Controller

The MVP uses a custom controller to manage the buoyancy engine and instrument payload. The controller board contains a Tattletale Model 8 Data Logger/Controller Engine (Onset Computer, Pocasset, MA). A custom DC power module drives the buoyancy engine’s electric motor, and provides current monitoring and fault protection. A feedback potentiometer enables the controller to monitor the buoyancy engine’s piston position. RS-232 drivers are provided for serial communications with up to five external sensors, including an SBE-39 Temperature and Depth Recorder (Sea-Bird Electronics, Bellevue, WA), which is used to monitor vehicle depth.
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The controller software is written in the C programming language, and is retained in the Tattletale’s 256KB flash memory.  The code contains commands for setting the length of a deployment, and the number of casts each day. Between casts, the vehicle sits at depth in a low-power sleep state.  At the end of the scheduled deployment time, the vehicle ascends to the surface to await recovery.  Alternatively, the vehicle can be put into “yo-yo” mode, where casts are performed continuously for testing purposes.

Force and Velocity

Early development of the MVP was focused on defining the amount of buoyant force necessary to achieve the vehicle velocity required to meet the design requirements. The requirements were to perform eight profiles each day for a one-month period in 200m of seawater. A one-way trip of 200m in ninety minutes or less requires a velocity of at least 0.12 ft/s, not accounting for starting acceleration. A reasonably sized piston can displace 2.5 lbs of water, thus creating plus or minus 1.25 lbs of buoyant force. The resulting velocity can be calculated as follows
(1.1)

Vtv =Terminal Velocity

FD =Force of Drag

CD =Drag coefficient

A =Cross sectional area

(sw =Seawater density

For the form factor of our vehicle, the calculated velocity is 0.8 ft/sec. The velocities observed during testing, however, were only 0.3-0.6 ft/sec. The difference between the calculated and observed velocities has been attributed to the simplicity of the model, which does not account for other forces acting on the vehicle. These forces would include additional drag due to vortex shedding as the vehicle body moves through the water, and friction against the mooring riser induced by lateral water currents in the ocean.
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Power and Energy

Peak power demand for the profiler is determined by the force required to extend the piston at full water depth. A small-bore piston requires less force to extend than a large-bore piston, but it must extend a greater distance. A reasonable compromise is a piston with a 2.5-inch bore and a 14-inch stroke. This results in a piston load of 1473 lbs at the 200m operational depth.

The most efficient device for transferring the rotational movement of an electric motor into linear movement is a direct-coupled ball screw assembly. The torque required to generate a force with this mechanism is

(1.2)

Td =Direct torque

P=Load on piston

L=Lead on ball screw

E=Efficiency of ball screw


The given design requires a torque of 832 oz-in. A model 3557 Samarium-Cobolt magnet motor (MicroMo Electronics, Inc., Clearwater, FL) with a 415:1 gear reduction is capable of producing 850 oz-in of torque. At this torque the calculated motor power requirement is 1.54 amps at 12 volts. Measured current during bench testing of the piston under rated load was 1.3–1.5 amps.

Total energy requirements are determined by the profile depth, the number of profiles per day, and the number of days in the deployment. The energy for one profile, with the vehicle returning to 200m, is about 1 watt-hour. To perform eight profiles per day for one month, or 240 profiles, requires about 240 watt-hours. The selected 66 amp-hour, 12-volt alkaline battery is capable of providing almost 800 watt-hours of energy.

Pump

Some profilers and gliders employ some form of axial piston pump, which uses multiple small cylinders to displace a fluid, such as oil, from an internal reservoir into an external bladder. The buoyant force generated is equal to the weight of the water displaced minus the weight of the oil displaced. Since oil weighs about 90% as much as water, you must pump ten liters of oil to gain one kilogram of buoyancy.

An alternative approach is to use a single larger piston to directly displace a given volume of water, eliminating the oil and the bladder. Thus, you must displace only one liter of water to achieve one kilogram of buoyancy, The water is being displaced against the same force as the oil in the previous case, but since the total volume of fluid is one tenth as much, the total work done is reduced by a corresponding amount.
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