Prototype Power Buoy Configuration 3 – Un-instrumented Flat Plate

This configuration represents the most reduced system envisioned and includes an instrumented surface expression with power take-off system and an un-instrumented submerged flat plate.

Functional Requirements:

1. The device shall be engineered as economically as possible to operate for short tests over the one-year duration of the test program.
2. The device should be as small as possible to quantify the desired effects, but large enough to extrapolate the desired effects to a full-sized production model.
3. The structure shall be sufficient to float in water without significant deformation and support the required subsurface elements without separating in sea states up to state TBD.
4. The surface expression shall support the power take-off device described in the PTO functional requirement section.
5. The surface expression must support the load of a significant quantity of batteries, representing the power storage for a production model. For the prototype, the batteries may be represented by comparable ballast.
6. The surface expression shall have a minimum of structure above the still waterline to minimize wind loading.
7. As an engineering prototype, the device does not need to be engineered for subsequent transition to another group (such as operations or support engineering); it is fine if the engineers who design the various systems are the only ones who can operate them.
8. As an engineering prototype, the device may contain additional sensors and systems that would not be present on a production model.
9. The device does not need to be self-powering; for example, it is completely acceptable that there are auxiliary batteries designed into the system to power any needed equipment.
10. COTS hardware shall be used wherever possible.
11. Surface communications shall be sufficient for transmitting system status to shore or support vessel via line-of-site radio or satellite system
12. Data from all sensors must be logged at a rate sufficient to prevent aliasing of the measured quantity, such that data deviations between samples don’t exceed 1% of full scale.


Design Requirements: 

1. Surface Element
1.1. The surface expression shall be designed to support unattended deployments of up to 2 days, with a service lifetime of 1 year. [FR 1]
1.2. The surface expression shall have a circular water plane area of 10 square meters (diameter = 3.6 meters). [FR 2]
1.3. The surface expression shall have a displacement of 5.3 m^3 when supporting the static weight of the submerged foil (8400 N / 1880 lbs). [FR 2]
1.4. The surface expression shall have a reserve buoyancy of 5.0 m^3. [FR 2]
1.5. The surface expression shall support at least a 25 kN downward force at the attachment point. [FR 3]
1.6. The surface expression shall support at least 1500 kg of lead-acid batteries, or their ballast equivalent. [FR 5]
1.7. The exterior shape of the surface expression shall be axi-symmetric around a vertical axis. [FR 1]
1.8. Surface Element Controller
1.8.1. GPS: Log and timestamp GPS measurements no slower than a rate of 0.5 Hz. [FR 12]
1.8.2. IMU: Log and timestamp 6 DOF IMU measurements at the rate the sensor produces measurements (TBD). [FR 12]
1.8.3. Compass: Log and timestamp compass measurements no slower than a rate of 5 Hz. Accurate to 1 degree, suitable for use in magnetic environment dictated by the surface expression structure construction (which may be steel), and at tilt angles of TBD degrees. [FR 12]
1.8.4. Load Cell: Log and timestamp load cell measurements no slower than a rate of 5 Hz. (0 – 10,000 lb, accurate to +/- 5 lbs, or 0.05% FS). [FR 12]
1.8.5. Power Take-Off Device: Computing infrastructure shall be sufficient to manage data logging and control algorithms required by the power take-off system. [FR 4]
1.8.6. All timestamp measurements shall be accurate relative to 10% of sample rate. The absolute timestamp accuracy shall be TBD sec. [FR 12]
1.8.7. Radio communications shall support a data rate of TBD bps with a latency of no more than TBD sec and a payload of TBD kbytes per day. [FR 11]

2. Subsurface Element
2.1. The subsurface expression shall be designed to support unattended deployments of up to 2 days, with a service lifetime of 1 year. [FR 1]
2.2. The subsurface structure shall support 20 m^2 of foil area. [FR 2]
2.3. The subsurface element shall weigh 8,400 N (1,880 lbs) in seawater. [FR 2]
2.4. The structure and attachment points shall be strong enough to allow at minimum a 25 kN (5,600 lbs) force to be applied vertically upwards. [FR 3]
2.5. The structure shall hang in a stable horizontal orientation from a single attachment point (with the use of a bridle if required). [FR 1]
2.6. The subsurface device shall be suitable for use up to 50 m water depth in seawater. [FR 2]
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