Title:  ALTEX Vehicle Fuel Cell Integration Anecdotal Results.

Author:  Gashler

Date:  08 May 2001

Version: 1.0

Introduction:
Following is a preliminary listing of the course of events during the integration and testing of the Fuel Cell Technologies aluminum semi-fuel cell with the ALTEX autonomous underwater vehicle.  Also included are some comments.

Additions to this set of recollections are welcome, in particular by the members of the team from Fuel Cell Technologies.

Sequence of Events 

Preliminary integration

1. Fuel cell section estimated 20 kg negative, necessitating the addition of a 12 inch section containing syntactic foam.  Note:  The full size vehicle with the addition of this segment will not fit in the science staging hanger on the Healy.

2. Mechanical and electrical integration of the fuel cell with the rest of the vehicle completed.   Note:  Longer cables running from the fuel cell section junction box forward will be necessary with the addition of the buoy section.

3. Cell stack assembled, successfully leak tested.  Upon loading of reactants it was discovered that one of the Norell (sp.?) endplates had cracked about an NPT fitting.

First test attempt
4. Spare endplate installed, reactants loaded, reaction initiated.  Communications to the tailcone were immediately partially corrupted.

5. Vehicle was moved to the test tank where we ran several missions with the vehicle restrained in the tank.  Vehicle was gradually lowered to the bottom of the tank.  Communications to the tailcone remained intermittent.

6. Load transfer technique developed, tailcone problems identified (voltage rating of linear regulators powering tailcone PICs insufficient to handle 35.5 VDC) and preliminary fix implemented.

7. Vehicle left in the test tank overnight, after which cell stack fails catastrophically. Both endplates were found to be cracked in multiple places about NPT fittings,  caustic released to tank environment, oil from manifolds released to tank environment.  First test was terminated.

Second test attempt

8. New ABS endplates designed and fabricated, anodes and cathodes were cleaned and refurbished, stack reassembled, vehicle reintegrated.

9. Reactants loaded, reaction initiated, leak discovered between anolyte and catholyte loop rendering reaction unsustainable.  ABS endplates also dissolved about NPT threads poisoning catholyte loop.

Third test attempt

10.  New endplates fabricated of (name of material?).  New anodes and cathodes assembled into stack.  Stack modified to include only one manifold – modification unnacceptable for “long” mission.  Vehicle reintegrated.

11.  Reactants loaded, reaction initiated.  All system tests positive,  vehicle moved to test tank where several missions were run.  Vehicle lowered to 10 meters.  Hydrogen peroxide efficiency noted as poor,  oil filled manifold observed to have leaked some oil.

12.   Vehicle moved to harbor,  hydrogen peroxide added, water contaminated oil from manifold removed, vehicle successfully ballasted and trimmed in salt water.  Fuel cell left in idle overnight in the harbor for operations at sea the next day. 

Sea trials

13.   Vehicle towed out Moss Landing harbor by the R/V Ed Ricketts for testing approximately 0.5 nautical miles NNW of the Moss Landing A buoy in 100 meters of water.  USBL tracking was inoperative (cause found to be a loose transponder hydrophone cable) and sea state was marginal for operations from a vessel of such size.  Several surface missions were run and one submerged mission of duration 10 minutes to 20 meters depth was run.  

14.   Vehicle was returned to MBARI and fuel cell inspected.  Oil was added to the manifold.  Attempted to run the vehicle overnight restrained in the harbor.  Between 0330 and 0500 PDT the vehicle propeller was observed to stop spinning and the fuel cell was found to be no longer supplying sufficient voltage to operate the system.  Fuel cell was found to be out of hydrogen peroxide.

15.  Hydrogen peroxide was added and vehicle was towed to sea.  We ran seven missions of 20 minute duration gradually increasing depth to 100 meters before returning to the harbor.

16.  Attempted to run the vehicle overnight restrained in the harbor.  Propeller spun overnight but at 0600 the vehicle was observed to be approximately 10 kilograms more positively buoyant than at 0200 (gashler, eyeball).  Vehicle was observed to be listing approximately 20 degrees to port (gashler, eyeball).  Caustic was observed to be coming from the inside of the fuel cell.  Test terminated and fuel cell shut down.  Leaks were visible at one endplate and it was found that a washer supplying tension on an upper tie rod had corroded.  Approximately 0.25 inch of water was observed in the oil filled manifold (thomas, pers comm.) 

