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Abstract. The use of hybrid fiber-reinforced polymer composites (FRP) opens up wide possibilities for
creating structures that are most suitable for different operating conditions. The modelling of a multilayer
FRP structure is the most important stage in the creation and manufacture of FRP products since the FRP
structure determines the entire complex of elastic, strength and other properties. This paper proposes a
method for the theoretical prediction of anisotropic elastic characteristics of material equivalent to a given
FRP. A technique for calculating the stiffness coefficients of a homogeneous anisotropic material equivalent
to a hybrid composite material having a magnesium matrix reinforced with boron and carbon fibers has
been developed and tested in ANSYS. This paper has found that the results of the finite element analysis
essentially depend on the dimension of the mesh, and it is necessary to use a mesh with a number of nodes
exceeding N = 1-10° to obtain sufficiently accurate calculated values of the elasticity coefficients.

1 Introduction

The FRP of two or more kinds of reinforcing fibers are
widely used in modern technology-based products, e.g.
boron and carbon fibers. For the strength and stiffness
calculation, an equivalent homogeneous anisotropic
material usually replaces the heterogeneous FRP, for
which the mechanical properties will be determined [1-
12].

The experimental simulation of properties FRP
composites is very time-consuming [13-19], and a wide
variety of structures FRP composites does not allow to
study the characteristics for all possible variants.
Therefore, computer simulation of the mechanical
characteristics FRP materials for its various structures is
very promising [8-12].

Two problems arise:

* What do we take as an equivalence for considering
heterogeneous FRP composite and for homogeneous
anisotropic material?

e How do we determine the effective -elasticity
characteristics of an equivalent anisotropic material?

It should be noted that there is no unequivocal
solution of these problems, and each researcher can
realize his own path.

This paper considers a technique for mathematical
modeling of the elasticity characteristics of FRP having
carbon and boron fibers, based on the FEM using
ANSYS.

The proposed work solves the mathematical
modeling problem of the elasticity characteristics FRP
composite having carbon and boron fibers. The finite
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element method (FEM) is implemented by using the
ANSYS.

2 Problem definition

The paper considers a FRP composite with a given
mechanical characteristics (matrix and reinforcement)
and orientation of the fibers.

This paper builds the theoretical prediction task of
the anisotropic elastic material characteristics that are
equivalent to the FRP composite. An equivalent material
is considered to be obeying to the linear Hooke's law
[20].

3 Formation a FRP
Representative Element

Composite

In order to predict the mechanical characteristics of the
hybrid FRP, it is necessary to specify its structure and
the mechanical characteristics of its components.

The real FRP structure has a significant
indeterminacy which is associated with the fact that FRP
consists of many fibers of small diameter, and it is
almost impossible to dispose the fibers by a uniquely
defined law. We can only orient the fiber's threads in
space as a whole and even then not with absolute
exactness. In addition, the fibers combined into the FRP
thread will be located at different distances unknown for
each individual thread.

It is possible to determine the average direction for
the fiber bundle in the space and also determine the
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proportions of one or the other type fiber in the volume
of hybrid FRP by studying the structure and composition
of hybrid FRP experimentally.

Thus, we have assumed that we knew the directions
of the reinforcing threads and the coefficients of their
concentration in the considering volume of hybrid FRP.
Based on this, we are applying some idealization and
forming the representative element for FRP composite
based on magnesium binder reinforced with carbon and
boron fibers to calculate its effective elastic
characteristics. It has a rectangular prism form with a,,
ay, a- side dimensions and contains a single boron fiber
dp = 100 mic diameter, fourteen carbon fibers d¢c = 10
mic diameter. Boron fiber is oriented along to Y-axis,
carbon fibers are directed along X-axis (Fig. 1).
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Fig. 1. Representative element for FRP composite

The distance between adjacent carbon fibers along
the Y- axis and the minimum distance between boron and
carbon fibers equals to A¢ = 2 mic (fig. 1). The
minimum distances from the carbon fibers to the side
faces of the representative element that is perpendicular
to the Y-axis and Z-axis are equal to Acy = 1 mic and
Acz =1 mic, respectively, (fig. 1). The distance from the
boron fiber to the side faces of the representative
element that is perpendicular to the X-axis equals to Agx
= 5 mic (fig. 1).

In accordance with fig. 1 the representative element
has the following sizes: a, = 1,1:10* m, a, = 1,2:10° m,
a:=2,710"*m.

We define for a representative element of the hybrid
FRP for the indicated dimensions: total volume V,
volume of the carbon component V¢, volume of the
boron component V:

a,a. =3,56-10" m,
Ve =l4ndza, /4=121-10"m, (1)
Vg =ndza,/4=942-10"" m.

V=aua,a

On the basis of these expressions, we determine the
volume coefficients of FRP reinforcement by carbon
(¥ ¢) and boron (¥3) fibers:

Y, = Ve _ o339,

o 2
Y, =—5-0,264.
v

The FRP reinforcement ratio for carbon fibers equal
to W¢ = 0,339 and for boron fibers equal to Wz = 0,264.

4 Modeling the elasticity characteristics
of FRP composite by using FEM

This paper considers a homogeneous anisotropic
material is accepted as the equivalent for the FRP with
the relationship between stresses Gy, Gy, Gz, Ty, Tyz, Taz
and deformations €., €y, €z, Y., Yz, V- that is determined
by six relations [20]:

o, =E e +Epe, +Ese, + Eyyyy + Eisyy + EigY s

6, =Eye, +Eype, + Epe, + Epyyy + Exsyy + Exg¥oes

0. =E58, + Espey, + Esze. + Eqgyy, + ExsY ). + ExeY s 3)
Ty = Egi8y + Epe, + Egze, + Egyy o + Eys¥ . + EggY s

Ty, = E5i& + Esyey + Es3e. + Esg¥y, + EssYy. + EseY s

Ty = Eqiey + By, + Eg3e, + EgaV oy + EgsV . + EgeY¥ o

The stiffness coefficients of the equivalent material
Ej, i, j 1,6 are determined on the basis of
mathematical modeling of the deformation for a FRP
representative element at six numerical experiments, in
each of which only one of the strain components differs
from zero.

In the first experiment €  #0, &, = € = Vxy = Yyz = V=
=0. For this case the deformation of the representative
element is shown in Fig. 2.
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Fig. 2. Linear deformation of a representative element along
the X-axis

For all three faces of the FRP representative element

(ex) =(ex) =(ex)
y 5T T

the averaged stresses 6)((”),6;”),6;“),@ SThe s Tas

at given deformation are determined in ANSYS. The
expressions of stiffness coefficients: F,; :Eiax)/sx,
Ey=5/e,,  Ey=06""e,, Eu=1t"/¢,,
Es, =?§§")/sx, E, =7 /g were obtained under

substituting of averaged stresses in the first three
equations of the system (1).

Similarly, the elasticity coefficients E,,,i =1,6 and
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E,,i=1,6 of an equivalent anisotropic homogeneous

material are determined by specifying the deformation
components different from zero € , # 0, and then € - #0.

To determine the stiffness characteristics under shear
the deformation of the representative element under
shear strain yy, #0, € x = €, = & = 7, = Y. =0 is
considered (fig. 3), in which the averaged stresses

o) , E(yﬁ’f) , ggsx) , ?)(C;x)’ fggx) , %)(C«:Jf)

o ) are calculated, and

then the corresponding elasticity coefficients E,,,i= 1,6
are also calculated.
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Fig. 3. Shear strain of the material of a representative element
on the XY-plane

Then, the elasticity coefficients Eis,izl,_6 and

Ei6,i=1,_6 are determined by specifying deformation

components different from zero v,. # 0, v, #0.

5 Results

According to the proposed method, the FRP stiffness
characteristics under consideration are calculated,
assuming that the FRP reinforcing components and FRP
matrix components are isotropic materials with modulus
of elasticity £ and Poisson's coefficient v.

At the same time, we take into account that the
physical-mechanical characteristics of carbon and boron
fibers, which are given in the literature, have a very wide
dispersion related to the specific technology of their
production, and therefore we take for them the following
values of mechanical characteristics averaged from the
literature sources [1, 5]:

* The matrix made of the alloy ML-10 has p, = 1800
kg/m’, E,=0,44-10" Pa, v, = 0,28, 6, = 245 MPa,

* Carbon reinforcing fibers have: pc = 1800 kg/m?, Ec =
3-10'"' Pa, ve = 0,2, 6¢™ = 2000 MPa,

* Boron reinforcing fibers have: pp = 2500 kg/m?, Ep =
4-10'"! Pa, v = 0,25, 65" = 3000 MPa.

The following non-zero values of the stiffness
coefficients for the FRP composite E; have been
obtained as a calculation results:

E, =141-10",  E,=292-10", E;=460-10",
E,; =292-10", E,,=590-10", E,;=449-10", (4)
B3y =460-10", Ey,=449-10", E5;=181-10",

31 32 33

Eyq=702:10°, Es55=74510°, Egs=807-10"

The remaining stiffness coefficients are equal to zero
in view of the presence of FPR composite’s plane

symmetry.

6 Conclusion

1. The representative element structure of a hybrid FRP
composite based on a magnesium matrix reinforced with
boron and carbon fibers is proposed.

2. A technique for calculating the stiffness coefficients
of a homogeneous anisotropic material equivalent to a
hybrid composite material having a magnesium matrix
reinforced with boron and carbon fibers has been
developed and tested by using FEM in ANSYS.

3. It is found that the results of the finite element
analysis essentially depend on the dimension of the
mesh, and it is necessary to use a mesh with a number of
nodes exceeding N = 1-10° to obtain sufficiently accurate
calculated values of the elasticity coefficients.
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