40” Ti sphere

Abstract

Introduction


The Environmental Sampling Processor is an insitu microbiology identification and quantification instrument. It is typically used in surface water at a depth less than 50m. To deploy the same capability into the deep ocean, it was decided that it would be much more feasible to build a large deep sea housing rather than reduce the instrument size to fit into to smaller housings that are readily available such as glass spheres. With past success at cast titanium housings, a large titanium spherical housing was selected as the primary design path.

The surface housing (designed for 50 m depth) is cylindrical of 8 cf. THe 1k DWMS used a smaller housing which required much tighter packing of the instrument. It was only 4 cf. Furthermore, technical improvements to the ESP added on additional modules that precluded to future use of the 16” housing. We specified that the volume and geometry of the surface housing much larger volume pressure housing for the 400m Deep ESP.
The smallest sphere that the instrument could fit into would have been 34” in dia. However, as the technology direction always seems to expand needing more space, and that early weight balances showed that we would need additional buoyancy, we selected a 40in iD sphere, which would provide 20 cf.
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Machining


The annealed castings were machined at Tapemation Inc of Scotts Valley, Ca. 

Castign 1 was selected for the top of the sphere as it would not require the ports and machining of the flange. It would be cheaper to remake if full depth rating conld not be achieved, but would be needed in the future.
Casting 2, 

Design Aspects

A 40in ID sphere was chosen as the 4000m deep water housing for the ESP as 

Factors: The design factors for the sphere were 1.5 to yield and 2.0 to buckling. The 
Casting

The sphere was designed for the top and bottom halves to be machined out of identical cast hemispheres. Wah Chang in Albany Or, built the patterns and cast the hemisphspheres one at at a time. This also allowed for an adjustment of the pattern to beer fit the deisng geomnetry. The first casting did deform somewhat The pattern was modified to profive additional metal in the dome section of the hemisphere such that the finished casting wou

With the option being to add weld metal to the top of the squat hemisphere, thickening it there so that the final geomentry shape could still be machined. Considering the amount of welding that would be needed to build the entire tiop of the hemisphere, the risk of heat deformation and residual stress being set into the casting was high. Although the post weld annealing could reduce the induced stresses, new additional deformation is likely. 
The second casting was selected for the sphere bottom, since it would have all of the penetrators and seals. A nother top could be made at much less cost than the bottom

Tapped Holes

The MINK FCR connectors are mounted to the machined faces on the sphere by 6-32 screws. Tapping 6-32 holes in grade 5 titanium is very difficult and notorius for rtsulting in broken taps. A common modification is to tap the holes for 6-40 screws which requires much less tapping force, and is a stronger tap. However, 6-40 Titanium screws are not readily available. Mostly they would need to be fabricated specially at extreme cost. Other options are to dirll the tap hole oversized so that  full thread are not cut. Thi reduces the tapping force, but the 6-32 tap is still weak.

The 
Assembly Method


The sphere is assembled in a manner to ensure clean seals and even o-ring compression. 

The 36 assembly bolts are tightened in cross pattern, to a max of 120 in-lbs.

A go no-go gauge is used to determine that the sphere is closed, meaning that it is seated metal to metal.
Although the seawater pressure will provide more than sufficient force to fully close the sphere, mechanically seating the seal guarantees even compression of the oring, avoiding any misalignment and pinching of the oring. 


Fully seating the seal also allows for pre-deployment leak testing to be done on the same geometry as when deployed.

Leak Testing


The sphere is helium leak tested prior to every deployment. As the instrument contains many fluid reagents, a typical vacuum leak test cannot be performed. For leak testing, the sphere is slowly filled with helium from the top, so that air is displaced out of the sphere and then pressureized to 2 psig. This is to put slightly pressurized helium at all seals on the sphere. The sphere is leak tested with a leakdetector in snff mode around the seal perimeter and all the fittings and penetrators. After leak testing, the sphere is purged with nitrogen from the bottom up to displace the helium out. This leak test and purge also removed the oxygen from the sphere, a safety precaution as many of the reagents used by the ESP have an ethanol base.
Hardware mounting.


Sea pressure can compress the shell of the sphere can almost .2 inches in diameter, posing some challenges to mounting any hardware inside the sphere. The mounting frame needs to allow the sphere to deform naturally under pressure, but also not be deformed itself.
THe design chosen is a circumfenrnetial ring surrpoted at six locations by stems that fit into the holes that pass wires to the MINK FCR penetrators on the equator hub. The stem are hollow and the wires feed thru them.

 This ring is made up of 3 section that boltin so that modifications can be made to components without removing the entire structure.
The ESP itself hangs from a 3 legged spider that is supported from 3 of the ring’s 6 supports.
