LR    ELECTRO-OPTICAL   CABLE    DESIGN                                           
The Laser Raman requires an excitation fiber of 62.5/125 um and a collection fiber of 100/140 um.   We had had very high depth-related attenuation with our initial pressure tests of the Raman system.   In addition to this we had a requirement for 12 Cu 28 gage conductors for several components in the probe head.  We required  a seawater tight, rugged, easily handled cable that had a depth rating of 4000 meters.  A rigorous vendor search yielded no such product, custom or otherwise so we embarked upon our own design, specific to our needs. 

A prototype cable of fibers only was designed and fabricated.  Removing the outer jacketing from the fibers simplified the prototype cable’s construction by allowing easy oil pressure compensation within an oil-tolerant Tygon tube.  We ran 2 pair of  excitation-collection fibers to provide redundancy.  A lab pressure/attenuation check yielded only a few dB loss in signal even to 4000 meters equivalent.  As we had suspected, the non-oil-filled jacketing apparently had been crushing down unevenly on the fibers in our original attempts, causing 25-30 dB losses.   An at-sea trip to 1000 meters against some known standard targets yielded no measurable attenuation.  This was great progress so we started on our more robust consolidated design.  

The cable’s latest version is 10 meters long, has both 12 Cu conductors and 2 pair fibers.  We used  flexible ½ inch diameter hydraulic  hose of steel mesh outer and Teflon inner tubing.  This was resistant to seawater, adaptable to standard hydraulic fittings and could stand up to the rough handling it might see on the ship’s deck or by the ROV’s manipulator arm during deployments.  One of the many challenges was running the kink prone fibers through the hose with so many copper conductors.  We decided to use a ribbon style multi-conductor cut down to 12 conductors.  This formed a neat, easily managed C shape in the tube which allowed the fibers to easily move around inside without possibly jamming up and kinking when the whole cable assembly was in use.   A caveat:  ribbon style wires are commonly made of PVC requiring the use of silicon oil as a compensating fluid, petroleum based fluids will cause stiffening and cracking in PVC with time.  A required feature was to split the fibers and wiring out to 2 separate connectors at both ends using standard Swagelok fittings, in-house designed fiber penetrators and 12 pin SeaCon Min-K connectors.  Much care was taken with a small grinding ball  on a Dremel tool to remove any sharp edges left in the interior of the Swagelok parts that might snag, cut or abrade the wires or fibers.  One end of the cable used a Swagelok cross to allow connection to an extra length of oil-tolerant Tygon to act as a reserve for the silicon compensation oil. 

After splitting the wires and fibers out, 18 inch runs inside Tygon tube allow a few inches of working room to complete the solder joints, etc. and  tighter bends near the connections to the Raman pressure housing and the probe head. Plastic spiral wire wrap was placed in the fiber side to preclude an accidental kinking of the Tygon tube resulting in a damaging kink in the fibers within. The figures show most of these parts.  
  No large issues with our stainless steel penetrators fitted to SeaCon Min-K caps  had arisen in previous work so we stayed with their basic design.  The Min-K golden colored caps can be seen fitted to a penetrator in one of the figures.    Scotchcast 4 and Scotchcast 2130 are used in the penetrators as pressure block and oil seal respectively.

Additionally, we put a moderate vacuum on the outboard side of the penetrator and placed several drops of Loctite 290, a wicking grade sealant/threadlocker, to penetrate and seal any leak paths remaining along the penetrator  inner wall or the fiber.  Final assembly with appropriate hose clamps, a slight overfill with silicon oil to maintain positive pressure against the water and we have an abuse tolerant electro-optical cable which should yield years of good science.
  A complete second cable was concurrently built, just in case.   –Jim Scholfield
