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ABSTRACT

Herasymenko YulilaEquipment and process of connecting flexible packaging
elements with thermoplastic adhesive materigualifying scientific work on the rights
of the manuscript.

A thesis for obtaining a scigfic degree of a Ph.D on specialtyllBA Ap p | |
Me ¢ h a.nii blaianal Technical University of Ukraingi |l g o r Si kor
Polytechnic I ®BBstituteodo, Kyiv, 202

The dissertation is devoted to the study of equipment and processes for
preparation of thermoplastic adhesive material -thett adhesive), the formation of
ahot-melt adhesive connection of packaging elements, and its mechanical characteris
which makes it possible to substantiate rational technological regimes nedesshaey
design and operation of packaging equipment.

The technology of joining with thermoplastic adhesive material is widely use
in the chemical, food, and textile industries for the formation of joints in cardboard, par
and polymerpackaging. To meet the needs of consumers, it is necessary to ens
asufficient level of packaging strength and ease of use. Therefore, when creating dur:
high-quality packaging, it is important to pay special attention to the correct selection
materials and equipment, as well as the preparation of the thermoplastic adhesive r
and the process of connecting surfaces. Therefore, understanding the behaviaraif hot
joints, depending on the choice of adhesive type, curing time, type of joingiaellire
thickness, etc., allows creating a strong and reliable connection.

An analytical review of the current state of the study of the melting process
thermoplastic adhesive material (hoelt adhesive) and the process of destruction o
athermoadtesive joint during its opening has been carried out. Existing methods f
modeling equipment and the process of meltingrhelt and forming a hatelt joint are
considered.

According to the results of threview, was found that when modeling the melting

process, some parameters are taken into account, such as changes in the properties



polymer material with temperature, dissipation, rod configuration, letbas been
established that the existing mathematical models of polymer flow in channdfe@rdi
crosssections do not sufficiently take into account the influence of changes in physic
and mechanical parameters and thermal boundary conditions.

The considered modern designs for melting and applyingnieditadhesive have
several disadvantagder example, a slow melting process and its unevenness, as well
the insufficient intensity of acquiring the melting temperature by the polymer materi:
Therefore, the task arises to improve equipment to increase the speed and efficienc
melting thermoplastic adhesive material. And the development of reliable methods f
designing and predicting the behavior of-hwlt adhesives when opening the package
will allow more efficient use of adhesive materials in the packaging industry.

To simulate the mlting process of hanelt adhesive, a mathematical model of the
norrisothermal motion of a polymer melt in a channel was used, which consists
acontinuity equation, nostationary equations of conservation of momentum anc
energy. The mathematical modakes into account the change in the coefficient of slip
on the channel surface as a function of temperature. The problem of melting is sol
taking into account the Cross Law of viscosity concerning the shear rate.

Investigations were carried out on thelting efficiency of a heimelt adhesive rod
in melters of four configurations: a cylindrical shape, the existing configuratio
acylindrical shape with a nozzle, a tubular shape with a mandrel, scré\atype. This
made it possible to establish theterdependence between the feed rates and th
temperature of the habelt adhesive at the outlet of the nozzle, taking into accour
dissipative effects, the dependence of material properties, and thermal bounc
conditions.

The results obtained showed fleasibility of using an improved configuration of
the hotmelt stick (a tubular shape with a mandrel), because the maximum feed rate
such a stick is twice the speed of the material and device of a conventional shape. Rati
geometry is determined frothe point of view of the highest heating intensity of the bar:
a tubular bar with a mandrel sharpeni:

and a mandrel diameter of 2,5 mm. A study of a melter with a tubular rod configurati



has shown that itan increase productivity by 2,4 times while maintaining energy
consumption compared to a traditional configuration.

A more rational design of a screaype thermoplastic adhesive melter with
aprefabricated rod in the form of a tape is proposed. The &alyes of the proposed
design over the existing ones are: increasing the melting rate of the polymer matel
reducing the size and weight of the device, reducing energy consumption and ease of

To study the melting process of hot melt in thaew chaanel, a computer
calculation model based on the finite element method was developed and numer
calculations were made. As a result of the calculations, the temperature distribution al
the length of the channel along the axis ofdbeewwas obtainedor different values of
the angular velocity of thecrew It is determined that the optimal value of the angular
velocity of thescrewis 2.5 rad/s. Dependences have been obtained that make it possi
to control the temperature of the huoelt adhesivat the outlet of the heating channel
and the consumption of material when changing the values sttbespeed

The process of formation of a hatelt adhesive seam under the action of pressing
force and cooling is simulate@he dependence of the shape of the seam on the value
the pressing force and the consumption ofrhett adhesive material is predicted, which
makes it possible to determine the appropriate value of these parameters to ensure of
and sufficient stnegth of the joint. Increasing the downforce of the rolls makes it possibl
to increase the seam width proportionatélfne simulation results are confirmed
experimentally.

To simulate the process of destruction of an adhesive joint, a mathematical mo
of the adhesiorzone based on continuum mechanics was used with the use of stren
and energy parameters to predict the propagation of a crack in the joint. The mathema
model includes the equation of the total potential energy, the equation of théeagtb,
and the critical fracture energy (according to the EBlEmoulli beam theory).

The connection between the consumption ofrhett adhesive and the strength of
the hotmelt adhesive was experimentally established, and the most appropri

consunption value from the point of view of strength was obtainkdhas been



established that the strength of the adhesive joint does not depend on the width of
seam.

The considered model and the method of numerical modeling of the strength
adhesive jaits make it possible to predict the necessary and sufficient value of tl
strength of the joints for convenient separation by the consumer, and on the other h
to prevent sellepressurization.

A methodology for conducting relevant research and expatahéacilities for
their implementation, which are used in the educational process at the Departmen
Chemical, Polymer and Silicate Engineering of the National Technical University
Ukraine "lIgor Sikorsky Kyiv Polytechnic Institute”. Improved desighshe device for
melting and applying hamelt adhesive are protected by utility model patents of Ukraine

Experimental studies on the rupture of tape paper samples connected {gedthot
adhesive melt were carried out under various technological apphc modes:
atdifferent feed rates of the hatelt adhesive rod, broaching, and clamping force.
Studies on the strength of the fméelt adhesive connection made it possible to establisl
the dependence of the braking force on the consumption ehéibtadhesive, which
showed that the rational material consumption to achieve the maximum strength of
connection is 0,005 g/mm. It has been established that the strength of the adhesive
does not depend on the width of the seam. Also, studies of tdengamtrength of paper
samples with silicate glue, polyvinyl acetdtased glue, and hotelt adhesive showed
the advantage of using hotelt adhesive to create joints.

The scientific novelty of the results obtained lies in the creation of methods for t
development and improvement of equipment and the process for creatingnalhot
adhesive, which ensures the determination of the design parameters of the equipmen
rational technological modes for the implementation of the process of joining wi
athermoplastic adhesive material.

The scientific and technical results of the dissertation work were introduced in
the educational process of the Department of Chemical, Polymer and Silicate Enginee
of the National Technical University of Ukraine "lg&ikorsky Kyiv Polytechnic



|l nstitute", as we |l | as t o t he LLC
implementation acts.

Keywords: packing machine, polymer, thermoplasticrhett adhesive, melting,
adhesive joint, strength of a joint, mathematical madeherical simulation, temperature

field, mechanical properties, strength.
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Normal Stress
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TOBAPNUCTBO 3 OBMEXEHOIO
BIJIITOBIJTAJIBHICTTO

«AT'POCBIT»

m. KniB, Kyapsieskuii y3Bi3, 5 6
In. kox 30167380 ren/paxc (044) 412-76-93

N 22 Bin (5 06 20

AKT
BIIPOBA/I’KEHHS Pe3yJ/ibTaTiB HAYKOBO-TeXHIYHHX pillleHb,
BUKOHAHUX MaricTpanTkoio kadeapu XIICM KIII im. Irops Cikopcbkoro
I'epacumenko 10.1O.
niJl KepiBHUUTBOM K.T.H., JoueHTa kadeapu XIICM KIII im. Irops Cikopcbkoro
Cokoabcbkoro O.J1.

L{yM akTOM MiATBEPIKYEMO, L0 PE3yJbTaTH HAYKOBO-TEXHIYHMUX PIillIEHb 1HKEHEPHO-
XiMiyHOro akynprery HarioHanbHOro TexHiuHOro yHiBepcutery Ykpaiuu "KuiBcbKuii
nosiTexHiyHuit iHcTUTYT iMeHi Iropst Cikopchkoro" B paMKax BHKOHAHHS MaricTepchKoi
mucepranii «[Ipornec riaBaeHHS NPUCAAKOBOTO MOJIMEPHOr0 Martepiajlly [jisi 3BapiOBaHHs
€JIEMEHTIB yNaKOBKW» Ta iHIIaTMBHUX HOCIiIKEHb 32 TeMOK «MOenoBaHHs Ta yI0CKOHA-
JIEHHS KOHCTPYKLIMHMX MaTepiajliB, TEXHOJOTIYHMUX MPOLECIB i XiMIYHOro 0oOGJajHaHHA»,
Homep aeprkpeectpauii 01150005592, Bnposamkeno va TOB «Arpocit», M. Kuis.

HayxoBusmu KIII im. Irops Cikopcbkoro mo Ha Bupobuudiit 6a3i TOB «Arpocsit» B
nepiox 3 03.04.2017p. mo 28.04.2017p. 3xificHEHO AOCHiAHO-TIPOMUCIIOBE BIPOBAKEHHS
TEXHIYHUX pEKOMEHJAlili MO0 yYTOYHEHOMY TEXHOJOrIYHOMY #  KOHCTPYKTHBHOMY
0(OPMJIEHHIO MPOLIECY TEPMOKIECHOBOTO 3’ €IHAHHA ManepoBoi YMaKOBKH.

Ha ocHOBI mpoBeAeHOro KOMITIOTEPHOrO MOJEMIOBAHHSA Ta €KCIEPUMEHTAIbHUX
nociimpkens, nposeaeHux Ha 6asi KIII im. Irops Cikopcbkoro, 6ynu Bu3HaueHI e(peKTHBHI
KOHCTPYKTMBHI Ta TEXHOJOTIUHI MapaMeTpu Mpouecy TEepMOK/IEHOBOro 3’ €/HaHHs, SfKe
JI03BOJISI€ 3aMIHUTH 3acTapijie TpaJuLiiiHe KIeHOoBE 3’ €IHaHHS.

Anpobauis Haganux I'epacumenko H0.JO. pe3ynbTaTiB KOMI''OTEPHOIO MOJEIIOBAHHS
PEXHMIB eKCTpy3il TEpMOKJIEI0 Ta EKCMepUMEHTANIbHO BU3HAUEHO! MillHOCTI 3’€IHaHHA
J03BOJIMJIA BCTAHOBMUTH, LIO YTOYHEHi KOHGirypauis, MpOAYKTHBHICTH Ta TEMIEpPaTypHi
pexxumu o6JaJHaHHA JalOTh 3MOTY 3a0€3MeYMTH NpPUHHATHY MILHICTh Ta TEPMETHYHICTDH
3aKyINOPIOBaHHS IAlepoBOi TapH 3 IMiABUINEHOI0 MPOJYKTHBHICTIO ¥ HaliiiHicTIO npu
NOJAJBIINX TEXHOJIOTIYHUX OTepaLlisx.

IIporHo3oBanuii eKOHOMIYHMI edeKT BiI BMPOBAKEHHS TEXHIYHMX IPONO3MULIHA 3
YIOCKOHANIEHHS KOHCTPYKTMBHOTO OGQOPMIEHHS i TEXHOJOrIYHOro pEeXHMYy MpPOLECY
3akynoptoBanHs Ha TOB »Arpocsit» ckinanae 85 (BiciMaecsT n’ATh) THC. TPH.

I1eii akT He € MiACTaBOKO IS MPE IBAEHHS (PiHAHCOBUX BUMOT.

Jupekrop /; 7,//-/2(

Tapan B.O.
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