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Abstract

Wet-mateable electrical and fiber-optic connector technology has evolved to a level where reliable underwater connections can be made at full ocean depths. 

Ocean Design’s connectors provide state-of-the-art enabling technology for many applications, including: 

· Subsea installation and maintenance for underwater sensors and data transmission systems.

· Reduction in Dry-docking Operations and installation time.

· Modular deployment of underwater systems. 

· Wet connectivity of sensors and communications links.

Ocean Design’s manufacturing approach involves continuous improvement in technology and processes, and has resulted in a dramatic improvement in optic performance and industry acceptability.  This paper will present background and performance characteristics for Ocean Design’s wet-mateable optic connector, and illustrate  the many areas of opportunity that exist in the Defense, Oceanographic and Telecommunications  environments.

Introduction

Does the idea of mating and demating a multi-circuit optic connector on the silty, murky seafloor appeal to you?  How about saving the entire cost of dry-docking a naval vessel, because critical electrical and optic sensor circuits can now be reliably mated and demated underwater?  And don't just toss out that failed cable assembly... how about repairing the attached dry or wet-mateable connector through the use of a rugged, innovative and repairable Fluid-Filled Hose technology?  

All of these things are now possible through the use of innovative subsea technology being introduced to the Defense, Oceanographic and Telecommunications industries since the mid to late 90's.  With recent advances in connector and hose technology, a wide range of subsea interconnect solutions has now become possible.   

Early History

Until recently, designs to reliably connect multiple electrical or optical circuits subsea had not been developed.   Now, a newly introduced generation of electrical and optic products is writing the next chapter of what promises to be an exciting period in interconnect technology for the next classes of Navy submarines, as well as the next generation of Telecom network solutions.   A brief look back at some key milestones puts the technology in perspective.  

It wasn't until the mid-1950’s, with the growing dependence on submarines as defensive weapons, that the potential market for such technology attracted system designers and manufacturers.  Since then, numerous designs have been introduced, driven by two main market sectors: offshore oil and the military.   Although the first push for subsea connector development was provided by the military, the oil industry has driven technological advances in recent years.  

The first underwater connectors were electrical "dry-mate" devices, intended to be mated prior to immersion.  These were of two types: rubber molded "interference-fit" connectors with elastomeric bores that stretched and sealed over mating plugs, and rigid-shell connectors whose mating parts sealed together via o-rings. Most of these early designs are still produced in more or less their original forms.  

Electrical Wet-Mate History

In the early 1960's, electrical connectors intended for actually mating and demating underwater were introduced.  These types were adaptations of the earlier interference-fit designs, and were designed so that when mated, the water contained in the receptacle bores would be expelled prior to sealing.  Several versions of this type are still in wide use. 

Another early design included the use of an inductive coupler to transfer the electrical signal across two coils in a close arrangement when mated.  This design was attractive mechanically, although somewhat large, but due to bandwidth and power limitations, never found widespread use.     

Also, during the 1960's, the first oil-filled and pressure-balanced designs were being introduced.  These designs isolated the receptacle contacts within sealed oil-chambers, which, during engagement, were penetrated by elongated pins with insulated shafts. Connections were accomplished in a benign oil at seawater pressure, yet not in the seawater itself; a tremendous advantage.   Unlike the previous connectors which could not be disengaged (even at modest depths), the pressure-balanced feature allowed these new designs to be reliably mated and demated at significant depths.  These wet-mateable connectors became a high-reliability standard for the offshore oil industry, and are now being introduced onto the first classes of Navy submarines to provide the same highly reliable, underwater connection.  

Optic Wet-Mate History

The first subsea wet-mate optic connectors were offered commercially a little over a decade ago. These connectors passed only one-optic circuit, and were at best, temperamental.  Early designs used expanded beam technology, but the more successful designs used physical optic interfaces, accomplished in oil-filled and pressure-balanced chambers.  These concepts were good, but sealing and cleanliness issues were not adequate to provide repeated mating/demating over time.  

A second type of subsea mateable optic connector consisted basically of dry-mate connectors, which included index-matching gel on the interfaces.  The excess gel was expelled during mating, but there was no attempt to exclude sand or silt from the interfaces, and the optic performance was left to chance.  Though these early designs did not meet all modern needs, nothing better had yet been introduced, and many of these earlier designs are still on the market.  

Electrical Wet Mates   

One of the challenges of designing oil-filled and pressure-balanced connectors is providing the seals that allow the chambers to be penetrated repeatedly, without either losing the oil or allowing seawater intrusion.  The design, which is currently most widely used for electrical applications, accomplished this through the use of dielectric pistons, one of which resides in each receptacle socket.  Each piston has a spring, which biases it outward to automatically fill the socket's end-seal when the plug pin is withdrawn.  During mating, the plug pins push these pistons back through the oil chamber ports (which have been kept sealed) and onward deep inside the sockets (See figure 1).  Connectors of this type have been manufactured with as many as 126 contacts.  Other adaptations carry as much as 600 amps and 15 kilovolts ac. 

Qualification of this design includes the full spectrum of pressure, thermal, and mechanical testing, including mate/demate cycles in a sand/silt scenario.  Successful testing also includes milspec and Underwater explosion (Undex) testing of a 19-way submarine application.  A summary of the qualification testing is shown in Table 1.

Electrical Wet mates have begun to find their way onto legacy military systems, and can dramatically reduce the cost of maintenance for Navy ships.  With recent improvements in what Remotely Operated Vehicles (ROV's) or Autonomous Underwater Vehicles (AUV's) can do, the ability to wet-mate electrical circuits makes possible a wide range of subsea activities.  Both signal and power circuits are now possible to deliver subsea to a sensor, structure or vehicle with either a diver or ROV.   

Hybrid (Electro-Optic) Wet-Mates  

A unique, patented connector design has taken the best elements of previous designs, such as oil-filled and pressure-balanced plug and receptacle housings, and combined them with a new means for both sealing and maintaining the cleanliness of the optic (or electrical) interface.  Within both plug and receptacle oil chambers, groups of contact junctions are aligned behind cylindrical rubber faced seals.  When mated, opposed plug and receptacle seals first press against each other, forcing the water from between them.  These seals then roll in unison and transport any debris to the side.  Simultaneously, clean oil-filled passages are brought together to allow the plug pins to advance through the now sealed passages to contact sockets within the receptacle.   Demating is the reverse of this sequence, with the optic (or electric) contacts never being exposed to the outside seawater.  While apparently complex, the mechanism itself is fairly straightforward and is assembled with relatively few components.  Figure 2 show the basic mating sequence.

This type of connector has been made available in a range of configurations, which include diver-mateable, bulkhead mount, and in-line ROV mateable with fiber management housings.  Figure 3 shows these configurations.     

Qualification of this design includes the full spectrum of pressure, thermal, and mechanical testing, including mate/demate cycles in a sand/silt scenario.  This design has been through two product enhancement cycles, resulting in optic performance that now rivals the best of terrestrial or dry-mate subsea connectors.  A summary of the qualification tests is shown in Table 2.  

Optic wet-mate connectors stand at the very forefront of today's subsea technology solutions for subsea systems.  As the worldwide demand for bandwidth pushes connectivity solutions into the terabit range and beyond, these connectors can be configured with multiple multiplexed fibers and electric passes, to pass formidable amounts of data. The limitation in connectivity today is not the path, but the electronics on either end.  

Why not the next step in functionality for these connectors, why not a multi-port, subsea, wet-mateable junction box?  Just such an example is the Gateway ™,  (Figure 4),  which permits this capability.  The advantages of this are numerous, including the ability to reduce the number of expensive shore landings, permit network reconfiguration on the seafloor, and additional route diversity at the network systems level.   

As military, oceanographic and telecom solutions continue to demand increased bandwidth and move to optics, these connectors stand ready to deliver a reliable, hot-swappable subsea capability.  Their uses in these industries are limited only by the imagination.   

Optic Performance

When a manufacturer of optic wet-mate interconnect products can provide optic losses approaching 0.2 dB, system designers take note.  Recent process improvements associated with the current wet-mateable hybrid connector enhancement program have resulted in a dramatic improvement in optic performance, including repeatability.

Optic performance for small numbers of connectors can be specified in terms of a maximum dB optic loss, or alternatively, statistical terminology can be used to characterize optic performance. This is due to the requirement for full interchangeability within large batches of plugs and receptacles, while maintaining high optic performance.  Recent qualification results for this connector illustrate an average of less than 0.3dB and a standard deviation of less than 0.2dB.  This means that 95% of the optic readings for a large batch of connectors will fall below about 0.6dB, with the most likely readings being in the 0.2-0.3dB range.  

This performance represents a dramatic improvement over what was possible only a few years ago, when losses of 1dB were considered acceptable.  Today's exciting performance now makes possible the use of an optic wet-mate connector for unrepeatered and long haul systems, where each dB of optic loss is crucial.  Similarly, short run, high-optic power shipboard sensor designers that require every dB of loss available, can now begin to consider the advantages of wet-mate technology.     


Fluid Filled Cable Technology  

Hydraulic hose has, of course, been available for many years and has found widespread subsea use in many forms.   Now, a hose has been specifically designed for cabling in the subsea environment.  The design objective is to develop a durable, yet pliable self-pressure compensating hose to meet the demands of electrical and/or optic applications at harsh and deep ocean depths.   This design uses an inner elastomeric section, layered with both Kevlar fiber and a braided synthetic weave.  A second elastomeric layer forms the outer boundary.   This forms a structure, which is radially compliant, yet does not stretch significantly under axial tension.  The hose demonstrates less than 3% stretch at 600 pounds of axial load.  The double-walled, reinforced construction allows the hose to be sturdy, long wearing, and adaptable to meet a wide variety of needs.  Hose lengths as long as 250-300 meters are typical.   An example of a short jumper is shown in Figure 5.  

The hose is normally filled with a dielectric fluid, usually silicone oil, which acts as an insulator, as well as a pressure compensator.  The electrical and/or optic circuits are housed loosely in the hose interior, with no metal components to corrode.  The hose can be terminated with a variety of hose fittings, which permits the ease of assembly into any combination of connectors or feedthroughs.  Hose end fittings include standard JIC and an integral hose termination, both highly reliable mechanical terminations.  The hose has been made available in a variety of colors and sizes, which includes black.  

This hose has undergone extensive mechanical, thermal, and pressure qualification, and is well suited for Navy and short run Telecom jumper applications. These tests included specific compatibility tests for a standard Navy submarine stuffing tube, including an analysis of the hose's ability to accommodate both differential pressure and temperature.  Repeated cycling was also accomplished to verify a lack of "memory”, or set, for the hose.    

Whereas polyurethane molded cable assemblies can be expected to last 7-10 years, fluid-filled hoses are highly reliable, and offer a design lifetime that is consistent with high reliability materials such as titanium and K-Monel, in the range of 25 years. In fact, fluid-filled hoses have proven so reliable for the Oil and Gas industry, that the Norwegian offshore oil industry actually specifies the use of pressure-compensated cable assemblies in its specification language.      

A key design advantage that oil-filled hose assemblies have over a typical polyurethane molded cable assembly is that if an electrical problem occurs, the connector and its components may now be repaired, instead of simply throwing away the comparable polymolded cable assembly.  The mechanical fitting can be loosened to allow access to either connector (or penetrator) backshell, and permit a relatively simple repair and refill process.  Oil fill ports are provided on the connector backshells for this purpose.   

The ability to repair connectors and individual circuits in a fluid-filled hose assembly is an additional capability that becomes very attractive, when total lifecycle and ownership costs are calculated.  No longer must another spare cable be provided for a failed polymolded cable assembly.   The repair and refill of these assemblies is well within the capability of most Navy field and repair activities, with the first fluid-filled cable assemblies having already been provided for some defense systems.  

Subsea Possibilities 

What could you do with your subsea system if you incorporated a reliable wet-mateable interconnect product?   These state-of-the-art electrical and optic products are well suited for many applications in the Defense, Oceanographic and Telecom industries.  Examples of what becomes possible includes:

The Defense Arena:

· Replacement or maintenance of shipboard sensor systems without the need for expensive dry-docking.  (Typically $300K for surface ship, $1M for submarine.)

· Submarine hull penetrators can include both optic, as well as electric wet-mateable inserts.

· Fluid-filled cabling allows for modular repair of cable assemblies, improving reliability while also lowering lifecycle costs.

· Mate/demate and configure specialty sensors by ROV or AUV.

The Oceanographic Arena:

· Replacement or reconfiguration of high bandwidth underwater sensors and data transmission systems.

· Modular deployment of underwater systems: Change one sensor for another via ROV without bringing the system or cabling to the surface.

The Telecommunications Arena:

· The ability to re-configure multiple high capacity subsea optic networks on the seafloor to accommodate new bandwidth requirements.
· Wet connectivity of branching units, communication links, electric or optic.

· Mate/demate to configure a backup dormant cable by ROV.

· Reduce the time to get a replacement cable in place.  Standby cable at a dormant connection could be ROV configured.

Summary

Today's wet-mateable technology, coupled with fluid-filled cabling, forms an exciting combination that is poised to revolutionize the Defense, Oceanographic and Telecom industries. Electric, optic and hybrid high bandwidth sensors and systems can now be configured reliably either pierside or at significant ocean depths, thanks to the design advantages inherent in today's pressure-balanced and oil-filled designs.  In addition, recent improvements in optic performance now make wet-mateable critical systems where bandwidth and optic loss values are at a premium.   Fluid-filled technology is here to stay, and offers a more reliable termination than overmolded equivalents, and allows for modular repair as well.  

Ocean Design, Inc. is a supplier of these critical enabling technology components, and continues to lead the way in the world’s subsea wet-mate and optic performance arena.
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