. 2. The mechanism of the profile application
of an adhesive onto the spine part of a book block, sewn
with threads: g — the W-shaped spine part of a book
block and the spine part of the block with the applied layer
of an adhesive; b — the mechanism of an experimental
profile application of an adhesive at the beginning of the
technological cycle; ¢ — profile experimental application of
an adhesive; d — the spine part of the block with the profile
adhesive layer; 1 — fragments of the W-shaped spine part of
the block; 2 — an outer line of the adhesive layer; 3 — clamps;
4 — guides; 5 — adhesive bath; 6 — adhesive; 7 — profile
rotating glue roller; 8 — the examined experimental W-shaped
adhesive layer; t,5— initial thickness of an adhesive layer;
t,or — variable thickness of an adhesive layer

For reasons of convenience, we selected the 32-page
section blocks, due to their increased gluing width between
the spines’ folds as compared to 16-page sections. At the
same consumption of glue, the use of thicker sections would
improve the strength of an adhesive layer by 10—15 % [11]
and could positively affect the visibility of experimental tests
aimed at determining the destructive effects of bending.

The mechanism for adjusting the feed of an adhesive and
calibrating the thickness of the applied layer on the block
spines was employed for the blocks whose thickness ranges
between 40—70 mm and which consist of 7-12 sections.



To perform the experiments when modeling the defor-
mation of an adhesive layer of the spine part of a book block,
sewn with threads, we selected blocks that are 38.08 mm,
43.52 mm, 48.96 mm, 54.40 mm, 59.84 mm, and 62.28 mm
thick. The blocks of this thickness are included in a stable
range of technical capacity provided by the Kolbus KM 600
binding line.

For the above blocks, we manufactured a profile roller
of the adhesive apparatus with geometric parameters of the
W-shaped spine part of the selected sections. In the process
of research, according to the conditions of the experiment, the
constant values for applying an adhesive layer are adjusted by
a computer control system of the Kolbus KM 600 binding line.

Further profile application of an adhesive under industri-
al conditions would contribute to the reasonable minimiza-
tion of consumption, under the strict condition for maintain-
ing the indicators of the strength of an adhesive connection
and its operational endurance.

To apply an adhesive polymeric composition on the
spine folds of the books, sewn with threads, the bookbind-
ing processes commonly employ such glues as the thermal
adhesives Technomelt Q3660 (Germany), BAM 1078 (UK),
OGIMELT 110 (Germany), and the dispersed glue Adhesin
7236 (Germany).

For the current experimental study, we selected the ther-
mal adhesive BAM 1078 as it ensures a strong connection
strength, a fixed thickness after application, the speed of
fastening, and plasticity at bending.

5. Determining the factors that influence the thickness
of an adhesive layer of the spine plate, as a complex
elastic body, on change in the indicators of strength and
destructive stability

It is known [11] that in terms of a structural form the
adhesive joints, implemented in the technological processes
of bookbinding production, are divided into flat, W-shaped,
T-shaped, and combined.

The flat gluing is used in the assembly of bindings, inserts
into binding blocks, gluing binders, illustrations, and small
parts of a sheet of paper to sections. The T-shaped adhesive
joint is used for an adhesive non-stitched binding, and the
combined adhesive joints — for the edging of spines in the
process of sewing and gluing and when the blocks are covered
by covers before release.

The adhesive joints of the W-type are used in the book-
binding processes of edging book blocks, pre-stitched by
threads, to ensure the physical integrity of the product. The
operational strength, elasticity, and plasticity of the spine
part of a book ensures the discrete opening of a block, in any
part of it, at angles close to 180°.

The return of a block to the ascending position after
opening should occur without irreversible strain signs that
lead to the loss of physical appearance and reduction of the
period of technologically predictable use, defined by industry
standards. The opening of a book during reading or copying
should involve no efforts that could result in premature de-
struction of the spine.

When flipping the pages of a book block, sewn only with
threads, the gaps occur between the sections, which do not
provide enough strength to fastening the spine part of the
book block. In subsequent technological operations, they are
eliminated by the glue that fills the gaps, formed by the semi-

circular sections’ folds, which fit tightly to each other inside
a clamping device of the adhesive system (Fig. 2, b).

Most widespread for stitching the blocks is the use of
nylon and cotton threads in three, four, and six assemblies,
which provide for the high tensile strength and technological
breaking elongation. Other advantages of bookbinding threads
include a smooth surface, the resistance to moisture and abra-
sion, as well as high adhesion permeability in the process of
wetting the spines of sections with liquid adhesive composi-
tions in the form of solutions, dispersions, or melts [6].

When analyzing the processes of sewing book blocks with
threads, it should be noted that the tightening and density of
stitches depend on the type of paper used in book sections, the
quality of sections, the accuracy of folding, and the formation
of a technologically defined shape of the sections’ spines.

This contributes to high-quality stitching without distor-
tions in the technological positioning, piercing and stitching
areas, as well as due to the properties of the used threads,
which, during sewing, are not subjected to disruption and
critical elongation.

The magnitude of adjustment of a thread-guiding system,
on the one hand, should ensure the maximum tension of
threads for the dense fastening of the spine part of a block;
on the other hand, should not exceed the boundary effort,
which would lead to the destruction of the holes formed by
the needles-punctures in the spine part of sections. Because
of holes with destructive defects, it is possible that a glue
partially penetrates the middle of the sections, when edging
book blocks, and pages inside the spine part of the folded
sections of the book are glued in some points.

The use of synthetic nonwoven materials, special mi-
crocreped paper tapes, tapes made from dense offset papers,
craft, and other bookbinding materials, resistant to destruc-
tion, forms an additional reinforcement of the spine part of
a book block, in addition to sewing with threads and by gluing.

Modern high-speed lines for the production of books by
a non-stitched adhesive technique or books whose blocks
are sewn with threads ensure the application of adhesive
polymeric compositions of the predefined thickness onto the
spine part of a block. The technological process of application
is carried out over a single run, taking into consideration the
binding properties of such compositions; the gluing of edging
and captal tapes is ensured, as well as soft covers.

Because the adhesive layer does not have an open sur-
face for evaporation (on one side, there is a spine part of the
block, on the other — an edging material), it is not, therefore,
possible to achieve the natural technological polymerization
over a short time.

The technologically defined prolonged drying, book lines
include the transporting devices of the rotary type, which
provide for a sufficient linear length of the moving conveyor
belt for the required time of fastening the adhesive, as well as
a limited space within a production facility.

Modern polymeric compositions ensure proper wetting,
as well as absorption in the process of gluing the binding
components of the spine part of book blocks. These compo-
nents include the outer paper part of the folded sections, with
a dense discrete layer of cotton or synthetic threads at the
surface of the folds, as well as a paper edging tape.

The layer of glue fills the pores and capillaries of these
components and forms a polymer plate created after the
polymerization of the applied adhesive composition, whose
estimated thickness ensures the highly technological opening
capacity of a block, as well as long operational stability [13].



The thickness of such a plate ranges widely, defined by the
formats of an edition, the number of sections and pages in the
sections, the types and mass of the paper in a book block, as well
as the kinds of sewing stitches, the cross-section of threads, and
the raw materials which these threads are made from.

Fig. 3 shows the cross-section of a fragment of the ad-
hesive polymeric plate of the spine part of a book block,
sewn with threads, whose structure of the main array of the
W-shaped layer of an adhesive (Fig. 3, b) hosts, on the side
of the concave surface, the implanted stitches of binding
threads (Fig. 3, @), which form a dense connecting spatial
structure for the spine folds of the sections.

The outer surface of the adhesive plate (Fig. 3, ¢) is edged
with a paper tape, which, given the high adsorption proper-
ties of binding glue, creates a surface composite part of the
main array of the adhesive on the spine of a book block.

Fig. 3. The cross-section of a fragment of the adhesive
polymeric plate of the spine part of a book block, sewn with
threads: a — the spatial plane of thread stitches; b — an array

_of the W-shaped adhesive layer; ¢ — paper edging tape;
P, — vectors of efforts of the tension of threads implanted

in a layer of the adhesive; P, — vectors of efforts of the
discrete destruction of a paper tape A,

The adhesive structure of the spine part of a book block,
stitched with threads (Fig. 3), is formed by the W-shaped
array of a binding glue, with the thread stitches and paper
tape implanted into the inner and outer surface. It is possi-
ble to assume that such an adhesive composition forms an
elastic composite environment, with the main element of the
environment being a binding adhesive, and inclusions from
other materials, which are the binding threads and an edging
paper tape.

Vectors P, (Fig.3) denote the directions of the total
efforts of thread tension, some of which occur in the process
of stitching book blocks at a sewing machine and dense
tightening of their spine part. Others occur at the moment of
opening book blocks and bending a composite adhesive plate
whose structural component is the thread stitches.

Vectors P, (Fig. 3) denote the directions of efforts for
destroying an edging paper tape, which arise at the moments
of prolonged operational opening of book blocks when read-
ing or scanning information from the pages of a book un-
folded at the angles of 150—180°.

The results of analyzing operational indicators demon-
strate the greater reliability and durability of multicompo-
nent plastic environments compared to the homogeneous
ones. The spine part of a book block can be considered as
a complex elastic body (matrix) whose main and defining
component is the polymeric adhesive, to the structure of
which the sewing threads and an edging paper are implanted.
The threads and paper are distributed in the structure of the
adhesive from the side of the inner and outer surfaces of the
spine’s adhesive plate.

When exposed to the action of operational loads, gradual
wear, and destruction of such materials, the specific inter-
action between the matrix (an adhesive composition) and
the components of the inclusions, despite the fact that they
account for, in comparison with the matrix, a small weight
part, significantly affects the strength and durability of the
adhesive composition [14].

Such a composite adhesive polymeric plate has a hetero-
geneous anisotropic structure, the components of which are
glue, thread, and paper. In terms of percentage, the quan-
titative index of the materials of threads and paper in the
composite polymeric plate is significantly lower than the
material of the glue. For the convenience of modeling the
operational processes and destructive effects, we assume that
the adhesive polymeric plate of the spine part of a book block,
sewn with threads, is an isotropic body.

The distribution of destructive stresses in the adhesive
polymeric plate, considered to be a physical isotropic body,
when turning the pages of a book and, accordingly, at the
discrete bending of the plate, is divided into two main and
defining directions.

The first type of stresses arises at the free opening of
a book without additional efforts on the inner part of the
block and while forming the natural angles of block opening
at 70—120° only under the action of the weight of the pages
of the open book formed in sections. At the place of opening,
the block is divided into two disproportionate parts, which
bend the spine’s adhesive plate toward the more weight of
the pages. On the proportional part, the block is divided only
in one case — at the opening in the middle, but the natural
opening angle of a block can deviate from the central position
due to the heterogeneity in page bending with different levels
of the pre-acquired residual deformation.

The second type of stresses implies additional efforts to
force open a book block to the angles of 170—180°, for com-
fortable reading or scanning.

During the period of reading or scanning, there is the
formation of residual deformation € in the structure of an
adhesive plate, which, after long-term bending, leads to the
destruction of the edging plate and the entire book block:

dp

szf(P,‘c):E,

(1)

where P are the efforts aimed at opening a block and discrete
bending of an adhesive plate; t is the duration of loading
a spine’s plate.

The operational stability and resource of using a spine’s
composite polymeric plate depend and may vary at the fluc-
tuation in thickness and structural geometric configuration
of the W-shaped adhesive layer. It also depends on the paper
density, its mass, the number of pages in the sections, and, con-
sequently, the thickness of the sections, which determines the
size of the rounded parts of the folds as the surface for applying
an adhesive composition while edging the block [15].

Prolonged bending of the book block’s spine part during
reading or scanning form constant changes in the external geo-
metric parameters of the adhesive plate. Given the sign-chang-
ing nature of the efforts applied at bending, there is a projected
transition from the phenomena of elastic deformation and tem-
porary preservation of the operational properties of the plate to
the phenomena of residual and viscous deformation [16]. These
phenomena occur during the life cycle of a book product, over
which the critical destruction of its components is formed.



While maintaining the geometric dimensions and thick-
nesses of sections in book blocks, a change in the types of
paper in the sections changes their weight, plasticity at de-
viation, which leads to an increase or decrease in the natural
opening angles of the blocks. There are changes in the condi-
tions of the operational load on the spine part of a book block,
which predetermine the conditions for a differentiated ap-
proach to the calculation of an adhesive layer thickness [17].

On the one hand, the minimum and sufficient thickness
of an adhesive layer ensures the good opening capacity of a
book block, which does not require considerable efforts; on
the other hand, the operational period of using such a book
block is close to the warranted life cycle.

A significant and necessary condition, at first glance, to
ensure the reliable edging, by an adhesive composition, of
the W-shaped spine of a book block, sewn with threads, is
to increase the thickness of the adhesive layer, to provide for
further long-term use of the book.

However, increasing the thickness of the adhesive layer
should correlate with its strength and resilience indicators,
which ensure prolonged use of the book block, which signifi-
cantly exceeds the warranty period.

In addition, it should relate to the
indicators of the appropriateness of ad-
ditional adhesive consumption per unit

Fig. 5 shows the cross-section of an adhesive layer at the
onset of turning the pages of the book blocks and the gra-
dual bending of the spine’s polymeric plates, the formation
of stressed areas under the influence of the stretching and
compression forces.

Fig. 6 shows the enlarged fragments of adhesive layers
depicting the stretching and compression zones of the wedge-
shaped deltoid part at the time of opening a book block.

Fig. 7 shows the enlarged, separated from the frag-
ments of adhesive layers, graphic areas of the stretching
and compression of the central part of the wedge-shaped
deltoid plots, the vector groups of efforts of stretching and
compression.

Fig. 4 demonstrates the fragments of the cross-sections of
edging adhesive polymeric plates, two identical book blocks,
with different glue thickness of ¢ and +Ay mm, in a position
corresponding to the closed book, until the beginning of the
block opening.

The adhesive plates have the proper linear nature of ar-
rangement in a book block with a direct spine, whose struc-
ture, in contrast to the rounded one, is selected for the clarity
of modeling the bending and observing the arising loads.

of a finished product, which ensures the
necessary and sufficient amount of it
when edging a book block’s spine.

6. Constructing an algorithm
of influence exerted by the stretching
and compression of the concave
surface of an adhesive layer on the
elastic-plastic deformation of
a block’s spine

Fig. 4. The fragments of the cross-section of the adhesive plate with a glue
thickness of ¢+ mmand +A  mm

A transition through the optimal
limit for increasing the thickness of
an adhesive layer contributes to the
more rapid destruction of the concave
side of the polymeric plate, which is
stretched, over a long time, exposed to
additional maximum loads when open- ¢
ing a book [18].

Fig. 47 show the stages of the
influence exerted by a thickness of
the W-shaped adhesive layer on the
elastic-plastic deformation of the spine
parts of book blocks, sewn by threads,
using two spine’s adhesive plates. The
plates are formed when edging two
identical book blocks: in a first one —
a layer of an adhesive corresponds to
the size of tmm; in a second one —
a layer of an adhesive is enlarged and
corresponds to the size of t+Agy mm.

Fig. 4 shows the transverse cross-
section of the W-shaped layers of the
polymeric adhesive, through which
the edging of book blocks, sewn by
threads, is performed; the book blocks
are closed, are in the static condition,
the pages are not turned.
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Fig. 5. Bending the adhesive plates, the formation of stretching
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Fig. 7. Influence of the glue layer thickness on the elastic-plastic deformation of
the spine part of book blocks, the diagrams of stretching and compression efforts

To ensure the credible modeling of plate bending, the
diameters of rounding the spine’s folds are identical, accord-
ing to the practically satisfied condition for the experimen-
tally formed identity of sections, in the number of pages and
the uniformity of the material, from which both book blocks
are made. That is:

©D,=2D,=2D,=2D, =2D, = const, (2)
@D, =@D,,=0D,; =D, =D, = const. 3)

Partial bending of the adhesive plates, when opening
book blocks, distorts the properly concave semicircular
contours of the inner part of the plates, which correspond
to the geometry of the initial state of the book blocks before
opening, at variable additional values A (Fig. 5).

The experimental bending of the plate takes place bet-
ween sections along the directions of the intersecting lines
marked as the ac, bd, aic;, bid; lines. The lines pass through
the zone of protrusions, which are formed when glue fills the
tangent semicircular surfaces of neighboring sections and
have the configuration of a deltoid with the concave sides.

When turning the pages of the book page by page, the
efforts that are applied for the discrete block opening at any
point have an inhomogeneous dimension value. The heteroge-
neity of the efforts that defy precise measurement, moreover,
calibration, would correspond to the geometric difference in
the deformation of the adhesive plate.

The deformation of stretching and compression leads to
the greatest destructive phenomena along the concave sur-
face of the adhesive layer, tangent to the semicircular surfaces
of the spine folds of book sections (Fig. 3).

Consider a plate in Fig. 5, where, for @D,, we accept its li-
near size to be Sy; then the increase of linear deformation for @D,
in the vicinity of point a would equal @D, + A, or S, +A,. The
linear deformation €, in the vicinity of point a shall equal:

= (4)

For @D,, we accept its linear size to be Sy, then the in-
crement in the linear deformation for @D, in the vicinity of
points @ and b would equal @D, +A,+A,, or S,+A,+A, ,.

g icom
1

Accordingly, the plate in Fig. 5,
where, for @D,, we accept its linear
size to be Sj;, then the increase in the
linear deformation for @D, in the vi-
cinity of point a would equal @D, + A,
or S, +A,.

e, = lim 2u (7

it g
Si1—0
it Si1

For @D,,, we accept its linear size to be S, then the increase
in the linear deformation for @D,, in the vicinity of points a
and b would equal @D,, +A,, +A,, jor S, + A, +A,, .

The linear deformation €,, in the vicinity of points @ and
b would be equal to:

A, +A,
g, = lim =2~ izt (8)
! 8y —0 51_2

For @D,,, we accept its linear size to be Sj3, then the
increase in the linear deformation for @D,, in the vicinity of
point b would equal @D, +A,; or S;+A,,.

The linear deformation e,, in the vicinity of point b
would equal:

2=, ©

The discreteness of efforts applied to open a book block,
both at the point of application and at the time of finding
certain zones of the adhesive plate under load, forms a geo-
metrically different increase in linear dimensions in each
fixed zone of bending the polymeric plate, so:

A#EAZAN,  #A 2N, #A,#A,  #A,#const.  (10)

Fig. 5 shows the phenomena of stretching the upper part
of the spine plates at points a, b, a;, b;, where the stretching
zones a—ay, b—by, ai—a;, bi—b;; are formed. However, at
points ¢, d, ¢;, d;, there occur the compaction and crumpling
of the inner structure of the adhesive plates, the displacement
of the inner polymeric layers, denoted by sections c—cy, d—dj,
ci—cit, di—d;, which promotes the accumulation of elastic
deformation efforts and creation of the energy reserve to
return a bent adhesive plate to the original position after the
book is closed, as well as the return of the stretching zones at
points a, b, a;, b; to the ascending state.



The shaded graphic zones of stretching, crumpling, and
shear with different filling areas are enlarged for clarity
in Fig. 6; they are marked as aaoicgcy, bbioodhdy, as well as
a;aj10i1¢igicit and bibj opdihid;y.

In Fig. 7, the area of the aoyay triangle, which reproduces
the contours and a zone where the efforts of stretching the
adhesive layer are applied, is almost identical to the area of
the o1cgcy, deltoid, which reproduces the contours and a zone
where the crumpling efforts are applied.

Thus, at a minimum thickness of the adhesive layer, suf-
ficient to ensure the operational stability of a book block’s
spine, stitched with threads, the efforts that are applied,
when opening the book, to overcome the elastic forces of the
inner structure of the polymeric plate, in the part of the zone
in the shape of a deltoid, correlate almost evenly to the efforts
of stretching the adhesive layer in the upper pointed part in
the shape of a triangle.

Fig. 7 illustrates a change in the proportionality, after
increasing the thickness of the adhesive layer, between the
stretching area of the upper part of the adhesive plate, in the
shape of a triangle, and the shear and crumpling zone of the
plate, in the form of a deltoid.

Increasing the thickness of the adhesive layer shifted
its middle plane; accordingly, the area of the a;0;1a; triangle
changed in size in comparison with the area of the aoiay
triangle.

The aa; and aa; bases of the triangles remained un-
changed, due to intermolecular bonds between an adhesive
polymeric composition, which limit the dimensional zones
of stretching before the onset of destruction. The height 0,04
increased, compared with the height ooy, by the size of the
displacement of the middle plane. Displacement size does not
significantly affect the difference in the configuration of the
triangles’ zones of stretching aoja; and a;0;1a;1.

In contrast to the triangles of stretching, the oscge; and
oi1cigiciy deltoids of the shear and crumpling zones, on the
side of the curved surface of the adhesive layer, demonstrate
a significant difference in terms of the dimensional values,
towards a significant increase in the plate of thickness
t+Ag mm.

Hence, it follows that when opening a book, to over-
come the elastic forces of the inner structure of the spine’s
polymeric plate, subject to the increase in adhesive layer
thickness, it is necessary to apply considerably more effort.
The efforts that would stretch and destroy the surface part of
the adhesive plate under the increased stress and operational
load are graphically reproduced by the enlarged plane in the
form of the o0;1c;gici deltoid.

The total area of the zones, which graphically indirectly
reproduce the efforts of stretching and crumpling the first
adhesive plate Sy, =S, +35;,

aa,-00, a-h
S,=S,,, =% 28 1
2 aaa;0y 2 2 ( )
where aa, =a; oo, =h,
ccr08 d,d.
S,=5 =—11o_-1-2 12
3 0ycgcq D) 9 ( )
where cc,=d,; og=d,,
ah d-d, 1
521:7+%:§(a~h+d1-d2), (13)

Then, for the second adhesive plate:

_ az"hz’ +di1'di2 _ 1

Si}:i 9 9 E(ai'hi+di1'dzz)r (14)

where d, <d,,, and d, <d,,, respectively: S, <Sy,;.
Vector charts in Fig. 7 reproduce changes in the efforts

of stretching P,, P, and compressing P, , P, the ad-

hesive plates, at the place of bending, due to a change in the
thickness of an adhesive layer toward an increase from pro-
portionally equilibrium to those that alter the equilibrium of
efforts in the compression zone to additionally destructive at

points a and b; (Fig. 5).

7. Experimental measurement of the angles of contact
and tangent angles of the discrete adhesive layers applied
by a profile roller

To study the influence exerted by the thickness of an
adhesive layer on the conditions for bending the polyme-
ric plate and the emergence e of destructive defects when
opening a book, we shall consider Fig. 8, a, which shows the
W-shaped fragment of the spine part of a book block, with
the following designations: F — a separated spine part of
folded sections, 1 — the first single layer of an adhesive, the
thickness of which is marked in Fig. 4 as ¢ mm.

The central section of this fragment, outlined by the
intersecting lines xx; and yyi, is enlarged and shown
in Fig. 8, b. In addition to the initial glue layer, #; thick, we
applied several more adhesive layers tytst4t5, which consis-
tently increase from the original size =0.50 mm by the same
magnitude Ay=0.10 mm.

The profile application of an adhesive for each layer
corresponds to the radii of the formed sectors Ryi, Rpo, Ris,
Ry, Ris. In the experimental measurements, we took into
consideration 10 operations for the profile consecutive appli-
cation of the additional layers of an adhesive, whose thick-
ness and angular parameters are given in Table 1.

Fig. 8, b shows two semicircular spine folds of the book
sections, marked with anchor points as the ajaphg and femaa,
areas. When applying a first layer of the adhesive, separately
onto these areas, or onto a first one, or onto a second one, from
the curved side, the natural angle of contact of the adhesive
composition of the semicircular part of the fold of a book
section corresponds to the areas marked as abihh, or eecya.

These areas correspond to the natural angles of contact
v and ;. However, at the continuous profile application of
an adhesive to the entire surface of the W-shaped spine part
of a book block, there is a change in the homogeneity of the
adhesive layer in areas shaped as a deltoid with the concave
sides, marked as abidicy, abadsco, absdscs, absdscs, absdscs.

Therefore, for our experiments, and to obtain the confi-
dence indicators of the change in the angles of contact on the
change in the tangent angles of the outer part of the adhesive
layer, it is advisable to accept a condition for measuring the
angles of contact at the border of the formation of deltoid
zones in the gaps between sections.

The formation of angles of contact of the folds of book sec-
tions for the fixed layers of an adhesive, by increasing thickness,
is carried out at the intersection of b1d; and cid; plots from the
center of the semicircular part of the fold, marked by point o, —
one side of the angle. The other side of the angle is formed along
the os straight line, which divides the angle of contact in half.



separated along the mn and ps
lines. We measured the tangent

Fig. 8. Graphic dependences of change in the angles of contact of an adhesive layer
on a change in its thickness: a — a fragment of the experimental spine part

angles of the outer part of the
adhesive layer ¢4..¢5 (Fig.9)
and @g..@1o (given in Table 1
and not shown in Fig. 9), in the
areas marked by points d;...ds
and dg...d1o, as was the case when
we measured the angles of con-
tact, in areas of joining the outer
part of the W-shaped adhe-
sive layer in a gap between the
sections.

In Fig. 8, b, it is not difficult
to notice that at increasing the
thickness of an adhesive layer
from the original of thickness ¢;=
=0.50 mm to the discretely in-
creased 10-Ag (Ag=0.10 mm) of
thickness t19p=1.40 mm (inter-
mediate thickness #5=0.90 mm),
the angle of contact o changes
to a smaller side, from a maxi-
mum, of the measurements made,
of 115°10’, to a minimum of
41°22" (Table 1).

At the same time, the tangent
angles @; change in an opposite
fashion, from a minimum of 64°57’
to a maximum of 138°38" (Fig. 9).

For a general case:

o, =/(z), (15)

of a book block; b — the angles of contact of an adhesive layer with a discrete change in
thickness; F — a separated spine part of the folded sections; 1 — the first single layer of ~ where o; is the angle of contact,
an adhesive; 2, 3, 4, 5 — consistently enlarged layers of an adhesive, by Ay=0.10 mm @; is the tangent angle, ¢; is the

Such measurements of the angles of contact
were carried out consistently from the center o
to the deltoids’ vertices do, ds, ds, ds, marked
in Fig. 8, b, and farther to the vertices dg...d1o,
not marked in Fig. 8, b, because of possible over-
loading with a large number of graphic elements;
their indicators, however, are given in Table 1.

Experimental measurements of the angles
of contact and tangent angles are performed on
the adhesive layers, applied by the experimental
profile roller onto the spine part of the sections’
folds, stitched with threads into a book block.
The enlarged drawing was made, which was used
to measure 10 dimensional angular parameters,
the parameters of which are given in Table 1.

Accordingly, the angles of contact, selected
for modeling and measurements, are marked as
the ay, oy, g, 04, 0s,...0010 angles (Fig. 8, b) for
the growing size of the adhesive layer. For the
convenience of experimental measurements, only
the dimensional half of the angles of contact was
registered: the angles, 50.4...0.50.5...0.501¢; the ob-
tained indicators, before committing to Table 1,
were doubled.

Fig.9 shows a part of the spine fragment
from Fig. 8, b, whose middle deltoid area is

thickness of an adhesive layer.

Py

Fig. 9. Graphic dependences of change in the tangent angles of adhesive
layers on a change in their thickness



The approximately equal angle of contact 0p=93°3" and
tangent angle @o=85°51" are registered at the thickness of an
adhesive layer ¢t=0.60 mm (Table 1). It is possible that the
angles match at the thickness of an adhesive layer within
0.60-0.70 mm.

Table 1

Dimensional indicators of change in the angles of contact o.;
and tangent angles @;depending on change in the thickness
of an adhesive layer t;

Adhesive | Adhesive layer The angle of | Tangent angle,

layer No. thickness, ¢; contact, o; 0
1 t1=0.50 mm oy=115°10" ©1=64°57"
2 to=0.60 mm o -93°3 @2=85°51"
3 t3=0.70 mm 0i3=79°34" ©3=100°20"
4 t4,=0.80 mm o, =69°32 0;=110°43"
5 t5=0.90 mm 05=62°6" @5=117°51"
6 te=1.00 mm 05=56°28" Pe=123°26"
7 t7=1.10 mm 07 =51°48’ ©r=128°13
8 t=1.20 mm 0 =47°34" 05=132°15
9 t9=1.30 mm 0g=44°30" @9=135°40"
10 t1o=1.40 mm 00=41°22" | (10=138°38

The dimensional changes in the angles of contact (a de-
crease in angular indicators) and tangent angles (an increase
in angular indicators), derived in the process of experimen-
tal measurements, are given in Table 1 and reproduced by
chart 1 (Fig. 10).

We denote the diagonals of the deltoids, shown in
Flg 8, b, as ad1=D1, d1d2:D2, d2d3=D3, d3d4=D4, d4d5=D5,
and of those not reproduced in Fig. 8, b but existing in the di-
mensions, given in Table 1, as dsds=Ds, ..., dodio= D1y, as well
as the possible areas d;d;=D;; for a t; layer of the adhesive.

Based on the geometry of matching the adhesive layers
that edge the folds of a semicircular part of each section,
stitched with threads into a book block, the consistent in-
crease in the thickness of the adhesive application affects
the increase in the tangent angles of the outer part of the
adhesive layer, as well as the sequence of converting the
W-shaped plate into a plane.

Matching the two parts of a first layer of the adhe-
sive (Fig. 8, b), of thickness ¢, along the ads line in a gap
between the sections with the centers of the folds o and o,
forms the abidicy deltoid with a diagonal Dy, which, in its
linear dimensions, is considerably greater than the adhesive
layer thickness #4, respectively, Dy #ty and Dy>t;.

A discrete increase in the thickness of an adhesive layer
by the same value increases the tangent angles of the outer
part of the W-shaped surface and reduces the linear dimen-
sions of areas Dj...Dyy...D;j under the following conditions:

(16)

In the case of a tangent angle approaching 180°, there is
a condition that Dj=t; and the W-shaped form of the outer
part of the adhesive layer is transformed, through a gradual
straightening, into a plane.

8. Modeling the bending of an adhesive
plate and calculating the moments of force at the
specified points

To determine the effect of changing the thickness of an
adhesive layer on the angles of contact and tangent angles, as
well as changes in the effort applied to the opening of a book
block, we built an estimation scheme (Fig. 11) for determin-
ing the moments of force applied in the discrete places of
bending the plates of thickness ¢ mm and ¢+Ay mm.

Modeling the bending of the plate of thickness  mm was
carried out at point ¢. To express it experimentally, the mo-
ment of force, due to which there is bending at this point, is
applied at point ay, which is positioned in the place of open-
ing a block in the middle of a section, in a zone limited by the
angle of contact. The next location of the place of applying
the moment of force is at point as, which is positioned in
the place of opening a block between the sections, where the
deltoid glue protrusions are formed (Fig. 11, a).

At the same points a;; and aj, we modeled the bending
occurring at point ¢;, for a plate of thickness t+Agy (Fig. 11, b).

The part of a book block, which remains motionless
during its opening at point ¢, is marked as one in which

contact with the fixing plane takes place

160 at points ¢, m, n, p, s, due to the structural
140 128.13/132.15 135.4 _1_3_%38 features of the W-shaped surface of spine’s
5 117.51 123.26 /.//-———* folds. The static efforts holding this part of
g 120 ’ 110.43 /.//'/ the block in a stationary state are denoted

& N 933 | 1002 PPy Pys (Fig. 8, a).
"z, 100 51 /'/ In the first case, when, to bend the
T % {9‘2 69.32 adhesive plate, point ¢ is where we applied
= 64.57 : 62.6 force P, which exceeds the elastic pro-

) e T — 56.28 . ;
g 60 \0\\ 51.48 | 47 34 perties, the properties of .the strength and
) T — | 443 14122 rigidity of the plate, at point a; there forms
2 40 T the initial triangle of deformation, desig-
< 20 nated by points aibic, the begipning of t.he
movement of the vortex of which at point
0 a leads to the beginning of stretching the
1 2 3 4 5 6 7 9 10 plate at point by.

The numbering of adhesive layers in the angle measurement

positions
——Angles of contact

Fig. 10. Chart of change in the indicators of angles of contact and tangent
angles in the process of changing an adhesive layer thickness

—=-Tangent angles

Fig. 11, a shows the diagram of the
moment of force relative to point a; at
which the vector straight line ajc indica-
tes the radius-vector 7, and the straight
line @by — the force arm hy and at point
¢ — vector F.
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Fig. 11. The spatial system of forces applied to the spine part of a book block when
opening the block: a — estimated scheme for an adhesive layer of thickness ¢t mm;
the triangles of deformation for an adhesive layer of thickness ¢ mm; b — estimated
scheme for an adhesive layer of thickness t+A, mm; the triangles of deformation
for an adhesive layer of thickness t+A,mm

The moment of force F, relative to point ay:

M, (F)=1F, (17)
accordingly, the force module F,:

M, (F)=nF-siny, (18)
considering the force arm A;:

M, (F)=hF. (19)

Fig. 11, b shows the diagram of the moment of force rela-
tive to point a; for an adhesive layer of thickness ¢+Agy mm.
While maintaining all the indicators examined in the dia-
gram (Fig. 11, a), a distinguishing factor is an increase in the
angle marked as angle y; between the radius-vector_ 7, and
the arm of force A, respectively, the module of force F, :

(20)

M, (E) =1Ly -sin gy,

Under condition Ay =h;.

Increasing the y;; angle relative to the y; (y;7>y) angle, ac-
cordingly, the siny; indicator relative to sinyy (siny;>sinyy),
increases the estimated indicator of the moment of force,
which must be applied in order to bend the W-shaped adhe-
sive plate with a thickness of t+Ag mm.

At the moments of applying the efforts at point ay (Fig. 11, @)
and at point a;y (Fig. 11, b), located on the top of the acute
part of the adhesive layers, of thickness ¢ mm and ¢+Az, mm,
in a gap between the sections, and provided /y="h;9, the mo-
ments of force are calculated as the above:
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Tor,
2 .
e angles of deformation.

The triangles of deformation
are built on the cross-sections of
adhesive plates, in which the oppo-
site side to the noted acute angles
is the opposite cathetus, the size of
which depends on a change in the
thickness of an adhesive layer.

The positioning of the bending zone of an adhesive plate
over an area within the semicircular portion of each section
and in a gap between the sections proportionally influences the
moments of force as a contour component of the a1bic, asbc,
aibiic; and apbipc; deformation triangles. The greatest efforts to
bend an adhesive plate would be applied at the vertices of the
deltoids, due to the additional thickness in comparison to the
semicircular plots. To edge the W-shaped spines of book blocks
sewn by threads, the modern Kolbus KM 600 binding line (Ger-
many) uses not the profile but direct application of an adhesive.
The rated consumption of an adhesive for such adhesive sec-
tions (the thermal adhesive BAM 1078, UK) per 1,000 copies is
780 g/m? of the area of the spine part of book blocks.

To determine the possibility of minimizing the adhesive
consumption, we performed an experimental study under
conditions that enable the application of the estimated pro-
file W-shaped adhesive layer. The study was conducted when
making circulating products, the copies exceeded 1 thousand
pieces, at the stage of the technological edging at the Kolbus
KM 600 binding line in the Kolbus BF-512 book line.

Using a stochastic procedure, we selected samples from the
circulation products for conducting Flex Test at the analytical
instrument «Zigloh», in order to determine the strength and
durability of the adhesive spine joint. The selected samples of
circulation products, with the applied estimated profile ad-
hesive layer, passed the Flex Test demonstrating the strength
parameters corresponding to the normative application of an
adhesive onto the spine of a block sewn with threads.

We have derived the average experimental indicators
for the estimated amount of the thermal adhesive that was
applied by a profile adhesive roller on the spine part of a book
block, as well as normative indicators, for the most common
formats of book blocks, previously selected for our research;
they are given in Table 2.



Table 2

The normative and experimental indicators of the consumption of a thermal adhesive for edging
the W-shaped spine part of book blocks

) ) The format and length of a block spine
The thickness of the
spine of the book | 84x108/32 60x84/16 210 mm | 84x108/16 270 mm | 60x84/8300 mm | 60x90/16225mm | 70x100/16 250
block, mm/number Thermal adhesive consumption per 1,000 books, g
of sections
1 2 1 1 2 1 2 1 2
38.08/7 6,240 5,621 8,019 7,246 8,911 7,986 6,812 6,152 7,425 | 6,657
43.52/8 7,129 6,403 9,165 8,271 10,184 9,221 7,617 6,841 8,479 7,732
48.96/9 8,019 7,186 10,312 9,257 11,457 | 1,0297 8,593 7,767 9,548 8,548
54.40/10 8,911 7,977 11,457 10,265 12,730 | 11,453 9,548 8,536 10,609 | 9,503
59.84/11 9,802 8,815 12,603 | 11,349 | 14,003 | 12,575 | 10,502 9,425 11,669 | 10,451
62.88/12 10,299 9,252 13,242 | 11,878 | 14,714 | 13,232 | 11,035 9,903 11,709 | 10,537

Notes: 1 — normative indicators of thermal adhesive consumption; 2 — estimated indexes of thermal adhesive consumption, implemented

industrially

Based on the results of circulation tests, the amount
of the profile W-shaped applied adhesive, calculated for
1 thousand copies, is 700 g/m? of the area of the book blocks’
spine part. This yields 10—11 % savings in the adhesive com-
position, compared to the normative indicators (780 g/m?),
which are currently used in book production at the standard
non-profile W-shaped adhesive application.

The derived experimental estimated parameters of the
consumption of an adhesive (700 g/m?), given in Table 2, are
predetermined by the technical and technological conditions
of production and the operational stability of an adhesive
plate. The estimated indicators of adhesive consumption can
be applied not only to the selected book blocks of a fixed thick-
ness but for blocks of different possible thickness. The results
of our study were implemented at the largest book enterprise
in Ukraine — the State publishing house «Ukrainian Press».

9. Discussion of results of determining the influence
of the thickness of an adhesive layer of the W-shaped
spine part on a change in the angles of contact and
tangent angles

In contrast to the flat isotropic adhesive layers in the
book blocks fastened by a non-stitched adhesive technique,
considered in chapter 2, the W-shaped spine plates, as shown
by examining their cross-sections, represented by a fragment
in Fig. 3, have a complex anisotropic structure.

This is due to that in addition to the adhesive polymeric
composition, which forms the base of the spine part of a book
block, stitched with threads, the surface structure of the
concave part hosts the implanted stitches of sewing yarns,
which, at pre-tension, enable the mechanical fastening of the
sections’ folds. Accordingly, the outer curved surface of an
adhesive layer is strengthened by the planar integration of
an edging paper tape.

It should be noted that changing the thickness of only the
adhesive layer, for identical book blocks, in the static state
does not lead to changes in the surface strength of the com-
posite plate. It, at the same time, remains constant, both on
the side of the surface with the implanted stitches of sewing
threads and from the side of the edging tape.

Moreover, at the same thickness of the adhesive array in
the composite W-shaped spine plate, at the moment of open-

ing a book block, the profile surfaces are exposed to the efforts
that, on one side, stretch the plate, on the other side, crumple,
in the directions shown by vectors P, and P, in Fig. 3.

This means that the increase in the thickness of the ad-
hesive layer from the original thickness, chosen for compara-
tive studies, influences, when the adhesive plate is bent, the
increasing destructive efforts applied to the surface parts of
the plate’s profile structure.

To prove this assertion, it would suffice to investigate the
formation of residual deformation € (1) in the structure of
the adhesive plate, which, after long-term bending, leads to
the destruction of the edging plate and the entire book block.

In this sense, of special interest is to study the stages of the
influence of the thickness of the W-shaped adhesive layer on
the elastic-plastic deformation of two spine adhesive plates,
in one of which the initial thickness of the adhesive is T mm,
in another, enlarged, and corresponds to the size of t+Agy mm.

In closed book blocks, before turning the pages, the
W-shaped adhesive compositions at the concave and curved
surfaces are in a static state and retain proper semicircular
geometry (Fig. 4). At the onset of opening a block and bend-
ing an adhesive, there is a change in the semicircular config-
uration of the concave surface of the adhesive layer, tangent
to the folds of the sections.

The phenomenon studied, in the most visual form, is
observed in the gaps between the sections of the W-shaped
adhesive layer in Fig. 5. The efforts that deviate one part of the
semicircular area of the adhesive plate, moving towards bend-
ing, force to stretch the second part of the semicircular area,
bordering the motionless, when opening, by part of the block.

Comparing the sizes of stretching the semi-circular sec-
tions of the adhesive layer and the duration of the stretching
periods indicates the acceleration of the concave surface de-
struction across the entire plane. The geometry of the investi-
gated phenomenon of the concave part of the adhesive layer,
atop the deltoid plots as the most prone to premature de-
struction, is shown in Fig. 5. The reported study agrees with
practical statements, well known from works [6, 7,9, 11].

However, in contrast to the research results published
in[6,7,9, 11], the data obtained on changing the linear dimen-
sions of the adhesive plate areas under the influence of elastic
deformation forces make it possible to assert the following —
the efforts leading to the linear dimensions change of semicir-
cular areas influence the distribution of internal stresses, from



equilibrium, across the entire structure of a spine plate, to the
formation of the stretching and compressing zones.

To prove this statement, we have graphically represented
the linear deformation €4, €, €1, €2 in the vicinity of points on
the vertices of the deltoid sections of adhesive plates (Fig. 5)
with a thickness of #mm and ¢t+Agmm; it is described by
formulae (6) to (9). In addition, the diagrams of efforts of the

vector groups of stretching P,, P, and compression P,
P, of these adhesive plates, reproducing the parts of the
elastic deformation processes, separated by the midline, are
shown in Fig. 7.

Moreover, the calculation of the total areas of the stretching
and compression zones, represented by formulae (11) to (14),
clearly demonstrates the need for applying much more effort to
overcome the elastic forces of the internal structure of the plate,
provided the thickness of the adhesive layer is increased.

In this case, it should be especially noted that for our
experiments, and to obtain credible indicators, in contrast
to the study reported in [11], the W-shaped adhesive plate
is divided into several sections. One of them reproduces
a semicircular array of the adhesive, tangent to the semicircu-
lar folds of the sections, while the other one fills the deltoidal
areas in the gaps between the sections.

This means that taking into consideration this factor pro-
vides a possibility for the geometrically grounded formation
of the angles of contact of the folds of book sections by the
fixed layers of the adhesive, at increasing thickness.

It should be noted that the experimental measurements
of angles of contact and tangent angles were performed on
the adhesive layers applied by the experimental profile roller,
which we proposed, onto the spine part of the sections’ folds
in a discrete step way. This, in particular, can be seen in
Fig. 8, b, 9, where the semicircles of adhesive layers form the
areas, defined by the angles of contact, as well as distinguish
the deltoidal areas in the gaps between the sections.

It is simple to see that increasing the layer of an adhesive,
from the initial thickness, defined for the experiments, to the
discretely increased by 10 dimensional units, changes the
angle of contact towards the smaller side, from the maximum
to the minimum.

At the same time, the tangent angles change in the oppo-
site manner, from the minimum to the maximum. The dimen-
sion indicators, obtained at measuring the angles of contact
and tangent angles, which confirm preliminary conclusions,
are given in Table 1.

It should be noted that in the diagram of changes in
the angles of contact and tangent angles, in the process of
changing the thickness of an adhesive layer (Fig. 10), at the
intersection of curves, the angles coincide and have the same
dimensions.

In turn, the intersection point of the convergent angles is
projected onto a coordinate axis, which registers an indicator
of the optimal thickness of an adhesive layer for edging the
sections, whose characteristics were selected for our study
in advance.

From a theoretical point of view, based on the geometry
of the convergence of the adhesive layers, the consistent
increase in the thickness of an adhesive, from the optimal, de-
fined in Fig. 10, influences the increase in the tangent angles
of the outer part of the adhesive layer, as well as the sequence
of converting the W-shaped plate into a planar shape. In the
case when a tangent angle approaches 180°, there is a condi-
tion of converting the W-shaped outer part of the adhesive
layer, through gradual straightening, into a plane.

Such conclusions can be considered appropriate from
a practical point of view because they allow a reasonable ap-
proach to determining the thickness of an adhesive layer for
the W-shaped spines of book blocks.

Based on the measurements indicators of the thickness
of paper of book sections for a new edition, it is possible to
calculate the size of the semicircular folds and, by construct-
ing a diagram of change in the angles of contact and tangent
angles, to determine the point of intersection of their curves.
The point of intersection registers the boundary thickness of
an adhesive layer.

The latter relates to resolving the task not only on deter-
mining the influence of change in the adhesive layer thick-
ness on the angles of contact and tangent angles, as well as
determining a change in the efforts applied to the opening of
the book blocks with a thickness of adhesive layers of £ mm
and ¢t+Ag mm.

To express it experimentally, the moment of force, due
to which there is a bending of the plate, applied in one case
at the point positioned in the middle of the section, in the
zone limited by the angle of contact (Fig. 11, @). The other
one is at the point positioned in the place of opening a block
between the sections where the deltoidal glue protrusions are
formed (Fig. 11, ).

When comparing the indicators of the moment of force
at the different points of its application, described by formu-
lae (17) to (26), while opening the book blocks, we observe
the size difference, caused, first of all, by the changes in acute
angles in the conditional rectangular triangles of deformation.

The triangles of deformation are built on the cross-sec-
tions of adhesive plates, in which the opposite side to the
specified acute angles is the opposite cathetus, whose di-
mensional length depends on a change in the thickness of an
adhesive layer.

In turn, it follows that the greatest efforts for bending an
adhesive plate would be applied atop the deltoid areas, due to
the additional thickness compared to the semicircular plots.

By using the identified dependences of the influence of
the thickness of an adhesive layer on the angles of contact
and tangent angles, we have calculated, and implemented
industrially, experimental indicators of thermal adhesive
consumption, given in Table 2, for edging the W-shaped
spine part of the book blocks, stitched with threads, for the
most commonly used book formats.

The suggested method for determining the influence of
the thickness of an adhesive layer on a change in the angles
of contact and tangent angles has helped define the processes
of stretching and compressing the W-shaped adhesive plate,
required for practical consideration. It has also determined
the sign-alternating character of loads during bending,
as well as peculiarities in the emergence of damage and
destruction, due to the intensive use of a book. Therefore,
the method can be introduced for the preliminary techno-
logical calculation of adhesive consumption when compil-
ing technical documentation for the production of books
sewn with threads.

However, it should be noted that the proposed method
for determining the influence of the thickness of an adhesive
layer on a change in the angles of contact and tangent angles
does not take into consideration some important criteria for
studying the elastic-plastic deformation of the W-shaped
adhesive plates. These include:

— the anisotropic composite structure of an adhesive
polymeric plate;



— the properties of the book sections’ paper;

— preliminary tension of the stitches of binding threads,
their thickness and tearing capacity;

— the material and thickness of an edging tape, the
amount of the surface tension created by the tape after gluing;

— the elasticity module, as well as the physical and me-
chanical properties of adhesive polymeric compositions.

Therefore, these caveats point to certain shortcomings
in the proposed method. An area of further research related
to their elimination should focus on determining the impact,
primarily, of the physical and mechanical properties of vari-
ous types of adhesives. Such an adaptation of further studies
would expand practical possibilities to apply the adhesive
compositions industrially, at a minimally sufficient quantity,
to ensure their long operational stability.

10. Conclusions

1. Based on our study of two identical book blocks,
with different thicknesses of adhesive layers, applied on the
W-shaped spine parts, a method has been proposed to exper-
imentally find an optimum ratio of the adhesive thickness to
the efforts arising when opening a book.

Specific features in the structure of the W-shaped spine
part of a book block have been defined while considering it
as a complex composite medium. It is formed from an array
of an adhesive, as the main component, with the stitches of
sewing threads implanted into a concave adhesive surface, as
well as the edging tapes integrated into the adhesive surface
from the curved side.

That has allowed us to argue that bending an adhesive
plate changes the semicircular configuration of the concave
surface, tangent to the folds of the sections, which, over the
periods of prolonged stretching, becomes prone to accelera-
ted destruction.

It is shown that the investigated phenomena of the elas-
tic-plastic deformation of the W-shaped adhesive layer are
observed, in the most visible form, in the zones between the
sections of deltoid areas.

Accordingly, the data obtained on a change in the linear
dimensions of the areas of an adhesive plate make it possible
to argue that the efforts that lead to a change in the linear
dimensions of the semicircular areas affect the distribution
of internal stresses, from equilibrium, throughout the entire
structure of the spine plate, to the formation of the stretching
or compressing zones.

2. Our study has established patterns in the formation
of a description of the elastic-plastic state of the W-shaped
spine part of a book block at its bending, which imply the
distribution of stages in the influence of the thickness of an
adhesive layer on the structural changes and changes in its
geometric dimensions.

It has been determined that bending an adhesive plate
is accompanied by the heterogeneity of its semicircular sec-
tions” deformation. At the initial stage, the semicircular areas
alter the configuration to the indirect linear gain A. This is
manifested in the comparative growth of the linear deforma-
tion for the first semicircular plot @D, at the top of the first
deltoid @D, +A,, the next semicircular plot @D,, at the top
of the next deltoid @D, +A,+A, ,, and, for a general case,
@D, +A,+A, . The geometric divergence in the linear incre-
ment of the adhesive plate deformation meets the condition
A2A,#A, . #A #A,_, #const.

We have investigated the phenomena of stretching the
upper part of the spine plates at points atop the deltoid
areas in the gaps between the sections, in which there
form the zones of stretching to the straight-line segments,
whose length is limited by the elastic-plastic bonds in the
structure of an adhesive layer. It is also limited by the crum-
pling efforts, which depend on the thickness of an adhesive
layer located in the central part of the semicircular plot.
According to the performed experimental measurements,
for the first discrete increase in the thickness of an adhesive
layer by 10 % of the original area of crumpling, and, con-
sequently, the zone of elastic deformation of compression
increases by 22 %.

The offset of the inner polymeric layers of an adhesive
plate contributes to the accumulation of the efforts of elastic
deformation and the creation of an energy reserve to return
a bent adhesive plate to its original position. Accordingly, there
is a return of the stretching zones at points atop the deltoid
plots to the ascending position over a long operating period.

This indicates the possibility of directed adjustment of
the processes that form the W-shaped adhesive layers of
thickness that can be experimentally determined, taking into
consideration the zones of stretching at the tops of deltoid
plots for book blocks of different formats.

3. We have performed experimental measurements of the
angles of contact and tangent angles on the adhesive layers,
applied by a discrete technique, at the predefined step of in-
creasing the thickness of an adhesive.

It has been established that the angles of contact are
changed with increasing thickness of an adhesive layer to-
wards a smaller side — from maximum to minimum. At the
same time, the tangent angles change in an opposite fashion,
from the minimum to the maximum.

In this case, it should be noted that in the diagram of
change in the angles of contact and tangent angles, in the
process of changing the thickness of an adhesive layer, at the
point of curves’ intersection, the angles coincide and have the
same dimensions.

In turn, the intersection point of the convergent angles is
projected onto a coordinate axis, where it registers an indica-
tor of the optimum thickness of an adhesive layer for edging
the sections, with the characteristics selected in advance for
the study.

Such conclusions can be considered appropriate from a
practical point of view because they allow a reasonable ap-
proach to determining the thickness of an adhesive layer for
the W-shaped spines of book blocks.

Based on the measurements of the indicators for the
thickness of paper of book sections for a new edition, it is
possible to calculate the size of the semicircular folds and,
by constructing a diagram of change in the angles of contact
and tangent angles, to determine the point of intersection of
their curves. A point of the intersection fixes the limit of the
possible thickness of an adhesive layer for the technological
application onto a block spine.

4. To model the effect of change in the thickness of an
adhesive layer on the angles of contact and tangent angles,
as well as changes in the efforts applied to open a book block,
we have built the estimation schemes for determining the
moments of force applied at the discrete places of bending
the plates on the thickness of # mm to the thickness of 7+ A, ;
where A ..A, = const.

The diagrams of the moments of forces demonstrate their
dimensional differences, depending on the positioning of the



zone of an adhesive plate bending within the semicircular  the greatest efforts for bending an adhesive plate would be
part of each section and in the deltoid gaps between the applied at the top of the deltoid areas, due to an additional
sections. It has been determined for further calculations that  thickness compared to the semicircular plots.
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