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Summary: Low velocity impact tests were carried out on carbon fibre reinforced
plastic laminates at complete penetration at different energy levels at the aim to
investigate about the damage initiation and propagation. Some of the specimens were
destined to CAI tests and the residual strength was evaluated. The laminates were
fabricated by a new vacuum assisted technology labelled as “pulse infusion”. All the
experimental results, after analysing, were used to assist the numerical simulation. By
the comparison, good agreements were found.

1 INTRODUCTION

Composites materials, due to their non-homogeneous and anisotropic nature, when
impacted, can fail in a wide variety of modes and can severely reduce the integrity of
the structural components even if the visual damage is not so evident.

The different impact damages can be collected in: a) external damages, indentations
with different depths and b) internal damages, like inter-laminar fractures
(delaminations) caused by inter-laminar stresses, fibres cracks (in-tension fibre breakage
and in-compression fibre buckling) and matrix cracks. Moreover, the interaction
between failure modes assumes a primary role in understanding damage modes,
initiation and propagation [1]. It is, so, very crucial but very difficult, to have a clear
understanding of the impact phenomenon. A lot of efforts were done for many years [2]
at the aim to investigate about the influence of the large number of parameters involved
in dynamic phenomena and the very complex interaction mechanisms between the
different modes of failure. A large number of experimental tests were carried out and
the results widely studied but, due to the very complex response of composites to
impacts, a lot of questions remain unanswered yet. Moreover, the complex interaction
between the failure modes, since influenced by a variety of parameters can be hardly
predicted by analytical and numerical tools [3]. The same holds for residual
compression strength after impact.

Validated finite element (FE) models could be, however, an essential tool to reduce
testing time and costs in the development phase, especially for impact tests on large
structures which are becoming too expensive to be carried out in the development stage.

In this work, a large experimental campaign of low velocity impact tests has been
carried out on composite laminates with the aim to supply useful information to develop
an impact oriented design methodology. The laminates made by carbon fibres in
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polymeric matrix RTM6 have been manufactured by a new vacuum-assisted technology
called pulse infusion. It is based on the use of a proper designed pressure distributor,
that allows to control the pressure of the vacuum bag on the dry fiber reinforcement and
induces a pulsed transverse action to promote the through thickness resin flow.
Moreover, thanks to the use of a reusable pressure distributor, it is characterized by a
reduction of production costs and a significant waste decrease. Unidirectional layer of
dry fibres were overlapped following the stacking sequence [(0)/(90)/(+45)/(-45)]s,
resulting in a laminate nominal thicknesses of 2.5 mm.

The experimental tests have been carried out on a Ceast Fractovis MK4 drop
machine, allowing to vary the impact energy by changing the impactor mass and the
drop height. Impact tests were carried out up to the complete penetration of the coupons.
The instrumented impactor was cylindrical shaped hemispherical nose, 19.8 mm in
diameter. The rectangular specimens, 100x150 mm, were clamped using a clamping
device suggested by the EN6038 standard. The force-time and force-displacement
curves obtained by the complete penetration tests were recorded by the DAS4000
acquisition program and successively studied to evaluate the penetration energy and the
variable energy values for the indentation tests. The latter allowed the study of the
damage initiation and propagation. The variable energies were measured in
correspondence of characteristic points of the load curves like load drops or deep
changing clearly evidencing changing in material behaviour like possible damages.

The load curves recorded in all the test conditions were used to evaluate the main
impact parameters involved in the phenomenon like penetration energies and maximum
forces, so as the correspondent displacements. Penetration and absorbed energy, first
failure and maximum force have been measured. Compression after impact tests (CAI)
were carried out on some of the damaged specimens and the residual strength was
evaluated.

The indentation depth was measured by bifocal microscopy whereas the internal
damages was evaluated by the well known US technique allowing to have information
about delamination layer by layer. Semiempirical models were validated to test the
efficiency of the new infusion technology.

Results from numerical explicit FE simulations of the impact phenomena under
experimental test boundary conditions have been considered in order to set some test
parameters. The numerical analyses have been developed by using commercial finite
element codes (ABAQUS/Expl.) and a global/local approach has been followed.
Numerical results concerning impact damages are in good agreement with the
experimental ones.

REFERENCES

[1] S. Liu, Z. Kutlu, and F. K. Chang, 1993. Matrix cracking and delamination
propagation in laminated composites subjected to transversely concentrated loading.
Journal of Composite Materials, 27 (5), pp. 436-470.

[2] G. Schoeppner, S Abrate, 2000. Delamination threshold loads for low velocity
impact on composite laminates, Composites Part A, 31, pp. 903-915.

[3] Y- Zhang, P. Zhu, X.M. Lai, 2006. Finite element analysis of low-velocity impact
damage in composite laminated plates”, Materials and Design, 27, pp. 513-5109.



	Main Menu
	Author Index
	How to Use This CD-ROM
	Search
	Print

	Table of Contents
	SESSION 23: ABSTRACTS
	Processing Routes for Achieving Multi-Functionality in Reinforced Polymers and Composite Structures
	Deformation and Damage in Fabric-Reinforced Composites Under Bending
	Verifying Molecular Model of Montmorillonite Nanocomposites
	Impact Characterization Diagram for Damage Resistance/Tolerance in Composite Structures
	In-Mould Gel-Coating for Polymer Composites
	Steady-State Debond Growth Along Broken Fibers in Unidirectional Composites During Cyclic Loading
	The Reinforcement of Nanocomposites with Graphene Oxide
	Bioresorbable Composite Bone Fracture Repair Plates: Manufacture and Characterisation
	Effect of Curing Conditions on Mechanical Properties and Chemical Shrinkage in Polymers
	Micromechanical Modeling of Semi-Crystalline Polymer Nanocomposites
	Silica Based Shear Thickening Fluids (STFs) and Their Composites
	Effect of Compatibilizer on Mechanical and Physical Properties of Green Composites Based on High Density Polyethylene and Date Palm Fiber
	Influence of Maghemite in the Dissolution Profile of CotrimoxazoleInserted into Nanocomposites of PLGA-PEG/Maghemite
	Helicoidal Laminates for Energy Absorption
	Amorphized Cellulose as Filler for Innovative Ecocomposites
	Integrated Structures for Aerospace Applications Via Resin Transfer Molding
	Toughness and Strength Performance of Hierarchical Composites
	Fabrication and Characterization of Epoxy Nanocomposites with Graphenes
	Health Monitoring in Composite Materials Using Carbon Nanoreinforcement Networks
	Thermal Degradation Modeling of a Composite Material
	Interaction of Vulcanization and Reinforcement of Nanoclay (MMT) and Cellulose II on Dynamic Property of NR Characterized by RPA2000
	Crosslink Density in Carboxylated Nitrile Rubber Nanocomposites
	Evaluation of Polymer Nanocomposite Degradation During Melt Processing
	Hierarchical Patterning of Nanomaterials for In Situ Discretized Damage Sensing Applications
	Conductive Concrete for Electromagnetic Shielding Applications
	New Proton-Conducting PVA/Clay/Ionic Liquid Nanocomposite Membranes for Anhydrous Fuel Cells
	Polyelectrolytes Based on Speek/TiO2 Nanocomposites for Direct Ethanol Fuel Cells Applications
	Finite Element Simulation of Different Failure Modes for Buckling-Restrained Braces Under Cyclic Loading
	Onset of Fibre/Matrix Debonding on the Surface of Organic Matrix Composites Due to Thermo-Oxidation
	Design Exploration Methodology for Ultra Thick Laminated Composites
	Methodology for Lifetime Prediction of Glass/Polyamide 6-6 Safety Pieces in the Domestic Distribution Network of Drinking Water
	A Multiaxial Fatigue Damage Model for Glass Fibre Reinforced Polymer in Seawater
	Study of the Experimental Low Velocity Impact Phenomenon on Carbon Composites to Support Numerical Simulations
	Numerical Methods for the Study of the Impact Behaviour of Composite Laminates Reinforced with Basalt Fibre
	Recent Developments in Non-Destructive Testing of CFRP Components Using Active Thermography
	Self-Sensing Carbon Nanotube Composites: Synthesis and Characterization
	Carbon Nanotube Reinforced Composite Films on Aluminium Alloy
	Interlaminar Fracture Behaviour and Mechanical Properties of MWCNT Filled Epoxy Fibre Reinforced Composites
	Effect of MWNT on PAN Thermal Stabilization
	Thermal Aging of CFRP Composites for Marine and Aeronautical Applications



	Button1: 


