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Abstract

Composite materials, which are being used in aerospace industry, are susceptible to im-
pact during their service life. In the present work, numerical and analytical techniques for
modeling the impact response are discussed.

Based on the scale these techniques can be categorized as macroscale and multiscale.
In macroscale model, the heterogeneous material is replaced by an effective homogenized
material at lamina level. In the present research work both the macroscale and microscale
modeling techniques are investigated. Low velocity impact simulations for E-glass/epoxy
composite are performed using continuum damage mechanics (CDM) based macroscale ma-
terial model. These studies consider the elastic deformations and intralaminar/interlaminar
damage evolves exponentially or linearly with strain in these models. The choice of material
softening parameter, ‘m’ for a particular mesh size is discussed and determined from the
FE simulation of a single element model. The damage observed through the light projected
area on the laminate, contact forces and displacement plots with respect to time are studied
and compared with finite element analysis results to demonstrate the effectiveness of the
model.

Further, an elasto plastic damage model for three dimensional fiber reinforced polymer
(FRP) composite is proposed to simulate the progressive damage and damaged induced
inelastic deformation in case of low velocity impact. Exponential softening model is im-
plemented for damage growth prediction and a three dimensional plastic potential is used
for plastic surface growth. A user subroutine, VUMAT is written and implemented in
ABAQUS/Explicit. Low velocity impact simulations are performed with graphite/epoxy
laminate. Delamination behavior is simulated using surface based cohesive interaction be-
tween the adjacent laminae. The results show that the predicted behavior matches well with

experimental observations. The model is successfully able to capture the central deflection
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Abstract

of the laminate plate and permanent indentation on the surface.

An improved analytical model to predict the response of composite laminate under low
velocity large mass impact is proposed. A spring—mass system is used to represent the
contact, bending, shear and membrane stiffnesses of the laminate system. The stiffness
of the springs is evaluated by dividing the laminate into a central damaged region with
degraded stiffness surrounded by an undamaged region. The stiffness of the springs changes
as the damage region grows with time. The predictions of the force between impactor and
laminate and size of the damaged region from the proposed model are compared with the FE
simulation results and available experimental results in the literature for CFRP laminates.
The comparison demonstrates a good prediction capability of the proposed formulation.

The structural analysis of a composite material undergoing degradation in the proper-
ties can also be done using the multiscale approach. A multiscale procedure based on
asymptotic expansion homogenization (AEH) technique is formulated to study the inelastic
deformations and damage of FRP composite materials. The complex implementation and
high computational cost of AEH can be alleviated by the reduced order techniques. In the
present work, the reduced order AEH formulation is extended to capture the plasticity and
damage in the matrix. The initial studies are performed for representative volume element
(RVE) in absence of debonding which show the expected behavior. This new formulation
is applied to study the low velocity impact of composites. The results (force-time curves
and extent of damage) are validated with experiments. The model is successfully able to
capture the deflection at various points on the laminate and permanent indentation on the
surface. The effect of debonding of fiber-matrix interface was included in past by using
eigen deformation based formulation. Here, an alternate method is proposed to include the
debonding effects by modeling it as an additional interphase in RVE. Finally the low veloc-
ity impact simulation of a composite plate is carried out for the validation of proposed two
scale formulation. The importance of including the debonding effects is also demonstrated

in terms of significant difference in the results calculated by ignoring these effects.
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