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The proposed measuring technique and measuring device,
in comparison with prototypes, allows to obtain the objective
indicators of measurements of destructive pressure,
in the longitudinal and transverse directions, in materials
with a heterogeneous structure such as cardboard, chrome
ersatz and dense types of coated papers, from which integral
and semi-rigid covers for book and magazine products
are made, in contrast to measuring devices that record indirect
indicators of destructive pressure, without taking into account
the internal structure of test materials.

Keywords: cover; machine direction; clamping mechanism;
impression element; destructive forces; material rigidity.

Statement of the problem

The task of studying the tech-
nological features of measuring
the rigidity of binding materials for
the manufacture of integral and semi-
rigid covers is the need to deter-
mine objective indicators of mea-
suring destructive pressure in the
longitudinal and transverse direc-
tions in materials with an inhomo-
geneous structure such as card-
board, chrome ersatz and dense
types of coated paper with a mass
of more than 200 g/mZ2.

Scans of integral and semi-rigid
covers are cut from one sheet of ma-
terial and, subsequently, are stored
in spatial structures with edges or
valves, which are fixed with adhe-
sive polymer compositions to the
main plane of the covers, forming
a strong solid structure [1].
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The determination, when de-
signing, of the components of the
book, of the location of the direc-
tions of the folds of the first or se-
cond pages of covers, in the longi-
tudinal or transverse directions of
the materials from which the covers
will be made, significantly affects
the operational durability of the
covers and, accordingly, of book
products in general.

The design of the measuring
device shall take into account the
possibility of obtaining objective
indicators of the burst strength
and destruction of experimental
samples of covers that have a sin-
gle thickness of the manufacturing
material, double without glueing-
off, and also double glued along
the internal plane of the spatial
double structure.
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An analysis of previous

research

The known clamping mecha-
nism UGT-7013-MD for determin-
ing the burst strength of card-
board and corrugated cardboard,
which consists of two elements
of the sample clamp, made in the
form of rings, rubber diaphragm
mounted on the upper clamping
element, and the load mechanism,
that contains hydraulic cylinders,
manometer, pressure gauge [2].

The measurement technique
consists in creating a smoothly in-
creasing hydraulic pressure effect-
ing through the rubber diaphragm
on the surface on one side of the
sample compressed along the ring,
in determining the pressure value
at which the sample is destroyed.

The disadvantage of this device
is the uneven growth of hydraulic
pressure, which through the rub-
ber diaphragm affects only one sur-
face of the sample compressed
along the ring; the use of distilled
glycerin in the hydraulic system
and the need for periodic change
of the rubber diaphragm negative-
ly affects the duration of the re-
search process.

A clamping mechanism for de-
termining the burst strength of card-
board and corrugated cardboard
is also known, consisting of upper
and lower clamping elements in the
form of rings, the upper of which is
equipped with a bursting element
with hydraulic means for creating
pressure, and the bursting ele-
ment is made in the form of carbo-
lite ball [3].

The internal structure of most
part of the binding materials for the
manufacture of covers for book
and magazine products, in the
process of their physicochemical

creation, is heterogeneous — due
to the directivity of the fibers of
these materials in the longitudinal
direction, which is determined by
the feature of the technological
process of their manufacture.

Because of this, the resistance
to operational destructive forces
will depend on the spatial position-
ing of the cover scan on the mate-
rial in the machine or transverse
machine directions.

Accordingly, the destructive
strength in the longitudinal direc-
tion is greater than in the trans-
verse direction, therefore, the dis-
advantage of such a device is that
the pressing of carbolite ball into
materials with an inhomogeneous
structure does not determine
objective indicators of destructive
pressure in the longitudinal and
transverse directions [4].

The aforementioned tools and
the technology for measuring the
destructive forces of bursting the ma-
terials with a heterogeneous stru-
cture, such as cardboard, chrome
ersatz and dense coated papers,
allow only indirect indicators to be
recorded, through the round de-
sign of the bursting elements, the
effect of which on the materials
under study does not distinguish
the heterogeneity of the structure
of these materials in machine and
transverse machine directions.

Accordingly, the minimum indi-
cators of destructive forces in one
of the directions of the existing
structure of the material, which will
negatively affect further perform-
ance and premature destruction of
book products during using, will
not be taken into account when
designing the manufacture of cov-
ers and forming slopes for print-
ing, further cutting and folding of
the edges, or valves.
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Also, the method for determin-
ing the fracture strength of paper
and cardboard with repeated bends
is known [5]. Measurement of the
fracture strength of paper and card-
board samples up to 1.4 mm thick
shall be carried out with their mul-
tiple bends at an angle of 900, in
each direction, from the vertical
position to the fracture of the sam-
ple, under a constant load. Measu-
rements are carried out on a UGT-
6014 bending strength tester.

Unlike previous tests, the de-
termination of the strength at mul-
tiple bends is possible, both in the
longitudinal and transverse direc-
tions of the samples, that are fixed
in the device one by one, changing
the position in the clamps by an
angle of 90° with each new sample
and new test.

But a significant factor in limit-
ing the widespread use of the
methodology for determining the
strength of materials with an inho-
mogeneous structure for scrap is
the length of the process of multi-
ple bends, which complicates the
measurement process, as well as
the unit of measurement, in the
form of the number of bending
cycles to complete destruction of
the sample, has a relatively trust-
worthy nature of the test results.

One of the technological ope-
rations in the manufacture of sim-
plified covers of increased rigidity
is the formation of fold lines for the
first and second pages of covers,
which are formed by scoring dur-
ing cutting of the scan, simultane-
ously with cutting, or folding a
double spatial design of the cover,
gluing edges and valves, by hatch-
ing or rolling a sealing disk, the
thickness of the forming oval sur-
face of which is equal to the width
of the scoring grooves [6].

The determination of the rela-
tionship between the rigidity of
cardboard and the rigidity of scor-
ing lines, in accordance with the
requirements of the BS 6965 stan-
dard, is determined by the resist-
ance of the sample with a length of
50 mm of bending with 15 degrees
[7]. The rigidity of the scoring line
is determined by the strength of
the residual elasticity after keep-
ing the prepared sample bent at an
angle of 90 degrees for 15 seconds.
The UHA-CBT1 device contains a
measuring channel designed to
measure the force required to bend
a sample of a given length and
shape at certain angles.

The determination of the rela-
tionship between the rigidity of
cardboard and the rigidity of scor-
ing lines, according to this tech-
nique, is static in nature and, due
to the scoring line deformed by
the seal, regardless of the direc-
tion of its location on binding ma-
terials, also does not provide reli-
able indicators of ratios in the
machine and transverse machine
directions.

The aim of the work

Considering the peculiarities of
the internal structure of part of bind-
ing materials such as cardboard,
chrome ersatz and dense types of
coated paper in machine and
transverse machine directions, as
well as differences in the process-
es of operational destruction of
materials, as components in inte-
gral and semi-rigid covers of book
products, the determination of the
minimum and maximum indicators
of the destructive forces of such
materials, before the start of the
manufacture of covers, the blanks
of which are cut from one sheet of



TEXHOJIOTIYHI

NPOLECWH

material and formed into various
spatial structures, is an important
task of design and technological
preparation of a book publication
for production.

The possibility of creating a
measuring device and developing
a technology for measuring the
rigidity of binding materials for the
manufacture of integral and semi-
rigid covers in the machine and
transverse machine directions is
also subject to study.

The results of the research

conducted

The rigidity of binding materials
such as cardboard, chrome ersatz
and dense types of coated papers
used for the manufacture of
edged, integral and semi-rigid
covers is one of the main meas-
urement indicators that are deter-
mined during the incoming
inspection of materials before
starting the process [8].

Since the covers and materials
from which they are made, in the
first place, perform protective
functions in relation to book and
magazine blocks, in terms of wear
resistance, operational strength,
preservation of the structural and
artistic form, and only then aes-
thetic, design, organoleptic, etc.
functions, then such mechanical
characteristics as burst strength,
fixed between the clamping plates
of cardboard or other binding
material with a heterogeneous
structure, help to identify weak-
nesses of materials and their ori-
entation during prototyping, print-
ing, cutting, die cutting, folding,
gluing and further operation [9].

The objective of the study was
to create the design of a measur-
ing device for determining the

burst strength of certain types of
binding materials such as card-
board, chrome ersatz, coated
paper, for the objective determina-
tion of pressure indicators at which
samples are destroyed in the lon-
gitudinal and transverse direc-
tions.

The assigned task is solved in
such a way that the design of the
measuring device proposed by the
author for determining the burst
strength of cardboard, chrome er-
satz, coated paper consists of upper
and lower clamping elements, the
upper of which is equipped with a
bursting element with hydraulic
means for creating pressure [10].

However, to measure the de-
structive pressure in the longitudi-
nal and transverse directions, the
clamping elements are made in
the form of two rectangular plates
with the same rectangular holes in
the center of each plate; in the
lower base plate, the six threaded
holes are cut into, in which four cy-
lindrical guides are screwed in for
positioning the upper plate in rela-
tion to the lower plate, and two
threaded rods with washers and
nuts, with the help of which a sam-
ple of the studied binding material
is pressed by the upper plate to
the lower plate.

And the bursting mechanism
with a hydraulic means of creating
pressure is equipped with a burst-
ing element in the form of a paral-
lelepiped, the lower part of which
is made as a half of cylinder, divid-
ed into two parts along the axis of
the cylinder and the diameter of
which is equal to the width of the
parallelepiped and the length of
the bursting element is four times
greater than its width.
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The bursting element creates
destructive pressure on the meas-
uring samples of cardboard and
chrome ersatz located in the clamp-
ing device, first one sample in the
longitudinal and then the next sam-
ple in the transverse directions.

In this technical solution, the
design features of the measuring
device for determining the burst
strength of cardboard chrome er-
satz, coated paper — materials
with a heterogeneous structure,
allow to obtain objective indicators
of destructive pressure measure-
ments in the longitudinal and
transverse directions.

A comparative analysis of the
proposed technical solution with
the prototypes allows to conclude

that the proposed technical solu-
tion has significant features that
distinguish it from prototypes and
known technical solutions and de-
termines the achievement of the task
due to the ability to create destruc-
tive pressure on the experimental
samples of binding materials for
the manufacture of integral and
semi-rigid covers, using a bursting
element, in the form of a paral-
lelepiped, the lower part of which
is made as a half of cylinder, divid-
ed into two parts along the axis of
the cylinder and the diameter of
which is equal to the width of the
parallelepiped. The bursting element
carries out movement through the
rectangular openings of the clamp-
ing plates, between which a meas-
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Fig. 1. Testing device for determining the burst strength of binding materials:
cardboard, chrome ersatz, coated paper (top view, section C-C)
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uring sample of cardboard or chro-
me ersatz is clamped, first one
sample in the longitudinal direc-
tion, and then the next sample in
the transverse directions.

The essence and principle of
operation of the proposed techni-
cal solution are explained by the
drawings presented in Fig. 1-3,
where the structural diagrams of
the measuring device are present-
ed and the blanks of cardboard,
chrome-ersatz, thick coated pa-
per, or other binding material with
a fiber structure in longitudinal and
transverse directions are shown.

The measuring device (Fig. 1,
2) includes: a bed (1) with a lower

rectangular pressure plate on which
the test sample (3) is mounted, an
upper rectangular pressure plate
(4), bursting element (5), in the
form of a parallelepiped, the lower
part of which is made as a half of
cylinder, divided into two parts
along the axis of the cylinder and
the diameter of which is equal to
the width of the parallelepiped (s =
= D), hydraulic pressure generat-
ing tool (7) to which the bursting
element is attached; 4 (four) cylin-
drical guides (8) positioning the
upper pressure plate in relation to
the lower pressure plate, 2 (two)
threaded rods (9) with washers
(10) and nuts (11), with the help of
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Fig. 2. Testing device for determining the burst strength of binding materials:
cardboard, chrome ersatz, coated paper (sections A-A, B-B)
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which a sample of the testes card-
board or chrome ersatz is pressed
with the upper plate to the lower
plate.

The upper pressure plate (4)
has 6 (six) cylindrical through ho-
les (12) for passing the cylindrical
guides (8) and threaded rods (9),
and the lower plate (2) has 6 (six)
threaded holes (13) into which cy-
lindrical guides and threaded rods
are screwed in.

The bursting element is atta-
ched to the hydraulic means for
creating pressure (7) using a thre-
aded hole (6). The overall dimen-
sions (width and length) of the

bursting element s, x I, for 3 mm,
on each side, are smaller than the
overall dimensions s, x |, of rec-
tangular holes in the upper and
lower pressure plates.

The length of the bursting ele-
ment |, is four times (l; = 4s,)
greater than the width s;. The
height of the bursting element h
consists of the height of the paral-
lelepiped h, and the radius r of half
the cylinder from which the lower
part of the bursting element is
formed (h=hy +r).

The test sample (3) of cardboard
or chrome ersatz has transverse
(14) and longitudinal (15) fibers.
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Fig. 3. Testing device for determining the burst strength of binding materials:
cardboard, chrome ersatz, coated paper (assembly drawing)
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The measuring device is used
to determine the burst strength of
cardboard, chrome-ersatz and
dense types of coated paper in
machine and transverse machine
directions in order to obtain objec-
tive indicators of destructive pres-
sure, which must be taken into
account when designing spatial
structures of integral and semi-
rigid book and magazine covers,
as well as places of their bends
during operational use.

A measuring device for deter-
mining the burst strength of card-
board, chrome ersatz, thick coat-
ed paper, or other binding material
in the longitudinal and transverse
directions works as follows.

The sample 3, with a longitudi-
nal placement of fibers in the
structure of the test cardboard or
chrome ersatz, is placed on the lower
pressure plate 2, into the threaded
holes 13 of which the cylindrical
guides 8 and the threaded rods 9
are screwed, so that the entire sur-
face of the plate is overlapped with
the sample.

The upper pressure plate 4
through holes 72 along cylindrical
guides and threaded rods is posi-
tioned on the upper part of the test
sample. Using washers 70 and
nuts 77 twisted onto threaded
studs with an interference fit, the
upper pressure plate tightly fixes a
sample of the test cardboard or
chrome ersatz.

Due to the gradual increase of
pressure in the hydraulic device 7,
the bursting element 5 drops
down, passes through the first
rectangular hole in the upper pres-
sure plate 4, comes into contact
with the sample 3, continues to
lower down through the rectangu-
lar hole in the lower pressure plate

2 and destroys the structure of the
sample 3. Force of the destruction
of sample placed in the measuring
device in the longitudinal direction
is fixed using measuring equipment.

The next stage of measuring
the destructive force is carried out
in the same sequence for a sam-
ple placed in the measuring device
in the transverse direction.

The conclusions

The proposed measuring tech-
nique and measuring device, in com-
parison with prototypes, allows to
obtain the objective indicators of
measurements of destructive pres-
sure, in the longitudinal and trans-
verse directions, in materials with
a heterogeneous structure such
as cardboard, chrome ersatz and
dense types of coated papers,
from which integral and semi-rigid
covers for book and magazine
products are made, in contrast to
measuring devices that record in-
direct indicators of destructive pres-
sure, without taking into account
the internal structure of test mate-
rials.

A special feature of the pro-
posed measuring device is the de-
sign of the element of impression
into the test material in the form of
a parallelepiped, the lower part of
which is made as a half of cylinder,
divided into two parts along the
axis of the cylinder and the diame-
ter of which is equal to the width of
the parallelepiped, which provides
not intermediated, but a different
nature of the obtained measure-
ment results, larger in the longitu-
dinal direction, smaller in the
transverse direction.

The obtained indicators of the
destructive forces of impression
into materials with a heterogeneous
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structure in the machine and trans-
verse machine directions con-
tribute to the determination of the
minimum and maximum measure-
ment components, that should be
used in designing of placement of
covers scans on printed sheets,
taking into account further opera-
tional bends of the pages of cov-
ers attached to the book-magazi-

ne blocks by non-sewed method,
or using book sewing with thread.

The punching element moves
through rectangular openings of
the clamping plates, between
which is clamped the measuring
sample of the binding material,
first one sample in the longitudinal
and then the next sample in the
transverse directions.
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3anponoHOBaHO TEXHOJNOriI0 BUMiPIOBaHHS Ta BUMipIOBaJIbHUMN
NPUCTPIN, WO NOPIBHAHO 3 NPOTOTUNAMU, A,O3BOJISIE OTPU-
MyBaTU 00’ €KTUBHI MOKa3HUKU BUMiPIOBaHb PYAHIBHOroO TUCKY,
B NO3A0BXHbOMY i MONEepeYHoOMy HanpsiMKax, y maTtepianax
i3 HEOQHOPIAHOIO CTPYKTYPOIO TaKUX, IK KAPTOH, XpPOM-ep3aL,
i WinbHI BUAN KpengoBaHnNX nanepis, i3 AKUX BUTOTOBASAIOTb
iHTerpanbHi Ta NiBXXOPCTKi 00KNaANHKN OJ1 KHMKKOBO-XXYP-
HaJIbHOI NPOAYKLii, HA BigMiHY BiA BUMiplOBasibHUX MPUCTPOIB,
wo ¢ikcyloTb onocepeakoBaHi NOKa3HUKU PYAHIBHOIO TUCKY,
0e3 BpaxyBaHHS BHYTPILUHbOI CTPYKTYPU AOCHIAXKYBaHNUX
martepianiB.

Kniouosi cnoBa: o6knagnHKa; MaluMHHNA HaNPSMOK;
3aTUCKHUWA MEeXaHi3M; eJieMeHT BAaBJ/IIOBAHHS;
PYWHIBHI 3yCcuUnna; XXOPCTKiCTb MmaTepiany.

MpeanoxeHa TEXHONOrMS U3BMEPEHUS U UBMEPUTENbHOe
YCTPOIACTBO, KOTOPOE MO CPAaBHEHMIO C NPOTOTUNamMu, NO3Bo-
nseT nony4yatb 06beKTUBHbIE NOKa3aTen UsMmepeHui
paspylUMTeNIbHOro AaBJIeHNs, B NPOA,0JSIbHOM U NOMNepe4yHoM
HanpaeBneHusiX, B MaTepuasnax ¢ HeOAHOPO4HON CTPYKTYpPOiA
Taknx, Kak KapTOH, XpOM-3p3aL, U NJOTHbIE BUAbl MEJIOBaH-
HbIX Gymar, U3 KOTOPbIX U3roTaBUBaIOT MHTErpanbHbie
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nony>xepcTkue 06/1I0XKKM AJ1si KHUKHO-)XXYPHaNbHOA NPOAYKLUM,
B OT/INYME OT U3MEPUTENbHbIX YCTPOUCTB, GUKCUPYIOLLUX
KOCBEHHbI€ NMoKa3aTesnu paspyLunTeNibHOro AaBfeHus,
0e3 yyeTa BHYTPEHHel CTPYKTYpPbl UCCIeA0BaHHbIX
mMaTepuasnos.

KnioueBbie cnoea: 06/10kKa; MalLMHHOE HanpaBieHue;
3aXXMMHOIN MeXaHN3M; 3JIeMeHT BAaB/INBaHUS;
pa3pyLuuTesibHbie YCUNUNS; XXeCTKOCTb MaTepuana.
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