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Introduction
Experimental based results for common marine hydrokinetic (MHK) metrics such as power generation, capture width, wave-to-wire 

efficiency, and power take-off (PTO) forces are all subject to uncertainty. These uncertainties are inherent due to the accuracy of the 

sensors that collect measurements (epistemic or Type B) and from the repeatability of the experiments (aleatoric or Type A). 

Understanding the uncertainty of common MHK metrics is important for advancing the technological readiness level of devices and 

improving confidence in their performance, but relatively little work has been performed in this area. This work aims to identify the 

major sources of uncertainty and recommend methods to reduce uncertainty in experimental testing of MHK devices. This is done 

here through General Uncertainty Analysis, where a sensitivity study is completed using the Monte Carlo Method (MCM) for 

methods of calculating power capture.
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Conclusion
 

Future Work
o Apply random uncertainty at each time step rather than 

just at the nominal amplitude – more realistic of sensors

o Complete Detailed Uncertainty Analysis of experimental 

regular and irregular wave data

o Report effects of nonlinear waves on uncertainty

o Explore temperature effects on uncertainty

o Recommend practices for incorporating uncertainty into 

numerical models

o Provide suggestions for standards development (e.g., IEC)

Specification Value Units

Scale (PacWave South, OR) 1/18 m/m

Float Diameter 1 m

Total height 3.84 m

PTO Stroke Length 0.5 m

Float Mass 246 kg

Spar Mass 202 kg

Motor Continuous Torque 46 Nm

Water Depth 3.695 m

Table 2. LUPA Physical Specifications 
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Device Specification
Laboratory Upgrade Point Absorber (LUPA)

• Open-source WEC

• Two-body point absorber

• Six degrees of freedom motion

• Linear to rotary motor/generator power 

take-off (PTO)

• Real-time monitoring and control

Figure 1. (a) Major components of the LUPA device. (b) QR code for open-source data, models, 
CAD, and specifications. (c) LUPA deployed with six degrees of freedom motion in the Large Wave 
Flume at Oregon State University (Photo by Samantha Quinn).
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www.pmec.us/LUPA(b) 

Table 1. Inputs to Monte Carlo simulations. Based 
on LUPA experiments. Symbols

Torque amplitude Nm

Velocity amplitude rad/s

PTO Damping Coefficient N/(m/s)

Power W

Sprocket pitch radius m

Wave Period s

Time s

Torque - generator Nm

Uncertainty – torque Nm

Uncertainty - velocity rad/s

Velocity - generator rad/s

 

Power Calculation Methods
 Several methods exist for calculating the power generation of WECs, depending on the 

physical setup and available sensors. The case study WEC, LUPA, can calculate measured 

power with Methods A and B. The torque is measured through the current measurement of 

the drive electronics multiplied by an experimentally derived torque constant. The velocity is 

measured through the derivation of the motor encoder position. Experiments informed 

nominal values tested. Table 1 shows the inputs to the regular wave MCM.

Parameter Value Units

3.6, 7.3, 15.3, 21.9 Nm

0.5, 1.0, 2.1, 3.0 rad/s

1800 N/(m/s)

0.064 m

0.153 (0.7-4.2%)
0.306 (1.4-8.4%)

Nm

0.021 (0.7-4.2%)
0.042 (1.4-8.4%)

rad/s

Results

Figure 2. (a) Worst case uncertainty for Method A, both torque and 

velocity are 8.4% error from the nominal leading to an uncertainty in 

power capture of 23.5%, (b) Best case for Method A where the 

uncertainty in power capture is only 2%, (c) Shows the expanded 

general uncertainty in power capture between Method A and B. 
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Best case

Worst case

o Method B performs similarly or 

worse compared to Method A 

when the torque has twice the 

percent uncertainty of velocity.

o Average power capture ranges 

from 32 W at a PTO velocity of 3 

rad/s to about 2 W at 0.5 rad/s.

o Torque and velocity have the 

same effect on power 

uncertainty in Method A as they 

are 180 degrees out of phase 

and physically related through 

the damping coefficient.

o Analytic propagation of 

uncertainty is within several 

percentages of these results.


