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RESEARCH ON THE INFLUENCE OF TECHNOLOGICAL FACTORS ON
THE QUALITY OF COMPOSITE MATERIALS

Purpose. The purpose of this study is to analyze the impact of the main stages of manufacturing composite prod-
ucts on the probability of various defects. Special attention is paid to finding and justifying practical ways to eliminate
them at the early stages of the production process. The work is aimed at identifying the relationship between technolog-
ical parameters, such as temperature, pressure and polymerization time, and the final quality, strength and reliability of
the finished product. In addition, the goal is to develop methodological recommendations for manufacturers to minimize
defects and increase production efficiency.

Research methods. The work uses an analytical method and a detailed consideration of factors that directly affect
the quality of composite materials. An analysis of scientific and technical literature was conducted, as well as systema-
tization of production practice data. To detect hidden defects and assess their impact on the structure of the material,
modern methods of non-destructive testing were used. This allowed obtaining objective data on the condition of the

material without its destruction, which is critically important for preserving the integrity of products.
Results. Based on literary data and production practice, attention is paid to the production factors that most affect
the quality of manufacturing composite materials and parts made from them. Analysis and comparison of existing
destructive testing methods to preserve the structure of products, as well as the use of various control methods to detect
defects in the complex structure of composite materials, which can ensure high quality of the manufactured products.
Practical value. The work examines the factors that affect the quality of the product during its operation, as
well as technological factors and methods of their control. For the study, practical work was carried out to
determine the influence of technological factors on the quality of the product, and methods for eliminating defects in

ing of the part.

Key words: vacuum, grinded fabric, prepreg, polymerization, venture, composite materials.

Introduction

The modern use of composite materials extends to
all fields of engineering, ranging from the most prominent
such as aerospace, shipbuilding, mechanical engineering,
or other industrial sectors, to our everyday life. The field
of synthesized materials offers new solutions to complex
engineering problems without the mandatory presence of
high-tech equipment or additional mechanical processing
for high-quality surface formation.

Composite materials are combined (the combination
of the reinforcing component and the matrix is adjusted)
to better utilize their advantages while minimizing their
disadvantages. This intensification process allows design-
ers to overcome the limitations associated with the selec-
tion and manufacture of traditional materials, simultane-
ously expanding possibilities in selection, as well as re-
ducing unnecessary steps (such as surface oxidation or

galvanizing), or reducing the weight of structural ele-
ments. It is also possible to use stronger and lighter mate-
rials, whose properties are tailored to specific require-
ments. Thanks to the ease of manufacturing complex
shapes and the reusability of existing structures, the use of
composites leads to more economical and technological
improvements in selected industries.

At the same time, the manufacture of composite ma-
terials is a complex process due to the large number of
technological factors that affect product quality: the
choice of materials, their bonding with each other, tem-
perature regimes, process duration, as well as mechanical
and chemical influences. Managing these factors allows
for controlling and significantly improving the properties
of the final product, obtaining materials with the neces-
sary characteristics for various purposes of their use.
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Purpose

Investigate the technological modes of manufactur-
ing and various deviations that can lead to serious defects
in the composite structure: such as porosity, delamination,
uneven distribution of the reinforcing material, which
ultimately reduces its mechanical strength, durability, and
reliability.

Results and discussion

The main factors affecting the technological process
of manufacturing composite materials have been ana-
lyzed, their characteristics, conditions, types, and areas of
application are presented.

Temperature factor. Temperature is one of the main
factors influencing the process of manufacturing compo-
site materials. High temperatures can accelerate the
polymerization process, which is important for the pro-
duction of composites based on thermosetting polymers,
such as epoxy resins. At the same time, excessively high
temperatures can lead to the decomposition of the materi-
al, significantly deteriorating its mechanical properties.

In the process of manufacturing composites based on
thermoplastic polymers, the "fusion" of fibers with the
matrix is controlled by temperature. The choice of the
optimal temperature is critical to ensuring the strength and
durability of the composite material. If the temperature is
too low, it may lead to insufficient integration of the fi-
bers and matrix, which will affect the material's strength
[1].

At every stage of product manufacturing (during cut-
ting of composite material, milling or drilling, or during
its polymerization in the oven), temperature can affect the
quality of mechanical and chemical factors, the deteriora-
tion of which may lead to a reduction in the subsequent
service life [2].

Effect of pressure. Pressure is a factor that influences
the quality of composite materials, especially during the
forming process: vacuuming (compression and removal of
excess air) or pressing in a mold in thermal presses.
Increased pressure helps achieve better impregnation of
the fibers by the matrix, which improves the mechanical
properties of the composite. High pressure also allows the
creation of a denser structure, reducing the number of
pores or voids, which enhances the tensile strength of the
material.

In vacuum composite manufacturing processes,
where low pressure is used to remove air from the inter-
fiber space, the pressure is controlled to ensure uniform
distribution of the matrix and to achieve the required ma-
terial consistency, thickness, and surface replication of the
mold or mandrel (it is possible to use a repair-type form-
ing where this product will be applied, on the surface of
which the composite material will be laid).

Pressure should be monitored periodically and pos-
sibly more regularly than temperature, due to the presence
of “cold polymerization” (without high temperatures,
properly selected pressure ensures the quality of the for-

mation and bonding of composite layers or parts).

There are several types and modes of pressure in the
manufacturing of these parts:

- pressing, used for creating composites from ther-
moplastic materials, especially in the manufacture of
structures in the form of plates, pipes, blades, spars, and
skins, where there are certain requirements and the need
to control pressure;

- autoclave method, this method is important in the
production of critical components where it is necessary to
achieve a minimum of pores and defects. During the auto-
clave forming process, composites are subjected to high
pressure and temperature in a sealed environment, which
ensures thorough impregnation of the fibers with the ma-
trix and minimizes air pores. Thanks to a reliable pressure
and temperature control system, this method guarantees
excellent quality of the final material with high mechani-
cal and physical properties. Compared to pressing, the
autoclave method allows working with large sizes and
complex parts, making it versatile for the manufacture of
high-precision, reliable, and durable products;

- the vacuum forming method is one of the simplest
and most effective methods for manufacturing compo-
sites, widely used for creating products from thermo-
plastic materials, particularly in small-batch and medium-
batch production. This method is based on the use of vac-
uum to deform the material on a mold, or as previously
mentioned, it is possible to use existing parts or products
as a form. Vacuum forming is used for manufacturing
lightweight or combined structures, such as components
for the automotive industry, household appliances, deco-
rative elements, or ship hulls (side, bottom, keel hull),
which are assembled in large facilities (hangars) and con-
sist of a frame covered with prepreg shaped according to a
specified form and assembled from a large number of
vacuum bags, as well as a large number of vacuum pumps
[3]. That is, the method is limited by the pressure condi-
tions in the system, as well as the cleanliness and quality
of the manufactured products when increasing the vacu-
um size. There may also be a deterioration in the quality
of the prepreg, such as wrinkles when there is a large
bend in the part, where the angle between two vacuumed
surfaces becomes more acute than obtuse;

- the hydrostatic pressure method allows for an even
distribution of pressure from all sides, which is especially
important for complex shapes or large products that re-
quire high precision and density. It helps to avoid local
defects and ensures uniformity of the structure, having a
significant difference from its counterpart (vacuum meth-
od) - the possibility of using higher pressure on the part.

Effect of time. Time is an important factor in the
processes of polymerization and material curing, as all
changes in the structure can only be recorded with the
presence of time variation and its control.

Insufficient polymerization time can lead to the ma-
terial not gaining sufficient strength, while excessively
long time can result in the loss of properties such as elas-
ticity. When manufacturing certain composites, materials
for the mold are used in which the operating temperature
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is lower than the polymerization temperature of the binder
in the composite; therefore, preliminary polymerization is
performed at lower settings (then the part is removed and
final polymerization is carried out without the mold) or
with increased time but reduced temperature.

The time required for the curing of composite mate-
rials also depends on temperature and pressure, as they
can accelerate or slow down the processes of polymeriza-
tion and curing. Considering and regulating these factors
helps maintain the quality of the material and its stability
at all stages of manufacturing depending on various fac-
tors [4-6].

The influence of moisture and other extraneous in-
clusions. Moisture is another important factor that can
affect the quality of composite materials, especially dur-
ing the stages of fiber storage and processing. High hu-
midity can lead to water penetration into the material's
structure, which worsens its physicochemical properties.
This can cause corrosion or degradation of the material, as
well as reduce its strength and resistance to loads.

Moisture control is an important stage at all phases
of composite production, particularly during fiber storage,
matrix processing, as well as during material forming and
curing. Accordingly, air cleanliness is regulated by the
state standard ICTY 1SO 14644-1:2009, there are 4 clas-
ses of cleanliness and more, but under more responsible
production conditions or the creation of composite mate-
rial itself, it is necessary to use a higher cleanliness class
due to the need to meet high quality requirements, as well
as safety in production, where the air may contain ether,
formaldehyde, and other resins and substances.

Moisture can occur as condensation when storing
prepreg at subzero temperatures in freezers, or in the
binder mixture and other consumables, as well as in cut
pieces before the next molding of the material on man-
drels or layups on the mold. Moisture also appears on
glass fiber rovings stored in rooms near resin impregna-
tion areas or layup workstations. In the case of mass pro-
duction and the inability to store materials elsewhere, the
aforementioned materials should be placed in foam inserts
or cores that simulate voids and lighten the subsequent
structure, due to their high porosity and good ability to
absorb moisture and other unwanted substances.

To ensure product quality and avoid further defects
related to poor storage and storage conditions, drying of
the products is carried out, which depends on their type,
structure, and accordingly volume, since in addition to
moisture, there may be wax present in fiberglass fabrics
or possible gasoline or acetylene inclusions on parts dur-
ing storage or manufacturing.

Manufacturers producing fiberglass fabric impreg-
nate it with paraffin emulsion or other types of oil for
preservation purposes, but the presence of such compo-
nents in the fabric composition can significantly affect the
subsequent quality of the manufactured prepreg, so it is
necessary to perform an annealing operation. It is simul-
taneously used as a substitute for drying for fabrics that
have been oiled, but it should be taken into account that
not all fabrics have prior impregnation.

Drying from moisture has better performance in pro-
cess technology due to lower requirements for time and
temperature, as well as necessary equipment, so it is bet-
ter to use fiberglass without adding various preservatives,
which will save time and energy, which will increase
hundreds of times with large production volumes.
It is recommended to perform drying and annealing for as
large volumes of fabric as possible to save resources and
necessary time [7].

Influence of chemical additives. Chemical additives,
such as plasticizers, stabilizers, polymerization accelera-
tors, and other modifying agents, are important compo-
nents of the composite material manufacturing process.
They are used to improve the properties of the material,
particularly strength, flexibility, load resistance, and
thermal stability. However, unlike the effects of moisture
or other unwanted inclusions, additives are controlled
elements of the technological process, and their impact
directly depends on the accuracy of dosing and usage
conditions.

One of the key problems is that incorrect selection or
overdosing of chemical additives can cause defects in the
material, such as reduced stability, formation of pores,
cracks, or uneven polymerization of the binder, which can
lead to defects in parts of the component or product in
critical areas or where a continuous surface is required.
As a result, the part will be defective without any
possibility of repair. For example, using plasticizers in
excessive amounts can reduce the stiffness of the
composite, and stabilizers in high concentrations can
worsen its adhesive properties, affecting the delamination
of prepreg layers or detachment from the bonded part.

Additional risks are associated with the use of addi-
tives prone to the release of volatile substances, such as
ethers or formaldehyde resins. This requires adherence to
strict cleanliness standards in production. To prevent the
release of chemical residues into the air of production
premises, especially in cases of mass production, it is
necessary to use exhaust systems and regular cleaning of
work areas, which should be monitored by recorders and
other control devices.

Chemical additives also affect the storage of materi-
als. For example, polymerization accelerators included in
prepregs, binders, or other pre-treated materials can
change their properties under improper storage condi-
tions. High humidity or inappropriate temperature can
cause undesirable chemical reactions, leading to a deterio-
ration in the quality of the finished product. During the
manufacturing of products, it is necessary to control the
conditions of forming, creating, and processing compo-
sites at all stages to avoid the formation of unwanted in-
clusions or residual stresses, as is the case with extraneous
inclusions (humidity, dust, oily materials). Implementing
these measures will help preserve the mechanical and
physicochemical properties of the composite material and
ensure the stability of its operational characteristics [8, 9].

Preparation of the binder (matrix). The process of
manufacturing composite materials begins with the
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preparation of raw materials. This aspect includes the
preparation of epoxy resin, which is the main protective
component of the reinforcing element and the “form
holder”, since in the production of prepregs, the binder is
responsible for maintaining the shape of the fabric. These
include many types of adhesives with various physical
and chemical characteristics, as well as different modes
and components.

For example, polyurethane adhesives can be either
cold-curing or hot-curing. Their composition includes
polyesters, polyisocyanates, and fillers (including ce-
ment). The chemical reaction that occurs when the com-
ponents are mixed ensures the adhesive hardens. They
have universal adhesion due to polar groups (NHCO),
good vibration resistance, strength under uneven tearing,
and resistance to the effects of petroleum fuels and lubri-
cants. Well-known brands of such adhesives — TT1Y-2,
BK-5, BK-II, leukonate. It is important to note the toxici-
ty of adhesives and their various fields of application,
where in one case they may serve as a sublayer for laying
impregnated fabric, and in another — for bonding compo-
site-metal, metal-metal.

Also, adhesives modified with carbon-containing
compounds are characterized by high heat resistance. For
example, the BK-20 adhesive can withstand prolonged
heating up to 350-400°C and short-term heating up to
800°C, maintaining high strength or altering adhesion
with small doses of “alloying”.

Cyanoacrylate-based adhesives, including brands
EO Ne87 i EO Nel70, are not prone to aging, and their
strength increases during storage.

To improve the adhesive properties, silicone adhe-
sives are often combined with other resins. Many adhe-
sives also use mineral fillers to improve the properties
[10, 11].

Fabric preparation (reinforcing component). When
preparing fabric for impregnation, it is recommended to
use methods or instructions for the production of compo-
sites, in accordance with the materials used in their manu-
facture, due to the structurally different processing and
operating modes.

Fabric treatment involves annealing, or drying. An-
nealing may involve higher temperatures than drying, and
may require more space to remove wax or oils. Drying
has a simpler purpose - it is used to remove moisture,
volatile compounds, oils, and wax from the fabric.

Cleaning the fabric is necessary before applying the
resin to the fiberglass and impregnating it to remove pre-
servatives or moisture. If more specific components such
as dirt or grease are present, the fabric should be cut and
excluded from further use, especially when making criti-
cal structures. This will ensure better adhesion between
the fibers and the resin.

Pre-cutting is performed after heat treatment or af-
ter, depending on the technological process. The fiber-
glass should be cut into blanks of the required shape and
size, with minimal material consumption. This is done
both manually and with the use of special equipment. It is
important to avoid twisting or pulling the fibers when

cutting. But it is not possible to completely avoid this due
to the fact that often reinforcing materials have a high
threshold for shear and tension. In such cases, a larger
specified allowance for this material or preliminary im-
pregnation is used, when it already becomes a prepreg.

When cutting is performed manually, the quality and
accuracy of the manufactured blanks, and accordingly
their subsequent efficiency in the layout, are worse. There
is an imposition of one tolerance on another, especially
when the cutting was designed for a high material con-
sumption coefficient, as well as a large number of threads
and delamination of the fabric blank layer. This phenom-
enon occurs more often with dense material and small
blanks. Material stretching is also possible.

Cutting using special equipment (plotters and their
various types) is more aimed at optimizing production,
improving the quality of cutting, its accuracy, high
material consumption coefficient and the need for only
one person when performing large volumes of production.
This method allows you to ensure high requirements for
cutting with an accuracy of up to 0.1 mm, strong pressing,
and technological efficiency.

Impregnation with a binder (resin) must be carried
out in designated areas (equipped areas or rooms). The
binder must be applied evenly to ensure complete im-
pregnation of the fabric, the cleanliness of its application
and the avoidance of dirt or unnecessary impurities. Par-
ticular attention must be paid to various degreasing agents
or oils. For impregnation, the method of manual applica-
tion, vacuum infusion, as well as equipment in the form of
impregnation machines is used, which allow removing
part of the air and achieving the required ratio of fiber to
resin. Rollers or spatulas are used to evenly distribute the
resin and remove air pockets during the manual method
and vacuum infusion. One of the impregnation machines
is shown in Figure 1.

Figure 1. Modular impregnation line for the production of
fabric or tow prepregs

On one line, solvents from hot-melt resins (binders)
are used, as well as reverse roller coating for the
production of polymer film using hot-melt resins, which
will improve the quality of the applied resin layer and
ensure the proper condition after rolling with rollers.

In such machines, there is precise control of the
thermal process: the speed of heating and cooling, which
will increase the quality of the manufactured products and
reduce the number of scrap with the number of
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unimpregnated zones.

Improving the quality of polymerization, which
determines the mechanical strength, chemical resistance
and durability of future structures and products.

It is necessary to control the temperature and ensure
uniform heating throughout the product. Insufficient
heating can lead to incomplete polymerization, while
overheating can lead to thermal degradation of the resin.
It is also necessary to take into account the materials and
volumes of the matrices and mandrels on which the
prepreg was laid out.

The polymerization time must be optimized and ad-
justed according to the temperature, as an excessively
short cycle can leave the resin uncured, while too long a
time can affect the mechanical properties of the composite
material, or damage the matrix or mandrel.

It is also necessary to use vacuuming, which allows
you to remove air and minimize the formation of pores in
the material structure, reducing the possibility of delami-
nation. The use of pressing for critical and especially crit-
ical parts and assemblies performs better compared to
vacuuming, but reduces the amount of resin. This is espe-
cially important when manufacturing large parts, such as
ship hulls or aircraft or aerospace components.

Ensuring uniform impregnation of the fibers with
resin is important to avoid local defects and weak zones in
the material. The use of infusion methods, such as vacu-
um infusion or the use of pre-impregnated prepregs on
rolling machines, can significantly improve the quality of
impregnation and save time.

Modern monitoring systems, such as fiber optic sen-
sors, thermal sensors, recorders and others, allow you to
monitor the polymerization process in real time and adjust
parameters in case of deviations [12-15].

It is also necessary to avoid critical moments such
as:

- overheating of the material during molding. The
exothermic reaction of the resin can cause local overheat-
ing, especially with large masses. This can cause cracks
or changes in physicochemical properties;

- poor compaction during pressing or incorrect vac-
uum mode can leave free zones that will be filled with
binder and crumpled fabric, causing defects in the struc-
ture;

- improper preparation of the surface of the matrix
or mandrel, or preparation of the reinforcing part (fiber-
glass, carbon fiber) can lead to reduced adhesion between
components and cause delamination of the material.

Forming is carried out by various methods, depend-
ing on the size, shape and functional requirements of the
product. As the material is laid out in layers on the mold
(matrix) manually or automatically, the orientation of the
fibers is controlled to achieve the required mechanical
properties, depending on the inclination: 45°, 90°,

45°x45°,90°%90° (most frequent).
Conclusions

An analysis of technological factors that affect the
quality of the manufactured composite material and parts
has been conducted. The possibility of the occurrence and
detection of defects in the complex structure of composite
materials, cost reduction with appropriate selection of the
necessary control methods, has been considered.
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Omnekcangp Ilerpamon

Mema pobomu. Memow 0ano2o 00CHIONCEHHS € AHANI3 GNAUGY OCHOBHUX €MANi8 BULOMOBIEHHS KOMNOZUMHUX
8UpP0OI6 HA UMOBIPHICINb GUHUKHEHHS pi3HOManimHux deghekmis. Ocobausa ysaza npuoiisacmvcs NOWYKy ma oorpyHmy-
BAHHIO NPAKMUYHUX WIIAXI6 IX YCYHEHHS HA PAHHIX cmadisax eupobHu1020 npoyecy. Poboma cnpsamosana na susinenms
83AEMO38'A3KY MIdHC MEXHONOSIYHUMU NAPAMEMPAMY, MAKUMU AK mMeMnepamypd, muck ma dac noiimepusayii, i Kinye-
6010 SIKICMIO, MIYHICMIO Ma HAOIUHICMIO 20m08oi npodykyii. OKpiM moz2o, Memoio € po3podOKa MemoOUUHUX PEKOMEH-
oayiti 011 BUPOOHUKIE 3 Memoto MiHIMIZ3ayii Opaxky ma niosuujents epekmueHocmi 6upoOHUYMEA.

Memoou docniocennsn. Y pobomi UKOpUCmMano aHATIMUYHUL Memood ma 0emalbHull po3eisio pakmopis, sKi
be3nocepeoHbo 8NIUBAIOMb HA AKICb KOMNO3UMHUX mMamepianie. IIposedeno ananiz Haykosoi ma mexuiyHoi rimepa-
MypU, a Maxodxic CUCMeMamu3ayis OaHux eupoOHuyoi npakmukuy. /[ns euseienHs npuxoeanux oegexmie ma oyinku
iXHbO2O 8NIUBY HA CIMPYKIMYDPY MAMEPIANYy 3ACMOCOBAHO CYYACHI Memoou HepylHieHo20 Konmpoiro. Lle 0ozeonuno om-
pumamu 00'ekmueni 0ani npo cmax mamepiany 6e3 1020 pyuHy8aHHs, WO € KDUMUYHO GANCIUSUM OJis 30epedicenHs
yinichocmi eupoois.

Ompumani pesynemamu. Ha niocmasi iimepamyprux OaHux i upoOHU4ol npakmuxu npuoiieHo yeazy hakxmo-
pam eupobHuymea, sSKi Haublibule GNIUBAIOMb HA SAKICMb SUSOMOGIEHHS KOMNOZUYIUHUX Mamepianie ma demaneu i3
Hux. AHaniz ma nOPIGHAHHA HAABHUX MemOoO0i8 HePYUHIBHO20 KOHMPOIO OJid 30epedceHHs: cmpyKkmypu eupobis, a ma-
KOJIC UKOPUCMAHHS PI3HUX MemOOi8 KOHMPOIIO O/ BUABIICHHS OeheKmie Y CKAAOHIN CMPYKMYPi KOMNOUYIUHUX Ma-
mepianie, wo modxce 3a0e3neyumu 8UCOKY AKICIb 8ULOMOBIEHOI NPOOYKYIl.

Ilpakmuuna yinnicme. B pobomi posenamuymi wunHuKu, AKi GNAUEAIOMb HA AKICMb UPODY NpU 1i020 eKCHIyama-
yii, @ makoosic mexHon02iuni pakmopu i Mmemoou ix Koumponro. s 00CaiodceHHs: 6Y10 BUKOHAHO NPAKMUYHY poOOmy
N0 BU3HAYEHHIO BNIUBY MEXHONO02IUHUX (PaKkmopié Ha AKICMb UpobY, I Memoou ycyHeHHs OegheKmid npu 8U20MOsieHi
Odemari.

Knrouogi cnosa: saxyym, ckiomkanuna, npenpee, noiimepizayis, 36 's13y8aivHe, KOMRO3UYIUHI Mamepianu.
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