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ABSTRACT 
 

This paper explores the advantage introduced, in terms of load dissipation during a crash test, of 
additive manufactured composite sandwich panels. A numerical investigation has been performed on a 
small electric bus by comparing the results obtained by explicit crash test simulations with and without 
composite sandwich panels as shock absorption systems.  

To assess the crashworthy behaviour of the investigated structures, detailed numerical simulations 
with 3D formulation based finite element models have been performed within the ABAQUS Explicit 
FEM environment. The proposed sandwich panels configuration has been obtained by combining 
carbon reinforced skins with a polymeric core. This kind of hybrid structure has been considered 
suitable to dissipate large amounts of impact energy both by plasticisation and by fibre and matrix 
breakage due to the interaction between the ductility of the polymeric core with the brittle behaviour 
of the CFRP skins. 

In addition, the proposed sandwich panels are expected to exhibit a considerably high absorbed 
energy to mass ratio due to use of the additive manufacturing technique to produce the polymeric core. 
This manufacturing technique allow the definition of complex microstructures, such as lattice 
microstructures, characterised by significant energy absorption capabilities with a considerable mass 
reduction. 

Hence, the research study presented in this paper is aimed to prove that, for the analysed small 
electric bus configuration, the considered combination of innovative materials and processes can help 
to develop compact and highly efficient shock absorber sandwich panels capable to reduce both stress 
and energy distribution on the chassis structure. 
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ABSTRACT 
 
The crashworthiness of a structure is a measure of its protective capability under dynamic events 

by absorbing the crash energy in controlled way. Fiber reinforced composite materials can represent a 
valid alternative to ductile metals as impact energy absorbers in crashworthy structure. In fact, 
composites are characterized by high mechanical properties coupled with low weight, capability to be 
designed by tailoring the specific requirements and good energy absorption capabilities. However, the 
impact resistance and the damage modes of long fiber composites involves different factors 
(constituent materials, geometry, lay up, manufacturing process) and is difficult to predict. In addition, 
there are no standard experimental procedures to assess the crashworthiness of composite materials. 
Therefore, a large and proper experimental characterization on composites with different geometries 
can be useful to understand the failure mechanisms under dynamic loads.  

In this work, three different kinds of carbon fiber epoxy composites have been realized by vacuum 
infusion process in order to investigate the effect of the width and the shape. In particular, two plane 
and one C-shaped composites have been manufactured and characterized with Charpy test at different 
impact velocity according to a three point bending procedure. Further, in-plane compression tests on 
larger flat composites have been performed by using an anti-buckling fixture (see figure 1) in order to 
evaluate the specific Energy Absorption (SEA). Results evidenced the effect of the impact velocity on 
the impact resistance, the greatest rigidity of the c-shaped composite and the damage modes. 

 

 
 

Figure 1. In-plane compression tests set up.  
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ABSTRACT 
 
Wood is a green composite material consisting of natural polymers, lignin, cellulose, and 

hemicellulose. It has good specific mechanical properties that can be further enhanced by densification 
process. In fact, densification determines a partial removal of lignin and hemicellulose and improves 
the strength and the density of wood and enables to extend the structural and decorative applications of 
wood. Recently, many approaches have been investigated, such as mechanical thermal pressing and  
viscoelastic thermal compression (VTC) that are usually accompanied by a softening pretreatment to 
lower the wood compressive force without breaking cell . However, these procedures are characterized 
by a partial elastic deformation recovery under humidity condition. To overcome this critical issue, an 
effective method could be the combination of chemical pretreatment and hot pressing. 

In this study, densified oak woods were produced by combining an alkaline solution treatment and 
hot pressing.  In particular, pristine wood blocks, properly cut, were immersed in an aqueous solution 
of   NaOH/Na2SO3 and heated at 90 °C for 7 h. Then, the samples were pressed at 100°C for 24 hours. 
SEM observation and FTIR analysis of densified wood were performed to analyze the microstructural 
characteristics and the chemical changes induced by the treatment. Results evidenced lignin reduction 
confirming  the efficiency of the proposed technique to enhance the wood.  

 
 

 

 
 

Figure 1. SEM analysis of densified wood 
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ABSTRACT 
 
The metallization of composite panels is finding an increasing interest in the last years because 

allows to enhance the application field of composite materials, a superficial metallic layer increases 
the wear performances, the fire resistance, confers electrical conductivity which is of great interest for 
aeronautic parts, and so on. Among the various technologies available the cold spray deposition is one 
of the most promising in producing metallic coatings on polymeric substrates. Several studies are 
available on this topic and one interesting point is that the design of the composite panel is a key factor 
to achieve an effective deposition, so the link between the composite panel design and the cold spray 
process parameters must be investigated in details. 

The aim of this paper is to present an innovative composite structure with high performances and 
specifically conceived to be coated through cold spray, this study includes also the deposition process 
and the characterization of the obtained coated structures. 

The results obtained allowed to release some guidelines to properly design these structures and also 
some reference values for the properties that can be achieved.  
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ABSTRACT 

Fused filament fabrication (FFF, also known as fused deposition modelling �± but as a trademark of 
Stratasys) is the most popular 3D printing additive manufacturing technology: cheap 3D printers are 
largely widespread and most polymeric materials can be used. It is probably the most versatile additive 
manufacturing technology. The applications range from prototyping to the production of custom parts 
with structural capabilities: fiber reinforced plastics can also be used. However, the knowledge of the 
FFF materials and the design criteria for fused fi lament fabricated parts are scarcely known and this 
results in a very common skepticism in adopting this technology for technical structural components. 
As for the other processing technologies for plastics, included injection molding, the mechanical 
properties of the components strongly depend on the manufacturing parameters.  

As shown by many authors including Casavola et al. [1] since production by FFF produces a 
layered structure, it is possible to model the mechanical behavior by means of the classical lamination 
theory largely verified and known for composites. In that paper, it was shown that the equivalent 
elastic properties could be predicted as a function of the lamination stacking and angles. An analysis of 
the influence of the deposition angle on the strength of FFF samples was published in [2]. 

In this paper, based on experimental results obtained on symmetric balanced angle-ply laminated 
samples made of PETG subject to tensile loads, the Tsai-Hill criterion was applied to predict the 
strength. After identification of the strength parameters, a good correlation of the experimental with 
the model parameters (Fig. 1), for all lamination angles, was obtained. 
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Fig. 1 Tensile strength of laminated balanced angle-ply PETG as a function of the deposition angle 
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ABSTRACT 
 
The study investigates the effect of Z-pinning on the low velocity impact response and compression 

after impact (CAI) performance of thin carbon/epoxy laminates. [02/±45]S panels were laminated with 
Texipreg® HS300/ET223 carbon/epoxy prepreg layers and cured in autoclave at a pressure of 6 bar. 
Before consolidation some of the panels were reinforced through the thickness by ultrasonic insertion 
of carbon/BMI Z-pins into rectangular regions of 20 mm by 60 mm. The Z-pins had a diameter of 0.51 
mm and were arranged in a square pattern with a spacing of 3.1 mm, corresponding to an areal density 
of 2%. After curing, rectangular samples 65 mm × 88 mm in size were cut from the panels to obtain a 
Z-pinned area centred on the impact point. The average thickness of the cured panels was 2.5 mm. 

The samples were first impacted at energies ranging between 2 J and 35 J by means of a drop 
weight testing machine equipped with a 2.28 kg impactor. The range of impact energies was chosen so 
as to achieve damage severities extending from the onset of delamination up to penetration of the 
indenter through the laminate thickness. CAI tests were then carried out to assess the post-impact 
compressive behaviour of the samples. The damage induced by impact and the main damage 
mechanisms leading to CAI failure were characterized by X-radiography and by visual observations of 
the surfaces of the sample. 

The study shows that the effect of Z-pins on the CAI response of the laminates depends on the 
extent and nature of the damage induced by impact, which greatly affect the different deformation and 
failure mechanisms that occur during compressive loading. In particular, Z-pins may have an adverse 
or beneficial effect on the CAI strength depending on the energy of the impact. As shown in fig. 1, 
while for low energy impacts (i.e. for small damage severities) the presence of Z-pins is detrimental to 
the CAI performance of the samples (as a consequence of the manufacturing defects introduced during 
the pin insertion), for higher impact energies Z-pins play a beneficial role, through their bridging 
action across delaminated layers, which delays the onset of out-of-plane instabilities under 
compressive loads. 

 

  
 
Fig. 1: Delamination area induced by impact (left) and CAI strength (right) of unpinned and pinned 
laminates for different impact energies. 
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ABSTRACT 

In recent years, the rapid growth of interest in the use of natural fibers (NFs) as reinforcement for 
composites, due to their reduced environmental impact and low-cost, generated several research 
studies aimed at the study of manufacturing processes of natural fibers polymeric composites and their 
innovative applications.  

However, composite reinforced by natural fibres like hemp or flax are currently mainly used for 
non-structural applications because of their high variability in mechanical properties, lower 
mechanical performances if compared to synthetic fibres and susceptibility to humidity. Consequently, 
a possible method for overcoming these problems and expanding NF applications also for structural 
components, could be their use in hybrid systems, and this concept can be emphasized considering 
sandwich configuration. 

 The possibility to use hybrid composite materials can constitute a further push for the optimization 
of sandwich panels to a level which is unreachable when traditional metallic or polymeric materials 
are used. In particular, the development of hybrid panels characterized by a combination of two 
different reinforcements, guarantees higher tailorability of the structure, alleviating the inherent 
drawbacks of each of the different fibres while keeping the benefits of both, and at the same time 
enables synergistic effects that can lead to properties that neither of the constituents possesses, leading 
to the extension of the application fields for some materials that alone do not possess the required 
properties. 

Therefore, this paper is focused on the study of the production and mechanical characterization in 
terms of impact performances of hybrid thin sandwich panels consisting in CFRP skins and a thin 
hemp bi-grid as core that was manufactured with an ad hoc continuous manufacturing process. 

The results were compared with reference samples consisting of only CFRPs. 
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ABSTRACT 

This paper is aimed to investigate the initiation and propagation of delamination in thin-walled green composite 
structures. In particular, laminates made of flax and hemp fibers with epoxy resin are investigated both from 
an experimental and a numerical point of view, using the finite element code LS-DYNA. First, an experimental 
campaign including DCB, 4ENF, and SLB tests has been conducted to obtain the values for the interlaminar 
fracture modes required for the cohesive fracture model. Beside these, in-plane crashworthiness tests have 
�E�H�H�Q���D�O�V�R���F�D�U�U�L�H�G���R�X�W���R�Q���F�R�P�S�R�V�L�W�H���S�O�D�W�H�V���W�R���L�Q�Y�H�V�W�L�J�D�W�H���W�K�H���V�S�H�F�L�P�H�Q�V�¶���G�D�P�D�J�H�����X�Q�G�H�U���E�R�W�K���T�X�D�V�L-static and 
dynamic conditions. The force-displacement curves acquired in the experimental tests have been used to 
calculate the Specific Energy Absorption (SEA) of the materials. Various trigger mechanisms were considered 
in order to guarantee a crushing as progressive as possible. Splaying was found to be the predominant damage 
mode, while some ply fragmentation for the central plies of the coupons and some buckling phenomena were 
also observed. In general, a more stable progressive crushing was observed under dynamic conditions respect 
to quasi-static ones. The numerical predictions of the progressive damage showed a good correlation with 
reference experimental results, thus validating the current framework for the crashworthiness analysis of green 
composite structures. 
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ABSTRACT 

 
Damage in composites is the result of several failure mechanisms and is characterized by a 

complex multitude of cracks, whose evolution is still challenging to predict. Differently from metals, 
�Z�K�H�U�H���D���U�H�V�L�G�X�D�O���V�W�U�H�Q�J�W�K���H�[�S�U�H�V�V�H�G���D�V���I�X�Q�F�W�L�R�Q���R�I���W�K�H���P�R�V�W���³�F�U�L�W�L�F�D�O�´���F�U�D�F�N���L�V���V�X�I�I�L�F�L�H�Q�W���W�R���H�V�W�L�P�D�W�H���W�K�H��
damage severity, strength degradation approaches are not suitable for composites, due to their inherent 
nonhomogeneous nature. Generally speaking, the presence of cracks, voids, impact damages etc., 
results in a local variation of the elastic properties, whose assessment constitutes a suitable metric for 
damage severity. However, current nondestructive techniques either lack a quantitative assessment of 
the elastic constants, as in the case of ultrasonics or micro-CT methods, or are likely to conceal the 
damage identification, as in the case of vibrational methods where the global vibrational response is 
analyzed. 

In this work, an innovative experimental methodology is presented for the assessment of damage 
severity in composites. The technique aims at determining the local variation of the elastic properties 
in the damaged region of a composite component. Based on the Impulse Excitation Technique (IET), 
only the vibrational response of a circumscribed region of the component is investigated by clamping 
the extremities of the region of interest. With reference to the first resonant frequency, the isolated 
region shows a vibrational mode which is function of only the material characteristics of the 
investigated region, thus allowing the assessment of local variations. In order to nondestructively 
clamp the boundaries, vacuum is exploited through a properly designed clamping system. 
Complementarily, a new analytical approach has been derived for the assessment of the residual 
elastic properties of the damaged area from the measurement of the first resonant frequency. 
Validation of the proposed methodology is performed on two glass-fibre woven fabric composites. 
The laminates are damaged by impact at an incident energy of 1.8 J. The material properties of the 
damaged zone determined through the proposed technique are compared to the results of tensile tests 
performed on specimens cut from the impacted plates. In particular, the specimens are equipped with 
optic fibre in order to punctually measure the longitudinal strain and so the elastic parameters. Results 
show that the residual elastic properties assessed with the proposed technique are in very good 
agreement with those measured through the optic fibre, thus proving the effectiveness of the 
methodology. 
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ABSTRACT 
 

The manufacturing process for composite via autoclave has an expensive cost and take a long cycle 
time until the piece is ready and it is possible to open the autoclave. Instead, hot compression molding 
is a fast process, that does not require a long time until the piece is ready and the quality of the part is 
similar to the parts made in autoclave [1,2].  

The hot compressing molding is a process considered out-of-autoclave (OOA) cured process [2]. 
OOA is widely used due to be a faster and cheaper process in relation to autoclave, beyond to be 
possible to manufacture complex shaped parts and reduce secondary stages [2].  

For OOA process, it has been manufactured new types of prepregs, and those can reach similar 
quality as the prepregs used for autoclave pieces [2]. For this study, it was used a prepreg made with 
epoxy-carbon fiber, that is used for autoclave process, however, it has been used for OOA process, to 
see if it is possible to reach similar or better results compared with the samples from autoclave.  

The laminate was manufactured via hot compressing molding instead the usual process for this 
material, as autoclave.  

DSC tests were carried out to analyze the Tg (glass transition temperature) in order to verify if 
there was still some polymerization process to finish and verify the combination of parameters that 
was proposed in the work plan. The morphological tests were made in order to verify if there was 
porosity in the composite, due to the process of manufacturing, and verify if the layers were well 
compacted.  
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ABSTRACT 

In recent years there has been an increasing interest in the application of carbon-based polymer 
composites. These materials have also been designated to replace metallic components, due to some 
key advantages, including low cost, lightness, easy processability, corrosion resistance, high durability 
and strength [1, 2]. Among polymers, polyamides (PAs) represent a large class of engineering 
thermoplastic macromolecules and when they are in form of fibres, films, or other shapes they can be 
used in many applications, including cloths, packaging materials and structural components [3].  

The addition of an amount of filler can also improve certain characteristics of polymers, making 
them more advanced materials. This result is possible by combining the typical properties of 
macromolecules with filler characteristics, which could be electrical and thermal conductivities, 
mechanical strength, wettability, optical properties. In this regard, it is widely accepted that the better 
properties of polymer composites are mainly controlled by the microstructure and interaction at the 
interphase region. 

In this work, carbon black (CB) with or without glass fibres reinforced PA66 or PA6 composites 
were fabricated with compositions near or above the electrical percolation threshold. Morphology, 
phase composition, crystallinity, thermal behaviour, and electrical conductivity were investigated 
using microscopies (scanning electron microscopy), thermal analyses (thermogravimetry and 
differential scanning calorimetry) and DC electrical conductivity measurements.  

An investigation on the morphology of particle dispersion at the microscopic level highlights the 
role played by microstructural arrangements on the homogenized bulk properties of composites. Mean 
field homogenization models for the estimation of composite stiffness are compared to the 
experimental results.  Finally, the conductivity sensitivity of reinforced composites to the applied 
strain is analyzed within direct (DC) and alternate current (AC) regimes, revealing the effect of 
frequency on the composite strain sensitivity. 
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ABSTRACT 
 
As the rapid development of intelligent technology including 5G and Internet of things, advanced 

lifestyles based on smart responsive materials have been widely accepted as one of the most important 
trend of future. Flexible strain sensing composites have attracted a great attention owing to their 
potential application in robots, human-machine interface and health-caring. However, the expensive 
materials, complex manufacture process and single responsive mode limit their potential in 
complicated and changeable real-life situation. Recently, a number of reported articles are concentrate 
on developing high-performance sensors with multifunction to meet the increasing requests. However, 
the collection and accurate recognition of these responsive signals always need sophisticated and 
expensive equipment, which limit their application in wearable flexible sensors.Moreover, since the 
conception of environmental protection and �� carbon neutral��  has become an increasingly important 
issue, design and fabrication of intelligent materials based on sustainable biomass-derived matrix has 
shown great appeal around the world. Till now, how to fabricate multifunction intelligent materials 
based on sustainable matrix through advanced manufacture technology still remains a great 
challenge.[1] 

Here, we present a multifunction wearable sensing composites based on sustainable polyurethane 
(PU, 70% bio-sourced carbon content) and commercial cotton fabric. The graphene oxide was firstly 
in-situ reduced as reduced graphene oxide (rGO) with cotton fabric in ascorbic acid solution to endow 
the fabric with desired conductivity and negative piezoresistivity.[2] After coating with modified 
SrAl2O4:Eu2+,Dy3+/PU composites and in-situ foaming, the coating prevent the contact of conductive 
filler on different fibers during stretching, result in a positive piezoresistivity. The combination of 
controllable positive/negative electric responsive behaviors make the signals much easier to analyze in 
a simple way. Moreover, the modified SrAl2O4:Eu2+,Dy3+ endows the composite with excellent long 
after-glow and mechanoluminescence ability to visualized the movement, which greatly benefit the 
application in complex situation such as under darkness and without additional electric power source.[3] 
The reported multifunction wearable sensing composite is expected to meet the increasing request of 
future application in complex situation, while which also open up new opportunity in the design of 
advanced intelligent and green materials and devices. 
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ABSTRACT  
 

Additive Manufacturing (AM ) achieves significant cost savings and enables complex geometries 
that are otherwise impossible to fabricate using conventional manufacturing processes. 3D-printed 
parts produced by Laser Power Bed Fusion (LPBF) need to be qualified and may suffer from: (i) 
defects (micro, macro), (ii ) net-shape warpage, (iii ) high residual stresses, (iv) surface roughness, (v) 
inconsistent density and voids, (vi) anisotropic microstructures due to variable cooling rates, (vii ) 
scatter in mechanical properties, and (vii ) poor fracture and fatigue performance. AM defects (e.g. 
unfused powder, balling, humping, and keyholing) are affected by variations in power and speed as 
well as hatch spacing that result in pores, thermal cracks, rough surface finish and warping. Some of 
these defects are closely related to thermal behaviors during printing, in which materials go through 
multiple stages of heating, melting, and cooling. The objective is to minimize the trial and error prints 
using a building block qualification strategy. This includes coupons, elements, subcomponenst, and 
components. An Integrated Computational and Material Engineering (ICME ) tool is proposed to 
perform: 1) meltpool engineering (MPE) and predict the process thermal map and void map as well as 
temperature time history to establish print road map, 2) Grain boundary engineering (GBE) to perform 
micro scale material modeling of alloy composition and predict the grain size, mechanical strength, 
fracture, fatigue, and creep crack growth properties due to defects and precipitates; and 3) thermal-
structural analysis incorporating MPE and GBE to evaluate part quality, reduce costs, and allow 
quicker qualification of AM components. This includes: i) void prediction at the coupon level, ii) print 
error macro void calculations at element level along with scatter in material strength and allowables 
establishment, iii) prediction of fracture control plan , iv) computing part distortion and inherent strain 
due to different print strategies and baseplate removal residual stresses, and v) net shape and warpage 
measurements. Lastly, qualification of AM build strategy can reduce and replace costly and time 
consuming X-rays and CT scans by performing real-time quantitative Non-destructive Evaluation 
(NDE) using integrated sensors.  
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ABSTRACT 
 
�,�Q���U�H�F�H�Q�W���\�H�D�U�V���X�V�H���R�I���³�Y�L�U�W�X�D�O���W�H�V�W�L�Q�J�´���K�D�V���L�Q�F�U�H�D�V�H�G���D�V���D�Q���H�I�I�R�U�W���W�R���H�Y�D�X�O�D�W�H���Q�H�Z���P�D�W�H�U�L�D�O�V���I�R�U��

structures earlier in the applications timeline. Virtual testing is made possible by conducting 
progressive failure analysis and combining it with available data to predict structure/component safety 
based on the physics of micro/macro mechanics of materials, manufacturing processes, and service 
environments. The US Airforce (AFRL) blind test lifing modeling challenges are described as virtual 
testing under In-service thermo-mechanical loading in two categories  

 
1) Polymer Matrix Composite (PMC) Durability Damage Tolerance (D&DT): (i) Static strength, 

(ii) Fatigue, and (iii) Retained strength afet fatigue , This effort performed modeling of the 
high performance aerospace PMC IM7-977-3 material, unnotched and notched specimens at 
Room Temperature (RT)  

2) Ceramic Matrix Composite (CMC) D&DT and lifing: (i) Static strength, (ii) Fatigue, (iii) 
Creep; and (iv) Retained strength and crack growth. This effort performed modeling of two 
CMC material systems: SiC/SiC based S200 and GEA, unnotched and notched specimens at 
Room and Elevated Temperatures (RT/ET)  

 
The overall objective of these two efforts was to evaluate the best class invited computational 

models for accuracy and speed of simulations and to provide a theoretical prediction for damage and 
fracture evolution for a set of unnotched and notched laminated composites.  

Integrated Computational Material Engineering (ICME ) and Computational Structural Mechanics 
(CSM) by Multiscale Progressive Failure Analysis (MS_PFA) were used to address the predictive 
evaluation of PMC and CMC materials using a building block validation strategy. ICME model 
considers nano-micro-mechanics coupled with Multi-scale progressive failure De-homogenized 
analysis to track damage/fracture evolution of laminated composites including: a) crack density 
formation in matrix, b) fiber damage and interphase/interface bridging, c) delamination, and d) crack 
initiation and propagation. Verification, Validation, and Accreditation (VVA ) predictions for: 1) for 
the PMC IM7-977-3,static and fatigue simulation results were 12.8% and 11.9% within the test data 
for quasi static, soft and hybrid laminated composites; and 2) for the CMC material systems (S200 and 
GEA), multiple layups were tested for both unnotched and notched configurations at room and 
elevated temperatures. Calibration of fiber and matrix properties was performed using in plane test 
data. The static, fatigue, and creep recalibration simulations of strength and stiffness showed an 
average error of less than 7% between simulation and the test data. Retained strength vs. damage and 
crack growth pattern compared well with test data.  

The proposed method is consistent and follows a building block simulation approach which can 
serve as a foundation for analysis of more complex structures considered by the industry.  
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ABSTRACT 

Structural Health Monitoring (SHM) systems are attracting increasing attention from the research 
community and industry, thanks to the several benefits that they can lead to design, maintenance and 
repairing. Among the technologies, guided-waves (GW) based SHM system play a key role in the 
identification of damages in composites [1-6]. However, several efforts are mandatory to improve their 
damage sensitivity under the operating and environmental conditions. This paper presents a numerical 
model, based on Finite Element (FE) method, for the simulation of GW propagation mechanisms in 
loaded structures. The damage sensitivity promoted by the system is investigate under different load 
levels. According to the results, the damage detection algorithm appeared to be capable to detect the 
damage with an acceptable level of accuracy for all the investigated load levels. 

 

 
Figure 1. Damage detection in (a) unloaded and (b) loaded configurations 
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ABSTRACT 
 

A radar dome, so-called radome, is a structural, weatherproof enclosure that contains a radar antenna.  
Built with materials transparent to radio waves, it gives protection from the weather, environmental 
�L�Q�G�X�F�H�G�� �V�W�U�H�V�V�� ���W�K�H�U�P�D�O���� �Y�L�E�U�D�W�L�R�Q�«��, and external potentially damaging objects like hail or, worst, 
birds. The Final Objective is to design the radome in order to withstand all structural mechanical 
requirements with minimum electromagnetic losses. 
 
The radome is designed as per Military Standards and it can withstands to all structural given 
requirements always working in the linear elastic area of the materials involved with certain margin of 
safety. However, there are some requirements, related to accidental events, to which the radome could 
be damaged under certain conditions, for example until no major debris are released or until certain 
damage to the equipment inside. �7�K�H�� �³�%�L�U�G�� �6�W�U�L�N�H�´�� �L�V�� �V�X�F�K�� �N�L�Q�G�� �R�I�� �U�H�T�X�L�U�H�P�H�Q�W���� �,�W�� �L�V�� �D�Q�� �D�F�F�L�G�H�Q�W�D�O��
event with an amount of kinetic energy that is proportional to its mass and the square speed of the 
Aircraft respectively. 
 
When the radome is not designed to not be damaged, the maximum acceptable damage becomes the 
bottleneck for structural dimensioning and related electromagnetic losses, so a more detailed 
investigation of the material behavior until final failure is needed. 
The objective is to accurately represent the total amount of energy absorbed by the structure until final 
damage occurs, limiting the overall damage and material projection. 
Being the Radome is a composites structure, the key to dimensioning it at minimum ply thicknesses, is 
to accurately represent the ability of the material to adsorb energy at the proper strain rate. 
In this case, the more accurate the law of the material is and the less the thickness of laminate and 
electromagnetic losses will be. 
 
The goal of the work is to virtually test the behavior of the woven material in tension, compression, 
and in-plane shear to Predict the behavior of the materials at high strain rates.  
As result, we found an increase in performance by a factor of 46% for the material maximum strength 
and 30% more in the IPS area. With such a study, we recovered a significant amount of energy 
absorption capability by the material itself. This extra material field could be spent on the minimum 
thickness and electromagnetic losses goal. 
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ABSTRACT 
 

Additive Manufacturing has shown advantages in many industrial sectors, referable mainly to 
lightweighting and cost efficiency. Due to the benefits of weight reduction combined with the 
preservation of functionality, AM designs have shown cost efficiency for a variety of applications and 
particularly for those involved in the aerospace sector. The saving of mass has a positive impact on 
limiting CO2 emission and is compliant with governments regulations for the limitation of pollution. 
Also, buy-to-fly close to unitary ratio in the manufacturing process has promoted AM technologies as 
greener compared to conventional manufacturing, i.e., machining, that still represents a source of 
wastes for a huge amount of aviation products. 

The study presents the redesign of a bracket for an aeronautical seat system. The case study is 
developed in partnership with Geven SpA, established company in the interior aviation industry and 
the optimization is performed using MSC Apex Generative Design in partnership with Hexagon. 

The component has been redesigned for four loading conditions, belt pull and three abuse loading 
conditions, and a mass goal of 60% of the initial design space has been achieved. A metal process 
simulation has been performed to analyse the residual stresses and geometrical deviation issues. A 
laser scanner metrology analysis was performed on the printed model to compare the results. 

The redesigned component had undergone mechanical testing showing a good accuracy between 
the validation static analysis and experimental result. 

 Optimization strategies as part orientation and positioning in the build volume has been used to 
improve manufacturing quality, quantity of support structures and reducing post processing operations. 
These steps are performed using dedicated software to minimize support structures and predict 
distortion while application specialists are strongly involved in the manufacturing process and play a 
role in the benchmark of the potential solutions. 
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ABSTRACT 

Airworthiness regulations require that aircraft should be proved to ensure the survivability of the 
ditching for the passengers. In particular seaplane aircrafts must be designed for water loads developed 
during take-off and landing with the seaplane in any attitude likely to occur in normal operation at 
appropriate forward and sinking velocities under the most severe sea conditions [1]. In order to make a 
stress analysis of seaplane floats, and especially of the members connecting the floats with the 
fuselage, it is of great importance to determine the maximum pressure acting on the floats during 
landing [1,2,6]. The impact in water is a very complicated phenomenon due to the interaction between 
the hydrodynamic field and the structures so the possibility to investigate its characteristics by means 
of a scaled model seems straightforward. In general the similarity procedure requires the scaling of 
different properties (mass, length, speed, etc.) in order to properly represent such a phenomenon. In 
the present case the fluid-dynamic phenomena are scaled thanks to the Froude similarity while the 
definition of specific material and its scaling rules for a complete similarity is required in several cases 
particularly when composites play a predominant role on the test response. The introduction of 
TRACE parameter is proposed as a method orienting the designer for the right material selection in 
these situations [2,3,4,5]. Non-dimensional TRACE behaviour in function of shear-ratio coefficient is 
shown in figure 1a. Materials can be grouped in classes according to the value of the orthotropic ratio 
and each class can be scaled by TRACE. Non-dimensional deflection is determined as a function of 
load parameters and TRACE according to typical material classes definition. The procedure is 
extended to a typical drop-test impacted on water including structural flexibility [7,8]. 
Numerical simulation using the LS-DYNA software is used to validate the procedure in predicting the 
maximum pressure in the first phases of impact (figure 1b and figure 2b). The model shown in figure 
1b provides the adoption of SPHs, a particular tool adopted for the modelling of a fluid like water. 
Each SPH (Smoothed Particle Hydrodynamics) is described like a structural FEM node and by a EOS 
(Equation of State) that describes the mechanical behaviour and interaction with other SPH and the 
structure. LS-DYNA is an explicit software, so it can simulate dynamic phenomena. 
An experimental test is finally designed as shown in figure 2a to calibrate the physical and numerical 
parameters useful for the definition of SPH properties with the aim to define analyse and correctly 
describe the dynamics of fluid-structure interaction during a seaplane hull water impact (figure 2b). 
 

               
 
 

Figure 1: a) Non-dimensional TRACE behaviour in function of shear coefficient b) vertical test LS-
DYNA simulation 



 

           
 
 

Figure 2: a) vertical test equipment b) LS-DYNA impact simulation of 1:8 S55x hull scaled model 
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ABSTRACT 
 

The design of a completely brand-new wing for a completely brand-new aircraft represents, in 
aeronautics, one of the highest challenges from engineering point of view. The objective of this work 
is the description of a methodologic development devoted to aid the numerical non-linear verification 
of composite wing under dictated load conditions. Although the setup has been implemented for the 
full design of a brand new tilt rotor composite wing, it can be used for other similar application not 
necessarily for tilt rotor wing. The work gained of three years research and engineering results of the 
specific wing design. At certain point the needs to reduce the wing structural weight has requested the 
use of less conservative approaches and more fidelity analysis in order to assure the structural 
compliance of the wing structure with post-buckling capability. The method to translate and verify the 
linear detailed loaded wing finite element model in the full-vehicle configuration into non-linear 
equivalent loaded detailed wing finite element model is the main aim of this study. A semi-automatic 
procedure has been setup and verified against the linear result before applying it for post-buckling 
analysis. The result of verification has given the green light to proceed with the post-buckling analysis 
that demonstrated not-negligible residual strength of the wing in post-buckling. That has allowed to 
get a weight reduction and the compliance with the safety requirements (no failure inside the flight 
envelope). Partial validation with experimental results has been achieved while the full methods 
validation is expected in the next project phase once the wing static test is foreseen. 
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ABSTRACT 

The impact resistance of composite laminates made of carbon fibres (CFRP) and two different 
matrices, epoxy and bio-based epoxy, has been experimentally assessed. Eight carbon twills (2x2) 
have been used to prepare the composite laminates with a traditional epoxy resin and an epoxy-based 
resin with 31% of bio content (glycerol in place of petroleum-based propylene). The impact response 
of the investigated composite laminates has been assessed through impact tests with a drop dart testing 
machine [1].  

The main aim of the activity is to determine whether a commercially available bio-based resin can 
withstand impact events like a traditional epoxy resin. The experimental plan has been designed to 
assess the impact response of the CFRP laminates at increasing impact energies, to establish the 
perforation threshold, and to compare the mechanical behaviour of the laminates made with the 
different resins also before perforation. Further, repeated low-energy impact tests have been carried 
out to assess the progression of damage in the CFRP made with the two resins. Impulse excitation 
technique has been used to assess the residual elastic properties of the laminates after repeated low-
energy impacts [2] to compare and highlight the different behaviours of the laminates. Force-
displacement and energy displacement curves have been used to compare the mechanical behaviour of 
the CFRP together with the energy absorbed by the laminates.  
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ABSTRACT 

The scope of the activity is the development of an offline SHM system based on distributed fiber 
optic sensors (FOS), able to detect, localise and measure, the debonded skin/stringer extensions and 
delamination areas generated, in a composite stiffened panel, by low energy impacts.  

The panel is sensorized with 1.2m long fiber optic interrogated with "Rayleigh Backscattering" 
technology. The fibers are bonded along the edge caps of each stringer and also on the skin according 
to a specific grid layout. The strain data are then processed by a proprietary SHM algorithm, developed 
in the SMAF (SMart AirFrame) project of PRORA (Italian Program for Aerospace Research). The 
algorithm named LHEO (Local High Edge Onset) is based on the identification of high local gradients 
correlation in time and space domain corresponding to post-impact residual strain discontinuities. 

Through the use of this tool, the algorithm allows to detect the size and position of damage occurred 
in the structure without the need of healthy reference. The main idea is to consider each sensor data as 
the relative reference for the neighbours. Then, in order to provide an estimation of the surface extension 
of the impact effect on the skin, a dedicated subroutine, named EB “Expanding Bubbles” was developed. 
This method uses as input the parts of the sensor network characterised by positive outcomes given by 
the LHEO algorithm and generates progressive circular regions around each sensor, computing the ratio 
of border points over total points falling inside the circle. A mean curve is then estimated. 

The results were expressed in terms of deviation with respect to the NDI reference coming from C-
scan measurements. A good agreement was achieved for both types of damage. 
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ABSTRACT  
 

Innovation in processing and characterization of advanced ceramic-to-metal joined components 
will be briefly presented and discussed. Due to its great flexibility and universality, the 
brazing/soldering of metals and ceramics has been established as a very widely used standard 
procedure. By means of brazing, vacuum- tight and thermally stable compounds with high strengths 
can be produced.  

In particular, a patented Silicon Nitride based material, with excellent electromagnetic window 
properties, have been joined to Ti6Al4V and to Invar 42, then characterized: recent results will be 
briefly reviewed, together with issues related to the interfacial reactivity and coefficient of thermal 
expansion mismatch. The combination of advanced design of interfaces and joining 
materials/technologies will be discussed and compared to existing solutions.  
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ABSTRACT 
 
Fused deposition modelling (FDM) is an additive manufacturing technique providing numerous 

possibilities for the production of complex geometries [1][2]. In FDM, many heat sources make the 
layer-by-layer deposition mechanism a thermally driven process. The heat transfer plays a crucial role 
in determining the temperature history and the interlayer adhesion of the FDMed parts. Thus, the 
relevance of this aspect linked to the concern about the increasing global warming leads to the 
investigation of solutions to reduce the environmental impact of the process. The results in the 
literature show that the greatest contribution in terms of power consumption during the FDM process 
is associated with heating the bed and keeping it warm. Thus, this study aims to provide guidelines for 
a better choice in the plate material of the 3D printer to reduce the energy consumption required by the 
process for heating the plate without renouncing to print parts that meet the industrial quality 
requirements. 

 

 
 

Figure 1: 3D printer 
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ABSTRACT 
 
The failure of a composite material is identified by a stress or energy criterion depending on the 

critical length of the crack compared with the characteristic size of the tested specimen. This ratio is 
determined by the brittleness of the material. For intermediate cases, both failure criteria should be 
considered and the critical length of the crack is determined, as proposed in ref [1]. 

Experimental evidence shows that a net-fracture is observed for open-hole specimens under tension 
[2] and even if the critical length, i.e. process zone, can be evaluated analytically, it is difficult to find 
an experimental validation as the crack occurs instantaneously. In this case indeed, the hypothesis of 
brittle material should be considered and only the stress criterion holds. However, ref. [3,4] use both 
failure criteria for specimen with open hole in tension.  

The critical value of fracture toughness is a physical parameter which is difficult to be retrieved 
experimentally for different stacking sequences. Usually this value is considered as an intrinsic 
property of the material and it is experimentally evaluated with ad-hoc tests, e.g. double cantilever 
beam or compact tension test. Ref. [5] proposes an analytical approach for the evaluation of the critical 
fracture toughness of a general laminate with mixed plies starting from the knowledge of the fracture 
toughness obtained through a compact tension test. The approach has been tested for specimens with 
center-crack. However, some assumptions made in [5] are not experimentally validated as for example 
the hypothesis of same critical length for all the laminates.  

This contribution presents a small experimental campaign aimed to verify the mentioned 
hypothesis and the validity of the relation between fracture toughness of plies at 0° with the one of a 
general stacking sequence. The double cantilever beam is also used in this paper in order to verify if 
the relation tested in [5] on a compact tension test still holds. 
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ABSTRACT 
 
Electric and hybrid propulsion systems have received a great deal of attention in recent years in 

various branches of transportation including aviation. The unpredictability of oil price in this era, 
makes a less-oil dependent source of power more attractive for owners and operators in terms of 
operating costs. However, the oil price is not only the key driver towards a less-oil dependent 
solutions. Europe is committed to the ambitious goals of reducing CO2 emissions by 75%, NOx 
emissions by 90%, and perceived noise by two-thirds by the year 2050 compared to the average new 
aircraft of the year 2000.  This environmental challenge is accompanied by an economic one too: the 
reduction of carbon emissions will call for radical innovation for all systems and subsystems of the 
aircraft, offering significant opportunities to reduce aircraft fuel consumption and operating costs. 
Nowadays, electric motors are generally more reliable than internal combustion engines, and their 
efficiency in converting stored energy is much higher by the constitution.  The main barrier of the 
electric propulsion is bound to the battery limits in terms of energy and power densities, thus 
determining a relevant negative impact on payload or aircraft size. It is possible to design and fly an 
electrically propelled aircraft, as testified by some existing examples, both prototypical and production 
models, in the categories of ultra-light and general aviation aircraft. A novel technology, which allows 
the electrification process towards heavier categories of aircraft, is constituted by structural batteries. 
These are similar in structure to carbon fiber composites, where the matrix features dielectric 
characteristics, making the structure capable of storing electric energy while retaining the capability to 
withstand mechanical loads. Despite that, it raises relevant issues concerning aircraft sizing procedures 
that need to be conceived considering the specific characteristics of such multifunctional technology. 
This research work aims to evaluate the impact the structural batteries have on the design of a 
commuter aircraft. According to the envisaged technologies (structural batteries), this work will focus 
on the determination of the best hybridization factors determining the energy requirements for the 
typical mission of a commuter aircraft.  

 

  
Figure 2 �± Reference commuter aircraft 
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Figure 3 �± Energy E-Storage (kWh) for a commuter aircraft on a typical 200NM mission profile 

 
 

Table 1 �± Possible split of energy required for the design mission range of 600NM for a commuter 
hybrid aircraft 

Phase Energy Battery (kW*h) Energy Fuel (kW*h) 
Take-Off  1.63 22.00 

Climb 25.88 349.30 
Cruise 114.32 4458.49 

Descent n.a. 39.79 
Alternative Climb n.a. 140.23 

Alternate n.a 849.54 
Alternative Descent n.a 43.44 

Loiter n.a 789.70 
Descent2Landing n.a 24.60 

Landing n.a 6.47 
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ABSTRACT 
 

Nowadays, in the worldwide composites industry, an increasing number of companies are studying high-
quality innovative and green solutions, in order to achieve the environmental sustainability goals. In this 
context, in the design of structural components, the use of a natural fiber reinforced polymer must be validated 
through experimental mechanical tests. Therefore, this study provides an overview of the behaviors of 
flax/epoxy and hemp/epoxy laminates subjected to tensile, bending, and low velocity impact tests, both from 
the experimental and from the numerical point of view. Finite elements models using the code LS-DYNA have 
been created for each type of test, in order to characterize the materials, to reproduce the load-displacement 
plots, and to analyze the damage evolution of the laminates. Two different types of mesh modelling have been 
investigated for the models: shell and solid elements. In both cases, a proper contact modelling between layers 
has been carried out to consider the delamination of the material. The results highlight a correspondence 
between the experimental response and the simulated one, showing the possibility to design and make 
structural components in composite material with natural fiber. 
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ABSTRACT 

Due to their specific mechanical properties, fiber reinforced composite materials are widely used in 
aerospace applications. In particular, thanks to their high specific stiffness and strength, composite 
materials allow for a significant weight saving. However, despite their excellent in-plane properties the 
transverse strength of laminated composites is a problem making them prone to damage induced by 
transverse loading conditions. Therefore, impact events can cause severe damages in such materials 
reducing residual strength significantly.  

Fiber-reinforced polymer composites (CFRP) are very susceptible to reductions in strength due to 
accidental impact damage. For composite structures, especially under compression loading conditions, 
such reduction in strength can be important and thus, in the design phase, this aspect is taken into account 
by means of using a specific knock-down factor, which could lead to a more conservative design. For 
this reason, it is very important to develop methodologies which can provide useful information 
regarding the actual damage state induced by impact events. 

The present work aims to investigate the compressive residual strength of composite stiffened panel 
with damage induced by low velocity impacts. The activities have been developed in SMAF (Smart 
AirFrame) project of PRORA (Italian Program for Aerospace Research). 

The impact and compression after impact test camping have been performed both on standard coupon 
(ASTM D7136 and ASTM D7137) and on stiffened panels (using the same standard as guide line). For 
both test article families, the materials and the layup are the same for the impacted zone. For the last test 
articles, the stringer-skin bonding was performed by a co-cured technique.  

The first set of experimental tests was used to provide reference data and to validate the adopted 
numerical procedure to simulate the damage onset and propagation, both at inter-lamina and at intra-
lamina level under different loading conditions. The latter are impact and compression after impact, 
which require two different methodology of simulation (explicit for impact stage and implicit for 
compression stage).   

The second set of experimental tests, instead, aims to evaluate the structure response of more 
complex and representative test articles subject to impact at different locations (centre of the bay, under 
stringer both at web and cap location). Furthermore, the influence of the impact location on the damage 
propagation and the residual strength, under quasi-static compressive loading condition, is evaluated. 
Regarding the stiffened panels, also the de-bonding between stringers and skin was taken into account. 

All experimental results were correlated respect to numerical ones in order to validate the simulation 
procedure used for such issue. Having validated model, not only at coupon level, is very useful to 
demonstrate the scalability of the adopted numerical procedures and thus it allows to have a greater 
confidence on the numerical results regarding more complex composite structures which often does not 
allow to have experimental results easily. 
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ABSTRACT 

The present work aims to investigate the damage tolerance of anisogrid composite structures with 
external skin under tool drop event.  

Composite grid structures, consisting of regular and symmetric system of unidirectional 
hoop and helical ribs, with or without a thin outer skin, represent in principle the most efficient 
design concept in order to minimize the mass of shells subjected to heavy compressive loads.  

Generally, these structures are designed in order to sustain the applied loads only by means of the 
anisogrid structure (helixes and hoops). The skin has the main role to provide further constraints to the 
ribs and hoops (anisogrid) and increase the stability level of the anisogrid, which leads to, as secondary 
result, a slight increment in loading capability.  
Therefore, in order to achieve the maximum structural performance, skin, ribs and hoops, have to be 
bonded each other. This is guaranteed, for example, by parallel dry winding and infusion process 
proposed by CIRA   

During and after the manufacturing process it is possible that the structure is subject to accidental 
impacts with the tools and equipment, and thus, it is necessary to understand how these events can be 
harmful to the structure. 

Several impact energy levels, which should simulate the accident fall of different tools (hammer, 
screwdriver, wrench, etc.), were considered:  5J, 25J, 35J and 50 J. The different impact energies were 
reproduced keeping constant the drop height and changing the tool weight; therefore, also the impact 
speed was kept constant in order to simulate real operative conditions.   

The investigated test articles consist in multi-bay panel (Figure 1) with a co-cured external skin and 
the impact was supposed to occur on the external side. The numerical results aim to define a damage 
envelope for each tool category and impact location. 

 

 
Figure 1: Specimen and some impact scenarios. 
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ABSTRACT 

Damages resulting from bird strikes can seriously compromise the structural integrity of the aircrafts, 
therefore, industrial players and researchers are focused on reducing human and vehicles losses, 
developing new structural architectures and material systems to be applied to the parts most exposed to 
bird strike risks, and developing bird control programs at airport level to reduce the bird strikes 
possibility. Further, stringent requirements have been selected and continuously updated by aviation 
safety agencies (FAA and EASA) in the aircraft certification procedures. Such authorities proposed 
certification protocols providing guidance on certification aspects to be considered when using modeling 
and simulation techniques, and them clarify that general compliance with structural certification 
specifications can be demonstrated by testing or by analyses supported by tests in case of similarities. 

The present work aims to investigate the effectiveness of different material systems for the skin of 
the wing leading edge of the Next-Generation Civil Tiltrotor (NGCTR-TD) under development by 
Leonardo Helicopters. In particular, the component is designed to satisfy the bird strike requirements 
with the minimum structural weight. Beyond the classical aluminum alloy, adopted in aeronautical field, 
two materials have been investigated: ARALL and GLARE. The study was performed by means of 
numerical investigation performed by means of the FE commercial explicit solver Abaqus. 

First of all, the material models were calibrated considering experimental data, available in literature. 
In particular, low velocity impact tests have been carried out by numerical procedures and compared 
with respect to experimental results available in literature to calibrate the materials strength and 
stiffnesses, the cohesive properties as well as to validate the numerical models. Also the bird material 
model was calibrated considering experimental data on rigid target, while the projectile was discretized 
by means of Smooth Particle Hydrodynamics (SPH) approach.  

Finally, by numerical simulations, the leading edge structure of the NGCTR-TD was investigated 
from a crashworthiness point of view, aiming to reduce the total structural mass. Such component must 
be compliant with bird-strike airworthiness requirements according to the EASA Regulations (due to 
the vehicle architecture, tailored requirements have been defined according to both the CS-25 for large 
airplanes and the CS-29 for large rotorcrafts).  

The investigated materials are the aluminum alloy 2024-T3, the GLARE and ARALL fiber metal 
laminates. For each material system, the minimum thickness, and thus the minimum mass, able to satisfy 
the design requirements was evaluated. The developed numerical models are able to simulate the 
damage onset and its propagation both in metallic components and in composite ones. 

The study shows that fiber metal laminates are potentially eligible for bird strike applications, since 
they could provide a significant weight reduction with respect to the conventional aluminum alloy and 
improved structural performance under impact load conditions. 



International Symposium on Dynamic Response and Failure of Composite Materials 
Ischia, Naples, Italy, June 21-24, 2022 

CHEMICAL AND MECHANICAL CHARACTERIZATION OF VIRGIN 
AND RECYCLED POLYPROPYLENE FILLED WITH TALC AND 

GLASS FIBER FOR AUTOMOTIVE APPLICATION 
 

 
P. Di Matteo1, F. Gazza2, G. Ciaccio2, V. Brunella1 

 

1Department of Chemistry, Università di Torino, Turin, Italy 
 2 MSE SE - Polymers Group, Centro Ricerche Fiat, Turin, Italy 

 
*Corresponding author e-mail: pietro.dimatteo@unito.it; valentina.brunella@unito.it 

 
 Keywords: Poly (propylene); recycle; automotive; chemical characterization; mechanical properties. 
  
 

ABSTRACT 

Today about 13% of a car weight is made of plastic materials and automotive industries are 
constantly looking for new compounds, obtained from recycling processes or from biological 
sources, in order to develop new ecological materials with quality standards comparable to those of 
virgin materials, to implement a circular economy model in which more waste is converted into 
useful raw materials. 
The focus of this paper is the chemical and mechanical characterization of different polypropylene 
compounds in order to find the best compromise between percentage of recycled material, 
mechanical properties and price for non-aesthetic dashboard applications. 
Mechanical characterization was performed by using Digital Image Correlation. Compared to 
classical techniques, such as the use of strain gauges, it is able to measure what happens to the 
sample even at high speeds. Furthermore, it allows to obtain the Poisson's ratio, the true stress-strain 
curve and the elasticity modulus since it correctly follows the deformation of the material. Tensile 
tests were performed at different speeds (0.1-10-100 mm/s) and dog bone samples were obtained 
from injection-moulded specimens, considering crosswise, longitudinal and 20 degree angle 
direction.  
The intent of this work is to define a test procedure to obtain tensile characteristics of plastic 
materials at high strain rates. These characteristics are necessary to predict the mechanical behavior 
in non-static conditions (e.g. car crash). 
The chemical characterization of material was performed with Fourier Transform Infrared 
Spectroscopy (FTIR), thermogravimetric analysis (TGA), Differential Scanning Calorimetry 
(DSC),  Scanning electron microscope (SEM) to obtain information about tacticity of sample, 
thermal stability, cristallinity and filler dispersion respectively. 
Interesting results have been obtained with Py-GC/MS for the purpose of finding a standard 
analytical method to discriminate recycled samples from virgin ones.  
Further developments will be in the direction of combining all these results with chemometric 
methods, such as the Principal Component Analysis (PCA) and the Partial Least Square Regression 
(PLS). 
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ABSTRACT 

Recently, ambitious targets have been set out in various branches of transportation to restrict 
pollutant emissions and to combat environmental degradation. In this frame, with specific reference to 
the aeronautic field, new designs incorporating electric or hybrid-electric propulsion systems on board 
aircraft face the problem of penalizing battery characteristics, in terms of energy density and power 
density, taking an untenable toll on the inert weight of the aircraft. An interesting technology, with the 
potential to overtake such limitations, is constituted by structural batteries. These are multi-functional 
structural components, capable of both replacing stress-supporting parts (typically made from metal 
alloys or carbon-fibers) and storing electrical energy. In the literature, structural batteries can be 
classified into two categories: multifunctional structures (or decoupled systems) and multifunctional 
materials (or coupled systems). In the first case different materials within the structural battery 
perform a single function (either energy storage or load bearing), however the overall composite is 
multifunctional, whereas in the latter all materials adopt multiple functions (i.e. energy storage and 
load bearing). Although higher mass savings are predicted for high degrees of structural integration, 
current research efforts show that structural batteries with low degree of multifunctionality exhibit 
better overall performances. The purpose of this work is to describe the process used to manufacture a 
structural battery. Basing on the state of the art, to maximize the mechanical properties of the final 
product, carbon fiber with twill architecture is used to get both the structural battery anode and the 
cathode. The separator between the electrodes is made by glass fiber. The matrix is chosen to get both 
a high adhesion with carbon fibers and a compaction cycle compatible with the battery materials 
maximum allowable temperature and pressure. Concerning the binders, carbon-coated copper foils are 
used to avoid galvanic corrosion. The damage tolerance of the obtained structural battery is evaluated 
through low-velocity impact tests, performed with a customized drop tower equipped with a movable 
frame that allows measurements with different falling heights. A supporting plate is used to fix the 
laminate on the ground and a MEMS accelerometer is placed on the specimen, recording the local 
acceleration. Moreover, a sensorized hemispherical dart is used to capture the load time history into 
the impacting zone. The dimensions and geometric specifications of all the equipment is compliant 
with ASTM D7136 standard. Drop tests results are then compared to numerical ones, obtained by 
simulating a hemispherical dart impacting a thin composite laminate. Thus, a finite element analysis 
(FEA) is performed using the explicit finite element code LS-DYNA. 
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ABSTRACT 
 
Humans have been using composite materials for thousands of years. Still, their 

development is relatively recent and connected particularly to aeronautic and aerospace 
applications because of their exceptional strength, stiffness-to-density ratio and superior 
physical properties. However, these materials are sensitive to both high and low speed 
impacts that frequently occur in the automotive and aerospace fields [1]. Due to the high 
production costs for every single component in carbo-resin, further repair techniques have 
been developed to repair damaged components of a complex structure on site without having 
to disassemble any element. In this work, the goodness of hot bonding repair technique was 
investigated by ultrasound technique and mechanical tests. 

The hot bonding process is an innovative technique that consists of removing damaged 
plies by scarfing step by step, applying an adhesive film and then a repair patch made by pre-
infused plies uncured [2]. The composite patch applied on laminate being repaired was finally 
cured with a heat blanket and with the pressure applied by vacuum bag. 

The panels were subjected to a non-destructive test by ultrasound tecnique (Fig.1) to 
investigate the goodness of the repaired zone. Then, static and dynamic tests were carried out 
to analyze how the repairs influence the mechanical behaviour.  

 
Fig. 1 Impact behaviour and ultrasound Analysis on the repaired zone 
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ABSTRACT 

Composite materials are increasingly employed in many industrial sectors (transportation, 
infrastructure, electronics). Among the others, carbon fibres are used primarily as reinforcing agents in 
high-performance composites with synthetic resin matrices such as epoxies, polyimides, vinyl esters, 
phenolics, and certain thermoplastics. 

However, when carbon fibres were coupled with a thermosetting matrix, the resulting composites 
are not easily recyclable. Besides, the ageing of these structures and their decommission after reaching 
their end-of-life (EoL) involves a dramatic issue concerning the processes in the next few years. This 
is leading to a large amount of EoL products with several difficulties in their recycling and in the reuse 
of the carbon fibre reinforce.  

Nowadays the most studied procedure to recycle these composites is the thermal recycling process 
(i.e. pyrolysis); it involves heat to break the scrap composite down and combust the resin matrix, 
thereby recovering the carbon fibres. Even though the thermal recycling process has the advantage of 
being able to obtain long recycled fibres or even fabrics, the scale up of the process for industry 
applications is difficult, so the actual use in industries is limited. Differently, mechanical recycling 
procedures like crushing, grinding, milling and shredding overcome this limitation.  

In this work is presented a mechanical recycling that mainly consists in the use of a conventional 
process milling in order to obtain chips/powders from aeronautic CFRP laminates. Different chip in 
terms of geometry and granulometry were obtained by varying the milling process parameters, so the 
results in terms of energy consumption and morphological characteristic of the chip were presented. 

The energy of the process decreases dramatically as the material removal rate increases, 
with values that are always less than 10% of the energy required for the manufacture of 
carbon fibers. 

Finally, the obtained chips were  used as reinforcement for new CFRP composites using an epoxy 
resin as matrix and the mechanical properties in terms of flexural behaviour were investigated.  
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ABSTRACT 

Environmentally friendly composite plates combining bio-polyamide 11 (PA11) and plain weave 
basalt fibre fabrics were obtained by film stacking and hot pressing. Previous studies have 
demonstrated that a rapid increase in viscosity of molten PA11 under isothermal conditions over time, 
due to post condensation phenomena, occurs. Thus, two different compaction procedures were 
explored by varying the pressure conditions and the duration of the process. Among these, simply 
identified as "fast" and "slow", the first one ensures a better impregnation of the reinforcement, with a 
substantial reduction of the volume of voids. This reflects significant enhances in flexural properties 
and a good reduction in impact damage extension. However, due to the strong anisotropic component 
of composite materials, it is really difficult to evaluate the damage mechanisms that are triggered by 
impacts to which they are commonly subjected during their use. These events, usually simulated with 
low-velocity dynamic impact tests, give rise to dissipative mechanisms interacting with each other 
and, therefore, complex to be evaluated in depth. 

In this context, the use of non-destructive inspection techniques (NDT) provides a valuable aid in 
the study of the damage behaviour of composite structures. In particular, the complexity of these 
aspects, further aggravated for thermoplastic composites due to the plasticity of the matrix, can be 
overcome by comparing the results obtained with NDT based on different principles. 

This work is focused on the damage of impacted specimens carefully analysed by visual 
inspections, flash thermography and ultrasonic phased array. Thermography allowed the damage 
detection in a fast and reliable way while more accurate measurements of the damaged area, as well as 
of the damage depth, was performed by ultrasonic technique. 
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ABSTRACT 

 
In this study, multiscale modeling and continuum damage modeling strategies are employed to 

investigate the compression response of carbon fiber-epoxy filament-wound tubes. The filament 

winding method finds more places in pressure vessels applications in the space industry [1] or 

lightweight designs and passive safety applications in the automotive industry [2]. Yet, a more 

advanced modeling strategy than the strategy of unidirectional plies is needed to account for failures 

more realistically. Also, the effects of different values of fiber volume ratio and defects at the 

microscale are investigated as described in ref. [3]. The obtained properties can contribute to 

maintaining fewer experiments and having elastic properties close to manufactured ones. In the end, a 

progressive damage mechanism at the macroscale is employed. 

 

 
Figure 1. Representation of fiber and matrix phases at microscale and compression of +/-45 filament 
wound tubes with different layup strategies at macroscale, respectively. 
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ABSTRACT 

In this study, a multiscale design methodology is employed for the virtual testing of samples of 
short carbon fiber reinforced nylon materials, manufactured by the fused filament fabrication (FFF) 
technique. Multiscale design methodology can provide flexibility in designing by communicating data 
between micro, meso, or macro scales and accounting defects, or process-related shape distortions at 
different scales. As there are many recent applications of polymer additive manufacturing, several 
researchers investigated the application of multiscale approaches in samples manufactured by FFF [1]. 
Yet, more studies are required as many issues are still immature like different layering options, many 
other materials, or virtual test scenarios.  

The properties at microscale and mesoscale are used for homogenizations at each scale, then results 
are transferred to the macroscale for a more accurate analysis. Firstly, a represented volume element 
(RVE) at the microscale is created. The RVE consists of two phases, which are inclusions of short 
carbon fibers and nylon matrix. The amount, directions, and aspect ratio of short fibers in the matrix 
phase are decided based on microscopic observations in the literature as reported in ref. [2]. Yet, a 
sufficient volume of the RVE and random placements of short fibers in the RVE are critical points to 
reach accurate elastic constants [1]. In turn, a parametric study is conducted to find exact parameters 
for the RVE. 

It is known that 3D printed parts using FFF inherently exhibit an anisotropic behavior due to two 
mechanisms which are anisotropy between filament�¶�V���S�H�U�L�S�K�H�U�D�O���D�Q�G���O�R�Q�J�L�W�X�G�L�Q�D�O���G�L�U�H�F�W�L�R�Q�V���D�Q�G���Z�H�D�N��
cohesive zones between fused filament layers. Therefore, the finite element modeling strategy should 
regard the intralayer and interlayer induced behaviors. Then, two different RVEs at mesoscale are 
designed due to the unidirectional and cross-lay-up sequences during the FFF printing process. The 
homogenized properties at mesoscale are employed in macroscale analyses of tensile specimens. Tsai-
Wu damage evolution law of continuum damage modeling (CDM) is applied for the element deletion 
process. In the end, the virtual tests are compared with the experimental results from the literature [3].  

In this study, three issues are highlighted for the numerical modeling of 3D printed short fiber 
reinforced nylon samples: to create accurate or efficient RVE with random inclusions to represent the 
composite at the microscale, to create two different RVE that represent fused filament layers at the 
mesoscale, and to model the progressive damage behavior at the macroscale, respectively. 



 

 
Figure 1. Markforged 3D Printer, the test sample, obtained test results [3] and homogenizations at 
microscale, mesoscale and and an analysis at macroscale, respectively. 
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ABSTRACT 
 

The stringent requirements imposed by airworthiness authorities to grant the certification of an 
airframe are responsible for the drastic reduction of the design allowables of composite materials 
compared to their pristine potential. Certification must consider the most detrimental scenarios the 
structure may encounter in service so manufacturing defects, environmental conditions, fatigue, and 
foreign object impact damage must be adequately considered. 

Low-velocity impacts (LVI) represent a threat since they may cause severe internal damage, typically 
matrix cracking and extensive delaminations, while leaving external marks hardly detectable by visual 
inspections. Impact damage detrimentally affects structural stiffness and strength, especially in 
compression, so, for certification, it must be proven that any impact damage below a threshold – the 
Barely Visible Impact Damage (BVID) - will  not impair the ultimate load capability of the structure. 
At coupon level, the characterization of composite material response to LVI is carried out by onerous 
experimental tests that serve to correlate damage with different levels of impact energy, to evaluate 
permanent indentation and to assess specimens’ residual strength.  

At larger scales, numerical analyses can help to reduce testing and to outline interactions of damage 
mechanisms that occur in complex impact scenarios. However, to deliver such benefits the numerical 
models must be able to reproduce major damage phenomena occurring also on simple coupons.  
The extension of the same modeling and analysis approaches to structures of greater complexity allows 
sensitivity and design studies be performed so that the testing effort can be committed to the validation 
of the final designs and to certification. 

In such context, this paper presents the results of impact and Compression After Impact (CAI) 
experiments carried out to assess the response of quasi-isotropic laminates. The activity has been caried 
out within the AIRGREEN 2 consortium participating to the Regional Aircraft IADP of Clean Sky 2 
H2020 research program. 

Low-velocity impact tests will also populate a dataset for tuning and validation of advanced FE 
models capable to simulate impact events. The development of such models is also supported by an 
extensive test campaign to characterize lamina properties and interlaminar fracture toughness a varying 
mode mix. 

Test coupons have been obtained by Liquid Resin Infusion (LRI) of dry preforms, that were layered 
by Automatic Fiber Placement (AFP) and cured by means of an Out-of-Autoclave process. Impact tests 
have been carried out on 36 specimens – 12 specimens for 3 different thicknesses (16, 24 and 32 plies) 
– at 4 increasing values of nominal impact energy to obtain different damage severities. Damaged area 
shape and extension of have been captured by means of ultrasonic scans and they will be correlated to 
impact energy; analogous correlation will be performed on the indentation depths measured prior to 
conduct CAI tests. 

Advanced numerical analyses of impact tests have been also developed by endowing 3D Finite 
elements models with an interlaminar damage model based on the Cohesive Zone Model (CZM). The 



damage models have been implemented into user subroutines (UMAT) for the implicit nonlinear finite 
element code Abaqus/Standard and run using a direct-integration dynamic analysis. Simulation results 
of impact tests on CAI specimens at different energies are compared to experimental data. 
This work was funded by Clean Sky 2 Joint Undertaking, under the European’s Union Horizon 2020 
research and innovation Programme, under grant agreement No 807089 – REG GAM 2018 – H2020-
IBA-CS2- GAMS-2017; WAL (Work Area Leader): Leonardo Aircraft. 
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ABSTRACT 

 
The activity described in the paper has been caried out by partners of the AIRGREEN 2 consortium 

within the Regional Aircraft IADP of H2020 program Clean Sky 2. The aim is to develop design 
approaches and manufacturing procedures for a representative primary structure of a regional 
aircraft manufactured in carbon epoxy composites obtained from dry preforms by means of Liquid 
Resin Infusion (LRI) and an Out-of-Autoclave (OoA) curing process.  

The selected structure is a composite curved panel, reinforced by inverted “T” stringers, that is 
representative of the upper wing panel located at the tip of the Outer Wing Box (OWB) of the 
Regional Aircraft taken as a reference within the research program.  

The panel has been designed to satisfy wing stiffness and strength general requirements and to avoid 
instabilities under compression loading conditions up to Design Ultimate Load (DUL), that is a no-
buckling design. The panel has been manufactured by a hand layup procedure of the dry preforms and 
Liquid Resin Infused. The panel is tested in compression with a test procedure compliant to 
aeronautical certification requirements for primary structures, to validate both the design and the 
manufacturing. 

Impact tests have been executed on the panel according to a typical tool drop damage scenario, 
that typically represents a significant threat to a primary composite structure. Impact energies used 
can produce a Barely Visible Damage (BVID) associated to a delamination/disbonding of a 
significant portion of the central stringer. 

Prior to tests, panel ends have been “potted” using metals frames and casting epoxy resin; this 
allowed the ends to be precision milled ensuring flat and parallel loading surfaces, perpendicular to the 
stringers’ axes. Then the panel has ben instrumented with strain gauges (SG) to monitor deformation 
during tests. 

SG location has been selected on the basis of detailed FE analyses of the test set-up in order to 
monitor potentially critical areas with respect to buckling occurrence, i.e. skin at mid-bay between 



stringers and stringers webs. Special care has been devoted to place SG in the skin-stringer delamination 
area so that any possible growth of the delamination can be detected during testing. 

The testing procedure comprises an initial static phase, during which the test article is loaded up 
to the DUL, that aimed at verifying both the design and the ultimate load capability of the BVID 
damaged structure. Then several blocks of constant amplitude fatigue cycles are applied; maximum 
cyclic load (minimum set at 10% of the maximum) is selected so that a single cycle is, in terms of 
fatigue, as severe as an average flight (load enhancement factors are also applied to cover scatter). 
Between each block of fatigue cycles, a strain survey is carried out to verify the status of the test 
article and, specifically, of the delaminated/damaged zones.  

Upon completing load cycles/flights corresponding to the aircraft service goal the panel is 
statically loaded to verify its limit load capability even in the presence of damage. Finally, the test 
article is statically loaded up to failure and the evolution of strains during the test is recorded. 
Strain and load data recorded during tests are used as a term of comparison for the numerical 
predictions made by means of FE models of varying complexity. 
This work was funded by Clean Sky 2 Joint Undertaking, under the European’s Union Horizon 2020 
research and innovation Programme, under grant agreement No 807089 – REG GAM 2018 – H2020-
IBA-CS2- GAMS-2017; WAL (Work Area Leader): Leonardo Aircraft. 
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ABSTRACT 
 

The primary cause of death on the battlefield is due to head injuries. It is therefore critical that 
adequate protection is provided by combat helmets. It is also known that soldiers endure intense 
activities, often in hot climates, and that cases of heatstroke and heat exhaustion are common. Cellular 
structures have the potential to decrease weight, increase airflow and improve the energy absorption 
offered by conventional helmets. These types of structures can be realised using additive 
manufacturing processes such as Fused Filament Fabrication (FFF) 3D printing. Composite materials 
were chosen to increase the stiffness/strength and reduce the weight.  

This numerical study explores the benefit of utilising an auxetic core to increase the protection 
offered by a ballistic helmet. Three lattice structures (unit cells shown in Figure 1), each with identical 
relative density, were sandwiched between an aluminium plate and a model of the human skull. The 
skull was idealised as a plate, 6.58 mm thick, representative of the frontal male skull [1]. These 
assemblies were impacted by a 9 mm full metal jacket (FMJ) bullet at 358 m/s, representative of the 
testing per National Institute of Justice (NIJ) standards (NIJ 0106.01). The von Mises stress in the 
skull was monitored as the metric to predict skull fracture [2]. 

The use of double arrowhead and hexagonal lattices both reduced the peak skull stress compared to 
the re-entrant lattice. Use of these lattices therefore result in a lower likelihood of skull fracture 
occurring and reduced injury. Further work will focus on expanding the geometries under 
consideration and more closely representing helmet systems, including choice of material and 
geometry. 

 

Figure 1: Unit cell geometries of investigated lattices: (a) re-entrant, (b) hexagonal, and (c) double 
arrowhead. 
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ABSTRACT 
 

In the automotive sector, composite materials are gaining greater interest, in particular for 
application to car body design components, thanks to their lightweight potential, which can lead to 
significant fuel consumption reduction and performance enhancement. In order to be suitable for 
automotive applications, fatigue properties have to be carefully investigated to properly design 
structural components. 

Having in mind the automotive application, a particular composite material, a polyamide reinforced 
with 18%wt short glass fibres, have been considered. Uniaxial fatigue tests with load ratio R = 0.1 
were carried out on flat specimens made of the selected material.. The experimental tests were 
performed using an hydraulic fatigue testing machine, in stress-controlled mode, with a loading 
frequency in the range of 3-8 Hz depending on the stress amplitude. P-S-N curves and endurance limit 
were determined according to the ISO standard 12107. Moreover, an innovative approach based on the 
Maximum Likelihood Principle (MLP) was used to estimate the P-S-N curves as well as the endurance 
limit. Obtained results showed that the estimation made with the MLP, reduces the total time of the 
test campaign and data fitting is more effective. 
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ABSTRACT 

Novel technologies in numerical computation enable to investigate the emergency landing 
conditions for light airplanes. An important matter concerning this kind of airplanes is the 
crashworthiness of the vehicle impacting the ground, thereafter the parachute opening. The current 
regulations for the emergency landing dynamic conditions CS 23.562 expect that seat design satisfies 
the requirements in vertical and horizontal test conditions. In particular, the aim of this work is to 
compare two different aircraft configurations: a low-wing metallic and a high-wing composite one. 
Both the airplanes are two-seaters and single-engine equipped. The target of the analysis is the check 
of the compliance with human tolerance to injury criteria by the seats and the restraint system, and the 
determination of the possible strikes of the occupants inside the habitable space as a consequence of 
the impact loads. A finite element analysis of a partial section of the fuselage for both the 
configurations has been performed through the use of the commercial solver LS-Dyna. The models 
include seats, restraints, dummies and the structural elements that could intercept the trajectory of the 
passengers during the crash events. In Figure 1 the finite element model of the metallic fuselage is 
represented. A parametric analysis is performed in order to find out the best attack angle in terms of 
the lumbar loads and the loads transmitted by the belts as a consequence of the contact between the 
aircraft and the ground, so to improve the level of safety. The performed investigation could be an 
important indication for the parachute system design. 

 
 

 
 

Figure 1 �± Finite element model of the metallic fuselage 
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ABSTRACT 

The mechanical behaviour of viscoelastic materials is typically investigated by means Dynamic 
Mechanical Analysis (DMA) carried out on standardized specimens suitable for laboratory conditions, 
which can be specifically produced for the test or extracted from a component, causing its destruction. 

Here, an innovative methodology, based on the instrumented indentation, is presented to assess the 
mechanical response of polymers�¶ compound.  The innovative device, called VESevo, provides a non-
destructive and non-invasive testing procedure allowing the characterization of a material directly in-
situ, without the destruction of a component to create a suitable sample. 

Taking advantage of this methodology, the aim of this work is the study of polymers�¶ compound 
viscoelastic properties variations, caused by exposure to UV-rays. The analysis has been carried out on 
a polymers�¶ compound designed to be used as a tire tread. UV radiations are usually employed to 
change properties of the polymers, but there are very few examples of UV-curing effects applied to 
tires compound as well as the monitoring of properties over time using non-destructive techniques. 

In order to assess the compound viscoelastic properties variation, a proper test bench has been set, 
adopting in a combined manner an UV-Lamp and the innovative device VESevo. After that, a 
dedicated test campaign has been carried out on a tire compound specimens tested in different 
conditions.  

The preliminary results highlighted: the ability of the proposed technique to measure the variation 
in the mechanical behaviour of the material induced by exposure to UV rays; significant variations in 
viscoelastic properties induced on the compound as a function of the time of exposure to UV rays. 
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ABSTRACT 

The work is part of the Clean Sky 2 – AIRGREEN2 (AG2) project which aims at designing, 
analysing, manufacturing and ground-testing a full-scale composite Outer Wing Box (OWB) 
demonstrator for a regional aircraft. In order to achieve this objective, in the current development work 
a small scale (in length) spar segment has been designed, manufactured and tested in order to validate 
the related technologies. The OWB has been designed in order to withstand stiffness, strength and 
stability requirements under critical loading conditions taken from the flight envelope. In particular, a 
minimum weight design has been obtained with an optimization based on genetic algorithms that 
explored several thickness distributions and stacking sequences. 

A further analysis has been performed on the optimized front spar of the OWB. Focusing on the first 
two (root) bays, a spar segment (approx. 1100 mm long and 400 mm wide, constant section - no tapering) 
has been considered. 

The spar segment was manufactured by using the Liquid Resin Infusion (LRI) method, an Out of 
Autoclave method (OoA), in which Dry Non Crimp Carbon Fabrics are impregnated by epoxy resin 
(high temperature cure) under the application of vacuum only. The impregnated Carbon fabric material 
is then cured in a standard oven or self heated tool, heated internally by integrating electrical resistances 
and externally by heated blankets. In this work, a self heated tool option was selected. The tool was 
designed as an egg-crate type construction in order to minimize both mass and thermal inertia. CATIA 
software was used for both the tool and part design. 

A FEM analysis was performed by implementing progressive failure analysis using the MSC Marc 
software in order to predict the spar segment structural response during the experimental test. Respective 
material allowables have been obtained by testing standard coupons manufactured by the same base 
materials (dry carbon fabrics and resin) and manufacturing method (LRI). Standard hand layup 
procedures were followed during the layup process of the fabrics. Appropriate auxiliary materials 
capable to withstand the respective LRI infusion and curing process specifications were used. 

The spar segment has been tested up to failure in a cantilevered configuration and subjected to a tip 
in-plane pure shear force. The fixtures and loading system for the test have been designed in order to 
guarantee the correct clamped boundary conditions and to avoid any torsional effect. The scope of the 
test was to validate the manufacturing process, as well as the design and FEM analysis in terms of 
allowables and final failure of the component. A numerical/experimental comparison is presented in 
terms of load vs displacement response curve and load vs strain (measured at some locations on the 
spar).  
This work was funded by Clean Sky 2 Joint Undertaking, under the European’s Union Horizon 2020 
research and innovation Programme, under grant agreement No 807089 – REG GAM 2018 – H2020-
IBA-CS2- GAMS-2017; WAL (Work Area Leader): Leonardo Aircraft. 
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ABSTRACT 

The work is part of the Clean Sky 2 - AIRGREEN2 (AG2) project which aims at designing, 
analysing, manufacturing and ground-testing a full-scale composite Outer Wing Box (OWB) 
demonstrator for a regional aircraft.  

The OWB has been designed in order to withstand stiffness, strength and stability requirements under 
critical loading conditions taken from the flight envelope. In particular, a minimum weight design has 
been obtained with an optimization based on genetic algorithms that explored several thickness 
distributions and stacking sequences. As important step of the project, a composite rib has been 
designed, manufactured and tested in order to validate the related technologies. 

The rib, object of this work, corresponds to a middle section rib of the Outer Wing Box (OWB). 
Static and nonlinear finite element analyses have been performed in order to verify that the proposed 
rib test geometry would fail at a machine load less than the current maximum available testing load 
machine. Moreover, buckling analysis has completed the FE analyses as required by the design 
specifications.  

The composite rib was manufactured by hand-layup and by using the Liquid Resin Infusion (LRI) 
method, an Out Of Autoclave method (OoA), in which Dry Non Crimp Carbon Fabrics are impregnated 
by epoxy resin (high temperature cure) under the application of vacuum only. The impregnated Carbon 
fabric material was then cured in a standard oven. CATIA software was used for both the tool and part 
design. 

Respective material allowables have been obtained by testing standard coupons manufactured by the 
same base materials (dry carbon fabrics and resin) and manufacturing method (LRI). Standard hand 
layup procedures were followed during the layup process of the fabrics. Appropriate auxiliary materials 
capable to withstand the respective LRI infusion and curing process specifications were used. 

The rib has been tested up to failure under an in-plane shear loading condition. The scope of the test 
was to validate the manufacturing process, as well as the design and FEM analysis in terms of allowables 
and final failure of the component. 
This work was funded by Clean Sky 2 Joint Undertaking, under the European’s Union Horizon 2020 
research and innovation Programme, under grant agreement No 807089 – REG GAM 2018 – H2020-
IBA-CS2- GAMS-2017; WAL (Work Area Leader): Leonardo Aircraft. 
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ABSTRACT 
 

In recent years, the non-biodegradable nature of synthetic composite materials has shifted the 
research focus on natural fibres as possible substitutes for traditional reinforcements. This paper 
investigates the effects of temperature variation on the impact behaviour of natural fibre laminates 
from an experimental, analytical, and numerical point of view. Flax, basalt, and hybrid / epoxy resin 
composites have been characterized through a variegated experimental campaign: from -40° to +80°. 
In addition to these studies, two different analytical models available in literature for synthetic 
materials are, here, combined and validated to reproduce the full loading-unloading trend of natural 
fibre composites. Since the aim of this study is the investigation of low-velocity impact behaviour as a 
function of the operating temperature, it is worth noting that no modifications have been made to these 
�P�R�G�H�O�V�����H�[�F�H�S�W���I�R�U���P�D�W�H�U�L�D�O���S�D�U�D�P�H�W�H�U�V���O�L�N�H���<�R�X�Q�J�¶�V���D�Q�G���V�K�H�D�U���P�R�G�X�O�L�����6�X�E�V�H�T�X�H�Q�W�O�\�����D���I�L�Q�L�W�H���H�O�H�P�H�Q�W��
numerical investigation has been carried out, using the solver RADIOSS, with the aim of generating, 
in very reasonable computation times, a first numerical approximation of the experimental impact 
response. The obtained results show how both the presented procedures can predict well the response 
of these composites during an impact event. Moreover, the mixed trend observed in the hybrid 
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �V�X�S�S�R�U�W�V�� �W�K�H�� �W�K�H�V�L�V�� �R�I�� �K�\�E�U�L�G�L�]�D�W�L�R�Q�¶�V�� �L�P�S�R�U�W�D�Q�F�H���� �D�V�� �D�� �W�H�F�K�Q�L�T�X�H�� �F�D�S�D�E�O�H�� �R�I���H�[�S�O�R�L�W�L�Q�J��
the synergistic effects arising from the application of different types of reinforcement and reducing the 
drawbacks connected with the employment of a single type of fibre. 
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ABSTRACT 
 

The current work involves the analysis of the fibre-polymer adhesion characteristics in green 
composites aimed to improve the compatibility between the natural fibres and the polymer resin. 
Adhesion properties depend on the type and material properties both of the fibre and the resin. In order 
to have a better understanding of how to improve fibre/resin adhesion, it is important to explore the 
chemical interaction between the two. The project considers a number of aspects related to chemical 
bonding and physical attraction forces. Composites are the combinations of two or more materials 
�K�D�Y�L�Q�J���G�L�I�I�H�U�H�Q�W���S�U�R�S�H�U�W�L�H�V�����7�K�H���W�Z�R���P�D�W�H�U�L�D�O�V���D�U�H���W�K�H���U�H�L�Q�I�R�U�F�H�P�H�Q�W���D�Q�G���W�K�H���P�D�W�U�L�[�����7�K�H���F�R�P�S�R�V�L�W�H�V�¶��
material mechanical, physical, thermal, and electrical properties are distinct from each other. After 
being combined, they have a synergetic behavior, improving or obtaining new properties which are 
difficult to obtain with the base material alone[1]. Due to the awareness of increasing global 
environmental concerns, recent research in green composites materials has gained momentum. Green 
composites are more eco-friendly than their synthetic counterparts mainly because of their potential 
biodegradability. The reinforcing materials are mainly based on fibres, which are obtained directly 
from natural resources such as agave plants. Natural fibres have remarkable characteristics and these 
make them applicable to a number of different areas. Properties of such natural fibres are their 
biodegradability, low density, low-cost of extraction, and abundance in nature [2], [3]. Natural fibres 
have shown excellent physicochemical and mechanical properties, similar properties to synthetic 
fibres, and at the same time as alternatives to petroleum-based products. However, currently, there are 
still some disadvantages because of their hydrophilic properties, which result in poor adhesion with 
the polymer matrix. The methods to improve fibre/resin compatibility usually looks at changing the 
polarity properties of the fibre or resin. Nevertheless, it is necessary to consider which resin matrix 
should be used to fabricate the composite. The final material behavior would depend on the chemical 
groups present in the polymer resin matrix. These groups would be interacting with the fibre. The 
present work, which is part of the DLANComp (Developing Local Agave Natural Fibre composites) 
aims to help and clarify knowledge used by researchers working on green composites regarding 
fibre/resin compatibility. In this work, the study of surface modification in natural plant fibres will be 
considered from a chemical point of view. This would clarify the understanding of some important and 
relevant concepts such as hydrogen bonding, chemical and physical iteration, natural polarity, and 
potential active modification points. The authors would like to acknowledge the project from which 
�'�/�$�1�&�R�P�S�� �L�V�� �E�H�L�Q�J�� �I�X�Q�G�H�G���� �µ�� �6�H�W�W�L�Q�J�� �X�S of transdisciplinary research and knowledge (TRAKE) 
�F�R�P�S�O�H�[���D�W���W�K�H���8�Q�L�Y�H�U�V�L�W�\���R�I���0�D�O�W�D�����(�5�'�)�����������������¶���Z�K�L�F�K���L�V���E�H�L�Q�J���F�R-financed through the European 
Union through the European Regional Development Fund 2014-2020 
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ABSTRACT 

Electric, hybrid and hydrogen-fuelled vehicles are nowadays emerging as alternative to traditional 
internal combustion engine vehicles due to their high energy efficiency and low emissions. However, 
the safety of these new categories of vehicle must be further improved especially for automotive 
industries interested in revamping their fleet rather than designing new ones. Under this point of view, 
the use of numerical models can be helpful for designers to find effective solutions enabling the 
vehicle and occupants passive safety [1, 3]. Specifically, according to a Certification by Analysis 
approach, the physical tests can, in specific conditions, be replaced by virtual ones. The objective of 
this paper is to study the crashworthiness of a commercial electric vehicle. Starting from a Finite 
Element (FE) model of an internal combustion engine vehicle assessed against experimental crash 
tests, the revamping of the vehicle into an electric one is herein proposed and studied under the same 
crash conditions. Results focus on the capability of the vehicle to withstand collision and avoid the 
batteries failure. 

 

 
Figure 1. FE model - focus on battery packets. 
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ABSTRACT  
 

The goal of this research was to develop a new Additive Manufacturing technology for polymeric 
foams. 

The first physical foams made in one step by AM were produced, the influence of the process 
�S�D�U�D�P�H�W�H�U�V���R�Q���W�K�H���V�L�Q�J�O�H���H�[�W�U�X�V�L�R�Q���I�R�D�P�¶�V���P�R�U�S�K�R�O�R�J�\���Z�D�V���V�W�X�G�L�H�G���D�Q�G���D�Q�D�O�\�]�H�G���W�K�D�Q�N�V���W�R���6�F�D�Q�Q�L�Q�J��
Electron Microscope acquisition and micro tensile mechanical tests. 

The control of the micromorphology of the foams was reached thanks to the control of the process 
�S�D�U�D�P�H�W�H�U�V�����Q�R�Z���L�W�¶�V���S�R�V�V�L�E�O�H���W�R���S�U�R�G�X�F�H���I�R�D�P�V���Z�L�W�K���G�H�V�L�U�H�G���G�H�Q�V�L�W�\�����E�X�E�E�O�H���G�L�P�H�Q�V�L�R�Q�����S�R�V�L�W�L�R�Q�����D�Q�G��
shape. 

The dimensional control of foamed structures made by AM has reached thanks to fine-tuning of the 
process parameters and tensile, bending, impact tests were conducted on foamed specimens with 
different densities. 

So high-performance composite structure made by AM was designed and produced. 
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ABSTRACT 

 

Additive manufacturing (AM) of advanced fiber reinforced polymer composites is attracting 
increasing interest for light-weight applications in the manufacturing industry because it combines the 
high specific mechanical properties of composite materials to the unprecedented design flexibility of 
AM technologies. In this study, carbon (CF) and basalt (BAS) fibers were investigated to reinforce 
polyamide matrices due to their excellent mechanical and thermal properties combined with high 
electrical conductivity for carbon fibers and chemical stability and eco-friendliness for basalt ones [1].  

Composite filaments were produced with a parallel twin-screw extruder equipped with a single-
screw volumetric doser and a laser system to ensure a constant diameter of 1.75 mm. Basalt filament 
was produced with a PA12 matrix, a 5 wt% fiber content and a temperature profile from the hooper to 
the die of 250-280-280-280-280-280-260-260 °C while carbon filament was produced with a PA6/66 
matrix, a 10 wt% fiber content and a temperature profile of 250-280-285-285-285-285-260-260 °C. 

PA/CF and PA/BAS filaments with good dimensional accuracy (nominal diameter within ±0.05 
mm tolerances) and uniform fiber distribution were obtained (Fig. 1). The filaments were then printed 
by Fused Deposition Modeling (FDM) using Roboze One 3D printer. The parts exhibited a typical 
microstructure related to the filament deposition process, with high void content (5-10%) and high 
fiber alignment along the printing direction [2]. Good tensile properties were obtained for both 
composites with higher stiffness and strength for PA/CF due to the higher amount, aspect ratio and 
intrinsic mechanical properties of carbon fibers. The failure morphologies of the composites revealed a 
fragile behaviour upon tensile loading (Fig. 1). The electrical conductivity of carbon fibers was also 
exploited to create conductive tracks on the surface of PA/CF plates by using a laser writing treatment.  
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Fig. 1. Optical images of PA/BAS and PA/CF filament cross-section and printed parts surface fracture upon 
tensile loading 
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ABSTRACT 

The remarkable mechanical behaviour of woven composites during impact loading conditions widens 
their applications as protective structures. However, due to their intrinsic complex fibre architecture, 
predicting the mechanical performances of woven composites under ballistic impact by modelling 
approaches is not an easy task and even though finite element modelling at mesoscale and 
homogeneous modelling at macroscale have been widely investigated, computational costs and efforts 
in generating geometry models are significant drawbacks for these strategies. Nevertheless, analytical 
modelling approaches could provide a reliable prediction for ballistic simulation in less time with a 
relatively easy modelling process if a correct framework has been set. While analytical modelling of 
composite materials under several loading conditions has been researched, few articles have been 
published aimed to replicate the ballistic behaviour of deformed projectiles versus woven composites. 

In order to develop an accurate analytical model able to predict the impact behaviour of a woven 
composite impacted by a full metal jacket bullet, an innovative method, i.e. the ghost projectile 
method, is developed in the current work. Compared with the equivalent projectile method [1],  the 
current analytical model is able to mimic the yield of the metal jacket, which can lead to a more 
accurate prediction of the energy absorption of the projectile jacket and core respectively. Through 
this method, the deformation and energy absorption on both the projectile itself and the woven 
composites can be considered. Exploiting the experimental data on Kevlar tile impacted by a full metal 
jacket projectile, named .357 Magnum [1], high accuracy can be obtained by the proposed analytical 
model with the ghost projectile method, Figure 1. 

 
Figure 1 Comparison of the analytical model with a rigid projectile, the ghost projectile method and 

experimental data 
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ABSTRACT 
 

Although carbon fiber composites are currently experiencing rapid growth in structural 
applications, their multi-layer laminate structures make them highly susceptible to defects and damage 
in the form of interlaminar fracture, or delamination. This type of damage can drastically reduce the 
strength and functionality of the part.  Delamination damage may be caused by pre-existing 
manufacturing defects however, once delamination are present, sudden impacts or high static loads in 
service significantly compro�P�L�V�H���W�K�H���P�D�W�H�U�L�D�O�¶�V���V�W�U�X�F�W�X�U�D�O���L�Q�W�H�J�U�L�W�\�����7�K�H�U�H���D�U�H���W�Z�R���P�D�M�R�U���P�H�W�K�R�G�V���I�R�U��
repairing delamination in composite panels: scarf/bonded patch repairs and injection repairs[1, 2]. The 
repair process with a composite patch is time consuming and needs a well-trained workforce while 
injection repair is an alternative, simpler method useful in structural repair applications (Fig.1). Here, 
resin is directly injected into the damaged area where it infiltrates the delaminated layers [3]. 
 

 
 

Figure 1 �± Repair of impact damages by direct injection  
Recently Sluttery et al, set up a resin injection repair procedure and rig that have several 

advantages over current repair methods including a relatively low curing temperature and the use of 
common laboratory equipment [4] . A limitation of previous work is the need for access on both side 
or the need for several injection/extraction channels. In the present paper a procedure based on local 
injection of resin in delaminated CFRP plates is investigated. The micro-injection technology requires 
one side access and only a single vent to introduce the resin within the delaminated area. Panels made 
by CFRP have been damaged by impact test, and then the repaired plates have been tested. The 
technique is able to improve the residual strength. 
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ABSTRACT 

 
This paper has the main goal to look for the future of aviation considered as a leader discipline 

which will be able to improve the respect for the nature, to mitigate the polluting effects of the human 
activities, to setup admissible requirements which allow safe and enjoyable progress of the human 
being on the planet Earth. 

Developing visions for the future is always a complex matter, but it is become even more difficult 
during these times which are worldwide attacked by a sanitary emergency followed by an unbelievable 
development of a war. Both these disasters are pushing the progress of the mankind back to old 
centuries making the look towards the future a pleonastic dream, a sort of romantic view. One of the 
main reason of this paper is just to show that there are still rooms for reflecting on the clean 
technological developments and the aviation sector is ready for embarking on new challenges which 
move along a fruitful and happy life to be prepared for those who are going to live the years to come. 

Green and environmentally sustainable aviation, in our opinion, can be achieved with continuous 
improvements of multiple parallel paths, ramp up of SAF (Sustainable Aviation Fuel) production, and 
of course, breakthrough technologies. The latter will require a significant amount of research, testing 
and probably mistakes need to be made before reaching the level of transportation efficiency and 
mission safety obtained with traditional propulsion, but these drawbacks should only encourage 
scientists, engineers, politicians and visionaries to strongly pursue the objectives of a new eco-
aviation. 

Aviation decarbonization requires strategy change from near term improvements in aircraft fuel 
efficiency to long term (from neutral to zero carbon emissions) fuel switching. The successful 
introduction of long-term solutions requires transdisciplinary research into technological, operational 
and economy fields. 

New technologies should probably be introduced into smaller aircraft segments first then migrate 
into the larger segments as the technologies mature. We should expect a first electric and hydrogen 
fuel cell commuter aircraft enter into service by the end of this decade, with hydrogen combustion-
powered narrow bodies around 2040. 

In 2019, Aviation accounted for approximately 2.3% of global greenhouse gas emissions, with 
global commercial fleet CO2 emissions totaling 0.918 Gigatonnes. Narrowbody and widebody aircraft 
�S�U�R�G�X�F�H���R�Y�H�U�����������R�I���W�K�H���L�Q�G�X�V�W�U�\�¶�V���J�U�H�H�Q�K�R�X�V�H���J�D�V���H�P�L�V�V�L�R�Q�V�����W�K�H�U�H�I�R�U�H�����Z�K�L�O�H���W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���Q�H�Z��
technologies on smaller aircraft will be important for the development of sustainable solutions, they 
will have minimal impact on the overall carbon footprint until they make their way onto larger 
platforms. However, carbon-free fueled (electric, hydrogen) aircraft will require significant 
infrastructure investments to develop the novel transportation network and the re-fueling procedures 
that will be required to support their use. Therefore their success will require the coordinated 
combined efforts of the entire industry (airlines, airports, air navigation service providers, 
manufacturers) and significant government support. 

This paper will try to summarize the most important aspects which drive the vision for a 
sustainable green aviation and a possible roadmap for reaching the goal following a pathway which is 
not distracted by unwanted or even tragic events. 
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ABSTRACT 
 

In recent years, carbon fibres (CF) have been widely used in an increasing number of industrial 
sectors. Their high strength combined with low weight makes carbon fibres suitable for high value-
added applications [1, 2]. The CF industry is constantly growing, as it has conquered markets that 
involve the massive production of carbon fibre reinforced composites (CFRP), often as a replacement 
for metal components [3]. The use of large quantities of CFRPs creates significant environmental and 
economic problems related to waste disposal and consumption of non-renewable resources. Recently, 
European legislation has imposed more controls on composite materials waste management from both 
manufacturing processes and end-of-life (EoL) products [4]. In this context, the development of 
technological know-how that enables the recovery of added-value of waste, instead of its simple 
disposal, is a process crucial to promoting the application of EU requirements and the realization of a 
circular economy model. Among the most promising recycling methods are thermal processes that 
include pyrolysis, fluidized bed pyrolysis, and microwave-assisted pyrolysis. Pyrolysis is the only 
process implemented on an industrial scale in Europe because of its economic viability and technical 
feasibility [5]. Although the recovery of CF has reduced cost compared to the production of virgin 
fibres with the same quality, the length, the orientation and the sizing of the initial fibres are lost. The 
challenge is to develop production processes for composites reinforced with recycled fibres that 
compete with virgin CFRP both economically and in terms of mechanical properties [6]. CETMA and 
Leonardo Aerostructure have used Prepreg Compression Molding (PCM) to produce a windows frame 
with non-woven fabrics of recycled carbon fibres impregnated with a fast-curing resin. The pyrolysis-
recycled fibres were treated with a sizing previously developed by CETMA and compatible with fast-
curing epoxy resin. 
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ABSTRACT 

Chiral honeycombs are one of the most well-known classes of mechanical metamaterial geometries 
which possess the ability to exhibit auxetic behaviour. These systems exist in various forms and typically 
consist of an array of circular or polygonal chiral nodes which are connected to each other through 
tangentially-attached ligaments. Once loaded, the chiral nodes rotate and the ligaments undergo flexural 
deformation; a deformation mechanism which is highly conducive to auxeticity. Typical chiral 
honeycombs are based on periodic monohedral tessellations; namely hexagonal, quadratic and triangular 
�D�U�U�D�Q�J�H�P�H�Q�W�V�� �D�Q�G�� �W�K�H�V�H�� �V�\�V�W�H�P�V�� �K�D�Y�H�� �E�H�H�Q�� �V�K�R�Z�Q�� �W�R�� �H�[�K�L�E�L�W�� �D�� �Z�L�G�H�� �U�D�Q�J�H�� �R�I�� �3�R�L�V�V�R�Q�¶�V���U�D�W�L�R�V��which 
include giant negative values as well as a wide spectrum of geometrically-tailorable axial and shear 
stiffness values. In this work, we extend the concept of chiral metamaterials beyond monohedral 
tessellations, which are limited to the aforementioned three forms, and analyse the potential of periodic 
polyhedral Euclidean tessellations as a template for the design of novel auxetic chiral metamaterials. 
Through numerical simulations and experimental tests on 3D printed prototypes, we show that through 
�µ�F�K�L�U�D�O�L�V�D�W�L�R�Q�¶[1,2], a polyhedral tessellation which in its original form exhibits a highly positive 
�3�R�L�V�V�R�Q�¶�V���U�D�W�L�R���F�D�Q���E�H���F�R�Q�Y�H�U�W�H�G���L�Q�W�R���D���K�L�J�K�O�\���D�X�[�H�W�L�F���P�H�F�K�D�Q�L�F�D�O���P�H�W�D�P�D�W�H�U�L�D�O�����7�K�H���W�H�U�P���µ�F�K�L�U�D�O�L�V�D�W�L�R�Q�¶��
is used to describe the geometric transformation of these tessellations, through which chiral nodes and 
ligaments are introduced within the system whilst retaining the original topology and rotational 
symmetry of the system in question (see Figure 1). The results obtained highlight the considerable 
promise of these systems as a new class of auxetic metamaterials and also the merits of exploring further 
the vast existing library of 2D and 3D polyhedral tessellations as potential templates for the development 
of novel metamaterial systems with advanced functionalities. 
 

 
Figure 1: Chiralisation of a polyhedral polygonal tessellation and its dual equivalent. 
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ABSTRACT 
 
Performances are a key concern in aerospace vehicles, requiring safer structures with as little 

consumption as possible. Composite materials replaced aluminum alloys even in primary structures to 
achieve higher performances with lighter components. However, random events such as low-velocity 
impacts may induce damages that are typically more dangerous and mostly not visible than in metals. 
The damage tolerance (DT) approach is adopted for fatigue design of general aviation aircraft, but 
fractures mechanisms and propagation of failure prediction in composites structures are much more 
challenging. Consequently, the DT approach is still costly for these types of structures. It can be 
achieved only through expensive experimental testing and drastic reduction of allowable stress levels 
and maintenance intervals by applying scattering factors due to the uncertainties involved in their 
original estimations. Structural Health Monitoring (SHM) systems deal mainly with sensorised 
structures providing signals related to �W�K�H�L�U�� �³�O�R�D�G�� �D�Q�G�� �K�H�D�O�W�K�� �V�W�D�W�X�V�´�� �W�R�� �U�H�G�X�F�H�� �P�D�L�Q�W�H�Q�D�Q�F�H�� �D�Q�G��
weights. At the same time, the use of Deep Neural Networks (DNNs) based on strategic engineering 
criteria, for instance, may represent an effective and efficient analysis tool to promote faster data 
analysis and classification. In the field of aircraft maintenance, this approach may lead, for example, to 
a faster awareness of an aircraft/fleet situation or predict failures. Deep learning-based networks 
provide automatic feature extraction at different levels of abstractions. With the universal function 
approximation property of neural networks, it learns the inverse mapping from input space (signals) to 
target space (damage classes). Starting from the well-established Structural Health Monitoring (SHM) 
technologies, a network of distributed sensors embedded throughout the whole structure could be used 
for real-time structural monitoring and data acquisition. Structural data will constitute an enormous 
amount of information that can be adequately filtered with the aid of specific Deep Neural Networks 
designed and trained for the structural context and aimed to classify and identify significant 
parameters. The authors have collaborated for some years to collect wave propagation signals through 
experimental tests and validated numerical models of healthy and damaged composite structures, and 
developed machine learning algorithms (mainly DNNs and Convolutional Neural Networks) aimed at 
signal classification and analysis for damages detection and localization. This paper summarizes the 
most promising approaches developed during the last years jointly by the two research groups and 
critical analysis of obtained results and next future activities. 
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ABSTRACT 
 
�$�X�[�H�W�L�F�� �F�H�O�O�X�O�D�U���V�W�U�X�F�W�X�U�H�V�� �D�U�H�� �P�R�G�H�U�Q�� �P�H�W�D�P�D�W�H�U�L�D�O�V���� �Z�K�L�F�K�� �S�R�V�V�H�V�V�� �Q�H�J�D�W�L�Y�H�� �3�R�L�V�V�R�Q�¶�V�� �U�D�W�L�R�� �D�Q�G��

can therefore provide for enhanced mechanical properties in comparison to conventional cellular 
materials in various applications [1,2]. The mechanical characterisation of chiral auxetic structures 
(Fig. 1a) and hybrid chiral auxetic structures (Fig. 1b) was performed using uniaxial compression 
testing. Computational models in LS-DYNA were validated based on the experimental results, in order 
to study the deformation behaviour of sandwich panels with auxetic core under blast (Fig. 1c) and 
ballistic (Fig. 1d) loading conditions.  

It was shown, that the hybrid auxetic structures, where auxetic structure is infiltrated by silicone 
filler, can enhance the specific energy absorption up to 48 % compared to non-hybrid auxetic 
structures. The sandwich panels with auxetic cores provide improved energy absorption capabilities in 
the case of blast and ballistic loading in comparison to the response of sandwich panels with 
conventional cellular cores [3,4]. 

 
 

Figure 1: Chiral auxetic structure (a), hybrid chiral auxetic structure (b), blast (c) and ballistic (d) 
response of auxetic sandwich panel 
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ABSTRACT 
 

The slamming process frequently occurs during fast ship navigation and consists of a force that 
cyclically strikes the hull of the ship as a result of its impact against the free surface of the water [1]. 
This force is translated into short duration pulses acting on a very small surface area and causing high 
pressure peaks [2]. The magnitude of this impact and its possible damage to the hull are difficult to 
foresee and, therefore, the maximum sailing speed of the ship is usually limited so as not to suffer 
additional damage during voyages [3].   

This situation is more pronounced in the case of high speed planing boats [4]. Given the 
importance of this effect on the safety and integrity of the boat during navigation, it is necessary to 
know the technical behavior of the materials used in the hull against this effect. 

Repetitive impact tests are presented, together with the methodology for damage assessment by 
destructive and non-destructive analysis techniques, using fiberglass panels (Figure 1) in a test 
apparatus that reproduces the repetitive impacts characteristic of slamming (Figure 2). Additionally, 
the panels have been tested by weight drop impacts at different energies, which allow determining the 
damage threshold of the material as a function of the absorbed energy. 
 
Figures 

 

 

 

 

Figure 1. Probe tested in the slamming 
reproduction machine 



International Symposium on Dynamic Response and Failure of Composite Materials 
Ischia, Naples, Italy, June 21-24, 2022 

 

 

 
 

 

REFERENCES 

[1] Wentao He, Jun Wu, Lu Yao. Numerical investigation of dynamic response and failure 
mechanisms for composite lattice sandwich structure under different slamming loads, College of 
Engineering, Ocean University of China, Qingdao 266100, China, 1-33; 2021. 
[2] Ki Weon Kang, Heung Seob Kim. Strength reduction behavior of honeycomb sandwich structure 
subjected to low- velocity impact. Materials Science and Engineering A, China, 483-484; 2008. 
[3] O.H. Hassoon, M. Tarfaoui, A. El Moumen, Y. Qureshi, H. Benyahia, M. Nachatne. Mechanical 
performance evaluation of sandwich panels exposed to slamming impacts: Comparison between 
experimental and SPH results. 220 (2019) 776-783. France;2019. 
[4] Lopresto V., Langella A., Papá I. Dynamic loading on composite laminates in the presence of 
water. Polymer Engineering and Science, 57; 613-620; 2017. 

 
  

Figure 2. Slamming playback equipment 
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ABSTRACT 
 

In this work, the influence of water absorption aging on the impact damage of conditioned 
carbon fiber/vinyl ester laminate was considered. In detail, low-velocity impact tests were 
systematically performed before and after the conditioning of the composite, in dry and water-
saturated states in a saline environment at 3%, respectively. The damage of the impacted 
specimens was analyzed by Electronic Speckle Pattern investigation and the results were 
compared to the absorbed energy according to three impact energy levels: 10J, 20J, and 30J. 
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ABSTRACT  
 
In accordance with the Damage Tolerance (DT) approach, the structural components of the aircraft 

must be periodically maintained in order to improve the durability of airframes. This approach is 
applied to anticipated loads in the presence of fatigue, corrosion, or accidental damage until detection 
via inspections. To prevent the catastrophic growth of the damage, it is necessary to proceed with the 
replacement or repair of the piece itself. Due to the complex damage growth in composites, the DT 
approach is not as well-established as on metals. Furthermore, in the presence of a crack, its 
propagation is rapid and the scheduled inspections do not always cover the time from the crack 
creation to a critical damage size that is dangerous for the structural safety of the aircraft. In this work, 
it is proposed an interferometric investigation technique to identify defects in load-bearing structural 
parts without the use of coupling agents. In this work a Keplar foil was positioned between the stringer 
and the wing sheet made both in carbo-fibre epoxy-based matrix composite material by Automated 
Fibre Placement (AFP). Results have shown that the ESPI technique was able to identify the Keplar 
sheet and other geometrical discontinuities in the structure with high accuracy. 
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ABSTRACT 

 
The integration of repurposed and recycled carbon fibers into high-performance 

composites is essential to promote their use as structural materials due to their low-cost, high 
formability, and reduced environmental impact. The critical issue and challenge in reusing 
recycled carbon fiber (rCF) was to fully exerting its outstanding properties via an efficient and 
environmental-friendly way. In the present work, recycled carbon fiber, extracted form 
thermoplastic carbon fiber scraps, were extracted by a patented procedure developed by 
ENEA1 and mixed with a virgin thermoplastic polymer. Composites made at different 
recycled carbon fiber (rCF) content have been manufactured, additional samples have been 
manufactured by shredding scraps and direct consolidation of plates by compression 
moulding as reference plates. The thermo-mechanical and viscoelastic behaviour has been 
�L�Q�Y�H�V�W�L�J�D�W�H�G�����7�K�H���D�G�G�L�W�L�R�Q���R�I���V�K�R�U�W���¿�E�H�U�V���K�D�V���E�H�H�Q���H�[�S�H�U�L�P�H�Q�W�D�O�O�\���R�E�V�H�U�Y�H�G���W�R���V�O�R�Z���W�K�H���V�W�U�H�V�V��
relaxation of viscoelastic polymers, producing a change in the relaxation time constant. The 
recycling procedure modified the fiber-matrix interface explaining the changes in the 
relaxation constants. 
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ABSTRACT  

 
This work focuses on the study of reliable numerical models for the prediction of the 

mechanical behaviour of composite joints. When composite materials are adopted, proper 
joint designs need to be considered to obtain durable and safe assemblies. This study is aimed 
to better understand the damage initiation and propagation issues in composite joints for an 
efficient design with reduced over-dimensioning. Several joint configurations are available 
depending on the thickness of the components to be connected. In this study, the Single Lap 
Joint has been examined, which provides the most cost-effective design in terms of weight-
saving. This configuration with several combinations (bonded, bolted, hybrid) has been 
considered to identify the best solution, in terms of reliability, to join composite parts. The 
numerical models, validated by means of comparisons with experimental tests, have been 
demonstrated suitable to be, effectively, used to deeply investigate the mechanical behaviour 
of composite joints. 
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ABSTRACT 
 

Nowadays polymer composites have found increasing use especially in those areas where high 
mechanical performance is required with the lowest possible weight. Often the parts have complex 
geometries difficult to achieve with a single forming step, so in the industrial field there is the 
tendency to make more parts of simpler geometry to be assembled later. The use of structural 
adhesives makes it possible to avoid drilling and the use of bolts, significantly reducing the weight of 
the joint and the risk to damage the fibers [1]. However, it is often necessary to pretreat the surfaces 
for manufacturing a reliable joint [2, 3]. For this reason, composite adherends are generally degreased 
and/or sanded before bonding; this technique presents problems related to the presence of solvents and 
large volume of dust produced during the process that must be controlled by means of hoods. The use 
of laser sources for pretreatment can be a valid replacement of these processes. In this work the 
effectiveness of a pretreatment made with a CO2 laser on CFRP adherends constituting a lap shear 
bonded joint is investigated (Fig. 1). In order to define the treatment parameters for avoiding damages 
of the laminates, the treated surfaces were analyzed using conoscopic holography and optical analysis 
���)�L�J�������������7�K�H���R�E�W�D�L�Q�H�G���H�[�S�H�U�L�P�H�Q�W�D�O���U�H�V�X�O�W�V���V�K�R�Z���W�K�D�W���W�K�H���M�R�L�Q�W�V�¶���V�W�U�H�Q�J�W�K���L�V���K�L�J�K�H�U���W�K�D�Q���W�K�D�W���R�E�W�D�L�Q�H�G��
�Z�L�W�K�� �G�H�J�U�H�D�V�L�Q�J�� �S�U�R�F�H�V�V���� �0�R�U�H�R�Y�H�U���� �L�W�� �U�H�S�U�H�V�H�Q�W�V�� �D�� �V�X�V�W�D�L�Q�D�E�O�H�� �S�U�R�F�H�V�V�� �W�R�� �S�U�H�S�D�U�H�� �W�K�H���D�G�K�H�U�H�Q�G�¶�V��
surface to bonding, reducing the volume of removed material and limiting dust production. 
 

 
 

Figure 1. Lap Shear Specimen 
 

  b)  c) 
 

Figure 2. Observation of treated surfaces by: a) optical microscopy; b) conoscopic holography. 
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ABSTRACT 

For the modern aeronautical industry, the search for cost reduction in the design, construction and 
maintenance of aeronautical structures represents a continuous challenge. There are many fields on 
which industries are focusing their activities; among the main ones there is certainly the use of 
innovative materials and new connection techniques for weight reduction, such as composite materials 
and bonding, and the use of techniques for monitoring structures (SHM). In particular, the latter would 
allow the state of the structure to be monitored throughout its operational life.  

Among the most researched SHM monitoring techniques in the aviation field is the one using 
distributed fiber optics (FO) and Bragg grating (FBG) based technology. Through the use of these 
reading tools, CIRA has developed an algorithm that allows to detect the size and position of damages 
occurred in the structure due to possible impacts or variation of the connection conditions, with/without 
the need of deformation healthy references of the structure under load. This, in addition to allowing an 
enormous advantage in terms of both structure reliability and safety, would allow for longer maintenance 
times since the current state of the structure itself would be known. 

In the framework of RESUME project funded by Italian Ministry of Defence (MOD) and in 
cooperation with Piaggio Aerospace (PAI) and Israel Aerospace Industry (IAI), the purpose of this paper 
is to present the results obtained using the SHM algorithm on a numerical and experimental analysis of 
a full-scale aircraft wing beam assuming the use of FOs or FBGs. 

Finally, a comparison is made of the performance of the algorithm itself as a function of the 
monitoring technology used. 
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ABSTRACT 

 
A new method to manufacture thermoplastic composite parts has been used to produce anisogrid 
lattice structures. Filament gun deposition consists of a hot-melt gun loaded with narrow thermoplastic 
prepreg tapes. Anisogrid lattice structures have been prototyped with 3 different geometries and 5 
different numbers of layers (from 4 to 8) by using a metallic pattern and E-glass/polypropylene 
prepregs. Scanning calorimetry and bending tests of multi-layer samples have been used to 
characterize thermoplastic prepregs. Anisogrid lattice structures have been tested under tensile loads. 
A finite element model has been used to predict mechanical stiffness of these structures by using 
material properties coming from the sample characterization. Numerical models have been developed 
with a batch-type parametric approach to rapidly evaluate the combined effect of geometric and 
material parameters. A good agreement has been found between experimental and numerical data with 
an average difference about 4%.     
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ABSTRACT  
 
Mechanical behaviour during perforation of composite materials is of interest in many engineering 

fields and normally occurs during high but also low-velocity impacts. Perforation is a very complex 
event that depends on the multi-mode failure mechanism of composites;  this makes the  numerical 
modelling a very challenging. This paper presents a new approach to study the perforation of 
composite laminates by studying the phenomena that occurred during low-velocity impact events. 
Since the impact response is recorded during the low-velocity impact test and due to the possibility to 
carry out a more comprehensive validation campaign in quasi static condition, a good correlation 
between experimental and numerical results is expected. The perforation of S2-glass fibre reinforced 
polymer (GFRP) composites is experimentally and numerically investigated by subjecting the 
specimens to low-velocity impact with energies higher than their penetration limit. A strain-rate 
dependent cohesive model is developed and implemented in FE solver using a user-defined material 
model. The cohesive model is used in the novel numerical framework based on the Coupled Finite 
Element-Discrete Element Method (FDEM). Strain-rate dependent mechanical properties such as 
tensile and shear strength and fracture toughness are considered as inputs of the cohesive model to 
describe failure and perforation of the composite. The influence of impactor speed on damage 
propagation and morphology is studied. The results showed that the new approach is accurate in 
prediction damage morphology of perforated woven composites subjected to low velocity impacts.  
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ABSTRACT 
 

This work focuses on the study and application of an innovative design philosophy for composite structures 
aimed to aeronautical applications. Recent studies demonstrated that some classes of fibre-reinforced 
composite materials can be treated almost in the same way as isotropic materials, regarding the number of 
variables to be taken into account in the design phases. This is made possible by the definition of the Tsai�¶�V��
Modulus and the concept of Master ply [1,2]. The new laminate families resulting from the application of 
these two concepts have been named Double-Double (DD) [3]. 
A test case, representative of a wing-box structure, has been considered in this work. The study of the test 
cases was carried out by means of numerical finite element analysis using the commercial code ANSYS. 
The choice of this FE software has been fundamentally driven by the availability of the DD-Design Tool, 
which links the ANSYS environment to the Lamsearch optimization code for the determination of optimal 
DD-layup (and thicknesses) related to resistance requirements. Additional optimization procedure have 
been performed for the satisfaction of instability and stiffness requirements. The wing box test case has 
been used to evaluate the benefit in terms of structural mass reduction provided by the adoption of Double-
double laminates. A geometric and FEM model of a wing box with all the main structural parts has been 
created.  
According to the performed analyses, the new design approach for composite laminate structures identified 
in Double-Double laminates is extremely versatile and efficient. In particular, a benefit in terms of 
structural weight reduction of more than 50% was found, with the satisfaction of structural requirements in 
terms of strength, buckling, and stiffness. 
The Double-Double approach has proven to offer significant mass reductions for complex components in 
aerospace applications, but more importantly has proven to be an extremely efficient and robust alternative 
to standard quasi-isostropic composite configurations. Mass reductions and simplified product processes 
are just some of the positive aspects offered by the new design methodology, and the introduction of the 
concept of �³scalability�  ́of composite laminates, which significantly reduces the time required for structural 
optimisation processes, should not be overlooked. 
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ABSTRACT 

The aircraft composite structures are characterised by a higher sensitivity to manufacturing defects 
and impact damage with respect to the metallic ones. The upper limit of the allowable manufacturing 
defects and in particular of the low energy impact damage, not detectable by the visual inspection 
technique, is the BVID (Barely Visible Impact Damage, EASA AMC 20-29). This damage, based 
exclusively on the sensitivity of the visual inspection, is that one used to provide the compressive design 
allowable of composite structures, determining therefore their final weight. 

This work summarises the characteristics and results obtained by the development in SMAF (Smart 
AirFrame) project of PRORA (Italian Program for Aerospace Research) of an integrated offline SHM 
(Structural Health Monitoring) system finalised to improve the maintenance and the design approaches 
of composite primary structures. The SHM system includes high frequency piezoceramic 
sensors/actuators (PZT) and distributed fiber optic sensors (FOS) for the detection, localisation and 
measurement, of the damage induced by low energy impacts and of the debonded skin/stringer line 
extension, in composite wing panels.  

The PZT algorithm is a triangulation analysis method based on the propagation of Lamb waves inside 
the structure, while the FOS system is based on time and spatial gradient features indicators extracted 
from a strain distribution provided by a Rayleigh backscattering optical monitoring system. The PZT 
system has been also upgraded towards an industrial prototyping and miniaturization, developed ad hoc 
and able to automatically and autonomously manage the PZT sensors/actuators configuration, necessary 
for the identification of the damage in the survey area. 

The whole system has been developed and verified through a building block approach; through tests 
on structural sub-parts of intermediate and growing size (elements, details) and complexity, from small-
stiffened panels with different layups and damage scenarios up to a full-scale stiffened wing panel. 
Experimental and numerical results are illustrated in this study, and technological verification and 
validation have been assessed within a laboratory-controlled environment.  

Promising reliability of the integrated (PZT+FOS) SHM system has been demonstrated in detecting 
and measuring the area of impact damage and skin/stringer debonding.  

The results of the SMAF project show that the development of such a SHM system has the potential 
to reduce the current operating costs for composite structures by a significant percentage: by replacing 
with it the current in-service two-level inspection approach applied to these structures (visual inspection 
followed if required by NDI/C-scan); by improving their static strength with significant weight saving, 
thanks to the use of higher design allowables as result of the detection of impact damage with 
size/severity and indentation smaller than the BVID. 
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ABSTRACT 
 
For the aviation industry, it is crucial to find a compromise between strong and lightweight 

structures under service loading conditions. Each aircraft is the result of a trade-off analysis 
considering several factors counteracting each other: load carrying capability, design and production 
costs, performance, durability, noise level, maximum range, fuel consumption and emissions. 

The most challenging task is to find design solutions able to fulfil all the aforementioned 
requirements at the minimum weight. Hence, the mass balance, often become the driving design 
parameter.  

Composites have become the preferred choice, in terms of stiffness and strength to weight ratio, to 
reach the requested weight reductions, especially for Unmanned Aerial Vehicles, such as drones both 
for military and civil applications, such as fire prevention, emergency operations, surveillance, and 
research purposes. Indeed, in many situations, drones must be capable to perform very long, 
uninterrupted flights, which require outstanding performances and minimum weight.  

This work deals with the use of composite materials to re-design a multi-copter frame under 
operational tensile and torsional loads. First, starting from the basic aluminium configuration, a 
traditional quasi-isotropic stacking sequence has been considered; then, the Lam-search optimization 
tool has been used to find a new design configuration considering Double-Double laminates [1-4]. The 
different composite configurations have been compared each other and with the metal configuration to 
appreciate the real added value, in terms of weight reduction, first frequency and maximum tip 
displacement of the composite QI and DD solutions.   
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ABSTRACT 
 
Damping composite laminates have been produced by compression molding of commercial 

thermosetting carbon fiber reinforced prepregs and different damping interlayers. A double-stage 
experimental campaign has been implemented to select optimal candidates of damping interlayer for 
composite structures. In the first stage, dynamic mechanical analysis (DMA) was carried out on inert, 
thermoplastic and thermosetting interlayers. DMA and bending tests were also carried out on small 
size laminates by using those interlayers as core of composite sandwiches. By combining damping and 
mechanical performances of composites with optimal manufacturability, rubber interlayers were 
selected for the second experimental stage when many more samples were manufactured with bigger 
size, and tested under bending and dynamic loading. A technological damping test was defined by 
measuring free vibrations of the laminates. Final results show the ability of these composites to 
provide very good damping behavior without affecting too much composite stiffness. Used materials 
are commercial and already accepted for use in aeronautics with big advantages in terms of process 
design and development.  
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ABSTRACT 
 

Joining composite parts by using mechanical fasteners represents a challenging task during 
the design processes of a complex structure. Indeed, in the case of composite substrates, it is 
well known that bolted joints have low efficiency and represent a potential weakness. Fibre 
metal laminates and local material hybridization have recently been explored as a means to 
improve the mechanical response of composite joints. Nevertheless, despite evidence of 
improvement in ultimate strength, it was observed that the mismatch between the elastic, 
chemical and physical properties of dissimilar materials promoted the onset and propagation 
of interface cracks. 

Understanding the interlaminar fracture at these material interfaces is crucial in facilitating 
the right data for subsequent design and analysis.  

In the case of mode II, the End Notched Flexure (ENF) test is the only standard test 
available. However, potential drawbacks have been highlighted in the literature (e.g., 
frictional energy dissipation) and is not readily amenable to the testing of hybrid interfaces.  

In previous work, the authors proposed a modified Transverse Crack Tension (mTCT) test 
as an alternative to the ECF test and proved its robustness in the case of monolithic 
composites. Furthermore, this test method is highly suited to high-frequency fatigue and 
dynamic tests due to the small displacements needed to propagate the crack. 

This work extends the mTCT test to metal/composite interfaces. A sandwich-like geometry 
comprising two outer metal skins and a unidirectional fibre reinforced polymer core formed 
the test specimen. An alternative specimen was also considered where thin metal layers were 
interleaved with composite ones. A transverse crack and two longitudinal and parallel 
artificial cracks at the interface were created resulting in four symmetric crack tips ( 

Figure 1). 
Results showed that the mTCT test may be considered as a viable approach for the 

evaluation of the mode II fracture toughness of hybrid composites. 
 



 
 

Figure 1 - Schematic representation of the proposed geometries 
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ABSTRACT 

Vehicle weight reduction is a core topic in the automotive industry, due to the growing demand for 
an emission reduction and for the design of sustainable products. The car manufacturer usually pursues 
this target by design lightweight structural and semi-structural components. The vehicle suspension 
system draws particular attention due to its impact on the overall vehicle weight [1-2]. Furthermore, 
lighter unsprung mass led to better vehicle performance and occupants’ comfort. Moreover, lightening 
a suspension represents a major challenge due to the high loads (static and cyclic) to which the 
structural component must withstand in all its working conditions. Long fibre composites such as 
carbon fibre reinforced polymers (CFRP) have been widely researched to produce vehicle suspension 
arms [1,3-5]. Despite the high mechanical performance (in terms of strength and stiffness) of these 
materials, the high cost and their tendency to catastrophic brittle failure makes them less suitable for 
mass production market.  

On a different side, the Polymer Metal Hybrid (PMH) structures combines the high ductility of the 
metals with the high mechanical performance and lightweight of the composite materials.  

In this work, a PMH solution for the suspension system of a car is proposed. The proposed solution 
is a simplified demonstrator with a tapered I-beam-like structure that replicates the portion of a 
suspension arm that undergoes to bending (fig.1). The part is produced by injection moulding, and it is 
made of an aluminium insert embodied in a main structure made of short-fibre reinforced polyamide 
(fig. 2a).  

The demonstrator was experimentally tested to replicate non-ordinary use conditions, that can 
occur when the lower arm is loaded parallel to its plane with medium-high energy dynamic or quasi-
static loads repeated over time. These types of loads reproduce, for example, the impact of a wheel 
against a sidewalk or inside a road pothole. 

The test configuration on the demonstrator can be associated to a three-point bending test (fig.2b). 
The clamping device for the experimental test was specifically designed to fit the coupon and it 
consists of two span supports leaning on a guideway screwed on a metal plate, that is then fixed on the 
machine. The two supports are designed to slide on the guideway and adjust the span according to the 
test requirements. The coupons were tested both in quasi static and dynamic condition at different 
energy levels ranging from 5J to 20J.  

The structure showed good performance when subjected to repeated quasi-static test in terms of 
stiffness, whose result was repeatable at all the energy level. However, permanent residual 
deformation due to the yielding of the metal insert occurred after each loading cycle. The repeated 
dynamic impact test at different energy level confirmed the good bending resistance and stiffness of 
the demonstrator. The weak region of the component was the lateral rib portion of the polymeric part, 
in correspondence of the weld lines generated during the injection moulding process. A fracture 
propagated in this area even at low energy level. However, the metal insert ensured the component to 
keep its structural integrity and mechanical performance even after the rib fracture.  The metal insert 



   
 

   
 

therefore demonstrated to be of paramount importance for the safety design criteria, as it prevents the 
component from breaking into detached parts after the polymer fracture. 

The PMH technology is confirmed to be a suitable solution for the manufacturing of structural 
components such as the automotive suspension arms. Despite all the analyses have shown a nucleation 
of the fracture in correspondence of the polymer ribs, the metal insert ensures to keep the structural 
integrity of the component, avoiding a catastrophic failure that would be critical for the vehicle and 
passenger safety.  

 

 
Figure 1. Relationship between the of the lower control arm and the simplified demonstrator. The 

arrow shows the load condition replicated with the experimental tests. 
 

 
 

 
a 
 

 
b 

Figure 2. Simplified demonstrator geometry (a) and replicated test condition (b) 
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ABSTRACT 
 
Ceramic adhesives are an interesting alternative to traditional methods, such as fastening, vacuum 

brazing and gluing to join metal to ceramics. Ceramic adhesives are made of an inorganic matrix with 
a filler (alumina, zirconia, silica, etc.), and they require a thermal cure cycle in order to establish 
adhesion. In this work the adhesion between Ti6Al4V and silicon nitride has been studied in details, 
the bonding interface has been investigated in order to understand the adhesion mechanisms, also 
mechanical tests have been done to quantify the performances of the prepared joints. 

The results indicates that the employed adhesive is capable to realize good joints with acceptable 
mechanical strength, however, in terms of adhesion strength, the ceramic adhesive are not comparable 
to traditional epoxy glues. 
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ABSTRACT 
 

Despite their attractive properties, composite laminates are characterised by an inherent vulnerability to 
damage arising from impact phenomena. Low-velocity impacts due to drop tools during maintenance or 
debris encountered during take-off and landing phases may cause Barely Visible Impact Damage (BVID), 
which can be hardly detected using the standard visual inspections and require the use of Non-Destructive 
Inspection (NDI) techniques. BVIDs may induce delaminations and intra-laminar damages, due to the 
characteristic weakness of composite laminates in the out-of-plane direction. Such failure mechanisms can 
considerably reduce stiffness and strength of composite laminates [1, 2]. Hence, impact damaged 
composite laminates require component replacement or repair. The intensive use of composites in primary 
load-carrying aeronautical structures raised their sustainability as a critical issue. Considering economic and 
environmental benefits, composite repair is preferred as the main and cost-effective approach, able to fully 
restore the structural integrity of damaged components [3]. The aim of this work is the study of the 
mechanical behaviour of repaired aeronautical composite stiffened panel subjected to compressive loading 
condition. Omega stringers have been investigated, since they are considered representative of structural 
components �L�Q�� �W�K�H�� �I�R�U�Z�D�U�G�� �]�R�Q�H�� �R�I�� �U�H�J�L�R�Q�D�O�� �D�L�U�S�O�D�Q�H�¶�V�� �I�X�V�H�O�D�J�Hs. Two numerical Finite Element based 
models in ABAQUS have been introduced to simulate the compressive mechanical behaviour of the 
considered stiffened panel configuration: a pristine configuration and a repaired configuration. In the 
�U�H�S�D�L�U�H�G���F�R�Q�I�L�J�X�U�D�W�L�R�Q�����D���E�R�Q�G�H�G���V�W�H�S�S�H�G���S�D�W�F�K���Z�L�W�K���D�Q���H�[�W�H�U�Q�D�O���S�O�\���R�Q���W�K�H���V�N�L�Q�¶�V���H�[�W�H�U�Q�D�O���V�X�U�I�D�F�H��has been 
placed. According to the repair scheme, the replacement of six parts of carbon-fiber plies in concentric 
circles by new plies with increased radius, allowing plies overlapping, has been considered. The p�D�W�F�K�¶�V��
stacking sequence is the same as the pristine structure.  

The compressive behaviour of the pristine and repaired panels has been studied by performing 
linearized buckling analyses and static non-linear buckling analyses. Non-linear buckling analyses, 
considering geometrical nonlinearity have been introduced to �E�H�W�W�H�U�� �D�S�S�U�H�F�L�D�W�H�� �U�H�S�D�L�U�¶�V�� �H�I�I�H�F�W�� �R�Q�� �S�D�Q�H�O�¶�V��
mechanical performance. Local and global stiffness evolution during compression and deformed shapes of 
pristine and repaired model have been assessed and compared. From linearized buckling analyses, Almost 
the same first mode buckling eigenvalues, for the pristine and the repaired configuration, have been found, 
demonstrating that the �U�H�S�D�L�U���S�U�R�F�H�V�V���G�R�H�V�Q�¶�W���D�I�I�H�F�W��the panels�¶ first buckling mode.  

From non-linear buckling analyses, the �V�W�L�I�I�Q�H�V�V�¶�V�� �H�Y�R�O�X�W�L�R�Q, for the pristine and the repaired 
configuration, highlights that the �U�H�S�D�L�U�� �S�U�R�F�H�V�V�� �G�R�H�V�Q�¶�W�� �D�I�I�H�F�W��the �J�O�R�E�D�O�� �S�D�Q�H�O�¶�V stiffness; however, the 
presence of the patch influences the local stiffness nearby the repaired zone and the positioning of the 
overlapped plies influences the �S�D�Q�H�O�¶�V�� �O�R�F�D�O�� �P�H�F�K�D�Q�L�F�D�O�� �S�H�U�I�R�U�P�D�Q�F�H�� �L�Q�G�X�F�L�Q�J�� �D�� �Y�D�U�L�D�W�L�R�Q�� �L�Q�� �G�H�I�R�U�P�H�G��
shape under compression. 
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ABSTRACT  
 

The introduction of new and more restrictive European regulations apt to reduce environmental 
pol�O�X�W�L�R�Q�� �D�Q�G�� �W�R�� �H�Q�F�R�X�U�D�J�H�� �S�U�R�G�X�F�W�V�¶�� �F�D�U�E�R�Q�� �I�R�R�W�S�U�L�Q�W�� �U�H�G�X�F�W�L�R�Q���� �F�D�X�V�H�G�� �P�D�Q�\�� �F�R�Q�F�H�U�Q�V�� �W�R�� �W�K�H��
automotive field. Considering that the latter absorbs almost 40 % of polyamide (PA) demand, a 
possible way to decrease the environmental impact of this market sector is the exploitation of PA 
matrices sourced from renewable resources. PA11 Rilsan is a bio-based polyamide synthesized from 
castor oil [1], which ensures a reduction of 40 % in CO2 emission with respect to the petroleum-based 
PA12 [2]. To further improve PA11 mechanical properties and to keep the eco-friendly nature of the 
automotive semi-structural component, it is possible to reinforce the polyamide matrix with natural 
fibers from renewable resources such as vegetable flax and mineral basalt. Hybridization is a suitable 
solution to overcome the drawbacks of the single type of fibers and to exploit their synergistic effect. 
In particular, vegetable fibers allow to reduce automotive component cost and weight leading to a 
reduction in fuel consumption [3] and to a partial biodegradability of the part at the end of its life 
cycle, while basalt fibers provide the required mechanical properties. In light of this, the present work 
evaluated the quasi-static and dynamic properties of a PA11 Rilsan matrix by Arkema reinforced with 
a intraply hybrid basalt/flax fabric to legitimate its feasibility for automotive semi-structural purposes. 
Moreover, the toughening effect of a Butyl-Benzene-Sulfonamide plasticizer was assessed using the 
plasticized P40 polyamide 11 by Arkema. At first, the hot compressed composites were subjected to 
quasi-static characterization in bending according to ASTM D790. The impact resistance was 
evaluated through puncture impact tests performed at room temperature and at +80 °C thus evaluating 
also the effect of operating temperature. Both quasi-static and dynamic characterizations were 
supported by a morphological and thermal anlaysis though X-ray diffraction (XRD), Scanning electron 
microscopy (SEM), Thermogravimetric analysis (TGA), Differential Scanning Calorimetry (DSC) and 
Dynamic Mechanical Analysis (DMA). The results highlighted a decrease of almost 10 °C in the 
melting temperature and of 15 °C in the glass transition temperature of plasticized PA11. Furthermore, 
plasticized P40 induces a significant decrease in composite stiffness thus increasing composite impact 
resistance and toughness, by delaying penetration phenomena and reducing between 20.5 % and 42.8 
% the permanent indentation at room temperature as a function of impact energy. 
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ABSTRACT 

The increasing interest in innovative and performing materials has made composites very 
interesting in different research fields due to their excellent strength/weight ratio and application areas' 
multiplicity (Aerospace, Automotive, Sports, Construction). Many studies describe these materials' 
traditional fabrication technologies, from protrusion to filament winding, since they are obtained by 
different phases like polymer matrix and fibre reinforcements [1]. On the other hand, other studies 
concern the optimization of the processes for the existing techniques to improve the -performances 
and, at the same time, to obtain lightweight materials. However, these conventional techniques require 
moulds, raising increasing the costs, and are limited to the performances reached up to now. Additive 
Manufacturing (AM) represents a promising evolution in this field, allowing the fabrication of 
composite materials in a polymeric matrix economically and flexibly [2]. It works by processing layer 
by layer with the aid of a computer and a 3D design file. An additive manufacturing process can 
produce highly flexible, functional, and even complex structures. It is often used to create 
geometrically multifaceted designed prototypes and components. It is getting recognition as it reduces 
ride time for product development not including the demand for costly instruments. Among the 
existing techniques, FDM or fused deposition modelling is a fast, low-cost, and mostly widely used 
3D printing technique that allows to obtain complex-shaped parts easily and quickly. Specifically, the 
technology adopted in the present work is the Continuous Fiber/Filament Fabrication (CFF) process, 
that belongs to the FDM family. In addition, CFF technology makes it possible to design and print 
composite components that have fibers with complex fiber orientation and strong curvature, which can 
be used to realize geometric interruptions such as holes, which is difficult with conventional methods. 
In this work, the capabilities of CFF in printing composites with open holes have been explored and 
their mechanical behavior has been investigated. 

 

 
Figure 1 Open-hole sample in Onyx and continuous carbon fiber produced by CFF. 
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ABSTRACT 

The work focuses on the design, optimization and validation of a novel bio-inspired titanium 
auxetic metamaterial obtained by evolving the geometrical architecture and the connection parts of a 
rotating squares structure. Specifically, we rationally designed a metamaterial with optimized mass-to-
strength mechanical properties and with auxetic characteristic, while maximizing the global elastic 
strain tolerance of the system. In view of this, the concept of “hybrid” rotating unit/chiral auxetic 
metamaterials has been demonstrated to improve the mechanical performance of rotating squares 
architecture by introducing variable spline curvature-based ligaments at the connection regions of the 
system [1], while removing underloaded regions in the structure (see Figure 1). Through 2D finite 
element models of the auxetic motif, the work examines some peculiar geometric configurations of the 
metamaterial and of the ligaments between the rotating units that can simultaneously reduce the peak 
of stresses and the dimensions on the structure, without altering the auxeticity of the system. The 
numerical results show that the proposed hybrid configuration model, allows an overall 3% elastic 
strain of the system while increasing the elastic modulus of the metamaterial, for a Poisson’s ratio 
equal to �í 0.94. In order to assesses the auxetic behavior of the system, we built a prototype of this 
architecture in Onyx material through 3D printing and performed a tensile test thus obtaining an 
excellent agreement between numerical simulations and experimental tests extracted through digital 
image correlation (DIC) data. The proposed solution allows to design a structure with an optimized 
bio-inspired architecture, thus developing metamaterials with superior mechanical properties 
compared to the rotating models from literature [2]. 

 

 
Figure 1. Unit cell of the proposed metamaterial: geometric representation (a) and designed 
solution with variable spline curve profiles at the connection regions of the system (b). 
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ABSTRACT 

This work proposes a Structural Health Monitoring system for the detection and measurement of 
delamination areas in composite stiffened wing panels generated by low energy impacts, by using a 
network of piezoceramic sensors/actuators (PZT). This system is an offline system, pointing to be an 
alternative method to the current NDI/C-scan techniques.  

The activities were performed in SMAF (SMart AirFrame) project of PRORA (Italian Program for 
Aerospace Research) and its promising reliability in the detection and measurement of the impact 
damage area was demonstrated. 

The SHM algorithm is based on the elliptical triangulation method and high frequency Lamb waves. 
The network of PZT, placed on a composite stiffened panel, excites the structure with ultrasonic waves 
and, at the same moment, measure the perturbations induced by discontinuities present within the panel, 
like delamination.  
Through the calculation of the Time of Flight (ToF) of the signals and the knowledge of the actuator-
sensor position, the method identifies location and dimension of the damage. 
Many low energy impacts were performed on a full-scale stiffened panel and BVID (barely Visible 
Impact Damage) was obtained in different positions. 

The SHM-PZT system was applied to identify both the position and severity of the damage. The 
results were compared with the C-scan measurements and a good agreement was achieved. 
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ABSTRACT 

In continuum-based systems, the design of two-dimensional isotropic metamaterial structures is 
ensured through the presence of hexagonal symmetry. This principle also holds for the design of auxetic 
metamaterials and is a considerable limiting factor for the geometric design of systems with tuneable 
and tailorable mechanical properties since all structural alterations and variations must adhere to this 
strict condition. Indeed, besides the most well-known example of the hexachiral honeycomb, very few 
auxetic systems which are strictly (mathematically) transversely-isotropic exist and, those which do, 
exhibit a restricted range of mechanical properties defined by a small set of changeable variables. In this 
work, we explored the potential of designing chiral honeycombs based on pentagonal monohedral 
tessellations exhibiting hexagonal rotational symmetry as a method of producing a novel class of 
transversely-isotropic metamaterial structures which are capable of exhibiting the full range of 
�W�K�H�R�U�H�W�L�F�D�O�O�\�� �S�H�U�P�L�V�V�L�E�O�H�� �3�R�L�V�V�R�Q�¶�V�� �U�D�W�L�R�V�� ���L���H���� ������ �W�R���«1) as well as considerable variation in other 
mechanical properties such as effective stiffness. Unlike hexagon, quadrilateral and triangular-based 
systems, pentagonal tessellations are unique in the sense that they allow for considerable shape 
variability and degree of irregularity at an individual polygonal level whilst retaining an overall global 
rotational symmetry of order 6 as shown in Figure 1. This base tessellation variability coupled with 
rotational symmetry-�U�H�W�D�L�Q�L�Q�J�� �J�H�R�P�H�W�U�L�F�� �Y�D�U�L�D�W�L�R�Q�� �L�Q�G�X�F�H�G�� �E�\�� �µ�F�K�L�U�D�O�L�V�D�W�L�R�Q�¶[1] has been shown, 
through Finite Element simulations and tests on additively manufactured prototypes, to impart the 
desired versatility to these novel metamaterial structures and allows for the design of custom-made 
isotropic metamaterials with a wide range of mechanical properties. 

 

 
Figure 1: a) Base pentagonal tessellation with hexagonal symmetry, b) chiralised tessellation and c) range 
�R�I���3�R�L�V�V�R�Q�¶�V���U�D�W�L�R�V���Z�K�L�F�K���P�D�\���E�H���R�E�W�D�L�Q�H�G���V�R�O�H�O�\���E�\���Y�D�U�\�L�Q�J��pentagon shape. 

 
REFERENCES 

[1] Mizzi L, Spaggiari A. Chiralisation of Euclidean polygonal tessellations for the design of new 
auxetic metamaterials. Mech Mater 2021;153:103698.  

 

a) b) c)

1.4

1.2

1.0

0.8

0.6

0.4

0.2

1.40.4 0.6 0.8 1.0 1.20.2

j/i

k/
i

-1.0

-0.5

0.00.5

1.0

��

0



International Symposium on Dynamic Response and Failure of Composite Materials 
Ischia, Naples, Italy, June 21-24, 2022 

DESIGN, FABRICATION AND CHARACTERIZATION OF AN 
IMPACT DISSIPATIVE LAYER FOR FIBERGLASS LAMINATES 

 
A. Sevilla1: A. Rodríquez-Ortíz1; P. Townsend2*; J.C. Suárez Bermejo1 

 
1Universidad Politécnica de Madrid, UPM 

 
2Escuela Superior Politécnica del Litoral, ESPOL 

 
*ptownsen@espol.edu.ec 

 
Keywords: Auxetic, Impact, GFRP, Energy, Viscoelastic 
 

ABSTRACT  
 

The present work uses the design of a new generation of viscoelastic sheet to develop a viscoelastic 
layer composed of a hard polymer with an elastomer, which absorb vertical wight drop impacts. A 
new layer design for impact dissipation has been proposed, based on Auxetic geometries and 
protection mechanisms inspired by nature, especially in the internal structure of the "nacre". The 
layers were made by double extruder fused deposition modeling (FDM), to have a semi-rigid phase 
(PLA) and an elastomeric phase (TPU), and have been incorporated as reinforcement in four-layer 
fiberglass laminates, manufactured by vacuum infusion of polyester resin. With the concepts of 
resilience and toughness already established, some mechanisms that maximize the energy dissipation 
of the material are described. Two strategies were proposed for the auxetic layer to change the stress 
vs. strain curve and increase the energy absorbed by breaking small elements of the material. The 
design proposes that the combination and shape of the material have a second way of optimization that 
is based on the symbiotic relationship between various immiscible phases, in addition to the effects on 
pressure waves. 

The property of the auxetic material whose Poisson's ratio is negative is used, so that its cross 
section increases when subjected to tensile stresses. The manufacturing process of the Auxetic layer is 
by means of a 3D printer, incorporating a series of openings within the elastomer matrix, both inside 
�W�K�H���³�Œ�´���V�K�D�S�H�G���H�O�H�P�H�Q�W�V���D�Q�G���R�Q���W�K�H�L�U���V�L�G�H�V�����7�K�H���W�K�L�U�G���S�K�D�V�H���L�V���D�O�V�R���S�U�H�V�H�Q�W�H�G���Z�L�W�K�L�Q���W�K�H���P�D�W�H�U�L�D�O���W�K�D�W��
facilitates the sliding of these elements on the inclined plane of the base to obtain the response to the 
impact of specimens made of GFRP. This is shown in Figure 1. 
 

 
Figure 1. Dimensioning of the Auxetic layer: a) conceptual detail of dimensions, b) 3D view with 

detail of the materials to be used 
 
 

The energy dissipation is analyzed in the impacts, and it is evaluated if the auxetic layer increases 
the resistance of the GFRP assembly due to its reduced size, as well as the impact energy through the 
accelerometer data. 

 
Figure 2 shows an example of the impacts on the GFRP specimens with Auxetic layer, whose 
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displacement has a uniformity and increases in sequence to analyze the microcracks and interlaminar 
and intralaminar delaminations in the tests carried out. The effects of this low-energy impact on the 
strain force regularity are presented in the discussion. 

 
 

 
 

Figure 8. Impacted panels with Auxetic layer photographed on: a) impact side, b) opposite impact 
side for 5 different energies. 

 
In this work, an extensive study of the shock absorption and dissipation mechanisms has 

been carried out, in order to later create and characterize a protection layer for fiberglass 
laminates. 

The results show that the Auxetic layer is able to reduce damage in fiberglass laminates by 
increasing its elastic response to shocks. 
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ABSTRACT 
 

Additive manufacturing of high-performance polymers, reinforced or not, has a great 
potential for future metal replacement due to several advantages that it offers.[1] Among the 
most used additive technologies there is Fusion Deposition Modeling (FDM), which offers 
various opportunities in the printing of thermoplastic polymers by layer-upon-layer deposition 
of the material.[2] Poly(ether ether ketone), PEEK, is a semicrystalline thermoplastic 
technopolymer that possesses high chemical resistance, good mechanical properties and great 
heat resistance.[3] These characteristics could allow the use of PEEK in very harsh 
environments for advanced applications, such as in the aeronautical field.[4] The FDM printing 
process of neat PEEK is a challenging task due to its high melting point and viscosity that 
imply the need of high printing temperature.[3] Typically, the performance of parts produced 
with FDM are influenced by many process parameters, such as the material deposition speed, 
the orientation of the part, the layer thickness, the nozzle and working chamber temperature.[5] 

In the present work several printing parameters of PEEK specimens were studied and the 
influence of crystallinity on the mechanical tensile performance was evaluated. The 
specimens were produced by a Roboze Argo 500 3D printer by varying printing speed, nozzle 
and chamber temperature, while keeping the printing orientation at 0°, layer thickness of 
0.225mm, nozzle diameter of 4mm and 100% infill constant. In addition to the mechanical 
tests, the specimens were analysed by DSC in order to evaluate the level of crystallinity of the 
material due to the printing process. The results showed the tunability of the tensile properties 
with the percentage of crystallinity: the lower the crystallinity the more ductile the material is 
and vice versa the higher the crystallinity the stiffer the material is. 
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ABSTRACT  

 
Double-double (DD) can replace conventional laminates with matching stiffness and strength with 

4-ply building block that can be easily homogenized.  Drastic simplifications become possible with 
tapering to save weight, with ply drops in singles instead of pairs with mid-plane symmetry, and 1-aixs 
layup of multi-directional non crimp fabric without cross-plying.  Interior of laminates will be free of 
discontinuities and wrinkles leading to higher quality laminates with up to 6X layup speed and no 
warpage.  DD is field-based with continuous variations of properties and only two stacking sequences 
instead of thousands for conventional laminates.  Optimization is straightforward and unusual 
properties such as negative thermal expansion can be utilized to assemble grid/skin cylinders without 
glue or fasteners.  DD is easy to learn and offers many opportunities for innovations not possible 
with conventional laminates. 
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ABSTRACT 
 
This work presents the comparison between the results obtained experimentally using Direct 

Energy Deposition (DED) metal printing additive process with those resulting from the thermo-
mechanical simulation carried out with SIMULIA Abaqus 3DEXPERIENCE Additive manufacturing 
simulation technology. Complete printing process has been simulated including the final cut between 
printed component and build-tray, in order to be able to evaluate the real final dimensions of the part. 

 
The activity was carried out in collaboration with the Polytechnic of Turin, Department of 

Production System (DIGEP) 
 
The significant temperatures reached in the melt pool in combination with the high thermal 

gradients and cooling rates cause residual stresses in the component which result in deformations. It is 
therefore appropriate to highlight in advance the extent of these deviations from the expected 
component dimensions. 

Stable and reliable simulation results allow the engineer to explore and optimize various machine 
parameters and scanning strategies to obtain a high-quality component at the end of the printing 
process. 
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ABSTRACT 
 

Additive Manufacturing, also called 3D printing, plays an increasingly important role in various 
sectors, including aerospace. Among the most used additive technologies there is Fusion Deposition 
Modeling (FDM), which offers various opportunities in the printing of thermoplastic polymers by 
layer-by-layer deposition of the material. Currently, the technology is mainly exploited as rapid 
prototyping, but the goal in the near future is to use it for the production of mechanical components, 
especially with high-performance technopolymers, such as Ultem, PEEK and Carbon PEEK [1,2]. To 
achieve this goal, process control and repeatability of parts must be increased. Furthermore, the 
process parameters have to be optimized in order to reduce defects and porosities and to increase the 
bonding between adjacent filaments within the same layer and between layers. The performances of 
parts produced in FDM are influenced by many process parameters, such as the material deposition 
speed, the printing strategy, the layer thickness, the nozzle and working chamber temperature. In the 
present work the printing strategies of the specimens in Carbon PEEK were studied and their influence 
on the mechanical tensile performance were evaluated [3]. The specimens were produced by a Roboze 
Argo 500 3D printer with four different filament deposition strategies (printing orientation: 0°, 90°, 
±45°, 0/90°), nozzle temperature of 450°C, chamber temperature of 180°C, layer thickness of 
0.225mm, nozzle diameter of 4mm and 100% infill. In addition to the mechanical tests, the specimens 
were used to evaluate the orientation of the fibres within the filament. DSC analyses were also carried 
out on the Carbon PEEK filament and on the printed specimens, in order to evaluate the level of 
crystallinity of the material due to the printing process. 
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ABSTRACT 

The use of polymer composite materials in industry is continuously increasing because of 
their excellent mechanical properties and light weight. Between the multiple structural 
applications whose performance can be improved using composites, crashworthiness is one of 
the less common but with good perspectives for the future [1]. Composites are particularly 
suited for crashworthiness applications because of their high energy absorption combined 
with low weight. However, some issues like the absence of a standard test for crashworthiness 
evaluation and the difficult prediction of the crash behavior of composite structures due to the 
variety of failure modes are slowing down their adoption [2]. 
In the present work, the crash behavior of three composite materials (a carbon/epoxy, a hybrid 
glass-carbon/epoxy and a carbon/vinyl ester laminate) was studied performing in-plane 
compression tests of flat plates in impact conditions using a drop tower. The testing setup 
required a fixture to hold the specimen in vertical position and avoid buckling when loaded in 
in-plane direction [3]. Two different versions of the testing fixture were compared. The first 
one requires a plate to transmit the load from the falling mass to the specimen, while in the 
second version the falling mass gets directly in contact with the specimen. The specimen 
crashed under the impact load and the main failure mechanism was delamination with fronds 
formation. It was possible to measure the crash force and calculate the Specific Energy 
Absorption (SEA) of the material by means of a load cell on the falling mass.  
Both fixture versions worked effectively allowing to crash the specimens and measure the 
SEA of the three materials. The carbon/epoxy laminate and the hybrid glass-carbon/epoxy 
laminate showed a similar crash force, with the second having higher SEA because of the 
lower density. The carbon/vinyl ester material showed the higher crash force and SEA. 
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ABSTRACT  
 

The present  work is connected to a research project that faces the study of low-cost 
manufacturing technologies and processes of aeronautical structures made of composite material, 
referring to aircraft belonging to General Aviation (GA). In the specific, the main purpose of this 
work consists in the design and manufacturing of the vertical control surface of an aircraft belonging 
to the VLA class using Light Resin Transfer Moulding (LRTM). Starting from the geometrical 
characteristics of the control surface and the peculiarities of the related aircraft,  the relative load 
distribution has been calculated according to the requirements expressed in Appendix B of CS-VLA 
regulations. Using a numerical simulation software for finite element analysis, the load, calculated 
by the procedure in question, has been used as input to the FEM model for the purpose of structural 
design, i.e. for the choice of the materials and of an appropriate stacking sequence. Once the model 
has been completely defined, it has been possible to design and to fabricate the moulds for the 
following phase, which consists in the production of the prototype. 

Following the production process, the last part of the work focuses on the preparation and the 
implementation of an experimental campaign that aims at verifying the quality of the infusion 
process (C-Scan) and of the structural properties of the component, paying attention to the 
comparison with the previously obtained numerical results. 

. 
  



 
 
 

International Symposium on Dynamic Response and Failure of Composite Materials 
Ischia, Naples, Italy, June 21-24, 2022 

 

 

SENSING AND DAMPING CAPABILITIES OF ELASTOMER REINFORCED 
WITH CNTS 

 
M. Viscardi1,*, M. Arena1, G. Barra2, L. Vertuccio2, L. Guadagno2  

 
1�8�Q�L�Y�H�U�V�L�W�\���R�I���1�D�S�O�H�V���³�)�H�G�H�U�L�F�R���,�,�´�����,�Q�G�X�V�W�U�L�D�O���(�Q�J�L�Q�H�H�U�L�Q�J���'�H�S�D�U�W�P�H�Q�W��- Aerospace Division, 

Via Claudio, 21 �± 80125 �± Naples, Italy  
 

2University of Salerno, Department of Industrial Engineering, 
Via Giovanni Paolo II, 132 �± 84084 Fisciano (SA), Italy 

 
*massimo.viscardi@unina.it 

 
Keywords: Aviation, Carbon nanotubes, Composite, Damping, Smart Structures. 
 

ABSTRACT  
 

To meet the demand, especially of the aerospace field, of more and more advanced materials, 
intense studies are being carried out on carbon-fiber reinforced composite materials. CNTs 
reinforcements allow for modulating the characteristics of a polymer matrix composite making it 
also suitable for more extreme operating conditions and resistant to environmental damage. The 
advantages of carbon nanotube reinforcement are many. They allow improving the mechanical 
characteristics of the composite. The most relevant aspect, however, lies in the electrical properties 
that make these composites suitable for the design of self-sensing materials. In other words, 
composite materials reinforced with CNTs are used as sensors as well as structural materials and this 
is a highly sought after goal in recent times. As part of an intensive research activity aimed at 
studying the performance of innovative smart resins, the authors will show in this article the 
outcomes related to some of their dynamic properties. The present work starts with a general study 
of these new generation materials, focusing on the applications in many work fields, moving up to a 
"self-sensing" material. Through this iter, the authors have investigated the piezoresistive capacities 
of nano-filled toughened resins, obtained from the combination of epoxy resin, rubber and 
MWCNTs. The use of highly elastic materials covalently bonded to the epoxy precursor can find 
wide application in adaptive structures where large deformations can occur without compromising 
the structural integrity. The development of a multifunctional composite material represents 
�W�K�H�U�H�I�R�U�H�� �E�R�W�K�� �D�� �V�F�L�H�Q�W�L�I�L�F�� �D�Q�G�� �W�H�F�K�Q�R�O�R�J�L�F�D�O�� �F�K�D�O�O�H�Q�J�H�� �W�R�Z�D�U�G�V�� �W�K�H�� �U�H�D�O�L�]�D�W�L�R�Q�� �R�I�� �³�L�Q�W�H�O�O�L�J�H�Q�W�´��
aeronautical structures, capable of detecting external variations, minimizing the invasiveness of the 
sensors. The possibility of extra-damping of vibrational energy is certainly another fundamental 
point for adaptive aerospace structures, since composite materials generally do not have high 
dissipative capacities: The damping of such innovative bi-phase resin has been therefore investigated 
in the present activity analyzing it at coupons level. 
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ABSTRACT 

The cold spray (CS) process is the latest solid-state deposition method that has gained significant 
awareness for the metallization of composite materials to modify superficial properties, such as 
electrical or thermal conductivity, electromagnetic shielding, erosion and radiation. Compared to other 
coating techniques, the manufacturing of metallic coating by CS is achieved in eco-friendly ways and 
provides a way to deposit resistant materials with better properties onto different parts to avoid wear, 
erosion and corrosion. In fact, cold spray technique is considered as a green technology that offers 
massive opportunities to improve manufacturing sustainability. For the first time, this work has the 
innovative objective of providing the results, never pursued until now, by applying the LCA 
methodology to the case study of the cold spray production process. Analyses are focused on the 
metallization of composite materials by varying cold spray operating parameters, such as the gas 
temperature. Results of energy consumption and outcomes of environmental impact are reported in 
function of the cold spray parameters. 
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ABSTRACT 
 
Weight reduction and consequently improved fuel efficiency are key driving factors of using 

composite materials in modern aerospace composites. According to an estimation, every 10% weight 
reduction leads to 6% fuel saving. Therefore, Boeing and Airbus, two major commercial aircraft 
manufacturers, are using up to 50% composite materials in their modern airframes. The composite 
materials (wherein glass/carbon fibers are bonded with epoxy resin) have significant advantages over 
metal counterparts such as light weight, low thermal expansion, zero corrosion, improved stiffness, 
high mechanical strength to weight ratio and excellent resistance to fatigue. However, theses carbon 
fi �E�H�U�� �U�H�L�Q�I�R�U�F�H�G�� �S�O�D�V�W�L�F�� ���&�)�5�3���� �F�R�P�S�R�V�L�W�H�V�� �G�R�Q�¶�W�� �P�H�H�W�� �K�L�J�K�� �H�O�H�F�W�U�L�F�D�O�� �D�Q�G�� �W�K�H�U�P�D�O�� �F�R�Q�G�X�F�W�L�Y�L�W�\��
requirements, in particular out-of-the-plane, that are paramount to protect the airframe against static 
charges, lightning striking and soaring temperatures during flight. Likewise, some other applications 
where CFRP composites become inappropriate are gas/moisture barrier layers, flame retardant 
coatings, de-icing devices and sensors. To a certain extent these shortcomings are development 
bottleneck for CFRP composites and metal materials become indispensable in such applications. 
Interestingly, several lightweight nanomaterials such as carbon nanotubes, nanoclays, transition metal 
alloys and graphene have huge potential to impart multifunctional properties to existing CFRP 
composites. In particular, graphene with unprecedented electrical, thermal, gas/moisture barrier and 
mechanical properties has emerged as a promising materials to render composites (with or without 
carbon fibers) multifunctional. In this review article, recent developments in the field of graphene-
based aerospace CFRP composites will be discussed with details.  This article will also address major 
challenges to adopt graphene-based technologies and their solutions. A comprehensive future outlook 
is also included to guide researchers and industries to reshape the aerospace composites.  

 
 

 
 


	REFERENCES
	REFERENCES
	REFERENCES
	REFERENCES

