2008 Mapping AUV Juan de Fuca Dive Summary

Dive #1 – 8/21/2008 – Endeavour Ridge

This dive was a 17 hour mapping mission of the Endeavour Field. Launch and descent were nominal, with good acoustic communications to the AUV utilizing the ship’s hull mounted  TC-12 transducer. After reaching bottom, however, the vehicle began displaying eratic flight control. This was detected both thru USBL navigation and modem interrogation of vehicle state. The dive was terminated and the vehicle performed a successful powered ascent to the surface, where it was recovered.

Analysis of the vehicle log files showed periods of time where the control surfaces didn’t respond to movement commands. This was attributed to a change made to the stepper motor hold current prior to launch, intended to reduce quiescent power draw and extend mission life.

Dive #2 – 8/22/2008 – Endeavour Ridge

This dive was a repeat of dive #1. During on-deck checkout, failures were noted in the built-in test (BIT) indicators for the Reson 7100 Receive Head. Previous discussions with Reson had indicated that these BIT values were not really meaningful. All other vehicle checks were nominal, so the decision was to dive the vehicle. Launch and descent were both nominal, and the vehicle began proceeding down its survey lines. About 60 minutes into the survey, the vehicle began exhibiting eratic flight control. This period lasted approximately 5 minutes, at which point the vehicle proceeded down its survey line without further incident. The vehicle was recovered the following morning.
After downloading the sonar log files, it was noted that very little multibeam bathymetry had been collected (although sidescan data was collected). Early in the mission, the 7100 receive head had stopped reporting data. This coincided with the eratic flight behavior. Further analysis leads us to the conclusion that the sonar head failure had caused ping synchronization issues between the multibeam and the Doppler velocity log (DVL)/altitude sonar, which caused the vehicle to believe it was in danger of hitting the bottom. The vehicle’s response to this is to shut off the propeller, restarting it when it is a safe height off bottom.

Dive #3 – 8/23/2008 – Endeavour Ridge

The 7100 receive head had now been replaced with the 7125 receive head, which is what the vehicle has been using for the past several years. There were no issues with vehicle pre-dive and launch. As the vehicle descended, however, it would not respond to acoustic communications. Once on bottom, we were able to abort the vehicle over the acoustic modem, although we again couldn’t communicate with the vehicle during its ascent. Recovery was without incident. The modem tested properly both before and after recovery.

The main pressure housing was opened to permit us to perform high voltage insulation resistance measurements of the acoustic modem transducer wet cabling. No issue with cable leakage was found. Tests showed, however, that there was some intermittent contact in the cable, most likely due to cable fatigue since it was installed (this cable is part of the original vehicle build from back in 2003). A new cable was fabricated from our spare components and installed.

Dive #4 – 8/24/2008 - Axial Seamount

Vehicle was launched and descent proceeded normally. Acoustic communications utilizing the hull mounted transducer were very reliable. After reaching bottom, the vehicle proceeded to its start of line. At the start of line the vehicle transmitted a status message over the acoustic modem. The latitude and longitude were both incorrect (latitude was 0.0, longitude was 35.0N). It was surmised that the INS had reset for some reason. We transmitted a “hard” mission abort, which completely terminates the mission, with the vehicle performing a buoyant ascent. The ship moved off to perform the Alvin dive, and the vehicle was recovered by the ship’s small boat later in the day.

Analysis of this mission, as well as of Dive #3, showed that INS resets had occurred. Further testing showed that the most likely cause for this was a power glitch to the INS. Given that both resets occurred immediately at start of line, our conclusion is that a combination of acoustic status messages (the script commanded two to be transmitted back to back at start of line) with the multibeam sonar transmit power being commanded on caused this glitch. We have taken the following steps to avoid this problem:
1)added software checks of INS state to abort the mission

2)changed script generator so it only inserts a single acoustic update at start of line

3)reduced acoustic modem output power. We are able to operate the modem at its lowest power setting to depths of 2000m, but with reduced slant range
4)reduced multibeam output power and increased receive gain

Dive #5 – 8/25/2008 to 8/26/2008 - Axial Seamount Caldera floor

No major issues.

Dive #6 – 8/27/2008 to 8/28/2008 - Axial Seamount

Launch occurred in a high sea state, probably around 15 foot swells. After launch, attempts to communicate with the forward battery and Ethernet serial device server (allows communications with the CTD) failed. Ethernet communications are used throughout the vehicle to communicate with different devices. Similar problems had been encountered during dives earlier this year, although the problem has been very sporadic. Due to the high sea state, it was decided to not recover the vehicle, but to re-script the mission using a static speed of sound (the CTD is primarily used as a speed of sound sensor for the multibeam). The vehicle was launched and the mission proceeded normally. We broke off tracking of the AUV around 0600 the following morning to perform Alvin operations, and the vehicle surfaced around 1500 hours a mile east of the Alvin dive area. The vehicle was towed over to the ship using the small boat, and recovered.

Dive #7 – 8/29/2008 - Endeavour Ridge

In progress. No issues so far

A few general observations:

1. All of the problems encountered out here, except the acoustic modem transducer wet cable, can be traced back to recent sonar hardware changes, vehicle configuration file changes, or previously observed problems. None of them are really directly attributable to damage from shipping and handling.

2. In hindsight, the routing of the transducer wet cabling has always been an issue, with a lot of tight radius bends.

3. The ability to wheel the vehicle in the main lab area of the Atlantis for troubleshooting has been instrumental in performing diagnosis and making repairs.
4. The most limiting factor when operating as part of a multiple PI cruise, especially one involving Alvin, is that there are very limited time windows for us to perform our dives. This is partially due to the restrictiveness of the Alvin dive schedule, and partially due to the requirement for the ship to hold station over the AUV during its descent. 

5. Launch, recovery, and integration with ship’s systems has gone extremely well here. In particular, the Atlantis deck department and officers have done an excellent job with close-quarter maneuvering and recovery. We have successfully performed launches and recoveries out here in conditions as rough as anything achieved on the Zephyr.

