
Accepted Manuscript

Short-term extreme response and fatigue damage of an integrated offshore 
renewable energy system

Liang Li, Zhengshun Cheng, Zhiming Yuan, Yan Gao

PII: S0960-1481(18)30404-X

DOI: 10.1016/j.renene.2018.03.087

Reference: RENE 9956

To appear in: Renewable Energy

Received Date: 13 October 2017

Revised Date: 26 March 2018

Accepted Date: 29 March 2018

Please cite this article as: Liang Li, Zhengshun Cheng, Zhiming Yuan, Yan Gao, Short-term 
extreme response and fatigue damage of an integrated offshore renewable energy system, 

 (2018), doi: 10.1016/j.renene.2018.03.087Renewable Energy

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1

1 Short-term extreme response and fatigue damage of an integrated 

2 offshore renewable energy system
3 Liang Lia, Zhengshun Chengb, Zhiming Yuana, *, Yan Gaoa

4 a Department of Naval Architecture, Ocean and Marine Engineering, University of Strathclyde, 100 Montrose Street, 

5 Glasgow, G4 0LZ, UK

6 b Department of Marine Technology and Centre for Autonomous Marine Operations and Systems, Norwegian University of 

7 Science and Technology (NTNU), Trondheim, NO-7491, Norway

8 *Corresponding author: zhiming.yuan@strath.ac.uk (Z-M. Yuan).

9

10 Abstract
11 This study addresses short-term extreme response and fatigue damage of an integrated wind, wave 

12 and tidal energy system. The integrated concept is based on the combination of a spar type floating 

13 wind turbine, a wave energy converter and two tidal turbines. Aero-hydro-mooring coupled analysis is 

14 performed in time-domain to capture the dynamic response of the combined concept in a set of 

15 environmental conditions. The mean up-crossing rate method is used to evaluate the extreme response, 

16 which takes advantage of an extrapolation method to reduce the simulation sample size. The cumulative 

17 fatigue damage is computed based on the S-N method. Simulation results show that the tower base fore-

18 aft bending moment is improved, in terms of extreme value and fatigue damage. Nevertheless, the 

19 tension force of a mooring line is worsened. The mooring line bears increased maximum tension due to 

20 the tidal turbine thrust force and it is subjected to higher fatigue damage load as well.
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23 1. Introduction
24 With expanding global demand for power and increasing public awareness to sustainable 

25 development, great efforts are taken to exploit the offshore renewable energy resources and a set of 

26 offshore renewable energy devices are developed. Statoil launched a demo project of a spar type 

27 offshore floating wind turbine, namely the Hywind concept, which is the first full scale floating wind 

28 turbine that has ever been built [1]. Principle Power installed a full scale 2MW WindFloat prototype 

29 near the coast of Portugal [2]. At the same time, researchers across the world are working on the 

30 numerical and experimental studies of floating wind turbine [3-8]. Apart from floating wind turbine, 

31 wave energy converter (WEC) and tidal turbine are also widely used to harvest energy from the ocean. 

32 Zhang and Yang [9] captured the power output of an oscillating-body WEC. Two symmetrically oblique 

33 springs and a linear damper were applied to model the nonlinear behaviour of the power take off (PTO) 
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