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Abstract 

Following the request to build more and more lightweight structures, plastic composite 
materials are entering realms of application where exclusively metals have been used in the 
past. Especially for the automotive industry this means that a broad range of different 
performances have to be tested on parts which exhibit highly complex material properties. 
Covering performances of plastic parts means to describe properly the stiffness and failure of 
composites in static and dynamic load cases. A new topic which meets increasing demand is the 
prediction of fatigue properties to be able to go for the live time prediction of plastic parts. 

All this is challenging due to the influence of the fibers which reinforce the composite and 
cause anisotropic and locally different material behavior depending on the processing 
conditions. Moreover, the material response will be nonlinear, temperature and strain rate 
dependent. This is to be true for short, long and continuous type of fiber reinforcement. Each of 
these types of composites exhibits its own challenge and needs individual treatment to describe 
the material behavior. 

This paper will give an overview over recent micromechanical approaches to tackle stiffness, 
failure and fatigue for all three types of materials. The goal is to provide material models in an 
efficient way such that they can be used in an industrial simulation environment. 
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Simulation of Plastic Composites 

 

Material modeling 

Composite properties can be computed using micromechanical modeling techniques. In 
practical application Mori-Tanaka (MT) homogenization is used [1], which is based on the 
Eshelby approach [2]. Its formulation describes a single inclusion embedded in a material matrix. 
The inclusion is represented by an ellipsoid, its shape defined by an aspect ratio. 

To extend this description to the complex microstructures as found in real composite 
materials, subsequent steps have to be carried out (see figure 1). In the following, the procedure 
is briefly described for short fiber reinforced plastics. However, the same approach can be used 
for continuous type of fiber reinforcement and enhanced for long fiber reinforced plastics. 

 

 

 

Figure 1:  Homogenization technology allows deriving macroscopic composite properties for materials defined on the 
microscopic scale. Three subsequent steps are involved. First, a decomposition of the randomly oriented inclusions in 

the material matrix into so called “pseudo grains” is performed. Each pseudo grain represents a class of inclusions 
sharing the same orientation in space. For each pseudo grain, then Mori-Tanaka homogenization is carried out to 

obtain material properties on the composite level. After this step for each pseudo grain the average stress response is 
known. In the final homogenization step Voigt averaging is used over all pseudo grains to derive the properties of the 

material on the macroscopic level. 
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First, a decomposition of the randomly oriented inclusions in the material matrix into so 
called “pseudo grains” is performed. Each pseudo grain represents a class of inclusions sharing 
the same orientation in space. For each pseudo grain, a Mori-Tanaka homogenization is carried 
out to obtain material properties on the composite level. After this step, for each pseudo grain 
the average stress response is known. For the final homogenization Voigt averaging is used 
over all pseudo grains to derive the properties of the material on the macroscopic level. 

The pseudo-grain level is especially interesting when it comes to the implementation of 
advanced material models. That is, for the description of failure of short fiber reinforced 
composites as well as for the setup of fatigue models resulting in anisotropic Wöhler curves. 

MT homogenization can be extended to describe nonlinear material response. Typically the 
nonlinear effect is described as resulting from the material matrix whereas fibers are described 
via linear elastic models, isotropic for glass fibers and transversely isotropic for carbon fibers.  

A broad range of material performances can be covered this way. Relevant for industrial 
applications are: 

 (Thermo-) Elasticity 

 (Thermo-) Elastoplasticity 

 (Thermo-) Viscoelasticity 

 (Thermo-) Elasto-Viscoplasticity 

All these material models are fully anisotropic and sensitive to fiber orientation as defined on 
the microstructure level. Thermal dependency means that really all parameters of the model can 
be expressed as a function of temperature and the coefficient of thermal expansion is included. 
In strain rate dependency one has to differentiate between creep and dynamic behavior, as 
needed for crash and impact scenarios. Both effects can be covered, also combined with 
temperature dependencies.  

 

From processing simulation to the composite response of the final part 

The performance of composite parts is even more complex to describe than the response of 
the material by itself. The reason is that the processing of composites, be it injection molding for 
short, injection molding or compression molding for long or draping for continuous fiber 
reinforced plastics, will influence the local microstructure of the composite material. Resulting 
from this, material properties are not homogeneous over the part but must be described via a 
distribution of properties. 

Micromechanically derived, anisotropic material models can be used to bridge the gap 
between the influence of processing and the performance of the final part in simulation. The 
material model itself plays the central role. Once it has been parameterized in sufficient quality, 
e.g. via reverse engineering to some experimental curves which mirror the sensitivity to the fiber 
orientation, it can be coupled to results coming from processing simulation. Figure 2 illustrates 
this approach. 
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Figure 2:  In the coupling of processing simulation with Finite Element Analysis the micromechanical material model 
plays the central role. 

 

The results from processing simulation (orientation tensors given per element in the case of 
injection molding) are mapped onto the mesh used in structural simulation. In the mapping, 
results are transferred to the integration points, so that afterwards each material point in the 
model bears its own and individual microstructure. The material model is coupled to the FE 
solver via a user defined subroutine. Now, during the run of a coupled simulation, each time 
material information is required, this information will be computed using the micromechanical 
model. The base of this computation is the microstructure information as mapped from the 
processing results. 

Turning towards lifetime analysis the coupling approach has to be enhanced, whereas the 
principle strategy remains the same. Figure 3 shows the workflow for setting up a coupled 
approach in fatigue analysis. Stress input is taken from FE analysis. Typically, this analysis is 
carried out as a coupled analysis as well. As in high cycle fatigue lifetime prediction is based on 
a linear assumption, the stress input typically is derived from a linear elastic analysis also. Again 
the micromechanical model then plays the central role. For fatigue, anisotropic S(N) curves are 
computed per integration point based on the microstructure information resulting from the 
processing simulation. This information is exchanged with the lifetime prediction software, so 
that the distribution of the different material responses over the composite part is taken into 
account. 
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Figure 3:  Coupling approach for lifetime analysis. The stress input for the lifetime prediction software is computed 
with a coupled analysis correctly taking into account the influence of processing for the stiffness response of the 

composite part. 

 

When dealing with continuous type of reinforcement the above described approaches are 
highly similar. Draping simulation delivers a warp angle for UD type of composites whereas a 
warp and weft angle is transferred for woven type of composites. Usually a mapping step has 
not to be taken into account as the draping analysis works directly on the mesh of the structural 
simulation. 

In the following, some specifics in the simulation of fiber reinforced plastics will be discussed 
which concern the different types of fiber reinforcement possible. Dependent from the fiber 
length, different effects are observed that has to be accounted for in the micromechanical 
modeling. Plastic composites can roughly be categorized by fiber length into: 

 

 Short fiber reinforced plastics 

 Long fiber reinforced plastics 

 UD & woven composites 
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Short fiber reinforced plastics 

 

Composite properties 

The following two performances of short fiber reinforced plastics are critical for simulation 
especially in the automotive context: 

 Failure 

 Fatigue 

Both are difficult to describe without micromechanical approaches due to the above 
described influences which have to be taken into account. Key to high quality material models 
for both is to use the MT approach and to implement failure and fatigue on the pseudo grain 
level of the homogenization procedure. 

 

Failure 

In the description of failure, the pseudo grain level bears the advantage that for each pseudo 
grain the orientation of the fiber(s) determines the orientation of the local axis system of the 
material. This axis system can be used to express failure in terms of a failure indicator. This 
failure indicator can be defined either on the level of the matrix or fiber phase or on the level of 
the composite. The latter approach is of great interest to an application as each pseudo grain 
contains fibers with the same orientation and thus resembles a micro-laminate. 

As consequence, failure indicators that are well known from laminate theory can be applied 
in this approach, for example Tsai-Hill failure, expressed fully three-dimensional. However, even 
though the use of 3D indicators is mandatory, the parameterization of such indicators can 
become quite a nightmare due to the large number of parameters involved. One solution to this 
situation is to take advantage of the fact that each pseudo-grain bears transversely isotropic 
symmetry by default as it is described via an Eshelby type of approach with isotropic material 
properties defined for both phases. 

In a recent software implementation, Tsai-Hill-3D transversely isotropic failure has been 
used on the pseudo grain level of MT homogenization. In this implementation, the failure of short 
fiber reinforced plastics can be parameterized via usage of only three values:  

 Failure along fiber direction 

 Failure perpendicular to the fiber direction 

 Shear failure 

Figure 4 shows results of the parameterized model in comparison with experimental 
stress/strain curves as well as the response of this failure indicator in a dumbbell cut out from an 
injection molded plate. As can be seen, both stiffness and failure behavior of the experimental 
curves are very well mirrored by the model (red curves). In addition, the pure response along 
fiber, perpendicular to the fiber and the shear response are shown (green and blue curves). 

In the dumbbell, the expected skin-core effect is nicely observed. The failure indicator 
evolves in a continuous distribution over the part. 
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Figure 4:  Failure of short fiber reinforced plastics. Results of the parameterized model are shown in comparison with 
experimental stress/strain curves and the response in a dumbbell cut out from an injection molded plate. Both 

stiffness and failure behavior of the experimental curves are very well mirrored by the model (red curves). In addition, 
the pure response along fiber, perpendicular to the fiber and the shear response are shown (green and blue curves). 

In the dumbbell, the expected skin-core effect is nicely observed. 

 

Fatigue 

For fatigue performance, the pseudo grain level of implementation is also the key to the 
micromechanical model. Similar to what has been described above for failure, a Tsai-Hill-3D 
criterion is used to predict the failure of each pseudo grain. In contrary though, now failure 
accumulates as a function of number of cycles in high cycle fatigue. The failure of the composite 
is the weighted average of the criteria as computed for each pseudo grain. 

This basic model is reverse engineered to three input S(N) curves coming from experiments. 
Typically that’d be one curve measured along the main fiber direction, one perpendicular to this 
and one in an angle between these two states. From the complex microstructures which are the 
base of the experimental response, the parameters for failure on pseudo grain level are derived 
via a reverse engineering procedure. Once these parameters are known, it is possible to predict 
the S(N) curve for any unknown microstructure represented by an orientation tensor (compare to 
figure 5). 

Figure 5 also shows the results computed via a coupled analysis for lifetime prediction as an 
application of this type of material model. As can be seen, the skin-core effect in a dumbbell cut 
from an injection molded plate becomes visible. This gives a realistic picture of the behavior of 
the short fiber reinforced plastic part.  
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Figure 5:  Fatigue of short fiber reinforced plastics. The micromechanical model, parameterized for some input 
curves, predicts the dependency of the S(N) curve from the fiber orientation. Performed per integration point based on 

processing simulation, this approach can realistically mirror the skin-core effect in a dumbbell cut from an injection 
molded plate in life time analysis. 
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Long fiber reinforced plastics 

 

Composite properties 

In contrary to short fiber reinforced plastics, where the prediction of stiffness is well 
understood and existing approaches are sufficient to describe effects, both resulting from 
injection molding and in the material model, long fibers still pose a challenge. The reason for this 
is that long fiber reinforced plastics exhibit extremely complex microstructures which are difficult 
to predict on injection molding side as well as in micromechanical modeling. 

This part of the article deals with advances in providing material models for long fiber plastics 
form micromechanical approaches. To derive such, it is necessary to step one step back and 
perform first in-depth studies of these materials and their effects on the microscopic level. From 
these computations and understanding arises that needs to be put into the mathematical 
formulation of homogenization methods. In this strategy, it is not necessary to re-invent the 
overall approach. Rather more, the goal is to enhance models that already give good 
performance for short fiber plastics such that they become applicable to long fibers as well. 

This approach is especially valid because the complexity of long fiber arises from their 
microstructure. The special effects that have to be investigated and taken care of are 

 Tortuosity (waviness) of fibers 

 Bundling of fibers 

In the following some results are presented arising from in-depth studies on representative volume 
elements (RVEs) and strategies are highlighted for how to cover the observed effects in homogenization 
theory. 

 

Tortuosity 

To investigate of fiber waviness, a set of RVEs has been build where tortuosity was 
increased systematically. For these RVEs, stiffness response has been computed. The results 
can be found in figure 6. The highest stiffness is found for fully aligned fibers. With rising 
tortuosity, stiffness reduces up to a limit value with a Young’s modulus about 2/3 of the initial 
value for straight fibers. The maximum deviation of roughly 35% due to fiber waviness is an 
effect significant enough that it must be taken into account in a material model for long fiber 
reinforced plastics. 

A first idea in an initial and simple model is to account for tortuosity in a sense that can be 
described as a distribution in fiber orientation which again is given by an equivalent (thus 
modified) orientation tensor. This approach is depicted in figure 6 via the horizontal lines. It can 
be seen that for each of the RVEs an equivalent orientation tensor can be found. This means, in 
principle the approach is valid and feasible. However, the resulting orientation tensors are purely 
phenomenological and do not bear any physical meaning. 

Thus, an enhanced model will have to be tried. It will still be based on the same principle 
idea, but incorporate more sub-steps to be able to fill the model with physical meaning. These 
steps are 
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Figure 6: Influence of the tortuosity on the stiffness of a long fiber reinforced composite material as computed from 
representative volume elements (RVE). The highest stiffness is found for fully aligned fibers. With rising tortuosity, 

stiffness reduces up to a limit value with a Young’s modulus about 2/3 of the initial value for straight fibers. The effect 
of tortuosity can be accounted for in an initial and simple model where tortuosity is described as a distribution in the 

fiber orientation given by a modified orientation tensor. For each of the RVEs an equivalent orientation tensor can be 
found. 

 

 

(1) Discretization of the wavy long fiber in small straight fibers 

(2) Re-computation of the orientation tensor based on this discretization 

(3) Adaption of the aspect ratio of the short fibers based on the tortuosity 

The characteristics of this approach are that it will results in an equivalent fiber orientation 
with an equivalent aspect ratio. Both of them can be hoped to exhibit a fixed correlation to the 
waviness of the fibers and thus have a physical meaning. 
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Bundling 

The second effect that has to be taken care of is fiber bundling. This can be expected to be 
even more complex than waviness as it will influence to performances of the material: 

 Stiffness 

 Failure 

Again, initial studies have been performed on representative volume elements. The results 
are depicted in figure 7. 

 

 

 

Figure 7: Influence of bundling of fibers on the properties of a long fiber reinforced composite material as computed 
from a representative volume element (RVE). The distribution of the maximum principle stresses in the composite 

matrix is shown. The effect of bundling shifts the distribution to higher values, whereas the shape of the distribution 
remains about the same. It can be expected that the induction of higher stresses in the matrix leads to earlier failure 

of the composite material that exhibits bundling. Due to a low amount of bundling in this case the impact on the 
stiffness remains. However, at the top stress/strain curves for another RVE are shown. As can be seen bundling 

leads to a reduction of stiffness of about 10% in this latter case. Other results indicate that the reduction of stiffness 
can go up to 25% with respect to the initial value. 
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From the detailed analysis of the maximum principle stresses in the material matrix as 
induced by the glass fibers it becomes clear that bundling leads to a shift of the stress 
distribution to higher values. The overall distribution of stresses as represented by the shape of 
the distribution function remains about the same. The shift to the higher stresses is to be 
expected, as the closer the fibers get in the RVE the more stress concentrations will occur in the 
material matrix. Higher stresses in the matrix again will lead to an earlier failure of this phase 
and thus also of the composite. From this it can be concluded that as a general effect of 
bundling, premature failure of the composite can be expected, its origin being located in the 
region of the fiber bundles. 

The influence of bundling on the stiffness of the composite is more difficult to determine. In 
the latter example, no significant influence on the stiffness of the composite could be observed 
due to a very little amount of bundling in the RVE. However, at the top stress/strain curves for 
another RVE are shown. It can be seen that in this case bundling leads to a reduction of 
stiffness of about 10%. Other results indicate that the reduction of stiffness can go up to 25% 
with respect to the initial value. All this indicates that the influence of bundling on the composite 
stiffness can become significant enough, that it also has to be taken into account a 
homogenization approach for long fiber reinforced plastics. 

A first strategy to incorporate the effect would be to separate the composite into three distinct 
phases: 

(1) “Matrix phase” 

(2) “Fiber phase” 

o Exhibits a lower volume fraction than in the overall composite as a certain amount of 
fibers will participate in bundling 

o Is described via the initial aspect ratio or the approach described for wavy fibers 

(3) “Fiber bundles” 

o Exhibit a higher volume fraction than in the overall composite representing the denser 
areas containing the bundles 

o Described by an equivalent aspect ratio describing the effective shape of the area of 
bundled fibers  

 

In this model, the main effect on the reduction of stiffness will come from the large volume 
and contribution of the less dense “Fiber phase”. But also the use of an equivalent and lower 
aspect ratio for bundled areas reduces stiffness in fiber direction. 

This effect is shown in figure 8. Two approaches for modeling bundling with homogenization 
approaches were tried. Modeling the bundles as a part of a layered RVE, as a small layer with 
very high volume fraction of fibers does not predict a softer behavior of the composite. Modeling 
the bundle as a fiber with a new effective aspect ratio, however, allows the prediction of a softer 
material response. This indicates that this way could be a feasible strategy to incorporate the 
bundling effect in the material model. 
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Figure 8: Principle study for an approach to resemble the bundling effect on the composite stiffness via 
homogenization theory. Using an effective aspect ratio to describe the bundled areas in the composite gives 

promising results as a reduction of stiffness is observed. In contrary to this approach, using a layered microstructure  
with a layer of high volume fraction (VF) of fibers does not lead to any decrease in stiffness. 

 

 

For failure, so far no direct approach for homogenization is discussed. The first step will be 
to combine the here described modeling approaches for the material stiffness into one model 
that will be able to give a realistic picture for long fiber filled composites based on their complex 
microstructures. The next challenge then will be to use this model in coupled simulations based 
on the results of injection molding simulations which also use a predictive approach for the 
microstructure specially developed for long fibers. It is in this coupled approach that a direct 
comparison to the full response of composite part comes within reach and that the material 
models will have to prove their value. 
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UD & woven fiber reinforced plastics 

 

Composite properties 

Yet another situation is found when dealing with UD and woven type of continuous fiber 
reinforced composite materials. In principle all major FE codes already offer solutions for the 
modeling of UD composite materials. Also interfacing to processing simulation, draping in this 
case, is not uncommon. The principle approach here is to build the composite stack in the FE 
code. For each ply the orientation of fibers can be set. The overall composite properties can 
directly be entered or derived from mixing rules. Also approaches to predict failure of UD 
composites exist and are in common use. 

However, there are difficulties with this approach, especially for the use in the automotive 
industry. The issue occurs when discussing the availability of material properties as simulation 
input, in specific for the early design phase of composite parts. Large experimental effort has to 
be done to put together all measurements needed for a material card. It is not unusual that 6-12 
months are needed before such a material card is build and communicated to the developer. 
This period of time now means that in the early phase, where all types of different CAD design 
but also of different materials should be tried out to find the best approach to follow up on, there 
is a bottleneck on the simulation side. 

For each variation in ply thickness, fiber orientation, number of plies, amount of fibers, type 
of fibers and so on the composite has to be produced and specimen tested under different 
conditions. If simulation of crash is involved, strain rate dependency and failure has to be taken 
into account. The number of experiments needed to this for a meaningful screening of the 
potential hidden in the composite material basically explodes. Alternative ways to perform such 
screenings are needed. 

 

Virtual testing 

Micromechanical modeling offers such an alternative way.  Based on homogenization theory 
materials can be tested under different loading conditions in a fraction of a second. This could 
for example be, under tensile, compressive or under shear load. Such virtual tests have large 
potential to replace costly experiments and lead to an at least qualitative material model in the 
time frame of hours rather than months. 

The foundation of this approach is to reverse engineer a material model for one ply of the 
composite based on a set of experimental data. In the model then matrix and fiber properties are 
known and can be used to put together unknown variations of the composite based on the same 
combination of matrix and fibers. Also failure can be incorporated in this approach. Instead of 
determining a failure indicator for the final composite, failure indicators are defined on the 
microscopic level in the matrix and fiber phase. For the matrix a strain based criterion can be 
used, whereas for the fibers a stress based indicator is meaningful. Recent results in 
comparison with experiments indicate that this approach leads to good prediction of the failure of 
the overall composite. That is, both, in terms of strength and the failure mechanism.[3] 
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Nonlinear analysis including draping 

The approach has been tested in the applied example of a wind turbine blade prone to a 
rotational force and wind pressure. The blade was designed by a setup of composite materials 
draped onto the curvature of the complex geometry. Draping was taken into account in the 
simulation approach and all composite materials were described per ply by a micromechanical 
model. 

Table I shows an overview over the material combinations that have been tested in the 
simulation approach. The matrix material was described with a unique set of parameters for all 
the cases. It was reinforced by glass fibers and carbon fibers. For the models, the matrix was 
described linear or nonlinear. For the carbon fibers an isotropic material was compared to 
transversely isotropic behavior. Failure was strain based in the matrix with unique values for all 
cases differentiating between failure strain in tension and compression. Fiber failure was taken 
into account via different failure strengths for tension and compression. 

 

Table I:  Materials setup in the micromechanical model of the coupled analysis. 

 

 

 

Figure 9 shows the mechanism of the composite failure as taking place in one ply of the 

material. The response of the failure indicator was tested the 11/22 plane upon rotating the 
fiber with respect to the main loading direction (11). As expected, failure strengths for the carbon 
fiber reinforced plastic are higher than the ones for the glass fiber reinforced material. The 
results show a switch in mechanism from fiber to matrix failure for an angle of about 30° for 
glass fiber reinforcement and about 50° for the carbon fiber composite. Furthermore, upon 
comparing an elastic matrix with an elastoplastic definition, it becomes obvious that once matrix 
failure occurs, it is sensitive to the nonlinearity of the matrix, thus making it important to include it 
in the material model of the composite. 
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Figure 9: Study on composite failure defined in a micromechanical model per ply. Failure was defined strain based on 
the microscopic level of the matrix and stress based for the fiber phase. This generic failure indicator was tested for 

lane upon rotating the fiber with respect to the main loading direction. Results indicate a 
switch in mechanism from fiber to matrix failure for an angle of about 30° for glass fiber reinforcement and about 50° 

for the carbon fiber composite. Furthermore, upon comparing an elastic matrix with an elastoplastic definition, it 
becomes obvious that the matrix failure is sensitive to the nonlinearity of the matrix, thus making it important to 

include it in the material model of the composite. 

 

All materials were applied to an analysis fully coupled to draping results. Figure 10 shows 
the comparison of global results between glass and carbon fiber reinforcement and linear and 
nonlinear material matrix.  The reaction force at the clamped nodes is plotted versus the 
displacement at the end of the blade. For the global result, an influence of the nonlinearity can 
only be observed for glass fiber reinforcement. This is due to the reinforcing effect of the much 
stiffer fibers for the carbon which drastically increases the stiffness of the overall composite 
material. Under the given loading conditions, plasticity does not play any role for the carbon fiber 
composite whereas it takes effect for the glass fiber material. Really interesting is the analysis of 
the maximum local failure in the different plies of the composite design. 

For the glass fiber composite, critical values are found in the epoxy matrix under tension and 
in the fiber phase under tension and compression (compare to table II). The elastoplastic 
material model has significant influence on the failure response. Using an elastoplastic 
description in the matrix increases the absolute value of the failure indicator by 36% for matrix 
and by 27% for the fiber phase. Also, switching the material model leads to a change of the 
layer, in which matrix failure occurs. All this indicates that it is significant to combine the 
described failure indicator with an elastoplastic material model for the matrix in the case of glass 
fiber reinforcement. 
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Figure 10: Results of linear and nonlinear analyses on a wind turbine rotor blade (courtesy of CADFEM GmbH). The 
reaction force at the clamped nodes is shown versus the displacement at the end of the blade. Glass fiber 

reinforcement (blue curves) is compared with carbon fiber reinforcement (green curves) showing an influence of the 
nonlinearity on the global results of the simulation only for glass fiber reinforcement. 

 

 

Table II:  Maximum values of the failure indicators defined in the glass fiber reinforced model. The impact of the 
matrix material on the failure response is investigated. 

 

 

Table III:  Maximum values of the failure indicators defined in the carbon fiber reinforced model. The impact of the 
matrix material on the failure response is investigated. 
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Table IV:  Maximum values of the failure indicators defined in the carbon fiber reinforced model. The impact of the 
fiber material on the failure response is investigated. Please note that the load case differs from the one used for 

results shown in tables II and III. 

 

 

 

For the carbon fiber composite, under a comparable load case, critical values are reached 
under tension and compression only in the fiber phase (see table 3). In contrary to the glass fiber 
composite, there is no significant sensitivity of the failure towards the nonlinearity of the material 
matrix. Table 4 shows results from a different load case where isotropic carbon fibers were 
compared to a transversely isotropic material model. Again, the impact on the failure was 
investigated. It becomes obvious that the fiber description is the crucial point for the carbon 
material. Compared to isotropic material, for the transversely isotropic material the fiber failure 
indicator is increased by about 36% under compression. Also the layer, in which the maximum 
failure is observed, has changed. 

All this indicates that it is less significant to combine the described failure indicator with an 
elastoplastic material model for the matrix in the case of carbon fiber reinforcement, whereas 
one should choose a transversely isotropic material model to describe the fiber properties. 
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 Summary  

The here presented paper gives an overview over the application of micromechanical 
modeling for fiber reinforced plastic composites. These materials can be distinguished by the 
fiber length that is used, short, long or continuous. The final goal is to provide anisotropic 
material models which are capable to read in microstructure information and return the material 
response. These models enable to bridge the gap between the processing step, which 
influences material properties of composites on the local scale, and the performance of the 
finally produced part in simulation. To cover the special needs of automotive industry it is 
important to enhance this approach to nonlinear, temperature and strain rate dependencies, 
provide realistic models for failure and also, to cover the topic of fatigue. As for the different 
materials, the challenges and gains in the industrial application of micromechanical modeling are 
different. 

In short fiber reinforced plastics, running analyses coupling injection molding results with the 
structural response of the part already is a common procedure. Here the challenge is to cover 
temperature and strain rate dependencies, both for dynamic loads as well as creep. Also a 
realistic description of composite failure is a goal which only recently could be reached to a 
satisfying extend. The future topic which currently draws a lot of attention to it is life time 
prediction for short fiber reinforced plastic parts. Here, first solutions are commercially available. 

Turning to long fibers, the situation differs a lot. Both, in injection molding as well as 
micromechanical modeling, the description of the complex material behavior poses a challenge 
which still puts this topic in a research context. Here, first approaches are available. For the 
prediction of stiffness the effects of tortuosity and bundling of fibers is started to be understood 
and will be put into homogenization approaches soon. Also the special effect of bundling on the 
composite failure is investigated. Once a material model for long fiber reinforced plastics is 
established, the next challenge will be to combine it with injection molding results based on 
proceedings made on this side of the simulation chain to evaluate the benefit to industrial 
application by comparison with experimental results on real parts. 

UD & woven composites are materials best understood in comparison to the other types of 
plastics. Many approaches already are established to cover composite effects in simulation. 
However, to use these approaches for early design studies poses a challenge due to the large 
number of experiments and the time involved to be able to set up a suitable material model. 
Here, micromechanical model can help to replace experimental effort by virtual testing leading to 
at least a qualitatively good material model. Such models should be well suited to perform initial 
studies on composite designs. It could be shown that micromechanical models work well when 
defined on the ply level incorporating failure on the microscopic level of the matrix and the fiber 
phases. These models can be applied to fully coupled analyses to draping in enhancement with 
nonlinear material response. First results indicate that it is important for glass fiber reinforcement 
to take into account elastoplasticity in the matrix whereas the crucial point for carbon fiber 
reinforcement is to describe the fibers via a transversely isotropic approach. 
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