Mapping Vehicle Loss/Recovery on October 13, 2004

Summary

The seafloor mapping AUV experienced a serious mishap during a development & test cruise on October 13, 2004. After performing its initial test mission, a shallow “depth-step” profile to a maximum depth of 30m, the vehicle surfaced normally. After remaining on the surface for approximately 1 to 1.5 minutes, a buoyancy change occurred, resulting in the vehicle becoming negatively buoyant and sinking to the bottom in approximately 300m of water. Repeated attempts were made via the AUV’s acoustic modem to drop the emergency ascent weight, without success. The Pt Lobos was contacted, and a recovery plan was formulated. After arriving on scene, the ROV Ventana was deployed. After descending into the Canyon, the ROV performed a HomerPro & visual search. The AUV’s beacon was successfully acquired after approximately 30 minutes on-scene. The ROV attached a length of line to the nose of the AUV, and lifted it to the surface, where the Zephyr recovered it. This document tries to capture the team’s actions and thoughts from the beginning of the vehicle preparation period until the eventual recovery of the vehicle, and our initial hypothesis on why the mishap occurred.

Project History

The seafloor mapping vehicle has been in active development at MBARI. Since April 28, 2004, the vehicle has been operated at sea for 13 days. Previous missions have focused on operation of the sonar payload in a variety of environments, including challenging terrains. Overall, the performance of the mapping AUV had been very reliable for such a new and complex system.

Vehicle Configuration & Relevant Details

The mapping AUV consists of a tail section, mid section, and nose section. The tail section normally contains two pressure housings, one a 17 inch spherical glass housing holding control electronics, the other an aluminum cylindrical housing containing an integrated INS and DVL. The tail section also contains an oil-compensated tailcone. During the dive in question, the tail section also contained an additional cylindrical pressure housing for a standalone ORE multibeacon. The tail section also contains a 10.9kg lead dropweight, actuated by redundant burnwires via a failsafe circuit in the glass housing. The dropweight system can be activated via two separate paths. One path is by a PIC micro-controller which implements a 15 minute watchdog timeout; this watchdog is reset by the MVC when a dropweight application is run (either manually or through a mission), and is designed to activate if the MVC fails because of hardware, power, or software malfunction. The second path is via a dedicated TTL signal supplied by the AUV’s acoustic modem; this line can be activated remotely by another modem.

The midsection contains the active sonar payload. This payload is comprised of a cylindrical titanium pressure housing for the electronics, as well as transducers for the sidescan sonar, sub-bottom profiling sonar, and multibeam sonar. During this dive, the sonar pressure vessel and sidescan transducers were removed, and the multibeam receive ring was replace with a mechanical mock-up.

The nose section contains the secondary batteries which run the vehicle (2 2kw-hr Lithium Manganese dioxide batteries, and 1  2 kw-hr Lithium Cobalt battery), as well as a CTD (Seabrid Model 49 Fastcat) and obstacle avoidance sonar. During this cruise, the CTD was disconnected in order to allow its serial port to be utilized in operation of the obstacle avoidance sonar.

Vehicle Assembly & Checkout

The mapping AUV was last flown July 23. After that cruise, all pressure housings, except for the INS/DVL housing in the tail, were opened. Work in the tail section has focused on diagnosing and fixing persistent electrical noise present in the acoustic modem, and replacement of USBL transponder electronics. The mapping payload pressure vessel was opened to allow troubleshooting of noise present in the low frequency sidescan subsystem. This housing was then transported to Reson/San Luis Obispo for integration of multibeam electronics.

The majority of the re-assembly of the AUV occurred between Friday 10/8 and Thursday 10/12. All metal shell connectors were inspected and had their O rings replaced. Batteries 84, 97, and 99 were removed from the CTD vehicle and installed in the AUV. Emergency back-up batteries in the sphere were checked and charged. Electrical and software checkouts of the control systems in the sphere, including the dropweight system, were performed. The dropweight system is checked by activating the modem TTL signal or PIC signal via software, and measuring the voltage between the cathode (RF penetrator on sphere bottom) and dropweight. This check was performed in the lab both before and after closing of the sphere. It requires opening of the tail fairing.

After closing out of the glass sphere in the tail, the vehicle was ballasted in the test tank. The MVC sphere was checked via its electronic pressure and humidity sensor to ensure proper sealing. A vacuum of 64.5 kpa and humidity of 9% was measured. These are reasonable values. The mapping vehicle is a tricky vehicle to trim, as it has a much higher displacement than other AUV configurations, and is therefore more sensitive to water density. Also, the mapping vehicle is very densely packed, so venting of entrained air is an issue. In the configuration flown on 10/13, the in-air weight of the AUV was 639 kg/1406 lb.

The trim procedure used is to first place the AUV in the tank, and pitch and roll it to accomplish full flooding. A known proof mass is then attached to the vehicle, and the in-water weight is measured with a scale. For ballasting this vehicle configuration, a 20lb proof weight was used, and the AUV was seen to be 6.5 lb positively buoyant.

Mission 2004.289.03

After loading the AUV and support gear onto the ship, we departed Moss Landing at ~0900L. The Zephyr arrived on station at ~0945, and the AUV was launched at ~0950.  The first mission of the day (Mission 2004.289.03) was a dynamic control test mission to test depth control step response. The mission commands a 10 minute, level flight at 10m, followed by a 10 minute, level flight at 30m. The mission was started at   0954, ran through, and finished normally with the vehicle surfacing at 1018. The mission was terminated, and a dropweight server started to prevent the watchdog from timing out. 

After surfacing, the AUV remained on the surface for approximately 60-90 seconds. At 1020, radio contact via the freewave modem was lost. A visual search for the vehicle confirmed the AUV was no longer on the surface. 

Numerous unsuccessful attempts were made to release the dropweight via the acoustic modem. 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). 

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. 

Post-recovery Findings

When the vehicle was recovered, it was discovered a dead short had occurred across the vehicle’s power bus. Further investigation showed that this short was located in the forward junction box. This short resulted in all power being lost to the MVC somewhere during the incident. Checking of the dropweight server log file and system log files showed that power was lost at 14:35:29L, near the time of recovery.

On Saturday 10/16, the buoyancy of the AUV was again checked in the test tank and found to be ~10lb positive. Also, the batteries were checked and found to be OK. Also, all pressure housings were checked for signs of leaks; none were found. Another check of the buoyancy was performed on Monday. This time the vehicle was lowered in the test tank and pitched up and down to large angles to allow entrained air to evacuate. The vehicle was then lowered to the bottom of the tank. A check of the buoyancy showed the vehicle to be almost neutral. 

The drop weight system was checked on Monday 10/18 and found to be working normally. All batteries were checked and are functioning normally. A check of the junction box has not yet been performed.

Observations

There are several contributing factors to this mishap

1. Buoyancy Change

Bluefin experienced buoyancy changes during their Thales sea trials last fall, and in the end attributed these to compression of the batteries. We did some independent tests to measure the battery compression using Ventana. Based on those tests, the buoyancy margin was considered reasonable, especially in light of the shallow depth at which the failure occurred (and based on previous experience). 

The buoyancy change also may have occurred from trapped air in the vehicle being released during the dive. A similar failure occurred during ALTEX vehicle testing with the fuel cell, resulting in the vehicle becoming negatively buoyant and sinking in ~200m of water. The mechanical structure of the mapping AUV makes it difficult to get all the air out during ballasting. Also, the ballasting procedure used to date doesn’t involve lowering the vehicle to depth to check for buoyancy change.

2. Acoustic Modem release of Dropweight

The modem failed repeatedly to drop the weight. This requires testing in the lab to diagnose the failure

3. Watchdog disarmed after mission abort

Our current procedure is to run a dummy dropweight software application to reset the watchdog between missions. This in effect “disarms” the watchdog-based dropweight release. 

4. Power Failure release of dropweight

It appears the power failure occurred immediately prior to recovery, so the drop weight probably didn’t have time to timeout and release.

5. Power failure

We need to dissect box to identify failure. Should do this before fabricating next box.

Theories

Battery Compression – less likely, might have contributed, probably not root cause

Big air pocket in vehicle – more likely, probably root cause

Recommendations

1. Modify foam packs on both AUVs to provide escape paths for entrained air

2. Modify ballasting procedure to include the following:

a. Lowering of the AUV to the middle of the test tank

b. Force the AUV to extreme angles to allow trapped air to escape

c. Measure reserve buoyancy near surface and near bottom to check for large differences due to entrained air. 

3. Change drop weight code run between missions to check for contact with the support ship, and release the drop weight if contact is lost for longer than a timeout interval.

4. Resolve acoustic modem noise issues.

5. Develop ability to easily check drop weight at sea.

6. Ensure that HomerPro is serviced at reasonable interval.

7. Rehearse recovery procedures with Ventana and Tiburon pilots (even a talk through is valuable), so we don’t have to invent procedures on the fly.

