During the initial specification design for the Tiburon replacement vehicle, it was decided that MBARI would try and keep the existing umbilical handling system on the Western Flyer for two main reasons.  The first was an attempt to keep the costs of the vehicle replacement down and the second was to minimize the weight impact of a bigger umbilical on the draft of the Flyer.  Due to the SWATH characteristics, each additional ton of payload reduces the overall draft of the Flyer by 1”.   
The request for proposal (RFP) specification developed by MBARI included the required equipment, payload and a not to exceed umbilical size of 17.3mm, but no hp or power rating for the vehicle.  We purposely left this up to the vehicle manufacture (SMD) and their chosen umbilical supplier (Cortland Fibron BX) to determine size and power requirements using the above specification.  SMD and Cortland determined that a 17.3mm umbilical could be designed to support a 75hp vehicle.  The below diagram is the umbilical specification.
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The umbilical was subjected to and passed an acceptance test program by a 3rd party company which included the following tests:

· 5000 cycle bend over sheave test under full working load

· Torque balance rotation 

· Tensile test to destruction

· Elongation at working load

· Thermal test at full current load

· Full pressure test on fiber K-tubes (testing for attenuation)

· High voltage breakdown

· Insulation resistance

The ROV and umbilical were put into service in February 2009 and after 6 months of service and 65 dives, two of the umbilical’s power cores shorted to the copper polyester tape/drain wire/steel fiber tubes.  The short was located approximately 1400 meters up from the ROV with no apparent physical damage visible to the cable.  The section was removed and sent back to Cortland for dissection and analysis.  The remaining cable was removed and replaced with a spare 5000 meter spare.  The dissection failed to show any obvious manufacturing flaw or other cause for the failure.  
The spare cable experienced a very similar failure after approximately the same duration of operations.  MBARI contracted Tension Member Technology Labs to assist Cortland with the dissection and analysis of the cable and although no there was no clear cause for the failures, some indentations were observed in the insulation of the power cores from the adjacent steel k-tubes.  A later third failure and dissection by another 3rd party consultant concluded that the fault was fatigue related and the electrical failures encountered on the existing design appear to have initiated between the power cable cores and the fiber tubes.
Cortland agreed with the conclusion and therefore began looking at design options to move the fiber optics away from the power cores and into a single unit with a sheath and in the same layer as the power cores.  In addition, the power cores are to be insulated with cross linked polyethylene which has improved mechanical performance compared with the original insulation material and the drain wires will have a semi conductive coating applied.  The below diagram is the new improved cable design.
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Cortland, MBARI and our 3rd party consultant (Power Cable Consultants) are currently working on finalizing a more rigorous acceptance test plan that will better simulate the MBARI umbilical handling system with its increased number of sheaves and reverse bends. 
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SQ7589 Rev 4 Further Current Ratings & Voltage Drop 
Calculations 


 
Cable SQ7589rev4 drawing is attached.  It has 5 x 4mm² (11AWG) cores, a quad in the 
centre and 5 x steel tube singlemode fibre optics in the centre.  It also has three layers of 
armour.  The diameter over the armour is 17.3mm. 
 
The winch drum size has been given as 60in (1524mm) for the barrel and 72” (1829mm) 
for the width.  For a 5000m length there will be approximately 9.5 layers of the cable. 
 
Based on 3 cores fully loaded and two cores lightly load (3.5amps)and a ambient 
temperature of 32 deg C: 
 


Ambient Temperature Layers 
40 deg C 32 deg C 20 deg C 


10 16.5amps 17.0amps 18.5amps
9 17.0amps 17.5amps 19.0amps
8 17.5amps 18.5amps 20.0amps
7 18.5amps 19.5amps 20.5amps
6 19.5amps 20.5amps 21.5amps
5 20.5amps 21.5amps 23.0amps


 
It is not possible to give values for current ratings when a water bath and spray system for 
cooling is installed.  This is because it is impossible to predict how far into the windings 
the water will penetrate and also how much water.  However, to increase the above 
current ratings by 25% would be a very conservative figure. 
 
The voltage drop for the 4mm² (11AWG) cores can be calculated from: 
 


Volts Drop = (√3 x I x L x R x T)/1000 
 
Where I = current = 16amps 
 L = length = 5000m 
 R = Conductor Resistance at 20 deg C = 4.9ohms/km 
 T = Conductor resistance temperature correction = [(op temp – 20)0.00393)+1] 
 Op temp = 58degC (average).  Therefore T = 1.15 
 
Therefore; 
 Volts Drop = (√3 x 16 x 5000 x 4.9 x 1.15)/1000 


Volts Drop = 780v (26% of  a 3000v operating voltage and 18.7% of a 4160v 
operating voltage) 


 
When I = 3.5amps then: 







Volts Drop = 172v (5.7% of 3000v operating voltage and 4.1% of 4160v 
operating voltage) 


 
From the figures it can be seen that the conductor resistance is increased because of the 
operating temperature.  However, the increase is only 7% and reducing the operating 
temperature down to ambient would not enable the voltage drop requirement of 15% to 
be met on the 16amp circuit. 
 
To minimise voltage drop it is best to operate at 4160v which will keep the voltage drop 
down to 17.5%. 
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