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Production of 2 masts
Scale 1/6



Tower design :
- 2 half tower
- Bottom metal ring connection
- Top metal ring connection



Connection design proposal
- Half part bolted
- Flange outside for ring integration



Scantling of the tower



- Validation of the feasability (infusion of big thickness)
- Validation of the overlapping
- Validation of the thickness
- Validation of the resine casting process

Tests



Design :
- Pre design of the connection area
- Design of the mould
- Definition of the building process

Mould production



Mould cutting and milling :
- 5 axis plugs milling
- 3 axis structure cutting

Mould production



Surface preparation :
- Mould surface with special flex ply wood
- Lamination of the surface

Mould production



Mould finishing :
- Fairing for the local defects
- Primer application
- Paint application
- Vaccum test

Mould production



Plugs integration in the mould
- Should support all the layers
- Should get out with the part
- To be trim to keep a nice shape

Mould production



Lay up
- Management of the overlapping
- Fabric with vaccum every night 
- Infusion

Half mast production



- Extra lenght cutting
- Integration of the metal inserts
- Building of the drilling trolley

Half mast production



Mast geometry setting



Assembly of the mast

- Drilling
- Threading
- Integration of plates
- Bolting to the torque



Integration of mast’s supports

- Electric boxes
- Cable tray
- Cameras



Integration of optic fibre



Tower finishing

- Fairing
- Primer application
- Painting
- Sticker



Turbine housing demonstrator
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Context

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

Objective: Design and Manufacturing of a Turnable Turbine Housing 

demonstrator in FRP materials with the purpose to verify the technical 

and economic feasibility of using FRP materials in the TIDETEC’s tidal 

turbine housing.

How can it be 

manufactured using 

FRP materials?



Design for Manufacturing (DfM)

Manufacturing Process: Towpreg Winding/AFP 

Disadvantages:

• Controllable and repeatable process; 

• Lower material waste; 

• Precision placement of tape; 

• Ideal for making cylindrical and/or hemispheric components; 

• Increased material throughput; 

• Improved composite structure quality;

• Quicker manufacturing time.

Disadvantages:

• High material cost;

• Requires cold storage in freezer and difficult handling;

• May require oven or autoclave cure.

Source: Project PROCOMP

Source: Addcomposites

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

https://www.youtube.com/watch?v=xIMHHebGuGI
https://www.youtube.com/watch?v=zxz3j_B9PvY


Design for Manufacturing (DfM)
Cons:

• Sharp angles 1 through 5;

• Assembly with nut and bolts between 3 and 4 is 

impossible to reach;

• Joining 3 and 4 with adhesive defeats the purpose 

of turbine accessibility for maintenance;

• Requires use of 2 mandrels.

1
2

3
4

5

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

Pros:

• Smoother angles;

• Only requires one steel mandrel;

• Has demoulding angle which facilitates manufacturing.

Cons:

• Studs are not necessary;

• Domes’ geometry undefined for manufacturability.



Design for Manufacturing (DfM)

Pros: 

• Cheaper and easier to manufacture the mandrel.

Cons: 

• Not windable in the software if considering demoulding angle;

• High likelihood of twisted and/or breakage of tows.

No demoulding angle;

Twisted fibres.

Pros: 

• Easier to manufacture mandrel.

Cons: 

• Not feasible in winding software.

Angle: 3,82º → too high

Height: 91 and 104 mm

Composite is 
sagging and not 
filling the mandrel;

It wasn’t possible to 
find a good pattern 
and winding angle to 
close the tops.

Low pressure Dish Head

Torispherical Dish Head Type Klopper (w/ flange) - DIN28011

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Design for Manufacturing (DfM)

Pros: 

• Windable but with limitations.

Cons: 

• Harder to manufacture mandrel because of peripheral 

weld near the radius.

Angle: 3,37º

Height: 91 and 104 mm

Pros: 

• Smoother angles (closer to TSI design shape);

• No twisting of fibres;

• Good demoulding angle.

Cons: 

• More expensive manufacture.

Angle: 1,55º

Height: 129 and 169 mm

Torispherical Dish Head Type Klopper (w/o flange) - DIN28011

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

Spherical Dish Head - Custom



Design for Manufacturing (DfM)

Pros: 

• Windable but with limitations.

Cons: 

• Harder to manufacture mandrel because of peripheral 

weld near the radius.

Angle: 3,37º

Height: 91 and 104 mm

Torispherical Dish Head Type Klopper (w/o flange) - DIN28011

Spherical Dish Head - Custom

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Results obtained in 
the static analysis:

Results obtained in 
the modal analysis: 

Numerical Analysis & Validation

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Strategy A Strategy B Strategy C Strategy D

More difficult 
maintenance 

procedure and 
connections/assembly

Doesn’t enable 
maintenance or fitting in 
the turbine. Cutting the 

housing defeats the 
purpose of destroyable 

mould

Unnecessary access points and 
extra steps in manufacturing and 

connections/assembly

Modular Building Strategy

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Cylinder and 
flange 

manufacturing

Polishing and 
surface preparation 

for bonding

Bonding Main Body to 
flange1

Bonding AFT Cover to 
flange2

Assembly to 
cylinder

Process Chain

*

Adhesive Joint between 
Main body & Side Fairing // 
AFT Cover & Side Fairing2

Connections

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Main Body and AFT 
Cover, flanges, 

fairings and studs 
manufacturing

Edge triming and 
surface 

preparation prior 
to bonding

Bonding: AFT cover to 
studs; AFT Cover/Main 

body to respective flange

Assembly to 
housing

Main Body & AFT Cover

Towpreg Winding

Assembly Plan

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Proposed 

design:

Fairing Supports

φ Shaft [mm]

Maximum deflection of shaft [mm]

Weight of shaft 
tips[kg]Self Weight

Self Weight+ Tension 
of 10 fibres (80N*10 or 

342,616Nm)

45 1,642 3,488 25,8

50 1,127 2,346 31,5

55 0,809 1,651 37,9

896mm

816mm

Mandrel Design: Shaft Diameter vs Deflection

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Mandrel

Side View

Side View

AFT Cover

FWD Cover

Fairing

Composite AFT Cover

Composite FWD Cover

FlangesResulting 

Composite

Mandrel Design
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Mandrel Design:
Assembly 
Drawing
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Winding configuration 

with long shaft tips:

Transportation/Curing 

configuration with short  

shaft tips:

Horizontal Stand using 

the short shaft tips:

1

2

3

Different Configurations
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Finished Mandrel

Negative draft angle due to sinking/warping Good draft angle after correction

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Configuration and Assembly of Robot Setup

KUKA KR – 120 R2700 – Linear Axis KUKA KL 40000

Manufacturing Preparation

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



First layers 

without the 

fairings

2º

Middle layers 

up to the top 

of the fairings

3º

Final layers 

closing the 

fairings

4º (Optional)

Hoop winding 

reinforcement

1º

3º

2º

4º

Manufacturing Preparation

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Process Simulation (AddPath)

Manufacturing Preparation

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

https://www.addcomposites.com/addpath


Manufacturing Trials
Ongoing: First trials

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

Toray MR014-2 Towpreg Resin Re-spooling from 
bobbin onto cassete324gsm

Epoxy 34% resin by weight
Thickness 0,32mm and Width 6,35mm

No available material 
already on cassete

Placement of the first tows



Manufacturing Trials
Ongoing: First trials

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

Toray MR014-2 Towpreg Resin Re-spooling from 
bobbin onto cassete324gsm

Epoxy 34% resin by weight
Thickness 0,32mm and Width 6,35mm

No available material 
already on cassete

Placement of the first tows (4x speed)



Next Steps

• Manufacturing of the turbine demonstrator 

• Non destructive testing of the demonstrator

Context Design Manufacturing Preparation Manufacturing Trials Next Steps



Next Steps

Context Design Manufacturing Preparation Manufacturing Trials Next Steps

1. Introduction
2. Background
3. Modular Production

3.1. Product Tree
4. Production Processes

4.1. General
4.2. Vacuum Infusion
4.3. Filament Winding (Towpreg)

5. Joining
5.1. Bolting
5.2. Bonding
5.3. Welding

6. Cutting and Machining
7. Quality System

7.1. Quality System Evaluation
8. Quality Requirements

8.1. General Acceptance Criteria
8.2. Control Tests
8.3. Control Records
8.4. Maintenance

9. Documentation
10. Aspirations and Future Work
11. References

Current Progress

• Guidance notes for the 

production of large FRP 

OWTP



THANK YOU
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