Underwater Mateable Connections for 

Flexible Offshore Installations of Renewable Energy Devices
By

Greg Scull and Stewart Barlow

Ocean Design, Inc.

EnergyOcean 2004
Offshore renewable energy systems are developing technologies that can benefit from existing interconnection products.  Typically the operational life for offshore equipment used in these systems can span from 5 years to 25 years depending on the design and materials chosen for use in the manufacture of the equipment.  The capital and operational expenditures for these new systems can be significant to the projects budget.  Evaluations of the installation method and maintenance of system components should be made early on during project development and planning.    

A readily available and reliable interconnection technology is an oil-filled underwater mateable connection.  These connections are used in the offshore, defense, oceanographic and telecommunications industries.  They allow for component by component installation that is troublesome with hard cabled equipment.  Beyond the initial installation, this interconnection technology can significantly simplify recovery and repair operations.    
To better understand the application of this interconnection technology, it might be good to understand some of its history and the more recent events that allow it to be applied in certain situations, such as installation, recovery and repair.   The military development of sonar systems during World War II created a need for underwater interconnection systems.  At that time the need was met by the use of grease filled splices.  The 1960’s saw the introduction of greased filled connectors.  These designs were prone to contamination and electrical breakdown of the grease. Hence, they were not very reliable. The shortcomings of these technologies prompted the development of a new technology – the oil-filled connector. 

The first generation of underwater connectors evolved in the 1950’s from the packaging of standard MIL-Spec housings that used dual O-ring seals.  Interference fit rubber/plastic connectors provided a cheap and reliable connection. Both of these technologies are still in use today but their limitation is that the connection cannot be de-mated underwater.
Inductive couplers also appeared at this time as a non-contact, wet mate/and de-mate connection – the transfer of energy being achieved by the transformer action of two closely coupled inductors.  These types of connections remained in use up to the early 90’s but were restricted in their application by their limited bandwidth, inability to transfer direct current, and their large size and low power transmission capability (<10kW).
The first wet-mateable connector evolved from interference fit rubber connectors and was introduced in 1963 by Art Nelson of Electro-Oceanics.  The electrical pin contact was contained between two rubber bands that, on entry to the socket half wiped the interface during mating and isolated the mated circuit from the environment.
In the 1970’s, the second generation of these types of wet-pluggable designs were introduced by companies such as Souriau, Seaconn and Hydrobond where the connectors relied on an interference fit rubber seal to isolate the electrical contacts.  Although still in use today, the major issues with these products include their long term reliability and electrical performance, two critical criteria that has driven the development of the oil-filled connector technology.

The principle design concept of the wet matable oil-filled connector is to make the electrical contact within a benign environment, isolated from the surroundings.  The connector should be able to be repeatedly mated and de-mated within a harsh environment – in this case underwater and at any depth.  These connectors house one half of the connector – the socket contact – within an oil-filled dielectric chamber.  The pin contact is contained within an insulated assembly with only the tip exposed.   During mating, the pin tip penetrates a re-sealable elastomeric barrier that wipes the pin during entry and retains the dielectric oil within the connector.  Compensation bladders prevent hydraulic locking during the mating operation and also make the mating operation independent of water depth.
The first commercially available connector of this type appeared in 1972 whilst the first commercially successful connector was the Challenger Marine coaxial design developed by Dr. Jim Cairns and John Folvig – it is now sold by Seaconn under license to Lockheed Martin.
The limitation of this original 1970’s design was a single isolation barrier and after extended periods in the mated condition subsea, the primary elastomeric barrier would develop a ‘set’ and leak on disconnection. The current generation of oil-filled connectors was developed in the mid 1990’s to overcome this situation.  They have been designed to provide at least two independent barriers to any failure that might cause loss of electrical integrity – primarily reduction in insulation resistance between circuits or from circuit to ground.
Although the need to develop these connectors initially arose from oceanographic research and offshore oil & gas industry applications in the USA and Europe, it has been European users that have formalized the design standards which this product needs to meet, both in performance criteria and test methods.  An Environmental criterion was developed by these users to cover all aspects of the connector’s operation both in service and during system testing.
High ambient pressure has been a major concern as applications move to greater ocean depths.  However, oil filled connectors work equally well in low pressure or vacuum conditions. Although underwater temperatures are typically around 4°C (40°F), systems in which these oil filled connectors are used can be tested in the artic extremes and equatorial regions.  Hence, such wide operating temperatures.  Connector designs have to be very robust as they can experience significant levels of shock and vibration during deployment activities offshore and in service. 

A major concern of the oceanographic research and offshore oil & gas industries drove the development of these connectors.  The concern was the need for a very reliable product as the cost of recovering and repairing a failed system is very high.  Meeting these industries 30 year design life requires careful consideration during materials selection and conservative margins of safety.
The environments in which these connectors are used generally can be contaminated with sand and silt.    The connector design needs must account for these environments to assure functionality during mate and de-mate operations.  Extensive qualification testing is performed to verify that the design will maintain electrical performance under these harsh conditions. 

The range of applications used in offshore systems with subsea facilities are composed of hardware that is physically located on the seabed.  Connectors have been used on these facilities for exposed sensor systems, tension monitoring systems and emergency disconnection systems between the platform and the cables connecting to the seafloor. Some of these applications require connectors to be certified for use in explosive environments. Because of the modular design of these seabed systems, connectors are extensively used in the distribution of electrical power and communications signals between module nodes and associated sensing systems.  
Connector suppliers such as Ocean Design have developed not only oil filled wet mateable connectors but also the cable terminations and interconnecting technologies necessary to enable a client to install electrical distribution systems with a life of 25 years.   These products are applicable to any harsh environment application and have been successfully used in the Oil & Gas, Defense and Oceanographic industries.
In oil and gas fields, the application of connectors extends to control and monitoring systems that are physically installed below the seabed.  In these environments, the pressures, temperatures and fluids that surround the connector demand the use of different insulating materials and metals in the product’s construction although the fundamental connection principles remain the same.  The typical working environment in down-hole applications has pressures exceeding 10,000 PSI and temperatures over 250 degrees Fahrenheit.
New applications within the Oil & Gas, Defense, Telecommunications and emerging markets such as the Renewable Energy sector, are demanding higher power and increased bandwidth communications to accommodate the needs for the new generation of process control systems, communications systems and sophisticated instrumentation systems. Using key design criteria that allows for high reliability electrical connections, new products have been developed with extended power handling and fiber optic capabilities. Medium power electrical connectors, using the same fundamental connection technology, have been developed to accommodate 3 phase power distribution at 7.2kV and 150A phase ratings.
Higher power requirements and increased bandwidth communications are driving the development of a new generation of harsh environment connection systems utilizing optical fibers.  These products have to meet the same design constraints of the physical environment with long term reliable performance for both back reflection and insertion loss that is both stable and predictable.  Current interconnect technology accommodates from 1 to 8 optical circuits.  Developments are underway to increase the circuit count to 12, 24 and eventually in excess of 100 circuits within a connector packages with diameters from 1 to less than 6 inches.
The telecommunications industry is a good example of where the oil-filled interconnect technology can have a significant impact.  The traditional optical communications system has been limited through its use of hard fiber splices that restrict architectures to point to point communications.  Low loss fiber optic technology has enabled many industries to benefit from more flexible architectures that can provide security through redundant paths. This technology allows for expansion capabilities to accommodate changes in demand.  It also maximizes physical constraints (such as limited landfall capacity) for network systems by providing expansion capability offshore.
In summary, oil-filled interconnect technology developed significantly in the 1990’s mainly due to the evolution of improvements in materials and processes associated with sealing technologies and the need to operate at deeper depths within the ocean. The technology continues to grow in use.   Three factors have contributed to this growth.  More recently use of this technology has increased through improvements in remotely operated vehicles (ROV’s).  These vehicles can make connections and move equipment on the sea floor by an operator above water or on ground.  
Another factor in the rising use of this interconnect technology is the increasing bandwidth required for signals and communications.  The application of fiber optics in oil filled connectors is the second factor meeting this demand.  Finally, developments in high power electrical connections are meeting the need for higher demands in power.  These three factors are important drivers in improvements of many high technology systems.
So with the evolution of the oil-filled connectors and various interconnecting technologies, designers of sea facilities, either on the surface or underwater, are being challenged even more to consider different ways of installing, repairing and maintaining harsh environment and sea systems.  The Offshore Renewable Energy industry can benefit from the application of interconnect technology already being used in other industries.
Typical Interconnect Configurations:

Interconnect systems generally consist of a trunk cable terminated to a branching unit.  Branching units are then used to distribute to an end unit, such as a sensor or power generation device. Connections can be point-to-point, requiring two connections or they can be of multiple connections utilizing a branching unit.  

The considerations that generally drive a point-to-point system are centered on contact loss at the connection points and the physical size needed for the connection.  Contact losses are of greater concern in a communications system when signal sensitivity is an issue.  Limitations of physical size are generally of concern in a power system.  Systems that utilize both power and signal may adapt a point-to-point system for the communications and a branching scheme for the power system.  In these cases there are separate connectors used for communications and power.  A single connector with separate cables can also be used.
A branching unit (or gateway) can be used to house electronics and sensors as well as branch power and signal connections.  The gateway is the latest interconnect component that lends well to installing, repairing and maintaining various system configurations.  The gateway provides the portability and flexibility for system modification over the life of any system.  It also allows portions of systems or networks to be taken offline without removing the entire system.  

Systems with high power requirements usually utilize a separate termination housed on the back of the connector instead of terminating in the connector.  The termination allows for breakout of the contacts from the cabling prior to entering the connector.  This breakout technique is used to distance the power contacts so as to limit partial discharge between the contacts while under pressure.      
Considerations for Capital and Operational Expenses:
Economics of competition, consumer demand and the availability of funding for projects will drive the Offshore Renewable Energy industry to consider the use of oil-filled connectors and interconnect technology.  As buyers become more analytical in the purchase process, they demand up-front information on the return on investment (ROI) of their capital expenditures and an indication of the on-going operating expenses that can be expected.  The remainder of this paper will illustrate some examples of how these expenses can be reduced through the use of oil-filled connectors and interconnect technology.  
The basic premise that needs to be understood is that certain technologies facilitate the adaptability, portability and reconfiguration of equipment and allow for changes in operations.    Another notion to consider is that a need to provide this functionality to any given system must exist.   Lastly, owners and operators of these projects must be open to change.  Generally, if these three factors exist, a benefit can be achieved.

When considering project expenditures, it is imperative that one look at both the acquisition cost in light of the on-going lifetime costs associated with the project.  The initial economic pressures typically lead us to a conclusion on the acquisition side based on price when quality and reliability factors are equal. Rarely are operational costs associated with interconnecting technology given a high level of consideration in the acquisition phase.  This is mainly due to the perception that connectors and cables are a commodity.  Reality indicates that specifying a proper interconnecting product for a given application can avoid significant long term costs and catastrophic system failure.  How much can you afford to not specify the correct product for your application?

Typically, the interconnect portion of any given system runs between 10 to 20% of the project cost.   On the conservative side, that would be $100,000.00 for a $1,000,000.00 system or $10,000,000.00 for a $100,000,000.00 system.  Interconnect components can range in value from $200.00 to $10,000.00 per item.    For discussion purposes, lets price a low range underwater cable product at $1,500.00, a mid range underwater cable product at $3,000.00 and an upper range underwater cable product at $8,000.00.  In this example, let’s use the following specifications in this example:
UNDERWATER CABLE SPECIFICATIONS (EXAMPLE)



Mate Type:
Voltage:
Pressure:
Price:
Low Range:

Dry-mate
1 Watt

5,000 psi
$1,500.00
Mid Range:

Wet-mate
1 Watt

6,000 psi
$3,000.00
Upper Range:

Wet-mate
2 Watts
10,000 psi
$8,000.00
In this example, the overall system value will be $1,000,000.00.  There are 15 interconnect cable assemblies needed.  The current project requirement is for a cable assembly capable of handling 1 Watt of power and withstanding 5,000 psi.  Dry or wet-mate capability can be used as equipment will be connected and then lowered underwater from the deck of a ship.  Retrieval of the equipment is not anticipated.  Under these conditions all the cables meet the requirements.  From a pricing standpoint, the acquisition cost to the Purchaser (investment) is:

TOTAL PRICES OF 15 CABLE ASSEMBLIES

Low Range:

$  22,500.00  ( 2%)

Mid Range:

$  45,000.00  (5%)
Upper Range:

$120,000.00 (12%)
It is easy to see how, based on price alone, one is tempted to use the Low Range cable assemblies.   At a factor of over 5X, this choice is attractive from a price stand point only.  

However, let’s consider some other simple scenarios.  
Scenario 1:  Reconfiguration and Portability

Suppose you did purchase the Mid Range Cable Assemblies at an acquisition cost of $45,000.00 initially.  You now have the capability to reconfigure your system and moving it to a slightly deeper location.  Several years later, you run across an opportunity to move the system for another project.  The power requirements and operation depth are greater and you require the Upper Range Cable Assemblies.  Your return on investment in this scenario is negative since you have to purchase additional cable assemblies.

Purchasing the Upper Range Cable Assemblies originally would have required an additional investment of $75,000.00.  They would have given you additional capability to meet this opportunity.  The ROI under this circumstance would be 16%.  ($45,000.00)

Scenario 2:  Failure and Maintenance
Now let’s consider another scenario.  The system runs for several months after deployment, but one component within the system fails.  A 5 day Retrieval period is now required.  The costs of retrieval, repair or replacement to be considered:

Loss of Operation:

$5,000.00 / day

Work Ship Costs:

$100,000.00 / day

Work Crew costs:

$5,000.00 / day

Total Potential Retrieval Costs:

$550,000,00
Use of a wet-mate connector could potentially reduce these costs if only a certain component could have been removed and repaired or replaced, instead of having to retrieve the whole system because a dry-mate cable assembly was used.   Let’s say that a 3 day period was possible with use of a wet-mate connector.  The total potential retrieval cost would then be $330,000.00 or a savings of $220,000.00.  Your ROI for the mid range wet-mate cable assemblies at an additional $22,500.00 investment would be just short of 1000%!  ($197,500.00).    
Conclusions:

There are many considerations that should be given when developing energy systems for use in the ocean.  Typically the interconnecting system is overlooked as an integral part of the system.  Connections can be the signal point of system failures unless there is redundancy in the interconnecting system.  Wet-mate connectors and their use in branching units can provide redundancy.  They can also provide flexibility in system design and architecture over the life of a given system.  They offer adaptability, portability and operational benefits that are not available with dry-mate connections. 

Wet-mate connectors are more expensive than dry-mate connections.  They have become more widely used and their reliability is becoming more known.  With their continued reliability, end-users have become less reluctant to use them.  Technological advancements in electronics and greater system power demands are creating more demands on system performance.  The advancements in Remotely Operated Vehicles (ROV’s) allow system manipulation on the ocean floor.  All of these factors are contributing to the increased use of wet-mate connectors.
Designers and business managers for ocean energy systems will need to consider the added benefits of wet-mate connections when developing these systems.  Interconnecting systems should be viewed as part of the system and not ancillary devices. Good consideration should be given to the additional capital investment in wet-mate connectors versus the long term operational expenses.  This is especially true if ocean systems are to see use over considerable periods of time.    A little more investment of time in planning during initial system development and some increased initial capital expenditures, may be the difference between system success and failure.
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