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Filament Winding process overview

Material options

Resins: Any, e.g. epoxy, polyester, vinylester,
phenolic.

Fibres: Any. The fibres are used straight from a
creel and not woven or stitched into a fabric
form.

Filament winding manufacturing process (wet winding setup)

This process is primarily used for hollow, generally circular or oval sectioned components, such as pipes and tanks. Fibre tows are passed through a resin
bath before being wound onto a mandrel in a variety of orientations, controlled by the fibre feeding mechanism, and rate of rotation of the mandrel.

https://iopscience.iop.org/article/10.1088/1757-899X/342/1/012029

https://www.gurit.com/-/media/Gurit/Datasheets/guide-to-composites.pdf

• Description



Filament Winding process overview
• Winding of typical geometries

Composite overwrapped pressure vessel (COPV) - Type III Composite tube









WP2 contributes
• Running and main achievements: Material selection for FW process

Criteria for resin selection to be used 
in filament winding:

• Long working times for the production 
of large composite structures (long gel 
time at 25°C or long pot life);

• Lower initial mix viscosity at 25°C 
(~1000mPa.s);

• Good shelf life and easy conditioning;

• Type of polymer and its applicability to 
filament winding;

• Curing profile using lower 
temperatures (<60°C);

• Synergies with infusion manufacturing 
process;

• One Thermoplastic and one thermoset.



WP2 contributes
• Running and main achievements: Material selection for FW process

Fibre selection criteria:

• Good mechanical properties (high strength, intermediate modulus);

• Compatibility with selected resins;

• Applicability to filament winding (Single-end roving availability).

Glass Fibre

Carbon Fibre



WP2 contributes
• Running and main achievements: Material selection for FW process

Infusion (ULIM) Filament Winding (INEGI)

Material Preferred Backup Preferred Backup Backup

Thermoplastic Elium 188XO -
Elium 191 O/SA with PMEK 
(Butanox M50 or Trigonox

249)

Elium C 595 E with Perkadox as 
thermal initiator 

(Polimerization 2h 80ºC)

Elium C 595 E with Perkadox 16 
and Speedcure BPO (UV initiator)

Thermoset SR Infugreen 810 - SR Infugreen 810 + 4470, 
4471 or 4472 SR Infugreen 810 + 8822 -

Glass Fibre Hybon 2026 Hybon 2002 Hybon 2026 (2400 tex) Hybon 2002 (2400tex) -

Carbon Fibre MRC TR50S 1.2k (12k) - T700 SC 24K (1650tex) FOE Mitsubishi TR50S 12K (800 tex) 
or 15K (1000 tex) -



WP2 contributes
• Planned activities for coming months

I l l u s t r a t i v e  i m a g e  o f  f l a t  p a n e l  w i n d i n g  ( h o o p  w i n d i n g )

~ 0 ° S p e c i m e n ~ 9 0 ° S p e c i m e n

F l a t  f i l a m e n t  w o u n d  p a n e l

FW Specimen Fabrication and Testing: 

• Selection of 2 combinations (Fibre/matrix);

• Bending - [0°]X and [90°]X.

Physical tests:

• FVF, voids, density.



WP5 contributes
• INEGI setup

INEGI Machine and its components

Main Characteristics:

• 6 independent axis
• Parts with diameter up to 600mm
• Parts with length up to 2000 - 3000mm

Components:

A) Rovings; B) Guiding system; C) Tension system;
D) Pin guides; E) Impregnation roll; F) Resin Bath;
G) Impregnated filaments; H) Deposition carriage;
I) Deposition head/eye J) Mandrel mount



WP5 contributes
• Running and main achievements: Filament winding advantages and 

disadvantages

Main Advantages:

•This can be a very fast and therefore economic method of laying material down;
•Resin content can be controlled by metering the resin onto each fibre tow through nips or dies;
•Fibre cost is minimised since there is no secondary process to convert fibre into fabric prior to use;
•Structural properties of laminates can be very good since straight fibres can be laid in a complex pattern to match the applied loads.

Main Disadvantages:

•The process is limited to convex shaped components;
•Fibre cannot easily be laid exactly along the length of a component;
•Mandrel costs for large components can be high;
•The external surface of the component is unmoulded, and therefore cosmetically unattractive;
•Low viscosity resins usually need to be used with their attendant lower mechanical, health and safety properties.

https://www.gurit.com/-/media/Gurit/Datasheets/guide-to-composites.pdf



WP5 contributes
• Running and main achievements: FW typical applications

Typical applications:

• Chemical storage tanks;
• Pipelines;
• Gas cylinders;
• Fire-fighters breathing tanks.

Other Applications

• Rocket motor casings;
• Rocket launch tubes;
• Connecting rods;
• Bottles;
• Golf sticks;
• Shafts;
• Pressure rollers;
• Bushings;
• Bearings;
• Driveshafts;
• Oil field tubing;
• Cryogenics;
• Telescopic poles;
• Tool handles;

• Fuse tubes;
• Hot sticks (non-conducting poles);
• Conduits;
• Fuselage;
• Bicycle frames and handle bars;
• Baseball/softball bats;
• Hockey sticks;
• Fishing rods;
• Ski poles;
• Oars;
• Tubes;
• Missile casings;
• Lamp posts;
• Wind turbine blades.



WP5 contributes
• Running and main achievements: Main 

process parameters

• Fibre Tension;
• Bandwidth;
• Material/Surface friction coefficient;
• Fibre angle;
• Layup;
• Winding time between layers;
• Fibre overlap;
• Winding pattern;
• Production time;
• Resin viscosity;
• Resin formulation.

Winding angle 10° - Longer turnaround

Winding angle 55° - Short turnaround

Turnaround
(10° - 90°)

Wound part
(angle 10°)

Wound part
(angle 55°)

Turnaround
(55° - 90°)



WP5 contributes
• Running and main achievements: Possible winding geometries

Possible winding forms:
•Cylinder;
•Disk;
•Cylinder with domed ends;
•Ellipsoid;
•Spherical;
•Sandwich;
•Cavity (some limitations);
•Cylinder with domed ends and pole
holes D1>D2.

https://www.sciencedirect.com/science/article/pii/B9780857090676500079



WP5 contributes
• Running and main achievements: Filament winding guidelines

• It is limited to producing closed and convex structures. It is not suitable for making
open structures such as bathtubs. In some applications, filament winding is used to
make open structures such as leaf springs, where the filament wound laminate is cut
into two halves and then compression molded.

•Not all fiber angles are easily produced during the filament winding process. In
general, a geodesic path is preferred for fiber stability. Low fiber angles (0 to 15°) are
not easily produced.

•The maximum fiber volume fraction attainable during this process is only 60%.

•During the filament winding process, it is difficult to obtain uniform fiber distribution
and resin content throughout the thickness of the laminate (thickness/fibre buildup
on sections that have less surface area).

•Mandrels must have a constant cross section or a slight slope in other to be removed
from the wound part.

Font: Book - Composites Manufacturing: Materials, Product, and Process Engineering

Mandrels cannot be removed easily on the shapes below, they have to be
disassembled, breakable or collapsible.

Stepped mandrels are also non feasible in filament winding. Cross section
variation must be smooth as possible and must take mandrel removal in
consideration.



G e o m e t r y  p re s e n t e d  o n  i n i t i a l  p ro p o s a l                                                                 F i l a m e n t  w i n d i n g  fe a s i b i l i t y

L a t e s t g e o m e t r y

Suggestion: Approximation to Vessel shape
(might have to be cut in two halves for easier access to the inside)

Parts with such instantaneous cross section variation are not feasible 
through filament winding (example: stepped cylinder)

WP5 contributes
• Planned activities for coming months: design for manufacturing iterations



Thank you!
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