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Abstract — To evaluate tensile strength of the carbon
composite material we used method of static tensile test
according to the STN EN ISO 6892-1:2010-01
standard. The material for the production samples
from the composite material was carbon fabrics
KORDCARBON  200g/m> —  Twill  weave.
KORDCARBON 160g/m> — Plain weave reinforced
with epoxy resin Letoxid PR220+hardener EM315. The
carbon composite for the test was prepared by Hand
lay-up technology and Vacuum Bag molding method.
Orientation to the layer laying direction of the
individual samples in the test composite material
influences the mechanical properties of the carbon
fiber composite material produced by Hand lay-up
technology and VMB- Vacuum molding bag method.

Keywords — Carbon fibre, Composite materials,
Vacuum Bag Molding, Tensile test.

1. Introduction
Composite materials or composites are materials

assemblage of two or more materials with different
properties (shown in Figure 1).
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The resulting material has better properties than the
original components [1], [2].
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Figure 1. Diagram of composite material structures [3]

Development of composite materials for a specific
way of their stress includes concurrent:

= construction (shape) of the component;

= design of the "structure" of the material;

= design of the most suitable production
technology.

The composite may only be a heterogeneous
material which:

=  was created artificially;

» consists of several chemically significantly
different components (at least of two, of which at
least one is solid) with macroscopically
recognizable phase interfaces;

* the individual components are macroscopically
uniform distribution in full volume.

Carbon fibers and composites made of carbon
fibers are modern new materials with many
properties such as high tensile strength, high thermal
conductivity, high fracture toughness, and low
coefficient of thermal expansion and more [4], [5].
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Carbon fibers with epoxy or polymer matrix are the
most commonly carbon composites, and they can be
used to many applications [6], [7]. This is mainly due
to the fact that they have one of the best ratios of
stiffness and weight.

The fiber-shaped reinforcement can be long,
uninterrupted along the entire length of the part, or
short. The fibers are always much stronger than the
same materials in a compact form. The strength of
the fibers increases with decreasing cross-section,
because the natural defects of the structure are also
small in small diameter fibers and favorably oriented

with their further dimension in the fiber axis
direction.
To produce carbon composites two most

commonly methods are used: wet lamination and
vacuum bag molding [8]. These technologies are
most used due to their simplicity and availability.

Many authors have been interested in the
mechanical properties of reinforced carbon fibers [9],
[10], [11]. Most of the tested carbon composites have
different mechanical properties which is dependent
on used production technology, type of fabric, and
resin. Finally, it includes the number of layers and
method of depositing the individual layers.

Hand lay-up technology (shown in Figure 2) is
method used mainly in the production of car body
parts, in the production of various prototypes, in the
production of molds by copying models for further
lamination and most importantly, it is also used to
produce carbon composites. The production of
components by this method is undemanding,
inexpensive and various sizes of components and
molds can be produced. Separation material such as
wax, various types of separators and their
combinations, is applied to the mold. The main
purpose of the separator is that the composite
component does not stick to the mold and can be
removed from the mold without problems. After
applying and drying the separator, a layer of resin is
applied to the mold. A layer of fabric is then
deposited, which is saturated with resin using a brush
or laminating roller. The process of depositing and
saturating the layers is repeated until the desired
number of layers is reached. After curing, the
composite component can be removed from the mold
and further modified. Various sources and
procedures mention the use of gelcoat as the first
layer that is creating a smooth surface for the product

[117, [12].
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Figure 2. Hand lay-up technology scheme [1]

The method of Vacuum Bag molding (VBM)
technology (shown in Figure 3) directly follows the
technology of manual wet lamination. The procedure
for layering the composite material is the same
except that in this technology, a perforated separating
film and a layer of absorbent material are placed on
the supersaturated layers by resin weaving. The mold
with these layers is placed in a vacuum bag and the
air is sucked off. The absorbent fabric absorbs excess
resin through the perforated film. The vacuum
compresses the individual layers of the composite
and removes excess air and resin [13], [14].
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Figure 3. VBM technology scheme [13]

2. Experimental Procedure

Samples for the tensile test were CNC milled from
a carbon composite board. 3 sets of samples (A, B,
C) were created with different angle storage, which is
shown in Figure 4.

Figure 4. Places of samples in tested composite plate
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Preparation of a plate of carbon fiber composite
material is as follows. The process of saturating
carbon fabrics with epoxy resin and depositing
individual layers is shown in Table 1.

Used epoxy resin Letoxide PR220 + hardener
EM315 ratio 100:40 From the 5M company (Figure
5). Certified for aviation use, for cars and

motorcycles bodywork construction, for universal
use, and it is nonylphenol-free. The mixing ratio is
100: 40 (resin: hardener).

Figure 5. Used material for experiment

This lamination system is certified for applications
and lamination with glass, carbon, or kevlar fabrics.
Letoxide resin is made based on dian epoxy resin
modification. The recommended processing
temperature is 20-25°C. 0

Table 1. Composition of the layers of the tested composite
material

g
g5 s
= 2 o > =
SRS % <
Q S %
evias KORDCARBON 2 0°
-Lay 200g/m*-twill weave vg;
KORDCARBON | & o
2.Layer 160g/m2-plain weave E 0
KORDCARBON | & \
3Layer | 00g/m>-twill weave | 5 | °
53
ALaver | KORDCARBON = 0
-Laye 160g/m2-plain weave §
KORDCARBON A
F o
S-Layer 200g/m*-twill weave & 0
L KORDCARBON | & 0°
-Lay 160g/m2-plain weave E
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The final board of the material has the dimension:
300mm x 400mm x 1,75 thickness.

Carbon fiber fabrics: The following fabrics were
used for testing material production:

= KORDCARBON fabric 200g/m* — Twill weave
(Figure 6a)

= KORDCARBON fabric 160g/m* — Plain weave
(Figure 6b)

a) Twill b) Plain

Figure 6. Weave Carbon fiber 0

The samples have the shape and dimension
according to the STN EN ISO 6892-1:2010-01
standard (Figure 7). A series of sample A (Al, A2,
A3), B (B1, B2, B3), C (C1, C2, C3) were CNC
milled from a prepared carbon composite plate. The
static tensile test was performed on a FM-1000
machine according to the STN EN standard (shown
in Figure 8).

Figure 8. Sample of material during Tensile test
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3. Results and Discussion

The individual sample tensile test results for all
samples (shown in Figure 14) are presented in Table

2.

Table 2. Tensile test data

Al | A2

B2

B3

Cl

C3

Fmax -

force (N)

7700 | 7800

7300

6300

6500

3200

3300

Femax
average
)

7600

3167

Sy - stress

(mam’)

34743

29257

14476

155

¢ - relative

(%)

1.81)1.85

1.83

19

21

0.84

0.82

0.88

The highest values of the yield strength were
reached by samples A (Al, A2, A3) (Figure 9) on

average R, = 347.43MPa.

Figure 9. Samples A before (up) and after testing (down)

The lowest values of the yield strength were
reached by samples C (C1, C2, C3) on average R,,, =
144.76 MPa and elongation were reached by samples
C (C1, C2, C3) on average &= 0,84% (shown in

Figure 10).
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Figure 10. Samples C before (up) and after testing (down)

The highest values of the relative elongation were
reached by samples B (B1, B2, B3) on average e=
2%.
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Figure 11. Tensile test (sample Al)

Tensile diagrams for individual selected samples
are showed in Figure 11 (Al), Figure 12 (B1), and
Figure 13 (C1). From the stress plots for the tensile
test samples Al demonstrate linear behavior until the
ultimate failure compared to the other samples. The
reason of the non-linearity of the stress-strain curves
is due to the epoxy matrix cracking during the tensile
test Error! Reference source not found..
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Figure 12. Tensile test (sample B1)
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Figure 13. Tensile test (sample C1)
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Figure 14. All samples after Tensile test

4. Conclusion

From measured tensile test data, we can conclude
that the orientation of the individual samples in the
test composite material has an effect on the
mechanical properties of the carbon fiber composite
material produced by Hand lay-up technology and
VMB- Vacuum molding bag method.

Samples A (Al, A2, A3) showed the highest Ry,
value R,, average: 347,43 MPa. The lowest R,, values
were shown by samples C (C1, C2, C3) R,, average:
144,76 MPa. Samples C (C1, C2, C3) were oriented
relative to samples A (A1, A2, A3) by 45°.
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