AUV Incident Report

Date of Incident: September 2, 2009/~0500 PDT (all times in PDT unless noted).

Location of Incident: 
Monterey Canyon Outer Fan

36.064758N/123.27589W

Depth: 3547m

Nature of Incident: Leak in MVC Sphere, causing loss of buoyancy and failure of dropweight actuation

Background:

The mapping vehicle had previously completed a month-long set of surveys in the Pacific Northwest. This set of surveys featured dives to a maximum depth of 3271m (on Gorda Ridge), with several other dive to depths >2000m. A persistent leak in the after battery sphere had caused the last two surveys to be cancelled. A small chip in a penetrator spotface, which compromised the O-ring face seal for a 7/17’’ penetrator, caused this leak.

Following our return to Moss Landing, there was a 14 day interval before the next scheduled operations. The after battery sphere was replaced with a new sphere. During this, the MVC sphere was not opened or serviced, as the emergency backup batteries had been replaced in mid-July and were still fresh. The MVC sphere had last been closed in mid-July, prior to the Pacific Northwest expedition. Over the last 45 days, there were no indications of leakage in the housing, either from humidity or sphere vacuum.

During the mission prior to this incident, two anomalies were noted. First, the VHF radio beacon and strobe failed to activate upon the vehicle surfacing. This was due to improper activation of the Novatech pressure switch which turns these systems off to conserve power. Second, the iridium beacon failed to function, due to an antenna failure. During the transit to the dive site, the pressure switch was “dummied” out by removing the pin which actuates the switch at depth (causing the switch to always be on). The iridium antenna was also replaced, which required cycling an RF connector on the sphere.

Mission Description:

The vehicle was programmed to perform a 17 hour survey, consisting of a 2 hour powered descent to 3465m (denoted by the red dot in Figure 1), followed by 15 hours on bottom, followed by a 1 hour powered ascent to the surface. The maximum depth along the survey track was 3666m, occurring on the western side of the canyon axis. There were no significant cross-track or along-track terrain hazards noted, although the water depths limited the resolution of our base maps. No anomalies were noted during the pre-dive. All sphere vacuums were checked, as well as humidity once the vehicle was launched.

The vehicle was launched at 1429, and dove at 1440. The descent proceeded normally, at a dive rate of ~29m/minute. Acoustic communications and USBL tracking were both functioning well. The vehicle reached bottom at 1644, navigation was checked, and the vehicle reached the start of survey at 1659.

The zephyr continued tracking the vehicle as it proceeded thru its survey. At approximately 2300, Hans Thomas went off watch. When he came back on watch at ~0600 the following morning (9/3/2009), USBL tracking showed the vehicle to be stopped and slowly floating up at approximate 5m/minute (the nominal free ascent rate of the vehicle is 10m/minute without dropping the ascent weight, and 30m/minute when the weight has dropped). The vehicle would not respond to interrogations on the acoustic modem, which is the back-up mechanism for dropping the emergency ascent weight (the primary method is a 30 minute watchdog timer). At this juncture, it was not clear if the vehicle had suffered a housing leak or an electrical or mechanical failure in the dropweight mechanism.
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Figure 1 Monterey Canyon Outer Fan Survey, 9/2/2009

We continued to track the vehicle during its ascent, and advised Steve Etchemendy of the situation early in the afternoon. It was agreed that the Point Lobos would be diverted to our location (~80nm from Moss Landing) the following morning if the vehicle failed to surface. The vehicle reached a depth of 110m at 1642, where its ascent stopped. We continued to track the AUV at 30 minute intervals throughout the night to conserve battery power in the beacon. Over the course of the night, it slowly ascended to ~80m.

The Point Lobos arrived on station at 1338 on 9/4/2009, in 20-25 knots of wind high sea state. Recovery strategies were agreed upon, where the Ventana would attach a cable float to the AUV’s nose latch. This would provide enough lift to move the AUV thru the thermocline . The Ventana was launched at 1409 and immediately located the AUV using the homer beacon (the AUV was already being tracked by the Point Lobos USBL) and scanning sonar. Upon reaching the AUV, it was found to be in a slight tail-down attitude but otherwise everything appeared normal. The float was attached and released, and the vehicle began ascending at 1435. The vehicle was recovered by the Zephyr a 1500, and we returned to Moss Landing at ~0100 on Friday 9/4/2009.

Analysis:

Upon return to Moss Landing, the vehicle was opened up for inspection. Sea state during the transit home precluded doing this at sea, although visual checks were made of the batteries to ensure they were safe. Powering up the vehicle thru the MVC housing caused a short circuit to occur, but the sonar and batteries were power up and checked by disconnecting the tail section. These housing showed no indication of leakage. However, analysis of the sonar data showed that the Reson multibeam sonar stopped functioning early in the mission, due to a loss of communication with the multibeam receiver head. The head checked out correctly on deck after the vehicle was recovered.

Upon inspection of the tail on the morning of 9/4, a significant amount of condensation was noted. When the sphere was opened, approximately 2 liters of water was present in the bottom of the sphere, which had caused failure of the main power motherboard. This board is the lowest board in the system, and is responsible for power conversion, backup power switching, and dropweight actuation.

Upon inspection of all MVC penetrations, a severely damaged O-ring was noted on the face seal for the main bus penetrator (a ¾’’ Min-K BCR) going to the forward part of the vehicle (Figure 2). This penetrator is the only one left from the original vehicle build in spring of 2004. A minor amount of O-ring extrusion was seen on one of the 7/16’’ penetrators (Figure 3). And finally, what appeared to be a small hair was seen on the face seal of another 7/16’’ penetrator (Figure 4). The limited amount of flooding, coupled with the long soak time of the vehicle (~32 hours) at 100m, indicates either a very slow leak rate, or one that only occurred at high pressure/depth. Given the successful operation of the vehicle over the course of several deep dives without leaking, our assessment is that the leak occurred due to the degraded O-Ring on the bus forward connector. This O-Ring had most likely been slowly degrading over time, due to UV exposure, lubrication breakdown, and movement as the sphere contracted and expanded during dives.
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Figure 2 MVC Bus Forward Penetrator O-Ring
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Figure 3 O-Ring Extrusion
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Figure 4 Possible Hair on O-Ring

Conclusions & Recommendations:

The mapping vehicle is approaching 5 years of age, and is a heavily used platform with well over 150 dives, many to depths over 3000m. Reliable performance has been a hallmark of the vehicle, but as this incident shows, there are still life-cycle/maintenance issues that we are identifying. In particular, the use of glass pressure housings in this setting of cyclic pressure is highly demanding. Literally the entire vehicle is dependent on the integrity of numerous single O-ring face seals. This incident demonstrates the ramifications of this. Although it is typical in the use of metal pressure housings to not routinely service and replace the face and/or bore seals of penetrations, glass demands this sort of regular maintenance. This is tricky, though, as removal of penetrations increases the likelihood of damage to the housing spot face.

There are several technical and procedural recommendations which this incident has generated. The items highlighted in red are considered mandatory before we return to active service with the vehicle. Other items should be added within the next 6 months:

1. All face seal O-rings will be regularly service on a 2 year interval.

2. The vehicle software currently transitions into a special mission, called the “abort plan”, if excessive humidity is detected in a housing. Currently, this abort plan commands the vehicle to ascend to the surface as rapidly as possible, but not immediately drop the ascent weight. This plan will be modified to immediately drop the weight, to hedge against a possible electronics failure during the ascent. This change will require testing the vehicle’s ability to correctly ascend once the drop weight releases.

3. Incorporate an independently housed & powered method to drop the ascent weight. Sonardyne currently manufactures a “Super Sub-Mini” beacon (the same dimensions and weight of our current beacon) which, upon receipt of an acoustic command, can output a voltage suitable to actuate our drop weight mechanism. This will allow the weight to be dropped even if the MVC electronics completely fail.

4. Correct issues in the pressure switch design of the mapping AUV. Loss of the strobe and beacon severely impairs surface relocation

5. Relocate dropweight electronics in MVC to a higher point in the sphere to minimize likelihood of loss early in a flooding event.

6. Add a water detection circuit (“leak fingers”) as a backup to humidity sensors in MVC, battery housings, and reson housing

7. Add leak detection to kearfott housing (either humidity or leak fingers)

8. Add pressure housing humidity & leak status for all housings to acoustic telemetry packet

9. Change out Reson receive head cable for deep-rated spare

10. Change out leather cushioning washers on penetrators for UHMW or Delrin  spacers machined to rest on the inside radius of the sphere. The leather washers were frequently extruding, causing penetrators to loosen.
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