Background

Ceramic spheres are a light weight, high strength alternative to glass, titanium and other materials used as flotation spheres.  The 3.6”D spheres have survived testing of 10,000 cycles to 30,000psi.  The larger 8.6” spheres have also been made to survive pressures to the deepest ocean trenches.

The ceramic is a 99.99% pure alumina.  DeepSea has successfully drilled holes into the spheres using diamond tipped hole saws.  We have had good experimental success with adhesive bonding plugs to the spheres, as well as o-ring seal designs.  Spheres modified in such a manner have survived full pressure range of unmodified spheres.  An intriguing, but untested, option for affixing the plug to the sphere is brazing to the ceramic.  A partner exists in Santa Clara, CA capable of doing that.  A third option is to drill a hole pole to pole and use a threaded draw bar to pull two plugs down for sealing and not use a bonded or brazed approach at all.  This could allow placement of a PRV at one end and the pressure fitting at the other end.  Alignment of the drill holes would be critical, and not over-tightening the draw bar another.

Development Path

DeepSea has limited funds and personnel for R&D, and would want to cost share this to some degree.  Since it has never been done before, the development is not without hazard of failure, though DSPL results indicate it is quite possible.  While DSPL will make every best effort to push the technological barriers, it cannot guarantee success a priori.

MBARI needs to be certain its needs for variable flotation are met, and funds are spent wisely.  It is understandably difficult to assume the full cost for something not shown to work as intended.

Proposed development schedule

Goal:  18 ea 8.6” ceramic spheres with a bonded fitting to adapt a Swagelok or similar fitting, maximum 5/16-18 thread, with a single spotface seal surface, providing a maximum 1/8” Dia through hole.  The sphere will be overmolded with a soft, clear polyvinyl jacket to prevent point load failures.  The spheres will be mounted in individual SeaShells, with the pressure port accessible via a cut-out in the bottom of the SeaShell.  MBARI will assume responsibility for mounting the spheres, system design, and plumbing all connections.  An in-line Pressure Relief Valve set at 5-10 psi (to be confirmed) is mandatory to prevent overpressure of the interior for system and personnel safety.  Depth:  6km.

The spheres will be adapted by MBARI engineers to provide buoyancy with valves closed.  Flooding the spheres at depth is done by opening a flood valve.  The high ambient water pressure will force its way into the sphere.  To purge the water, a high pressure pump will take the power from the umbilical and time from the schedule.  There’s operational resources available to do that.

Time line

Phases:

I.  Contract released

II.  Select preferred HP Swagelok or similar fitting.  

III.  Design alternate plug needed for testing.  Review and approve plans with MBARI.

IV.  Single spheres modified with plug and pressure tested.  Need blanking plug.

            Adhesive bonding, A

            Adhesive bonding, B

            Brazed attachment  (Need price quote here)

            O-ring mount

            (Consider when polyvinyl coating step is implemented.)  (Need price quote here.)

V.  Results shared with MBARI.  Consider selection criteria based on results.

VI.  Select optimal design, or repeat tests on quantity of two, one time only.  

            (Additional tests or test samples may add additional cost.)

VII.  Review results and get approval from MBARI to proceed with production.

VIII.  Build and certify.  Specify inspection criteria, and period of inspection.

IX.  Pack and Ship to MBARI.

X.  Co-author paper for Oceans Conference, and Trade publication.

Costs:

Phase I-II:  No cost

Phase III-VII:  $15,000

Phase VIII:  $2.5k each,  $45k (total)

Phase IX:  FOB DSPL

Phase X:  No cost

Total:  $60k.  Possible additional costs if significant testing beyond those outlined is required.

Time schedule:  

            1.  Upon approval, development could start within a month.  

            2.  build and test prototypes to final approved design:  2 to 3 months 

            3.  build , test, deliver 18 production units: 3 months

