2.3 Single Point EOM Moorings

The use of EOM cables in deep-ocean surface moorings is relatively new and presents significant challenges. EOM cables that are used for moorings need to have synthetic strength members that are lightweight in order to limit static and dynamic loads that act on relatively small surface buoys.  The design of any EOM cable for oceanographic moorings must combine the copper conductors, optical fibers, and a synthetic strength member in such a way that the copper elements stretch no more than 0.5%. (Paul et al., 2003). Most of today’s synthetic-fiber EOM cables are built with high elastic modulus fibers (e.g. Kevlar or Vectran) that limit strain to less than 0.5% at typical working loads.  Conductors and optical fibers can be protected through the use of helix construction. By themselves however, high-modulus EOM cables are unable to provide the compliance needed to accommodate ocean waves. The solution, in this case, is found in a mooring design that provides geometric compliance through extra mooring line length and the incorporation at the top of the mooring of a special rubber hose section called a snubber (Figure 3) that absorbs some of the wave motion (Paul et al., 1994). 

A new idea that we are developing for moored buoy observatories is to use a material with a relatively low elastic modulus, such as nylon or polyester as the cable’s strength member and wrap optical fibers and copper conductors around the outside in a relatively high-angle helix pattern (all of which is covered with a protective jacket). The low-modulus synthetic strength member provides elastic compliance for handling wave dynamics (without the use of a snubber) while the high-angle helix pattern protects the fibers and conductors from over straining. 

In section 4.0, two single point EOM mooring prototypes that are currently under development for the moored buoy observatory program will be presented.  The first concept is the MBARI MOOS design (Chaffey et al., 2002), which is an inverse catenary using high modulus EOM cable with a conventional center conductor design (Figure 4).  This system was deployed briefly in 2003 using a Kevlar cable, which failed during severe weather a few weeks after deployment.  A replacement mooring using a Vectran EOM cable is scheduled for an initial test beginning in April of 2004 (see Figure 5).  The second design is an inverse catenary mooring using a low modulus EOM cable with a center strength member (Figure 6).  This design is being developed at WHOI and is scheduled for its first deployment in December of 2004.  The low modulus design is based on the traditional Nylon and wire rope surface moorings that have been used successfully by the oceanographic community for many years (Berteaux, 1991- need reference). In this case, the EOM cable will be built with a center nylon core with the conductors helixed around the outside in such a way that they do not feel any strain as the core stretches.

2.4 Synthetic EOM Cable Designs

The development of synthetic electro-mechanical cables began in the early nineteen seventies shortly after the introduction of Kevlar fibers. Kevlar was the first high performance fiber with strength similar to steel wire with only slightly more stretch and only about 10% of the weight in water. The low density of Kevlar cables made them attractive for marine applications because the attached flotation was dramatically reduced from what was needed for steel armor cables.

In the mid-nineteen eighties, new high-performance, high-modulus fibers were introduced under the trade names Vectran, Spectra, and Dynema. These fibers have similar strength and stretch characteristics as Kevlar, but have higher abrasion resistance and higher resistance to cyclic loading.  Spectra and Dynema fibers by themselves have proved to be unsuitable for many marine cable designs due to excessive creep, which occurs under sustained loads.  More recently, a new commercially available fiber was introduced under the trade name Zylon. This fiber is almost twice as strong as Kevlar and Vectran and has similar stretch characteristics, however, its behavior in marine cables has yet to be investigated.

The design of high-modulus synthetic EOM cables has followed the traditional construction of steel-armor EOM cables. Counter helical layers of high-modulus synthetic fibers cover a center core of electrical conductors and optical fibers. A plastic jacket is then extruded over the synthetic fibers. Optical fibers in the center core use special metal or plastic tubes to protect the fibers during cable manufacturing and operational use. MBARI chose the CCC design using a Kevlar strength member for their initial EOM mooring test deployment. This cable experienced two separate failures during its initial at-sea deployment. Two of the four optical fibers failed during the deployment operation, which subsequent examination showed were failures of the stainless steel tubes probably initiated by handling during deployment or staging. A subsequent break in the Kevlar strength member occurred during a severe storm and was apparently caused by localized bending fatigue near a series of clamp-on syntactic floats that had bunched together on the cable probably during the deployment.  This failure occurred because cable bending at low tensions caused local “kink-band” formations in the Kevlar layers on the inside of the bend. These kink-bands led to rapid deterioration of the fiber strength.  Kink-bands are fine crease-like permanent deformations at right angles to the fiber axis, which become early fatigue failure points (Riewald et al., 1986).  The effects of cable bending are most pronounced in CCC designs, but can also be a problem in CSM designs. Formation of kink-bands in a Kevlar cable reduces breaking strength by as much as 80%.

