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This MEng project is concerned with the design and manufacture of a Wave Energy Conversion (WEC) prototype 

for use in open water. The full scale device would be arranged in wave farms, converting wave power into elec-

trical power. WWP aims to reduce the high cost associated with wave power through fundamental improve-

ments in WEC design to satisfy the increasing demand for environmentally friendly energy alternatives.  
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TURBINE DESIGN 
The 08/09 project topology made use of a Kaplan turbine, resulting in the turbine having to reverse direction after every peak and 

trough in the wave, thus inducing axial stress. In order to resolve this, a unidirectional Wells turbine was proposed and tested. A 

Wells turbine has horizontally placed aerofoils which induce a continuous rotation, regardless of the flow direction. This turbine is 

known for its application in Oscillating-Water-Column schemes where its working fluid is air, in which its efficiency is 0.4-0.7.  

Although it has never been tested in water before, several experiments were con-

ducted in a water chamber to provide us with an  understanding of the drag, torque 

and speed properties. The primary concern regarding this design was that con-

cerning the inertia of the water as the turbine caused the water to main-

tain a rotation. Although this would mean the turbine would not be util-

ised as effectively, we would essentially have a liquid flywheel, ensuring a 

steady rotation as well as conservation of momentum. 

MECHANICAL DESIGN 
A challenging aspect of the design was how to transfer not only rotational  but also vertical 

movement through the top of the device. Our solution was to design a twin piece float. 

The two pieces of the float will attach around the centre shaft and be attached to the 

shaft via a pair of roller thrust bearings. This will allow the shaft to freely rotate 

within the centre of the float and also transfer the vertical motion created by the waves 

passing beneath the float.    
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2009/10 AIMS & OBJECTIVES 

1. Design a working WEC prototype.  

2. Test prototype in the Warwick wave flume. 

3. Use results of testing to conclude on the viability of the design  

and suitability for real world use. 

4. Raise WWP profile and increase awareness of wave power. 

FURTHER WORK: CONCEPTUAL DESIGNS 

1. A storm lockup mechanism to protect the device during ex-

treme weather conditions.  

2. A system to effectively draw power from multiple devices. 

3. Continue work on innovative variable-pitch turbine design for 

more efficient power  generation. 

BACKGROUND 
This project is a continuation of the 2008/2009 

Warwick Wave Power project which successfully 

recognised wave power as a suitable source of re-

newable energy, with the potential to provide 

over 2,700 GW of power. The 2008/2009 project 

left two realistic topologies to consider.  

 

 

 

 

 

 

 

 

These were evaluated and it was decided to com-

bine the best characteristics from the ball screw 

design and the turbine design to create a new and 

unique model. 

PROJECT MANAGEMENT 
Approaching a complex and ambitious project 

with an interdisciplinary team requires consistent 

and well structured administration. In order to 

achieve the objectives set for WWP 09/10, a num-

ber of arrangements were put in place based on 

the infrastructure set up by the 08/09 group. 

One formal meeting as well as informal work-

ing times every week 

Bi-weekly meetings with supervisor 

Meetings with sponsors (OPT & Converteam) 

twice every term  

Use of internet forum for easy communication 

between team members and supervisor 

The development of a working prototype requires 

the purchase of multiple components and hence 

the project requires significant spending. WWP is 

kindly funded by Ocean Power Technologies and 

Converteam and benefit from the OrcaFlex soft-

ware provided by Orcina. 

POWER CONVERSION 
For the prototype a single phase permanent magnet synchronous machine will be used to convert rotary motion into electrical 

power.  From here a diode bridge rectifier and capacitor will form a smoothed DC link. A DC boost converter will be used to scale 

up the output voltage and regulate it. 

 

  

 

  

 

 

  

   

The power converter will be built using a modular approach, with the diode bridge rectifier and the DC-DC converter being the  

modules. This allows for the diode bridge rectifier to be replaced with a power factor corrected (PFC) rectifier. This ‘active front 

end’ can increase the power factor and thus the efficiency of the converter and reduce harmonics injected into the system. 

Left: Diode bridge 
rectifier converting 
AC from the genera-
tor to smoothed DC 

Left: DC boost converter mod-
elled with ideal DC source (20V) 
and a duty cycle of 0.3 
Below left: LT Spice simulation 
of boost converter showing VO 
about 29V 
Below right: Close up of VO  
Showing ripple voltage 

Left: LT Spice simula-
tion of the smoothed 
diode bridge rectifier 
showing the 
smoothed DC link 
voltage, the AC input 
and the diode charg-
ing current 

Configurations & Components: 

Spread mooring configuration with 3 attachment points 

 > Catenary:    Mooring lines arrive horizontally to seabed so that anchor  

      point is only subject to horizontal forces. 

 > Multi-Catenary: Mooring lines incorporate weights and buoys to reduce  

      stiffness of system and hence reduce mooring loads. 

 > Tethered:   Taught mooring lines arrive at an angle to seabed,    

      anchored to resist horizontal and vertical forces. 

Mooring Line 

  > Chain:    Provide good stiffness and bending properties but require  

       regular inspection.    

  > Synthetic Rope: Weight and elasticity properties make them more common 

       for very deep water tether configurations. Re-tensioning  

       required regularly due to changes in axial stiffness. 

Survivability is a key design issue to tackle when considering 

offshore WECs. Not only do the mechanical components have 

to endure extreme loading but the device also has to be se-

curely fastened to the seabed whilst providing maximum stabil-

ity. In order to ensure the design intent was heeded, detailed 

analysis of several layouts is being conducted using the off-

shore industry standard tool; Orcina OrcaFlex. 

In order to benefit from economies of scale and to minimise 

energy expenditure per device, the WECs would be arranged in 

farms, as shown below. The concrete anchoring blocks are thus 

shared between multiple devices. 

TIMELINE 

20 Jan 2010 

Poster presentation 

5 Oct 2009 

2009/10 project commenced 

22 Oct 2009 

First meeting with sponsors 

17/18 Nov 2010 

OrcaFlex Training Course 

1 Dec 2009 

Second meeting with sponsors 

Jan 2010 

Start of fabrication 

Mar 2010 

Start of testing in 

Warwick Wave Flume 

Apr 2010 

Final report submission 

May 2010 

Oral presentation 

Mar 2010 

Draft report submission 

DC link voltage 

AC from generator 

Diode 
current 

VO VO 

 STABILITY AND BUOYANCY 

One of the most important parts of the design is making sure the device is durable and resistant to effects such as salt water and the persistent 

oscillating forces imposed by wave motion. In order to keep the device stable, a large heave plate is included at the base. This provides stability 

and keeps the device upright in even the most severe conditions. The heave plate also provides convenient mooring points. 

 The device needs to remain semi-buoyant for optimum performance. To achieve this, buoyancy calculations were utilised throughout the de-

sign process in the form of a spreadsheet. This enabled the rapid consideration of lots of different alternatives, such as material choice. The 

goal was to make the device as light as possible whilst keeping it strong and durable. The heave plate could then be heavier, increasing sta-

bility. To this end, the prototype dome and turbine container will be constructed of polycarbonate. This material is tough, lightweight and 

has the advantage of being transparent, enabling the turbine operation to be observed during testing. As the materials being utilised  

are being chosen for ease of testing and construction for this prototype, careful consideration is being given to how the design can be 

adapted for use in the open ocean, as there will be very different requirements outside the prototype testing environment. 

OrcaFlex illustration of wave farm layout Catenary Mooring Multi-Catenary Mooring Tethered Mooring 


