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A brief introduction…
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In CARBON LINE COMPOSITES we deal with 
advanced composite materials

 we project and process them trought 
autoclave shaping with vacuum bag 
technology

 We supply technical, design and product 
customization consultancy

 We carry out prototypes, pre-series, small 
and medium productions

 We offer modelling,  mechanical 
machining services (dry or in water) with 
machining centers and lathe CNC, finishings, 
structural gluing and painting



What we do with advanced 
composite materials
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 Sheets / Plates and profiles

We produce them to measure up 1200 x 3000 mm with thicknesses 
starting from 0.1 mm. They can be supplied unpainted or painted. The 
plates can be made with Twill, Plain, unidirectional fibers (also together 
in various combinations), also in the various weights of the available 
fabrics). 

Our plates and our productions are characterized by the absence of 
porosity or holes.



What we do with advanced 
composite materials
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 Cases for electronic components

With mechanical processing, gluing and finishing



What we do with advanced 
composite materials
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 Shielding and protection from ionizing 
radiation, complete with mechanical 
processing, gluing and finishing

Made  with our Patent. They are made to measure 
and guarantee greater security. They allow 
complete isolation of shielding material, usually 
lead, from contact with people and the 
environment. Our protections both with small 
thicknesses of lead (1-2 mm), and with large 
thicknesses (many cm) are made rigid, self-
supporting and stable. Unlike other commonly used 
protections, they are resistant to water and many 
chemicals. The conformations obtainable are 
varied, from the simplest to the most complex.

For the kind collaboration of COMECER SPA



What we do with advanced 
composite materials

Copyright © 2018 – CARBON LINE COMPOSITES SAS DI ROSSI GIULIANO & C.
.                     

6

 Casings of various types, even for medical devices



What we do with advanced 
composite materials
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 Automotive components



What we do with advanced 
composite materials
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 Prototypes for aerospace research

Example of component for the aerospace industry

Implementation carried out within the EEE-CFCC project: Evoluzione Economicamente ed 
Ecologicamente sostenibile di Compositi Fibrorinforzati a matrice Ceramica in forma 
Complessa (Economically and Ecologically Sustainable Development of Fiber-Matrix 
Composite Fiber Reinforced in Complex form).
In collaboration with ENEA (Laboratorio Tecnologie dei Materiali di Faenza - TEMAF
(Materials Technologies Laboratory of Faenza) e Curti SpA



What we do with advanced 
composite materials
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 Speleological rescue stretchers



What we do with advanced 
composite materials
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 …. and many other things

For the kind collaboration of AUDIOGEARS di Boraldi Giacomo



What we do with advanced 
composite materials
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 …. and many other things

For the kind collaboration of AUDIOGEARS di Boraldi Giacomo



What we do with advanced 
composite materials
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 …. and many other things



What are advanced composite 
materials?

 Composites are caracterized  by combining of two or more 
materials, where the final product has superior properties 
compared to the single materials

 The term composite means a material created in two phases: the 
continuous called matrix and the threadlike phase called fibers

 There are many kinds of composite materials:

 Some examples of natural composite material are bones and 
wood. In the bones, the connective tissue contains 
hydroxyapatite particles. In wood, cellulose is held together by 
lignin.

 Also reinforced concrete is made up of concrete and steel. 
Concrete itself is a composite.
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What are advanced composite 
materials?
In our specific case we will talk about long fibrous fiber composites, 
structural.
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What are advanced composite 
materials? 
To understand the mechanical properties of advanced composite materials it is 
important to know the meaning of Elastic modulus or Young’s modulus.

It is a fundamental and unique property of every material and measures the 
resistance of a material to elastic (recoverable) deformation under load.

Young's Modulus = Stress / Strain

where:

Stress (σ) = force / cross sectional area

Strain (Є) = change in length / original length
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What are advanced composite 
materials? 

Young’s modulus makes us understand the ease with 
which a material resists to elastic deformation when 
apply: 

 A compressive load. Opposing and converging forces 
that shorten the body and expand it in the central part 
(e.g. pillars, walls)

or

 A tensile load. Opposing and divergent forces that tend 
to stretch the material. The central part of the body is 
thinned (e.g. rods of bridges, cable and ropes for 
weight lifting)
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What are advanced composite 
materials?

17
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The graph shows the stiffness of materials.
They can be classified as:

 Stiff/brittle materials have a high Young’s 
modulus, can withstand a lot of stress, changes 
their shape only slightly under elastic load and 
and break suddenly over the limit of elastic 
deformation (e.g. steel, aluminum)

 Ductile materials have a larger elastic region 
where the stress-strain relationship is linear, 
but when the stress increase at the elastic limit 
the material can no longer return to its original 
form

 Plastic materials are flexible, have a low 
Young’s modulus and changes their shape 
considerably under elastic load (e.g. rubber)

Stress 
σ = force

area

Stress (elongation)
ε = change in length

original length

limit of elastic 
deformationStiff

Ductile

Plastic

What are advanced composite 
materials?
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materials?

Specific modulus is important in designing advanced composites when 
stiffness is required at minimum weight. 
It is a Young’s modulus divided by density.

It is mostly used for comparing materials.
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materials?
For advanced composite materials it is important to know also the meaning of 
Strength and Specific Strength.

The strength of a material is the greatest stress that it can withstand without 
failure.

A strong material requires high loads to permanently deform (or break) it - not 
to be confused with a stiff material, which requires high loads to elastically 
deform it.

Specific strength is strength divided by density 

It is mostly used for comparing materials.
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materials?
Difference between strength and stiffness

Posted on https://www.quora.com/What-is-the-difference-between-mechanical-strength-and-stiffness



What are advanced composite 
materials?
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What are advanced composite 
materials?
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Comparison of Young’s modulus of main fibers materials used in aerospace 
industry
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What are advanced composite 
materials?
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Comparison of Specific Young’s modulus of main fiber materials used in 
aerospace industry 
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What are advanced composite 
materials?
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Comparison of Tensile strength of main fiber materials used in aerospace 
industry 
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What are advanced composite 
materials?
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Comparison of Specific Tensile strength of main fibers materials used in 
aerospace industry 
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Graphite fiber (HM-UHM)

Advantages:

 Very high tensile module

 High tensile strength

 Very low coefficient of thermal expansion

 High resistance to fatigue

 High thermal conductivity

Disadvantages:

 Low impact resistance

 High electrical conductivity

 Very high cost

 They are produced from a precursor: Pitch (Pitch / Tar)

Copyright © 2018 – CARBON LINE COMPOSITES SAS DI ROSSI GIULIANO & C.
.                     

27



Carbon fiber (HTS)

Advantages:

Very high tensile strength

 High tensile module

 Very low coefficient of linear thermal expansion

 High resistance to fatigue

 Low thermal conductivity

Disadvantages

 Low impact resistance

 High cost

 They are produced starting from precursor: PAN (polyacrylonitrile)
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Glass fiber

Advantages:

 High tensile strength

 High chemical resistance

 Excellent insulating properties

 Low cost

Disadvantages

 Low tensile module

 Relatively low fatigue strength

 Relatively high density

 Abrasion problems during handling
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Aramid fiber

Advantages:

 Very high tensile strength

 High impact resistance and vibration absorption

 High flame resistance

 Good thermal stability up to 250-300 ° C

 Good chemical resistance

 Negative linear thermal expansion coefficient

Disadvantages:

 Low compressive strength

 Difficulty in cutting and processing

 Sensitive to UV rays
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How fibers and matricies  work 
together

The physical and mechanical properties of the composite are 
different from those of the matrix and of the fibers taken 
singularly.

31
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The properties of the composite are 
determined by the:
 properties of the matrix
 properties of the fibres
 fiber / matrix ratio
 orientation of the fibers in the 

designed component
 geometry of the component
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How fibers and matricies work 
together

Functions of the fibers

 Give mechanical resistance 

 Give rigidity

Functions of the polymer matrix

 To transfer and distribute the applied external loads to the fibers.
It is responsible for the cutting, compression and mechanical 
properties in the direction perpendicular to the fibers and for this 
it must have a high strength and elastic modulus

 To stabilize the compression composite

 To keep the fibers in the designed position

 To protect the fibers from chemical and atmospheric agents and 
mechanical damage

 To delay the propagation of fractures to the whole composite

 To giving pre-established shapes to the pieces
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How fibers and matricies work 
together

From the fibers depend:

 Tensile modulus, tensile strength and compressive strength

 Fatigue resistance

 Electrical and thermal conductivity

 Thermal expansion coefficient

 Cost of raw material

From the matrix depend:

 Resistance to shear, to interlaminar shear, all properties in a 
direction perpendicular to the fibers

 Transfer of the load on the fibers

 Environmental resistance

 Compression properties 
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Matricies
They can be: 

 Ceramic

 Metal 

 Polymeric (PMC Polymeric Matrix Composites)

The usefulness of this classification resides mainly on the maximum 
operating. The matrix must remain solid and not viscous in order to 
be able to perform its functions.
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Matrix Maximum operating 

temperature

Ceramic     > 1000°C

Metal     < 1000°C

Polymeric     < 250°C



Polymeric matrices

They can be classified according to their heat behavior:

 Thermoplastics (eg ABS, PP, PVC, PET, etc.)

They have a linear or not very branched molecular structure and when they 
are subjected to thermal fusion or modeling treatments they are not 
subjected to any chemical transformation

They can be melted (injection molding) or softened (thermoformed) with 
heat and subsequently reformed or shaped several times
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Polymeric matrices

 Thermosetting (Epoxy, Polyester, Phenolic, Silicones)

They are in the form of low molecular weight organic liquid resins.
During the care cycle phases they form three-dimensional lattices 
characterized by very strong and irreversible covalent (cross-link) chemical 
bonds that prevents the molecules from flowing and their distorting. They 
are characterized by high stiffness, high strength and low ductility.

Crosslinking is irreversible. Even if the resins are heated, they no longer 
regain their initial viscosity because the covalent bonds prevent it. When 
subjected to high temperatures the chemical bonds break and the resin 
decomposes.

So: they can NOT be reformed or remodeled
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Polymeric matrices
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Resin Type Performance Processing Cost

LOW

HIGH

LOW

HIGHDIFFICULT

EASY
• Polyester

• Vinyl Ester

• Polyurethane(PUR)

• Epoxy

• Bismaleimide

(BMI)

• Phenolic

• Polyimide (PI)



Epoxy polymer matrices

Epoxy matrices are particularly suitable for high performance and 
aerospace industry composites.

Advantages:

 Excellent adhesion to fibers

 Excellent mechanical resistance

 High rigidity

 High dimensional stability = low cross-link shrinkage because no 
reaction products are formed

 Resistance to creep and deformations under load

 Good thermal and chemical electrical insulation properties

 Excellent resistance to chemical corrosion

 Low weight
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Epoxy polymer matrices

Disadvatages:

 Low resilience = low ability to withstand dynamic forces 
(impacts)

 Low breaking deformation

 High fragility

 Long treatment times

 Higher cost compared to polyurethane thermosetting resins
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Epoxy matrix curing cycles

Three aggregation states are identified: liquid, rubbery with phases 
of Gel (solidified part) and Sol (still liquid component), solid state.

The two main transformations that take place are:

 gelation (or gelling): passage from the liquid state, in which the 
resin is still workable, to the rubbery one (the resin is no longer 
workable)

 vitrification: transition from gummy to solid (glassy)
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With the use of special catalysts 
and the combined action of heat 
and pressure, chemical reactions 
are induced between the 
molecules of the resin which 
bring it from the initial liquid 
state to a final glassy state in 
which the product is hardened in 
the predetermined form.



Reinforces: fibers and fabrics

The most used fibers are:

 Carbon fiber

 Glass fiber 

 Aramidic fiber (kevlar ®)

Fabrics are fabricated with fibers (wowen fabric). They are used as 
structural reinforcements in composites. In the fabrics the bundles 
of fibers (tow) are intertwined together, orthogonally, in the warp 
(length) and in the weft (width) and can be formed by a number of 
fibers that can vary from 1000 (1k) up to 1600 (16k)
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The fabrics are also classified 
according to the weight: gr / sqm. 
The weights available for prepregs 
range from 90 to 800 gr / sqm.

weft

warp

warp weft
selvedge

aslant



Reinforces: fibers and fabrics

The fibers can be organized into:

 Unidirectional ribbons when they are placed parallel to each other. They 
have high strength and stiffness in the direction of the fibers

 Bidirectional fabrics when the fibers are intertwined perpendicular to 
each other. They present strength and rigidity in the two orthogonal 
directions

 Multiaxial fabrics when the fibers are oriented in different directions of 
the plane. They present strength and rigidity in multiple directions
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Reinforces: fibers and fabrics

The arrangement of fibers in ribbons or fabrics affects:

 Draping. The more a fabric is draped and soft, the greater the ease of 
laying on complex shapes and curves

 Mechanical performances in relation to the greater or lesser linearity of 
the fibers. The more the fibers are straight the greater are the mechanical 
performances

Ribbons and fibers can also be used in combination with each other.
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Reinforces: fibers and fabrics

 Unidirectional ribbons

In the dry ribbons (i.e., not pre-impregnated) weft threads are 
present to keep together the parallel fibers otherwise 
unmanageable manually during the lamination steps.

In the prepreg ribbons the resin holds the fibers in place. The 
overlaying of several differently oriented layers (0 ° / 90 ° / + 45 
° / -45 °) allows the design of the product and the 
correspondence of the same to the desired mechanical 
characteristics.

They can’t be draped much but allow to obtaining a composites 
with high fiber content, also more than 70%.
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Reinforces: fibers and fabrics

To have drapability and maintenance of the direction of the fibers 
we resort to the use of fabrics. As for the unidirectional, their 
overlap with the different orientations (0 ° / 90 ° / + 45 ° / -45 °) 
this allows the design of the product and the modulation of the 
performances in different directions.

So: the composites are designed layer by layer.

There are various styles of weaving yarns that affect the drapability, 
the mechanical performance, the resin impregnation capacity (they 
are more or less wettable) and the appearance.
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Carbon-Twill Carbon-Plain Kevlar ® Carbon-Kevlar® Carbon with 
colored threads



Reinforces: fibers and fabrics

For bidirectional fabrics the most used weaving styles are:

 Plain: it is the simplest. Each weft thread alternately crosses 
above and below the warp threads. This type of fabric has good 
stability, ie it maintains uniform distance between the threads if 
deformed but is not very draped.
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Reinforces: fibers and fabrics

 Twill. A weft thread alternately passes first above and then 
under two or more warp threads. A pattern of parallel diagonals 
is generated. Compared to the Plain it has a similar stability, it 
has a better drapability.
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Reinforces: fibers and fabrics

 Satin: four or more weft threads pass over a warp yarn or vice 
versa. The weaves are more spaced than the Twill and therefore 
it is very draped and wettable with resin. Being undulated is less 
stable
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Reinforces: fibers and fabrics

 Hybrid fabrics. They are fabrics composed of different yarns (eg 
carbon and kevlar ®, carbon and glass). The combination of 
different materials allows to obtain products with mechanical and 
physical properties different from the starting materials and 
therefore to further expand the possibility of designing a product.
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Reinforces: fibers and fabrics

The weaving involves a misalignment (crimp) of the fibers with respect to 
the plane of the fabric which influences the mechanical characteristics of 
the laminate as it reduces the tensile strength and the interlaminar 
yielding. The thicker the intertwining the greater the reduction of the 
mechanical performance.
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Plain

Twill

Satin

In unidirectional belts without stitching points (therefore in prepreg) 
there is no misalignment and the laminates obtained therefrom are non-
crimp.

The misalignment of the fibers in the 
three styles ofweaving examined is 
greater in the Plain, intermediate in the 
Twill and less in the Satin. It follows that 
even the mechanical properties are lower 
in the Plain compared to the Twill and the 
Satin.



Prepregs
They are unidirectional fabrics or tapes that are mechanically and 
previously "coated" with the exact quantity of already catalysed epoxy 
resin.

The resin + catalyst system can be infiltrated on the fibers with the aid of 
solvents or directly in the liquid state (hot melt).

The tissues are subsequently brought to the so-called polymerization 
stage B (B-stage), i.e. with partially cross-linked phase.

The prepregs are supplied in rolls with plastic separation film and / or 
siliconed paper and are stored at -18 / -20 ° C for 6 months to prevent 
the catalysis process.

Out of the cell the duration of the material is limited and depends on the 
resin systems used.

The prepregs must be thawed and brought to room T before rolling.

The overlap of several prepreg (ply) foils, both of fabrics and of 
unidirectional ones or of combinations of them, in the different 
orientations planned, give rise to the laminate.
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Prepregs

Advantages of using prepreg:

 The already catalyzed resin is evenly distributed in exact 
quantity

 Better mechanical performance of the manufactured article

 High fiber / resin ratio

 Final weight control due to the optimization of the thicknesses

 Product repeatability

 Very small or absent porosity

Disadvantages of lamination with prepregs:

 High cost of the material

 High manufacturing cost (manual procedures)

 High cost of production equipment

 Rigidity of production (linked to the availability of molds)
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Graphite fiber (HM-UHM)
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… a special fiber



Graphite fiber (HM-UHM)
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…. a special fiber



Graphite fiber (HM-UHM)
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…. a special fiber



Graphite fiber (HM-UHM)
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Graphite fiber (HM-UHM)
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Graphite fiber (HM-UHM)
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…. a special fiber



Graphite fiber (HM-UHM)
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…. a special fiber
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We would have had much more to say ...
everyday work is a conquest and a discovery of a fascinating and 
intriguing world in which every small detail changes the result and 
anticipates new bets and new solutions.
And so every day is a new day of commitment and enthusiasm.
Thanks for your attention and …

… good exploration!



CARBON LINE COMPOSITES SAS DI ROSSI GIULIANO & C.

Via Giuseppe Stefano Bondi, 3/A

48123 Ravenna  - Italy

+39 0544 417798

+39 347 5753250 (Giuliano Rossi)

+39 389 1699824 (Guido Rossi)

info@carbonlinecomposites.com
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