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Introduction 
Wave energy is currently emerging from trial and concept stage and approaching commercial deployment.  At concept stage devices are often designed with large safety 
factors to avoid early failures; this can lead to unnecessary equipment and deployment costs.   To become commercially viable it is suggested cost savings of 50-75% are 
required by 2025 [1].   Improved reliability methods will allow safety factors to be reduced thus reducing device costs, whilst ensuring devices remain robust and fit for the 
design environment.   
 

This poster introduces an approach to component reliability testing to estimate failure rates using a combination of simulation, accelerated testing and sea deployment, 
with a focus on fatigue failures.  It builds upon work by Thies et al [2] with recommended practice from DNV Guidelines [3].  

A - Component selection 

 
To focus research on a specific component, a review of six reports [1, 4 -9] was conducted. 
Each report had different criteria for selecting components to prioritise for research. 

Graphical summary of report review. (‘Report recommendations’ details % of reports 
recommending component and ‘Device neutrality’ high % = more device neutral.) 

Moorings were selected to focus research on. Primarily due to: 
• Device neutrality : Relevant to many different wave energy device types. 
• Number of recommendations:  Moorings were recommended in all reports. 
• Potential cost saving:   Although they only account for 10% of device costs, there is a high % 

cost saving achievable through innovation in mooring systems.  

B – Research approach 

 

1. South West Mooring Test 
Facility (SWMTF):  Mooring 
load data analysed from 9 
month deployment . 

2. Numerical modelling:  Finite element analysis 
(FEA) of components developed. Load regimes 
applied to replicate those measured at sea.  

3. Dynamic Marine Component test 
facility (DMaC):  Service simulation 
testing- focus on fatigue cycling of 
components. 

Case study 1: 
Shackle 

Case study 2:  
Mooring insert 

 
 

The approach detailed below will be explored with various case studies to understand how the 
sequence of steps can complement one another to build an accurate picture of component 
reliability and inform the use of appropriate safety factors in component design. 

4. Deployment:   
Components deployed at sea on a 
mooring limb of SWMTF.   

C – Results to date: Case Study 1 - Shackles 

DMaC Break Tests: 
- Displacement driven 
- In tests, shackles survived over 200kN. 
- Actual safety factor of 8.6 on WLL. 
- Actual safety factor of 1.7 on MBL. 
- Shackles yield just over 100kN. 
- Fatigue testing regime specified from 

yield point.   

DMaC Fatigue Tests: 
- Fatigue regime:  90kN at 2Hz. 
- 3 cycling regimes; low, med, high. 
- S-N curve for shackle taken from DNV 

guidelines [3]. 
-        denotes early bow failure. 
-         1 pin failure, 2 pin fatigue cracks. 
- Mean stress: significant effect on 

cycles to failure. 
- Smith Watson Topper (SWT) 

approach used to account for this: 

 𝜎𝑎𝑟 = 𝜎𝑚𝑎𝑥𝜎𝑎 
𝜎𝑎𝑟= Equivalent stress amplitude 
for completely reversed loading 
𝜎𝑚𝑎𝑥= Maximum stress 
𝜎𝑎= Stress amplitude 
 

Numerical modelling: 
- FEA models accurately predict areas of weakness. 
- Pin identified as weakest component - confirmed 

by physical tests. 
- However, strength underestimated by FEA. 
- Boundary conditions act as stress concentrators 

and need refining. 

A steel shackle is used as a case study to demonstrate  and 
develop the approach in Section B.  Specifications: 
• B.S. 3032 galvanized steel 
• Working load limit (WLL) 24.5kN, design safety factor of 5 
• Minimum breaking load (MBL) 122.6kN 
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D – Next steps 
Case Study 1 – Shackles: 
- Numerical models refined to achieve better agreement with physical tests.   
- FEA boundary conditions reviewed, and fatigue models developed. 
- Shackles deployed at sea on the SWMTF will be compared to results from accelerated 

testing on DMaC and numerical models.  
- The effects of corrosion on fatigue failures will be investigated. 

 

Further case studies: 
- To further develop this methodology a mooring insert designed for susceptibility to fatigue 

damage will be assessed using the approach detailed above in  Section A.  
- A novel mooring tether designed to reduce peak loads in a mooring system is under 

development.  Different iterations of this design will be assessed to quantify the reliability 
using both DMaC and SWMTF. 
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