Mapping AUV Project Meeting

19 October 2004

Attending:

Dave Caress, Hans Thomas, Rob McEwen, Bill Kirkwood, Paul McGill, Dale Graves, Farley Shane, Jim Bellingham 

1. Reson:

a. Nothing new yet this week.

b. Edgetech boards arrived from Reson – some salt on one board, and corrosion of a heat sink. Will have board cleaned and replace heat sink before testing.

2. Progress towards Ventana-based testing of multibeam

a. Power electronics can – electronics wired but not working – McGill and Hans working on it.

b. May switch from straps to steel bands to hold AUV body in the cable-laying toolsled. Hans and Larry.

3. Eagle Picher glass sphere battery package

a. Seems on track for mid-December delivery. 

b. Telecon this Friday to review progress.

c. Made PCO request for Farley to design bracketry for putting the new battery package into the vehicle noses. No word yet.

4. Sinking and (temporary) loss of the Mapping AUV

a. Synopsis of the Event:

i. Dave Caress, Hans Thomas, and Rob McEwen went out on the Zephyr (with Aaron Gregg and Paul Ban) on Friday, October 15 to test the Mapping AUV

1. AUV was configured without the sidescan staves or the sonar electronics pressure housing.

2. The obstacle avoidance sonar was enabled, and the CTD was disabled.

3. The objectives were to test the obstacle avoidance sonar and the new vehicle control algorithms intended to use the obstacle avoidance sonar data.

4. The vehicle was ballasted Thursday night in the test tank to float level with 6 lbs positive buoyancy.

5. The working area was in and around the upper canyon, about 3 nm offshore.

ii. Vehicle was deployed near 121.848580 W 36.775922  N (the intended deployment waypoint), and then ran it west on a 20 minute setpoint mission. The vehicle ran for 10 minutes at 10 m depth, and then stepped down to 30 m depth for another 10 minutes. At the conclusion of the mission, the vehicle surfaced.

iii. We aborted the mission, started the drop weight server, and then started to check the mission data. The vehicle was on the surface about 200 m off the Zephyr's bow. We lost freewave contact with the vehicle. At about the same time, the vehicle disappeared from the bridge's view. This was at 1020L. 

iv. We continued to track the vehicle on the ORE Trackpoint USBL (we were using an external, standalone beacon on the vehicle), though the vehicle depth was, as always, ambiguous. By 1050 we had located a spot where oil drops were hitting the surface. With some more circling and USBL tracking, we concluded that the vehicle was on the bottom, at a position approximately of -121.8481507   36.7942218 at a water depth of 200-300 m (this position is in the canyon axis at a depth of 302 m). 

v. The Point Lobos was pulled off diving for Steve Rock to come recover the Mapping AUV. The Lobos was on station at 1210L, had ROV Ventana in the water at 1235L, obtained a Homerpro signal at 1338L, found the Mapping AUV at 1347L, and had it to the surface at 1413L attached by a line to a norwegian buoy. We then recovered the buoy, attached the line to Zephyr's LRS, and recovered the AUV more or less normally.  
vi. The vehicle was very close to neutral (but definitely negative) both at depth and at the surface. There was an electrical fault in the forward junction box that had shut down power to the vehicle at some point subsequent to the sinking. The emergency drop weight had not dropped.  
b. Subsequent Observations
i. We have verified that the MVC electronics, the Kearfott electronics, and the batteries are all functional. 

ii. The power side of the forward junction box is shorted out. System logs indicate that the MVC computer did not shut down until about the time the vehicle was brought to the surface by Ventana.

iii. Seawater density in the test tank from CTD data.



Temperature: 19.31 deg C 



Conductivity: 4.7516 S/m 



Pressure: 0.803 dB 



Derived salinity: 35.25  



Derived seawater density:  1025.137 kg/m3 

iv. Seawater  density where the AUV sank.
    depth (m)
sigmaT (surface)
     
density (kg/m3)


0.0


25.072


1025.072  


300


26.685


1027.778 

There was no evidence for a significant fresh water lens at the site where the vehicle sank.  

v. AUV buoyancy in the test tank. 

1. On Thursday night we ballasted the vehicle so that it had +6 lbs buoyancy in the test tank. 

2. Saturday the same measurements yielded a positive buoyancy of +9 lbs. The only differences between the first and second measurements were that (1) two dummy plugs were added to isolate the electronics from the faulted batteries, and (2) a different but more accurate scale was used. 

3. Monday we repeated the buoyancy measurements in the test tank, but this time we tilted the vehicle more aggressively under the water, and sank it to the bottom of the tank (10 m). We found that the AUV was less than 1 lb buoyant (+0.75 lb). Bubbles still came out as we brought the vehicle up.

c. Why did the vehicle become negatively buoyant and sink?

i. The AUV encountered unexpectedly low density (fresh?) water.

1. Unlikely – ruled out by Ventana CTD data.

ii. The AUV was trimmed in test tank water that was much denser than the seawater encountered at sea.

1. No – ruled out because measurements show the test tank density to be almost identical to the surface water density at the sinking site on Friday.

iii. The AUV was ballasted incorrectly in the test tank.

1. Unlikely – a post-recovery repeat of the trimming measurements showed that the vehicle was indeed positively buoyant in the test tank.

iv. The AUV suffered a flooded housing.

1. No – the housings were not flooded.

v. The Bluefin batteries compressed at depth.

1. No – we have measurements of the compression under pressure of the Bluefin batteries. The amount of compression observed at 30 m depth is an order of magnitude smaller than that required to lose multiple lbs of buoyancy.

vi. A large amount (~2 liters) of air was trapped in the vehicle, but came out at depth, leaving the vehicle negatively buoyant.

1. Plausible and likely.

a. For the first time the vehicle was run without the sonar electronics pressure housing, leaving  a large void in the midbody capped by a concave assembly of syntactic foam, closed aft but open towards the bow.

b. We showed that it is possible to remove enough additional bubbles from the vehicle in the tank to reduce the buoyancy nearly to zero.

d. Why did the drop weight not drop?

i. The drop weight server was started immediately upon surfacing.

ii. The MVC did not shut down until shortly before recovery.

e. Recommendations

i. Changes to eliminate air trapping – put in channels to guide air out and more holes in faring.

ii. Ballasting Procedures

1. Ballast with more aggressive procedure to get air out – put vehicle in deep and tilt steeply. 

2. Measure buoyancy both at surface and at bottom of test tank. Difference in buoyancy implies significant air trapped.

3. Obtain calibrated scales for consistent measurements.

4. Have routine water properties measurement of test tank seawater – need to have CTD running with display available to tank users.

iii. End of Mission Procedures

1. Run drop weight server on ship instead of inside MVC so that loss of Freewave contact will lead to drop weight firing in 15 minutes. 

2. Find way to have non-diving mission logging data while at surface between missions.

iv. Move to the Sonardyne USBL on Zephyr.

v. Fix electrical  noise problem in acoustic modem to enable manual drop weight firing at depth.

vi. Cut another door on vehicle faring to allow easy checking of drop weight circuit.

vii. Use control data to estimate buoyancy and center of mass.

viii. First test dives will not include sonar electronics.

5 Lobos days, 19 Zephyr days:

1. Zephyr April 28, 29: 



AUV tests 
2. Zephyr May 6, 11: 



AUV tests 

3. Zephyr June 3: 




AUV tests with Edgetech  sonars

4. Zephyr June 22, 23, 24: 


AUV tests with Edgetech  sonars

5. Zephyr July 19, 20, 21, 22, 23
6. Zephyr - October 12, 13, 14, 18

AUV tests (acoustic modem, 










obstacle avoidance, etc)

7. Lobos November 12, 15, 16, 17, 18

ROV Ventana multibeam testing

8. Zephyr - November 22, 23






Note: the above includes days allocated to Charlie Paull for surveys.

