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Nautilus HP Connectors Issue

Potential Impact on the Mars System
Introduction
The Nautilus High Power connectors that have been delivered on the Mars project have been designed and fully qualified to customer requirements. This includes qualification to 8.6 KVAC/200 Amps per IEC 60502 -2& -4 and re-qualification to 10 KVDC and 200 Amps.  ODI believes that the qualification to date closely models the Mars application requirements, and expects this product to perform without problem per these requirements.
Recently a field failure has been experienced on a variant of this HP Nautilus product. The connector is essentially the same design as that delivered for the Mars project. The primary application variation is in the cables which are much larger (size and mass) on the failed product. The problem manifested itself as electrical breakdown in the deployed connectors in this application.
Although the assemblies and requirements are different than the Mars requirements, ODI recommends holding deployment until completion of a detailed analysis so that a clear and thorough understanding of the failure mode is understood and a corrective action is implemented. ODI recommends returning one or more connectors for inspection and testing to aid in determining if the connectors delivered may be susceptible to the same failure mode. 
It is worth noting that the Mars system uses the Nautilus HP Plug connector on the Node which permits retrieval without recovery of the main cable and CTA.  In addition, there are available spare cables that are ideal candidates for returning to ODI for inspection.
Observed Problem
Failures have been isolated to the pins on plug connectors.  This failure did not occur immediately but occurred after being deployed for several months.  Inspection of the parts retrieved from the field failure revealed that the insulation of the plug pin was compromised, resulting in a short-to-ground. No other anomalies were observed. The failure occurred at the location on the pin which would have experienced the highest stress, should the pin be exposed to high side loading causing deflection and high localized strain.  In addition, testing on more recent pins indicate possible variation in mechanical strength when compared to earlier pins. The insulation on earlier pins shows a lower breaking strength than more recent pins.  This may have also contributed to the failure.

Impact on the Mars System

The system layout for Mars has a bulkhead plug connector mounted on the Node which is designed for independent recovery, leaving the CTA and cables on the seafloor. In addition there is a Nautilus HP test connector which also has a plug pin configuration.  The Mars system uses standard, proven light weight harness assemblies and proven ROV operable flexible handle assemblies, which act to reduce the risk associated with both ROV operation, and long term loading effects due to the in-water mass of the harness.

Because of the possibility of strength variation, ODI recommends that the MARS equipment be inspected for this variation prior to use.  This will allow for a more accurate assessment of the associated risk with deploying the equipment as-is.
Several options exist for the inspection. 

· On-Site – This allows a visual inspection of the plug pins for evidence of early stages of failure.  However, ODI would not be able to implement significant testing of these assemblies.
· Return to ODI - The preferred inspection method would be for the identified assemblies to be returned to ODI for full detailed inspection. This inspection will include: Visual inspection, IR & PD testing & hyperbaric testing. In addition, the pins can be evaluated for strength variation to identify whether the pins exhibit strength characteristics similar to those that failed in the field.
Any repair/replacement options would need to be discussed in detail with full understanding of a risk assessment and schedule impact that may be associated with any proposed repair/rework option.

Failure Investigation

ODI has an ongoing and extensive failure investigation focused on determining the root cause of the plug pin failures. Unfortunately, no root cause has been determined to date.  This includes:
· Deflection testing on pins and full up connector assemblies.

· Fatigue cycling testing

· Creep testing

· Misalignment evaluations

· Finite Element Analysis

· Failure Modes and Effects Analysis

· Operational effects evaluation

Corrective Action

Due to the limited volume of this relatively new product, ODI had decided to utilize an epoxy over-molded insulation method on these plug pins. The epoxy material is used extensively on other very high voltage equipment, manufactured by ODI.  ODI had in place a long term plan to transition the Nautilus HP plug pins using our standard injection molded plastic insulation process. ODI has decided to immediately move forward with this plan and accelerate the procurement of the injection molded insulated pin. The manufacture of the pin mold tool is currently underway.
The material property differences between the epoxy molded pin and the injection molded pin will result in a greater than 2X increase in design margin for strain. Based on the deflection testing, ODI believes that this significant increase in pin performance will eliminate any future occurrence of this issue while increasing the reliability of the product. A complete qualification of the changes will be performed and the results will allow upgrading the reliability calculations prepared on the current design.
Summary
ODI experienced a breakdown in pin insulation believed to be caused by excessive side loading of the pin. The most likely causes of this side loading are either misalignments in connector components or side load due to operation effects. While a definitive root cause is still to be determined, ODI is working to expedite a planned upgrade to the plug pin using a structurally superior injection molded pin. This change will enhance safety factors and subject to identification of the root cause, should prevent potential future occurrences.
Although this failure mode is believed to be unlikely to occur in the Mars application due to the advantages in harness design and ROV operability, ODI recommends inspection and testing of the Mars equipment, and where possible implement the recommended design improvement to significantly enhance the operating safety margin.
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