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Table I: Difference in average power (watt) between WEC- Table II: Weighted difference in average power (watt)
ThIS StUdy Uses the Open-SOurCe WEC'SIm COde tO mOdeI a 17 Scale Fore Float Average Power: Fore Float Average Power: Fore Float Average Power: Sim and EXp. for fore float and aft float between WEC-5im and Exp. for fore float and aft float
wave energy converter device called SeaRay of Columbia Power 500 1=00-25s 500 re2se3bs 500 T=30-50s Wave Height [m] Wave Height [m]
Technologies (CPwr). WEC-Sim is intended to run quickly on standard w0l " wecsim ool - .
desktop equipment and provide a very gentle learning curve for WEC g g ' s | < Peak Peak
modeling. This paper focuses on the linear implementation of WEC-Sim as = . S = el Period | 0.0-03 Lo=0a 04-06 | Period | 00-03 | 00-04 | 04-06
. . : . . . . . 2 200 2200t 22001 L,f‘i ¥, [S] [S]
that requires the least simulation time and is often the starting point for basic & & & 2 2t
system design. WEC-Sim results are compared against the SeaRay’s 100 oo 100 T 00-25| 36.7 | -33 | 683 | 6.5 | NJA | N/A |00-25| 57 | -05 | 29 | -0.3 | N/A | N/A
experimental data. Two studies were conducted: comparison of WEC-Sim 67 oz 03 s 05 G5 o1 02 03 04 05 0s 01 02 03 04 05 08 25-30| 405 | -1.2 | 486 | -13.0 | 92.4 | -165 |25-3.0| 30 | -0.1 | 121 | -3.2 | 263 | -4.7
predications versus experimental data across 285 trials of varying sea-states Wave Height (m) Wave Height (m) Wave Height (m)
: . e : . i : 150 150 150
determl_n_atlon of WEC-Sim’s accuracy in predlctlng the experlmental ranges Table Ill: The mean, standard deviation, and 95" percentile for fore and aft float
of position, speed, torque, and power. The study of average power .
: - : = 100 =100 =100 > Bt Fore Aft
production across many sea states shows the WEC-Sim predicts the s g g o oy _ _ : :
average power of the aft float well, within 15 %, but the error in the fore float g : g %;@ WEC-SIm Experiment 5 WEC-SIim Experiment
is larger at 34 %. The error in total predicted power is 24 %. The detailed = o S Position (rad)
analysis of range of motion shows WEC-Sim predicted 95" percentile PEY R Mean 0.070 0.060 0.043 0.043
Outliers (Wthh dominate the design ConSideratiOnS) IN pOSitiOn, Sp@@d, and %.1 0.2 Wo.sH | Ef{ ) 0.5 06 %.1 0.2 Wo.aH | Ef{ | 0.5 06 %.1 0.2 WD.SH | E:l{ | 05 06 Std. Dev 0.058 0.051 0.039 0.039
. ave relg m ave relg m ave melg m .
torque by +15 %, +14 %, and +17 %, respectively, for the fore float and -1 %, 95 %oile 0.186 0.162 0.121 0.122
-9 %’ and -6 %’ respeCtlver for the aft ﬂoat Average Fore F!oat Power Average Fore_FIoat Power Fore: Diffe_rence Between Fore: Sea-State Weighted VeIOCity (rad/S)
WEC-Sim Experiment WEC-Sim and Exp. Average Power Error Mean O 183 O 152 0092 0097
- o 400, S
Experimental Setup g g Std. Dev 0.150 0.137 0.081 0.093
: : 95 %ile 0.479 0.420 0.254 0.280
+ The data collected from the Puget Sound. Torque (kNm)
The data set from June 2011 is chosen Mean 0.782 0.667 0.251 0.278
since it contains more data. Std. Dev 0.630 0.541 0.215 0.228
* Fore and aft generator torque, speed, and 95 %olle 2.017 1.718 0.677 0.719
position were recorded Iin 512 seconds Power (W)
segment at a 0.04 second sample rate. e csm e Eperimont N WEC.Simand Exp. | S Average Power Birar Mean 0.237€3 0.176€3 40.641 47.751
The final data set for comparison is 285 . Std. Dev 0.382¢3 0.281e3 74.428 78.476
trials. [Image courtesy of CPwr] 95 Yoile 0.964€3 0.719¢3 0.171€3 0.201€3

Power (Watt)

« Several reqguirements are established to down-select the data. Only those
trials that are head on (absolute value of relative wave heading less than
22.5 degrees) with relative little directional spreading and are within the
operational PTO damping cases are considered.

i m

« WEC-Sim did reasonably well in estimating the overall energy, estimating the

total energy converted to within 24 % (over-prediction). The aft float power alone
Si mu Iation Setu p 0.59 ReI;t?\::I;f:ittlion 057 Rellztci.\:eel:flzl?::f:ity 052 Rel:;:i::eeF'll'g?;ue 097 IRellz:tri':eFlLo::rFr . Was better predICted, Wlthln 15 %.

— * An analysis of average power by sea-state weighted by sea-state PMF shows
that the primary source of prediction error for both the fore and aft float was for

large height, medium length waves.
 The operational ranges and limits were generally well predicted, with errors In
generator damping. prediction of the outliers of fore float actuation between +14 % to +17%, and

« Compare the statistical measures of generator position, speed, and - errors in the aft float actuation between -1 % and -9 %.
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« Seqguentially select one of the 285 experimental test trials.
 Run a 1000 second simulation at a 0.05 second simulation step in WEC-
Sim for a sea state of the same spectrum, with the same fore and aft
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