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Test Setup
The first OceanGen prototype was tested on MBARI’s hydraulic test machine at speeds up to 38 cm/s (15 in/s) and stroke lengths of up to 183 cm (72 in). The Levant generator was coupled to MBARI’s pneumatic spring for the tests presented here. The three-phase AC generator output was converted to DC through a bridge rectifier, and then to a resistive load that was varied from open circuit to as few as 5 ohms.

The electrical output and all other sensors were recorded with a Dataq DI-718B Data Logger System. All channels were sampled with 14-bit precision at 10 Hz. The parameters monitored were:

• Hydraulic ram position (0-72 in) – This position reads 0 in when the generator rod is completely retracted and 72 in when completely extended. Note that in this report, the terms “retraction” and “extension” are always with respect to the generator piston rod, not the hydraulic actuator.
• Force (0-10,000 lbf) – The load cell measures the tension between the hydraulic ram and the generator piston rod.
• Upper Chamber Pressure (0-300 psia) – The pressure in the upper chamber of the pneumatic spring, which was precharged to 138 psia with the spring rod fully retracted.
• Lower Chamber Pressure (0-300 psi) – The pressure in the lower chamber of the pneumatic spring, which was precharged with nitrogen to 84 psia with the spring rod fully retracted.
• Load Voltage (0-400 V) – The bridge rectifier output was monitored through a 5.6 Hz, single-pole, low-pass filter to remove the 13% ripple from the rectified AC signal.
• Upper Chamber Temperature (-100 to +400 degC) – This thin-wire thermocouple will be used to monitor heat loss and verify the physical model of the pneumatic spring, but was not used for these initial tests.
• Lower Chamber Temperature (-100 to +400 degC) – This sensor, identical to the thermocouple in the upper chamber, was not working for these tests.
* Rangefinder (0-200 cm) – The laser rangefinder will be used to monitor piston position during ocean testing. The rangefinder output was not used for these tests.

Test Results
A typical output for a single test run is shown in Fig 1.



Figure 1. A single stroke cycle at 15 in/s into a 10-ohm load.

A few issues are immediately evident:
1) There seems to be some air trapped in the generator cylinder. When the ram position stops at 72 inches extension, the force suddenly drops because the ram is no longer moving. Over the next few seconds, however, the ram force continues to bleed off as the bubble expands and forces oil to the other side of the piston. This probably doesn’t have a large impact on system efficiency, but a better way to purge air from the cylinder during oil filling would be welcome.
2) There is a non-linearity in the ram position sensor on our test machine. The effect can be seen as a bump in the generator output voltage. This was verified with a tape measure, which showed an actual rod extension of 38 inches when the position sensor indicated 36 inches. Thus, when programmed for constant velocity, the piston is actually moving slightly fast at this part of the stroke. This should not hurt our testing too much, but methods for improving the accuracy of the position sensor are being investigated.
3) The laser rangefinder is not returning a signal for the middle part of the stroke. This will not affect the test results presented here as the rangefinder data weren’t used, but this should be corrected the next time the pneumatic spring is disassembled.

Data from the test runs was extracted from the recordings at a single point for each run (i.e. no averaging was done). That point was chosen from the extension stroke (when the hydraulic ram 
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