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Abstract

The article shows the results of
experimental studies of stability,
supercritical behaviour and fracture
of plates of a layered composite
material. Composite plates are made
of fiberglass layers glued with epoxy
resin. To reliably assess the bearing
capacity of laminated plates,
numerical and experimental methods
are used. A methodology for
experimental research of the
deformation and strength properties
of composite materials using testing
equipment has been developed. The
difference  between the critical
strength values of three-layer samples
and the critical strength of four-layer
samples was determined to be 2-3%.
Thus, products from composite
materials (unmanned aerial vehicles)
can be made from three-layer plates to
reduce their weight. Models of two-

layer, three-layer, and four-layer
plates were performed with the
ANSYS program. The obtained

experimental results were compared
with numerical values. The possibility
of using experimental data of the
mechanical behaviour of layered
composite materials in the design and
calculation of unmanned aerial
vehicles was estimated.

1. Introduction

One of the main tasks facing designers to create
unmanned aerial vehicles is to increase the
reliability of the structure [1-2] due to the
stability of strength characteristics and the

accuracy of aerodynamic contours with a
simultaneous increase in manufacturability, as
well as creating a structure with a more accurate

profile from composite materials [3-4].
Preliminary  calculations, experimentally
confirmed  simulation,  introduction  of

nanomodifications of composite materials allow
us to develop a new approach to extending the
life cycle of elements and assemblies,
increasing the specific strength, rigidity and
stability of the structure when working under
complex loading (including dynamic) [5], and
above all, these lead to a decrease in the mass of
structures with an increase in their bearing
capacity. Calculations of the stress-strain state
of structural elements and the optimal choice of
the layering structure of composite materials
ensure the strength of the product depending on
the perception of external loads. In selecting
rational structural and technological solutions
for the products, modeling the stress-strain
state, optimization and experimental
characterization of layered composite materials
are of great importance [6]. Layered composite
materials have a wide range and a unique
combination of properties such as high strength,
corrosion resistance, wear resistance [7-8]. A
significant role in the process of creating new
materials is played by an experimental study on
the strength and stability of samples [9].

2.Experimental work

This article presents the results of experimental
studies of the stability and fracture of laminated
plates made of composite material with a
different number of layers. Two series of
samples were made, one from fiberglass and the
other with the inclusion of foam between the
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layers of fiberglass. Samples of the first series
of fiberglass are:

10 samples of four layers;
10 samples of three layers;
+10 samples of two layers.

Samples were made in the research and
production laboratory “Reliability, strength of
products and structures” of the East Siberia
State  University of  Technology and
Management. The manufacturing of samples
involved contact molding by layering in a mold,
lubricated with a release coating of reinforcing
material (T-10 fiberglass) with simultaneous
impregnation of each layer with a binder (epoxy
resin with hardener). After impregnation
additional rolling was carried out to eliminate
air bubbles and ensure the uniform distribution
of the resin. At this point a thorough air removal
is necessary to avoid interlayer defects that
otherwise may occur. Batches of samples
consisting of two, three and four layers were
made. After forming they were dried and
subjected to mechanical processing. Then all
the samples were numbered and measured at the
cross section of their working part. Using, The
width and thickness in different sections of the
sample were measured by a micrometer and an
electronic caliper. Deviations both in width and
thickness were £0.1 mm.

Samples for the experimental determination of
the mechanical characteristics of composite
materials satisfy the following requirements [9]:

sthe ability to
loading schemes;

implement simple standard

ssimplicity and low cost of the device for
testing;

eease of installation in the testing machine and
testing;einsensitivity to the method of
attachment;

sreproducibility of experimental estimates of the
studied characteristics. Figure 1 shows the
manufacture and preparation of samples for
testing.

i

Figure 1.Production and preparation of samples
for experiments.

Accurate determination of the mechanical
characteristics of composite materials s
possible using modern equipment with high
accuracy of recording loads and movements.
The experimental work was carried out on the
universal Instron 3367 machine. During
compression tests, the test specimen is installed
in the grips between the movable and fixed
traverses. The loading of the sample is carried
out by moving the active capture in a given
mode. During the test it is possible to
implement loading modes of the sample with a
constant rate of change in stress, force,
movement of the active capture or deformation.
The measured parameters (forces and
displacement) are converted by the sensors and
the control unit of the machine into electrical
signals, which are displayed on the monitor
screen of the control computer in the
corresponding  tension  or  compression
diagrams. Figure 2 shows photographs of test
equipment for compressing plates.

’_.

Figure 2. Test machine Instron 3367.

3. The results of experimental work

The first batch of samples consisted of ten four-
layer plates of the following sizes: t = 2 mm, h
=19.6 mm, | = 170 mm. The plate was installed
in the clamps and the load was set at the speed
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of v = 50 mm min-1. When the critical force
was reached (figure 3), the plate lost stability
but continued to take the load until it collapsed.
The critical load, the load during the destruction
of the sample was determined. The results of
four-layer samples are presented in figure 4.

results of numerical calculation by the finite
element method are presented in figures 9 and
10 for the deformed state and stress state of a
three-layer plate, respectively.

e | | I | - F-'“ plate
130
- Pu“dl.:-ﬂr.
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Figure 4. Compression of four-layer
samples numbered 1 to 10.

The second batch consisted of ten three-layer
plates (samples No. 11 to 20) of the following
sizes:

t=2.5mm, h=20 mm, | =170 mm. The results
are presented in figures 5, 6.

Figure 5. Compression of three-layer samples
numbered 11 to 15.
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Figure 6. Compression of three-layer samples
numbered 16 to 20.

4. Computer  simulation of layered
composite plates Two-layer, three-layer and
four-layer plates ere simulated by ANSYS. The

Figure9.Deformedstateofathree-
layerplateintheANSY Ssystem(mm).
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Figure 10. The stress state of a three-layer

5. Findings

A set of experiments was performed with
samples from multilayer composite materials
and the following results were obtained:

. Four-, three- and two - layer samples
from composite materials were tested. The
values of the critical load and that of the load at
failure were obtained.

. A manufacturing procedure of samples
was developed. It was found that the
discrepancy between the critical load of four-
layer samples and that of three-layer samples
was 2-3%. Therefore, three-layer plates can be
used to reduce the weight of the products made
from composite materials. The discrepancy
between the critical load of three-layer samples
and the critical load of two-layer samples was
19-21%. The discrepancy between the
experimental and numerical values was 7-8%.
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