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GOAL
Quantification  of  uncertainty  in  the  performance  of  a  two-­body  wave  point  absorber  
(Reference  Model  3  or  RM3),  wave  energy  converter  (WEC).
1. Obtain  short-­term  reliability  of  power-­take-­off  (PTO)  extension
2. Analyze  dependence  of  this  response  on  the  specific  sea  state  

METHODS
1.  WEC-­Sim  simulation  tool  is  used  to  establish  short-­term  relationships  between  any  
performance  parameter  of  the  WEC  device  and  wave  height  for  two  sea  states
2.  Monte  Carlo  Simulation  (MCS)  and  First-­Order  Reliability  Method  (FORM)  employed.
3.  When  combined  with  metocean data  quantifying  the  likelihood  of  different  sea  states,  
easy  to  extend  to  long-­term  studies  and  in  reliability-­based  design.

CONCLUSIONS
1. FORM  approach  to  estimate  reliability  of  the  PTO  extension  works  well  as  compared  
with  MCS

2. Importance  of  uncertainty  parameter  in  simplified  model  is  demonstrated

Schematic	
  
representation	
  
of	
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  Reference	
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  (RM3)	
  
point	
  absorber	
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Hs (m) 8.2 16.0
h (m) a (m) 4.10 7.99

d (m)
a (1/m) 0.01 0.01
b (-­) 0.19 0.13
c (m) 2.39 3.12

σε (m) 0.98 1.71

Parameters	
  describing	
  wave	
  height,	
  h,	
  PTO	
  extension,	
  d,	
  and	
  
model	
  uncertainty	
  variable,	
  ε.
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Representative	
  100-­‐‑sec	
  segments	
  from	
  1-­‐‑hr	
  simulations	
  of	
  the	
  wave	
  elevation	
  process	
  and	
  the	
  RM3	
  PTO	
  
extension	
  for	
  two	
  sea	
  states	
  and	
  established	
  statistical	
  relationship	
  between	
  maximum	
  PTO	
  extension	
  and	
  
wave	
  height.	
  	
  Plots	
  (a),	
  (c),	
  and	
  (e)	
  are	
  for	
  the	
  sea	
  state	
  with	
  Hs =	
  8.2	
  m,	
  Tp =	
  11.0	
  s;	
  plots	
  (b),	
  (d),	
  and	
  (f)	
  

are	
  for	
  Hs =	
  16.0	
  m,	
  Tp =	
  13.3	
  s.
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(d)

y	
  =	
  0.0108x2 +	
  0.1876x	
  +	
  2.3921
R²	
  =	
  0.4268

0

2

4

6

8

0 4 8 12 16

M
ax
	
  P
TO

	
  E
xt
en

sio
n	
  
(m

)

Wave	
  Height	
  (m)
(e)

y	
  =	
  0.0091x2 +	
  0.1315x	
  +	
  3.1173
R²	
  =	
  0.4834
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Probability	
  of	
  exceeding	
  specified	
  PTO	
  extension	
  levels	
  computed	
  using	
  FORM	
  and	
  MCS	
  for	
  two	
  states:	
  
(a)	
  Hs =	
  8.2	
  m;	
  (b)	
  Hs =16.0	
  m.
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(b)

WEC-­‐‑Sim block	
  
diagram	
  model	
  of	
  

RM3	
  device.

Simplified	
  
model	
  for	
  PTO	
  

extension

𝑑 ℎ, 𝜖 = (𝑎ℎ( + 𝑏ℎ + 𝑐) + 	
  𝜖
h: instantaneous	
  wave	
  elevation
ϵ: uncertainty
a,	
  b,	
  c: model	
  parameters

𝐹/ ℎ = 1 − exp −
1
2
ℎ
𝛼

(Rayleigh	
  
distribution	
  for	
  
wave	
  heights

Reliability	
  function 𝑔 𝑿 = 𝑑9::;<9=:> − 𝑑 ℎ, 𝜖
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