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Processos de Fabricação de Compósitos

 Custo: envolve o custo do equipamento, se houver, do treinamento, da 

mão-de-obra, da matéria-prima, etc.

 Escala de produção: alta produção em série, como na indústria auto-

mobilística, ou baixa escala, como na indústria aeronáutica e naval, ou 

ainda, peças únicas como protótipos e modelos.

 Dimensão física do componente: peças grandes como cascos de 

barcos, carrocerias de ônibus e caminhões, piscinas, tanques e reserva-

tórios necessitam processos de produção distintos de peças diminutas.

 Volume relativo de fibra: certos métodos serão mais adequados à pro-

dução de peças com baixa porcentagem de fibras, como nos processos 

manuais com mantas, enquanto outros conseguirão naturalmente altas 

proporções, como no bobinamento.

 Repetibilidade de características do item: processos manuais ten-

derão à baixa repetibilidade e alta variação das dimensões e qualidade 

geral dos itens produzidos, em oposição aos métodos automatizados.

Aspectos importantes a serem considerados na escolha do processo:



Classificação dos Processos

Processos de Conformação Molhada

 Processo manual (hand lay-up)

 Bobinamento (filament winding)

 Trefilação (pultrusion)

 Moldagem por membrana (bug molding)

Processos com Pré-Formados

 Premix em bloco (bulk molding compounding = BMC)

 Premix em folha (sheet molding compounding = SMC)

 Prepregs)

Processo Manual (Vantagens)

 Adequada a baixos volumes de produção (e.g. partes de avião)

 Permite a produção de peças grandes de forma contínua, sem 

emendas ou uniões (redução de custos e melhoria da resistência)

 Baixo investimento inicial (não requer equipamento, exceto para 

construção do molde).

 Processo artesanal (flexibilidade do projeto e facilidade de alterações 

na estrutura.

 Facilidade de construção de painéis sanduíche.

Processo Manual (Desvantagens)

 Requer muita mão-de-obra.

 Limitada a baixos volumes de produção

 Tempos de cura altos (em geral produzidos à temperatura ambiente).

 A qualidade do item depende da habilidade do operário.

 A porcentagem de refugo e desperdício pode ser alta.

Processo Manual (Hand Layup)

 Gel coat is applied to open mold.

 Fiberglass reinforcement is placed in the mold.

 Base resin mixed with catalysts is applied by pouring and brushing.

 Layup is made by building layer upon layer to obtain the desired
thickness.

 Disadvantage: low concentration of reinforcing phase (up to 30%) and low
densification of the composites (entrapped air bubbles).



Hand Layup

Advantages:

 Widely used.

 Low tooling cost.

 Custom shape.

 Larger and complex items can

be produced.

Potential Problems:

 Labour intensive.

 Low-volume process.

 Quality control is entirely 

dependent on the skill of 

labourers.

Spray up Process

In spray up process, chopped fibers and resins are sprayed simultaneously 
into or onto the mold. 

Applications are lightly loaded structural panels, e.g. caravan bodies, truck 
fairings, bathtubs, small boats, etc

Bobinamento (Filament Winding)



Involves a continuous filament of reinforcing material wound onto a

rotating mandrel in layers at different layers.

If a liquid thermosetting resin is applied on the filament prior to winding

the, process is called Wet Filament Winding.

If the resin is sprayed onto the mandrel with wound filament, the process

is called Dry Filament Winding.

Besides conventional curing of molded parts at room temperature, 

autoclave curing may be used.

Advantages

Good for wide variety of part sizes 

Parts can be made with strength in several different directions 

Very low scrap rate 

Non-cyclindrical parts can be formed after winding 

Flexible mandrels can be left in as tank liners

Reinforcement panels, and fittings can be inserted during winding 

Due to high hoop stress, parts with high pressure ratings can be 
made 

Disadvantages 

Viscosity and pot life of resin must be carefully chosen 

NC programming can be difficult 

Some shapes can't be made with filament winding 

Factors such as filament tension must be controlled 

Winding Patterns

• hoop (90º) - girth or circumferential 

winding

– angle is normally just below 90°

degrees

– each complete rotation of the 

mandrel shifts the fibre band to 

lie alongside the previous band. 

• helical

– complete fibre coverage without 

the band having to lie adjacent 

to that previously laid. 

• polar

– domed ends or spherical 

components

– fibres constrained by bosses on 

each pole of the component.

• axial (0º)

– beware: difficult to maintain 

fibre tension

Pultrusão

Process where composite parts are manufactured by pulling layers of

fibres/fabrics, impregnated with resin, through a heated die, thus forming

the desired cross-sectional shape with no part length limitation.



• Pultrusion process involves the following operations:

• Reinforcing fibers are pulled from the creels. Fiber (roving) creels may

be followed by rolled mat or fabric creels. Pulling action is controlled by

the pulling system.

• Guide plates collect the fibers into a bundle and direct it to the resin

bath.

• Fibers enter the resin bath where they are wetted and impregnated with

liquid resin. Liquid resin contains thermosetting polymer, pigment, fillers,

catalyst and other additives.

• The wet fibers exit the bath and enter preformer where the excessive

resin is squeezed out from fibers and the material is shaped.

• The preformed fibers pass through the heated die where the final cross-

section dimensions are determined and the resin curing occurs.

• The cured product is cut on the desired length by the cut-off saw.

Advantages:

 Minimal kinking of 

fibres/fabrics

 Rapid processing

 Low material scrap rate

 Good quality control

Potential Problems:

 Improper fibre wet-out

 Fibre breakage

 Inadequate cure

 Die jamming

 Complex die design

Pultrusion -applications

• panels – beams – gratings – ladders

• tool handles - ski poles – kites

• electrical insulators and enclosures

• light poles - hand rails – roll-up doors

• 450 km of cable trays in the Channel Tunnel



Produção de Prepregs

• Manufacturing begins by collimating a series of spool-wound 

continuous fiber tows.

• Tows are then sandwiched and pressed between sheets of release and 

carrier paper using heated rollers (calendering).

• The release paper sheet has been coated with a thin film of heated 

resin solution to provide for its thorough impregnation of the fibers.

• The final prepreg product is a thin tape consisting of continuous and 

aligned fibers embedded in a partially cured resin. 

٠ The prepreg is stored at 0C (32 F) or lower because matrix

undergoes curing reactions at room temperature. Also the time in

use at room temperature must be minimized. Life time is about 6

months if properly handled.

٠ Both thermoplastic and thermosetting resins are utilized: carbon,

glass, and aramid fibers are the common reinforcements.

٠ Actual fabrication begins with the lay-up. Normally a number of plies

are laid up to provide the desired thickness.

٠ The layup can be by hand or automated.

٠ Easily obtained with epoxies.



Outros Tipos 
de Processos

Premix em Bloco (BMC)

Premix em Folha (SMC)




