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Abstract: The article describes a method of creating a
mesoscale finite element model of a fabric reinforced lam-
inate that replicates the smallest repetitive fragment of
its microstructure – RUC (Repetitive Unit Cell). The model
takes into account the influence of the number and orien-
tation of layers, the weave of the reinforcement fabric as
well asmanufacturing technology on the strength and stiff-
ness of the laminate. The constants of the finite elements
forming RUC (equivalent cross-sectional parameters, limit
values of forces ensuring layer integrity) are determined ex-
perimentally by performing uncomplicated tests of speci-
mens of a particular laminate. A special preprocessor was
developed to generate the finite element model of the con-
struction element from laminate, which automatically cre-
ates the so-called batch file defining the model. The use-
fulness of the preprocessor was checked by simulating a
three-point bending test of a laminate door beam of a pas-
senger car. The obtained calculation results were verified
experimentally.

Keywords: layered composites; delamination; mesoscale
finite element model; preprocessing

1 Introduction
Fabric reinforced layer composites – laminates are more
and more often used in the construction of planes,
boats, wind turbines, vehicles and other devices and ma-
chines [1–3]. Compared to other traditional construction
materials, such as steel or aluminum alloys, they are light
and they have good strength and corrosion resistance [4].
An important feature of laminates is thepossibility of shap-
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ing their microstructure during manufacture by selecting
the type of components, i.e. reinforcement and matrix,
number and orientation of layers, and component shares
in the laminate. This allows to adapt their properties to
the nature and direction of the transferred loads, mainly
through the appropriate reinforcement arrangement. Lam-
inates are most often used in making thin-walled con-
structions, which are the equivalents of shell construc-
tions made of traditional materials. A laminate construc-
tion should have appropriate functional and mechanical
properties, not worse than a construction made of tradi-
tional materials, while retaining all the other advantages
resulting from using laminates. Designing laminate con-
struction elements is commonly carried out with the sup-
port of the finite element method (in short FEM). Com-
pared to analytical methods, such an approach allows you
to analyze the strength and stiffness of irregular-shaped
elements and take into account many factors determin-
ing themechanical properties of laminates, resulting from
their microstructure. Using the finite element method, a
laminate can be modeled at one of three levels of obser-
vation [5], which differ in the details of microstructure re-
flection (Figure 1).

At themacroscale level (Figure 1a), laminate is treated
as a continuous, homogeneous anisotropic material. For
the construction of finite element model (in short FE
models), two-dimensional or three-dimensional finite ele-
ments of sandwich type are used, due towhichmacroscale
models are characterized by good numerical efficiency.
The influence of the number of reinforcement layers, their
thickness and location as well as the direction of arrange-
ment are taken into account using the reinforcement the-
ory [6] and the classical lamination theory [7]. Many com-
mercial FEM calculation programs have such analysis
methods implemented in which a finite element of the
sandwich type is used and the properties of particular lay-
ers and, consequently, of the whole laminate are deter-
mined using the matrix of material constants, with the
quality of the analysis results depending on the values of
these constants. As the laminate has a distinct microstruc-
ture resulting from maintaining the separation of matrix
and reinforcement phases, its resultant properties are not

https://doi.org/10.1515/secm-2020-0044


406 | J.Marszałek et al.

Figure 1: Levels of modeling of layered composite. (a) macroscale level, (b) microscale level, (c) mesoscale level.

the sum of the properties of the components. The labor
consumption of creating macroscale FE models of lami-
nates does not differ significantly from the labor consump-
tion of creating FEmodels of structure elements from tradi-
tional construction materials (e.g. sheet metal). The anal-
ysis of the macroscale model strength is then simply the
analysis of strength of particular layers using yield crite-
ria [8]. However, it should be noted that omitting the lam-
inate microstructure and using simplifying assumptions
(i.e. the theory of reinforcement and the classical lamina-
tion theory) may lead to analysis results that deviate from
reality [9, 10]. The most common form of failure of lami-
nate constructions is a crack between layers – delamina-
tion. Simulation of crack initiation and propagation in the
macroscale model is possible through the use of special
computationalmethods, e.g. theVCCT technique [11] or the
cohesive zone model [12]. With this purpose in mind, spe-
cial node bonds are defined between layers or additional
cohesive elements are introduced at the site of a potential
crack, which is equivalent to the need to predict the site
and size of the crack.

Auxiliary microscale models are often used to deter-
mine the averaged material characteristics for macroscale
models [13]. They take into account the smallest individual
elements of the laminate microstructure in the form of a

representative volume element RVE (Figure 1b), which re-
quires precise discretization of the model with finite ele-
ments of very small sizes. For this reason, microscale mod-
els have a very large number of degrees of freedom, thus
they are characterized by high labor consumption of cre-
ation and low numerical efficiency and that is why they
are not used in engineering calculations for modeling con-
struction elements, especially those of complex shape and
large sizes.

A reasonable compromise between the accuracy ofmi-
crostructure reflection and the mechanical properties of
the laminate and its numerical efficiency are mesoscale
models, which simplify the microstructure of the laminate
at the level of components – reinforcement andmatrix (Fig-
ure 1c). In thismodel, the so-called repetitive unit cell RUC
is extracted, which represents the smallest element of lam-
inate microstructure.

In work [9], a mesoscale laminate model is presented,
in which carbon fiber rovings and matrix forming RUC
were modeled only with the help of one-dimensional fi-
nite elements of the beam type, and the model was used
to analyze the stiffness of a plane wing. High numerical
efficiency and good compliance of simulation results with
experimental test results were obtained. In turn, work [14]
presents a mesoscale model composed of RUCs made of
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shell and beam finite elements, which was used in the
bending simulation of a composite beam of the reinforce-
ment of a passenger car door. In the simulation of door
beam failure as a result of delamination, the procedure
of removing finite elements modeling interlayer bonding
was used, which eliminated the need to predict the poten-
tial crack sites [15]. The analysis of the simulation results
showed very good compliance of the model with the re-
sults of experimental tests. In the construction of repeti-
tive unit cells at the mesoscale level, two-dimensional fi-
nite elements are also used. These types of models were
also used in simulation of deformation and strength of
non-matrix-impregnated fabric [16, 17]. In works [18, 19],
shell elementswereused to reflect unit cells, taking into ac-
count the separation of reinforcement and matrix phases.
In turn, an example of using various types of finite ele-
ments in modeling a RUCs at the mesoscale level was pre-
sented inwork [20]. The reinforcement in the formofmutu-
ally interwoven yarnswasmodeledwith four-node shell el-
ements and the surrounding matrix with eight-node solid
elements.

Despite the advantages of mesoscale laminate mod-
els, modeling of real construction elements is too labor-
consuming for engineering practice due to the necessity
of multiple replication of the RUC model (Figure 1c). The
solution to this problem could be a special generator (pre-
processor) that would allow to build mesoscale models
for any construction elements in an automated way, espe-
cially for elements of complex and irregular shape. This
paper presents a preprocessor that generates a mesoscale
laminate model using the proposed RUC structure for the
surface geometricmodel of a construction element created
in a CAD program.

2 Idea of RUC to mesoscale model
of laminate

The mesoscale model presented in Figure 2 takes into ac-
count, in a simplified way, the laminate microstructure us-
ing a group of finite elements that create RUC. The idea of
the RUC structure was explained on the example of a lami-
nate reinforcedwith a roving fabricwith aplainweave. The
proposed RUC structure replicates the weave of the rein-
forcement fabric, so it can be easily modified and adapted
to reinforcement fabrics of other weaves [14]. Due to the re-
placement of the interlacing site of the weft and warp with
onenode, theunit cell for a single lamina is definedby four
nodes lying in one plane (Figure 2, layer I – nodes 1, 2, 3, 4,
layer II – nodes 5, 6, 7, 8). The roving sections between the
nodes are modeled with one-dimensional finite elements
R of the beam type. The cross section AR of the beam ele-
ment R corresponds to the cross section of a single roving.

Beam element R has a second cross-section parame-
ter, i.e. the moment of inertia of the cross-section IR, be-
cause in fact the matrix-impregnated roving is not flaccid
and has bending stiffness. The matrix filling the space be-
tween roving sections is modeled by means of a four-node
finite shell element S of thickness TS. The connection of
the unit cells in the direction of z axis (Figure 2) is realized
by means of vertical beam elements P with material prop-
erties of matrix.

The mesoscale model made of RUCs simplifies the
laminate microstructure while a single RUC is not an ele-
mentary volume of the laminate treated as a continuous
medium. The finite elements forming RUC only connect
with each other in nodes, thus the adhesion forces be-
tween the components are not taken into account directly
but their influence is taken into account in the structure

Figure 2:Mesoscale model of two joined RUCs.
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and in the equivalent cross-sectional parameters of RUC.
The problem of selection of equivalent cross-sectional pa-
rameters of finite elements forming RUC was solved by
performing experimental calibration of the FE model. It
consisted in comparing the deflection of a rectangular
laminate specimen subjected to three-point bending, mea-
sured and calculated as a result of FE model analysis.
A parametric optimization task was formulated in which
cross-sectional parameters of beam elements AP, IP, IR
and thickness of shell element TS (Figure 2) were searched
due to the best compliance of the calculated and exper-
imentally measured deflection of the laminate specimen
whilemaintaining the volume shares of components in the
laminate. The model calibration procedure was discussed
in detail on the example of another mesoscale model in
work [9]. It is worth adding that this method of determin-
ing the equivalent cross-sectional parameters of RUC finite
elements allows to take into account the influence of lam-
ination technology on the strength and stiffness of lami-
nate construction elements and, at the same time, it can be
carried out using available laboratory equipment. The pro-
posed RUC structure means that the mesoscale models of
laminate construction elements made of laminate created
by its replication can be used in simulating the most com-
mon form of laminate construction failure – delamination.
Initiation and propagation of a crack between the layers of
reinforcement canbe simulatedby removing vertical beam
elements P (Figure 2), i.e. the elementsmodeling bonds be-
tween the layers of fabric in which the force exceeded the
limit value (cohesive separationof reinforcement layers) or
by reducing their cross-sectional parameters. The descrip-
tion of themethod of determining the limit values of forces
in the beam elements binding the laminate layers for three
basic crack modes, i.e. opening, sliding shear and scissor-
ing shear, and the description of the method of simulating
delamination were described in detail in [15].

3 Mesoscale model generator for
laminated structures

As it was mentioned in the introduction, the FE model of
a laminate construction element made of replicated RUCs
reflecting in a simplified way the laminate microstructure
(e.g. as shown in Figure 2) should be generated in an au-
tomated way. The proposed authors’ original method of
preparing such a model takes place in three stages, which
are described in detail below on the example of a real lami-
nate construction element. To generate the model, the An-
sysMechanical program environment was used, equipped

with the internal command language APDL (Ansys Para-
metric Design Language) to create the so-called batch files.
It is worth noting that the choice of this particular com-
mand language does not change the generality of the pro-
cedure described below in any way, and its entire course
can be easily adapted to other FEM programs.

3.1 Stage 1 – preparing of 2D surface FE
model

As laminate constructions are most often thin-walled con-
structions, i.e. whose thickness is negligibly small com-
pared to other dimensions, the basis for building their
model is the outer surface of the geometric model of the
construction element. Such a surface can be automati-
cally discretized with four-node surface elements of type
Shell181 using the tools available in the FEM program. Us-
ing the Ansys for this purpose, we receive a file with the
definition of a discretized surface, which is a list of the
codes of the nodes of finite element mesh written in for-
mat N, i, xi , yi , zi where N is the node with number
i and xi , yi , zi are its Cartesian coordinates and the list
of finite element codes E, i, j, k, l where E is the finite ele-
ment and i, j, k, l are the numbers of the nodes on which
the element is stretched. It is worth noting that the surface
is discretized correctly if vectors normal to all shell finite
elements are oriented in the same direction and the orien-
tation of the normal vector defines the order of nodes in
the sequence i, j, k, l. The number of nodes of the mesh
obtained in this way composed of shell elements that will
reflect thematrix in thefirst layer of the laminate (elements
S in Figure 2) will be denoted as n(1).

3.2 Stage 2 – procedure of nodes generation
for adjoining layers of laminated
structure

It consists in building up subsequent layers of the lami-
nate by generating nodes in its adjoining layers according
to the diagram shown in Figure 3 for two exemplary finite
elements for which node l is common.

Due to the need to maintain the order of sequence of
numbers of nodes defining particular finite elements, it is
not possible to use the Offset command commonly avail-
able in FEMprograms. For this reason, a special procedure
for replicating layer nodeswasdeveloped, consisting inde-
termining the vector being the direction of shift of each
node, which is the resultant of vectors normal to the fi-
nite elements for which the moved node is common. The
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Figure 3: Surface model consisting of five finite elements.

method of defining a vector normal to an element in the
selected node l is explained in Figure 4a.

For the first layer and node l selected for replication
as well as the selected element with code E, i, j, k, l the
program creates two vectors uli and ulj. Vector uli has its
beginning at the replicated node l, which appears as the
fourth in the element code, and its end at node i, which ap-
pears first in the element code. In turn, vector ulj is defined
by the fourth and second node in the element code, respec-
tively. Vector v(ijk)l , with the beginning at node l, normal to
the plane formed by vectors uli and ulj is the vector prod-
uct of these vectors v(ijk)l = uli × ulj, and its orientation re-
sults from the definition of the vector product. This proce-
dure is repeated for subsequent nodes along the perimeter
of the element,maintaining the order of sequence of nodes
in the element code that defines orientation of the normal
vector. After generating and normalizing all possible nor-
mal vectors in nodes to unit length of, a resultant vector
is determined for a node with a specific number, which is

the geometric sum of all normal vectors for the elements
for which the node is common.

An exemplary vector wl indicating the direction of
replication of node number l for two adjacent shell ele-
ments is the resultant of two unit vectors normal to these
elements, i.e. wl = v(ijk)l + v(kmn)l (Figure 4b). Vectors indi-
cating directions of replication of surface model nodes are
also converted to unit vectors.

After determining the vectors indicating the directions
of replication of all nodes, the generation of nodes belong-
ing to subsequent layers of model q (q = 1,2,...,t) begins –
formula (1). At this point what should be given is the num-
ber of layers of laminate t as well as the distances between
adjacent layers hn. The generated nodes are assigned num-
bers according to formula (2). For the purpose of further
considerations, it was assumed that the node numbers in
the first layer of the model will be supplemented with the
index (1), i.e. i→ i(1).⎡⎢⎣xl(q)yl(q)

zl(q)

⎤⎥⎦ =

⎡⎢⎣xl(1)yl(1)
zl(1)

⎤⎥⎦ + hn · (q − 1) · wi (1)

for q = 1, 2, . . . , t

l(q) = l(1) + n(1) · (q − 1) for q = 1, 2, . . . , t (2)

The use of formula (2) to generate node numbers allows to
keep the numbering system unchanged, i.e. the node num-
bers in subsequent layers l(q) are the numbers of the nodes
from the first layer l(1) increased by a value that depends
on the number of the layer q and the number of all nodes in
the first layer n(1). Keeping this numbering is necessary in
proper generation of the laminate FE model, because vec-
tors normal to the elements of each layer are oriented in

Figure 4: The method of determining vectors. (a) the normal vector for a four-node surface element E, i, j, k, l in node l, (b) the vector
indicating replication direction of node l for two adjacent elements.
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the same direction. The diagram of the way of generating
nodes in subsequent layers of the model is presented in
Figure 5 for the replicated node with number l(1).

Figure 5: Diagram of a fourfold replication of node number l(1).

The above procedure for generating mesoscale model
nodes, formulated as a pseudo-code, is presented below.

Data:
File nodes.txt with the definition of nodes in format
N, i, xi, yi, zi
File elements.txt with the list of codes of finite elements
E, i, j, k, l

Result:
File new_nodes.txtwith the definition of nodes for amodel
created of n layers

Pseudo code:
Import nodes from file nodes.txt to table nodes
Import elements from file elements.txt to table elements
Create an empty table curElements
For each node in table nodes

– find all elements in table elements containing node
and enter them into table curElements

If table curElements is not empty Then
For each element from table curElements

– calculate normal vectors for all elements whose
code contains the node

– save the obtained normal vectors in file normal.txt

End For
End If
End For
Copy normal vectors from file normal.txt to table vectors
Create empty table vectorsSum
For each element in table vectors
If in table vectorsSum there is no normal vector of element
Then

– enter the vector in table vectorSum

Else

– add vectors of tables vectors and vectorsSum in the
node

– change resultant vector into unit vector

End If
End For
For each element of table vectorSum

– save unit vector in file unit_vectors.txt

End For
Import nodes from file nodes.txt to table nodes
Import unit vectors from file unit_vectors.txt to table
vectors
Create empty table curNodes
For each element from table vectors
For curNodes = 1 is n + 1 (n – number of layers)

– calculate the coordinates of nodes in subsequent lay-
ers of laminate and save them in file new_nodes.txt

End For
End For

3.3 Stage 3 – superstructure of laminate
microstructure

After completing this stage, a finite element mesh is ob-
tained for all n layers of the model and then the finite el-
ements forming subsequent RUCs are generated, which is
described in detail in Stage 3. After creating the mesoscale
model nodes of all laminate layers, the procedure of gener-
ating RUCs begins. Generating shell elements S modeling
the matrix in subsequent layers is carried out by increas-
ing the number value of nodes defining shell elements of
the first layer. For example, an element stretched on nodes
with numbers i(1), j(1), k(1), l(1) will be replicated in layer q
according to formula (3).

E, i(1) + n(1) · (q − 1) , j(1) + n(1) · (q − 1) , (3)
k(1) + n(1) · (q − 1) , l(1) + n(1) · (q − 1)
for q = 1, 2, . . . , t
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Figure 6: Diagram of generating beam elements. (a) R modeling roving sections, (b) P modelling the matrix between the layers.

The next step is the beginning of the procedure of gen-
erating one-dimensional beam elements reflecting the rov-
ing sections of the reinforcement fabric and bonding be-
tween layers. Beam elements R modeling the roving sec-
tions (Figure 6a) are generated along the edges of shell ele-
ments and replicated in subsequent layers. As in the APDL
language thebeamelement is definedby code E, i, j,where
i and j are node numbers, the beam element stretched be-
tween nodes i(1), j(1) after replication will receive the code
according to formula (4).

E, i(1) + n(1) · (q − 1) , j(1) + n(1) · (q − 1) , (4)
for q = 1, 2, . . . , t

The next step after generating all elements R is gener-
ating beam elements P (Figure 6b), which model the lam-
inate layer bonds by means of a matrix (Figure 2). In this
case, the element is generated between node l(1) belong-
ing to the first layer of the model (q = 1) and its equivalent
l(2) on the second layer (q = 2) and similarly between sub-
sequent layers. Generating codes of subsequent elements
is carried out according to formula (5), where the number
of generated elements R is pr = t − 1.

E, l(1) + n(1) · (pr − 1) , l(1) + n(1) · pr , (5)
for pr = 1, 2, . . . , t − 1

In thisway, you canautomatically generate a complete
mesoscale model of a laminate construction element, re-
flecting its microstructure in a simplified way. It can be
successfully used in modeling any laminate construction
element, including an element of complex and irregular
shape whose surface geometric model was designed in a
CAD program. It is worth adding that the labor consump-
tion and time needed to prepare the mesoscale FE model
of a laminate construction element using the described

3-stage procedure and the labor consumption and time
needed to prepare a similar model from finite elements of
sandwich type dedicated to modeling layer structures are
similar.

4 Verification of the model on the
example of a real construction
element

The developed preprocessor was used to generate a
mesoscale model for a laminate beam reinforcing a pas-
senger car door, and then to simulate its failure as a re-
sult of delamination in the three-point bending test. The
beam was made of eight layers of carbon fabric 3k CF200
style450 which were impregnated by epoxy resin Biresin®
CR120 during wet/hand lay-up process. For the purpose
of preparing a computational model, a substitutive elas-
tic modulus ER was determined for a single carbon fiber
roving in a static tensile test (ER∼= 105 GPa). The mate-
rial properties of the resin were read from the product data
sheet [21].

In accordance with the procedure described in point
3, first a discrete surface model of the beam was created,
consisting of four-node finite elements of the surface type
(Figure 7). Two text files were generated for this model –
nodes.txt file, containing the numbers and coordinates of
all nodes of finite element mesh of the model, and ele-
ments.txt file, in which the codes defining all four-node
surface elements of the model were stored (Stage 1). After
importing the files to the preprocessor, the nodes of finite
elementmesh of successive layers of the beammodel were
automatically generated (Stage 2), between which RUCs
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Figure 7: Door beam and a fragment of its surface model with visible four-node finite elements.

Figure 8: The layered structure of the mesoscale model generated using the developed preprocessor.

were built in according to the definition of a single RUC
(Figure 2), reflecting the beam laminate microstructure in
a simplified way (Stage 3).

Figure 8 shows an exemplary fragment of the beam
model cross-section obtained as a result of using prepro-
cessor.

The three-point bending test of the beam was car-
ried out on a test stand meeting the requirements of stan-
dard [22]. During the test, vertical displacement of bend-
ing pin fs was applied, acting in the middle of the beam
span, and the vertical force Fs, with which the pin acted
on the beam, was measured. A detailed description of the
stand andmethod of conducting the test is provided in [14].
The result of the test was the experimental curve of force
as a function of deflection Fs(fs). Figure 9 shows a photo
of a fragment of the beam destroyed during the test with
marked sites of cracks caused by delamination.

Then a three-point bending test of the beam was sim-
ulated using its mesoscale model and obtaining computa-
tional curve of force Fs as a function of deflection fs. Dur-
ing the simulation, in each step, the values of forces in

Figure 9: A fragment of the beam destroyed during the test with
marked crack sites.

beam elements P (Figure 2) binding the laminate layers
were checked and compared with the limit values. If they
were exceeded, the cross-sections of beamelements Pwere
reduced to finally remove them completely [15]. In this way
a simulation was carried out of initiation and propagation
of interlayer cracks leading to delamination. A detailed de-
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Figure 10: Comparison of the experimental curve of door beam bending with the computational curve for the mesoscale model.

scription of the beam model and the way of performing
the simulation is provided in [14]. To verify the correctness
of the behavior of the mesoscale model, the experimental
and computational curves Fs(fs) were compared, as shown
in Figure 10. Three points were marked on the computa-
tional curve: point (A) – NL1(m), in which the first crack
was initiated, point (B) –NL2(m), inwhich the second crack
was created and point (C) – MAX(m), beyond which the
beam was broken, which resulted in its total failure. Simi-
lar points were observed during the experimental test (Fig-
ure 9). At point NL1, the curve changed from linear to non-
linear for the first time and then returned to linear again
after a while, which is connected with the formation of the
first crack (A, Figure 9) in the beam. At point NL2, a simi-
lar change in characteristic occurred, which is connected
with the beginning of the propagation of the second crack
(B, Figure 9) and after exceeding the MAX point, the beam
was broken at point (C, Figure 9). Figure 10 also shows the
differences (absolute errors of deflections ∆fs and forces
∆Fs in specific points between the experimental and com-
putational curves,whichwere then calculated into relative
values, referring them to the experimentally measured val-
ues. The largest relative error of force Fs was 8% and of
deflection fs of 4%, which can be considered a very good
compliance of the compared results. The bending stiffness
of the mesoscale FE model of the beam corresponded to
the bending stiffness of the real door beam. Moreover, the
failure of the model occurred in the same sites as the fail-
ure of the real beam during experimental tests [14].

5 Conclusions
The preprocessor described in the article generates a
mesoscale FE model of a fabric reinforced laminate that
reflects in a simplified way its microstructure, i.e. the num-
ber and orientation of reinforcement layers and the type of
reinforcement fabric weave. The constants of this model
(equivalent cross-sectional parameters of finite elements
forming RUC) can be determined experimentally by con-
ducting easy-to-perform experimental tests of specimens
of a particular laminate, which also takes into account
the influence of technology of manufacturing (wet lam-
ination, laminating from prepregs in an autoclave, etc.)
laminate construction elements on their mechanical prop-
erties. Conducting complementary tests destroying speci-
mens of a particular laminate for three basic crack modes,
i.e. opening, sliding shear and scissoring shear, allows to
determine the limit values of forces in beamelements bind-
ing the layers in the laminate model, thanks to which the
developed model can be additionally used to simulate de-
lamination of laminate construction elements. It is worth
stressing that this way of simulating delamination does
not require defining the potential crack sites between the
layers or introducing to the model additional special finite
elements serving the purpose of simulating crack propaga-
tion.

The mesoscale FE model of the laminate was experi-
mentally verified and the usefulness of the preprocessor
in its generation was confirmed on the example of a lam-
inate door beam of a passenger car subjected to a three-
point bending test. The time and labour consumption of
developing a FEmodel of a laminate construction element
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– a door beam using the preprocessor were similar to the
time and labour consumption of developing a FEmodel of
a beam made of finite elements of sandwich type, which
are dedicated to modeling layered structures in commer-
cial FEM programs. The described preprocessor uses the
internal command language of AnsysMechanical and gen-
erates the so-called batch files, which define the FEmodel,
but other programs used for FEM analysis have similar fa-
cilities for automating model creation, and a similar pre-
processor can be created for them. The preprocessor can
be easily adapted bymodifying the RUC structure to gener-
ating FEmodels of laminates inwhich the reinforcement is
the fabric with non-plain weave and even adapted to mod-
eling laminates which are reinforced with layers of knitted
fabric.
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