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Technical Discussion

1. Introduction

This technical proposal has been prepared by Cortland Fibron BX Ltd for MBARI.  A design is supplied a specialist armoured umbilical suitable for use on existing handling system using the latest available technology.  Some of the technology is only available to CFBX, and only CFBX are able to incorporate the full range of technology. Using this technology significant improvement to reliability and ease of operational activity can be obtained.

The proposal does not at this stage offer a qualification test programme, as agreed this has to be developed between both parties, and will be finalised in time to coincide with umbilical manufacture completion to ensure no additional delays. 

2. Technology

Cortland Fibron BX Ltd are able to offer cables incorporating the following technology:

 An Armour package using wire supplied by Bridon International Ltd. and using their technology for extra high tensile wires.  As far as we are aware no other supplier is able to offer wire with tensile grades as high as can be achieved by Bridon with no impact on the wire quality, in particular ductility.

 Lubrication system for the armour package. This is a specialist material/system not offered by other manufacturers.

 Thin wall insulation technology on all electrical conductors.  The insulated conductors are smaller in diameter than conventional wires whilst providing higher voltage ratings, and higher temperature.  This technology is fundamental in providing smaller diameter cables whilst, more importantly, offering enhanced quality and reliability.

 Proven fibre optic technology suitable for deep dive systems, and high temperature capability.

 Cable current rating programme for determining current ratings and conductor temperature for armoured cables with large number of layers on a winch drums.  Effects of water cooling drum barrel and also low wind speeds over surface of the drum are accurately calculated.  

3. Relevant Specifications/Conditions

There are a number of operational specifications that are often referred to within the ROV industry, and these have been considered and incorporated within this umbilical design. 

4. Steel Armoured Umbilical

4.1 General

Drawing detailing designs SQ16512 A rev02 is attached.

4.2 
CFBX Insulated Cores
The construction of the cores for this design confirm strictly to CFBX’s internal standards. The conductor insulation has two layers which combine outstanding physical and electrical characteristics and with excellent mechanical and chemical properties.  The conductors are manufactured to very strict specification which is necessary for thin wall insulation.  They are fully concentric and constructed with 7 of 0.2mm and 19 of 0.52mm for the central quad and power cores respectively.

A single voltage rating has been included in the umbilical at 2500/4330v.  This voltage rating is the phase to earth rating.  The phase-to-phase voltage is 3 times the phase to earth voltage.  In line with accepted electrical codes of practice, national and international standards of tolerance are applied to these voltage ratings.  The maximum operating voltage above the nominal is set at a lower level than that set by the national and international standards, but is set to be within the operating parameters of the system.  The core using International Electrotechnical Commission (I.E.C.) standards of notation (i.e. U0 / U (Um) where U0 is the phase to earth voltage, U is the phase-to-phase voltage and Um is the maximum voltage) is voltage rated 2500/4330 (4540).

Also included is a quad consisting of 4 cores of 0.22mm2 insulated core, this quad is offered as an additional item, and uses what would otherwise be unused area.

The table below provides data for the cores used within the Umbilical.

	Reference
	Voltage Rating

U0 / U (Um)
	Cond. Resist.

Ohms/km
	Diameter

mm
	Weight

kg/km

	4.0 mm2
	2500/4330 (4540)
	6.5
	3.32
	34.32

	0.22 mm2
	600/1000
	82.0
	1.02
	7.5


Core colour identification can generally be accommodated as per customer specification subject to confirmation.

4.3 
Fibre Optics

The Umbilical will contain 5 off single way fibres optics contained within a steel tube. The size of fibres will be 9/125m.  The fibres will meet the requirements of IEC 793-1. The diameter over the glass reinforced fibre will be 0.85mm nominal.  The fibres are contained within a single steel tube, which will be laid into the main assembly with the power cores. 
Fibres of this type have been incorporated into steel umbilicals very similar to the umbilical under consideration here, and subjected to hydrostatic pressure testing.  The fibres were monitored for attenuation and were found to be stable at all pressures down to 10,000psi.  Also these fibres have been used successfully within steel armoured ROV umbilicals operating regularly at depths down to 3000m.  There is more than 60km of ROV umbilical in successful service with this fibre optic and therefore it is offered with considerable confidence.

A multimode fibre can be added to the above steel tube in the event that temperature monitoring is required.

4.3.1 9/125µm Fibre Optics


Mode Field Diameter (1310m)


8.8 - 9.6 m


Mode Field Concentricity Error


<= 1 m


Cladding Diameter



125 m  2m


Cladding Non Circularity



 <2%


Coating Diameter



250 m  10m


Proof Test




1%


Point Irregularities



<= 0.1 dB


Stress Corrosion Parameter


23


Cut Off Wavelength Fibre


1150 - 1320 m


Cut Off Wavelength Cable


<= 1250 m


Chromatic Dispersion @ 1285 - 1330m

<= 3.5 s/km(s.km)


Chromatic Dispersion @ 1550m

<= 18 s/km(s.km)


Zero Dispersion Wavelength


1300-1324 m


Zero Dispersion Slope



<= 0.093 s/(m².km)


Attenuation Coefficient (1310 m)

<= 0.6 dB/km


Attenuation Coefficient (1550 m)

<= 0.5 dB/km


Group Refractive Index



1.467 - 1.472 @ 1300m


Group Refractive Index



1.467 - 1.472 @ 1550m


Please note that we can add a multimode fibre to the existing steel tube, i.e. no increase in diameter, for heat monitoring of the umbilical.
4.4 
Cabling (Electrical & Optical)

The cabling will be performed on a conventional cabling machine with “back twist” facilities, thus no twisting moment will be applied to the individual components. The lay angle will be between 20° and 22° and the interstices will be fully filled with a silicone based blocking compound. The design and manufacturing operations are optimised to ensure the cables compressibility is minimised.  A copper polyester foil is applied between layers.

4.5 
Copper Wire & Tape Shields

Copper polyester tape will be applied between layers together with the drain wires in the interstices.  The drain wires and copper tapes are to be used as an earth return conductor.  The earth return conductors are insulated with a semi conductive insulation, and appropriately sized for the interstitial area.
4.6 Outer Sheath

Prior to the armouring operation a cross-linked polyethylene sheath will be extruded over the copper wire and tape shield. The diameter will be continuously monitored during the extrusion process and will have a tolerance of 0.5mm.

4.7 Umbilical Armour Package

The strength of the Umbilical is provided by a two layer armour package consisting of galvanised high tensile steel wires which will provide minimum break strength of  140 kN.  Bridon are the world’s leader in high tensile steel ropes and the drawing of extra-high tensile wires.  Their particular advantage is that they can draw wire to high tensile without any loss of material properties, in particular the ductility.  The armour package offered uses the Bridon wire and lubrication system.  
	Properties
	Layer 1
	Layer 2

	Wire diameter (mm)
	0.96
	1.26

	Number of Wires
	48
	32

	Wire SG
	7.86
	7.86

	Lay Angle length (mm)
	127 
	113

	Wire Tensile (N/mm²)
	2260
	2260


Bridon armour packages have been very well received in the market.  There is considerable operational experience and are offered with considerable confidence.

4.8 Current Ratings

CFBX Ltd and BIL have invested in a project to determine the current rating and conductor temperature of armoured ROV umbilicals wound onto winch drums with multiple turns.  This was a substantial project and involved the commissioning of the ERA, recognised world experts in the calculation of electrical cable current ratings, and having had the major involvement in producing the national and international standards for current ratings of electrical cables.  The ERA were asked to produce a mathematical programme to determine the current ratings which was then verified by full scale testing of armoured umbilicals on the winch drum, the temperature within the umbilical being monitored using one of the a fibre optics.

The work covers all normal environmental conditions and also determines the effects of cooling the barrel of the winch drum.

Using this model we can provide you with most efficient drum design. Please advise us if you require this information.

5. Production Testing – Steel Armoured Umbilical

5.1 General

The production testing is performed on all cables produced by CFBX and is designed to show the cable meets the specification to which it was manufactured.  This programme is to be agreed between CFBX and Monterey Bay Aquarium Research Institute.

5.2 Dimensional, Electrical & Optical Check

 During cable construction the following checks will be carried out on each component against the design 

· Number and size of components

· Insulation thickness

· Lay lengths

· Assessment of amount of filling

· Copper polyester tape overlap

· Sheath thickness and diameter

All dimensions shall meet the CFBX and Bridon internal specifications and will be manufactured under the control of ISO9001.

Final inspection will be carried out on a sample of completed umbilical after final production

5.3 Electrical Tests

Each completed cable will undergo full electrical testing and this will include the following:

· 
High voltage and insulation resistance tests on all electrical components at 5kVdc

· 
Conductor resistance

· 
Resistance of the screens

In addition the tests performed on completed cable as above, there will be a water immersion test performed on each core contained within the cable.  A voltage of 19kVdc will be applied to the 4 mm2 cores and 5kVdc to the 0.22 mm2 cores for 5mins after 24hours immersion in water. 
All electrical tests shall meet the CFBX internal specifications and will be manufactured under the control of ISO9001.

5.4 Optical Tests

OTDR traces will be taken on all fibres both prior to spinning and on completion of cable manufacture. The single mode fibres will be measured at 1310m and 1550m. and the multimode at 850m and 1310m.

The maximum allowable attenuation on the single mode fibres will be 0.8 dB/km at 1310m and 0.7 dB/km at 1550m. 

5.5 Umbilical Breaking Strength Test

A representative sample of the armoured cable will be tested to destruction in a tensile test machine through ends prepared with resin cones.

6. Qualification Testing – Steel Armoured Umbilical

As discussed we need to agree and finalise a series of tests that are practical and best represent use on your current handling system. We are looking at available test equipment, and will formalise a series of tests for your evaluation.
7. General Recommendations For Handling Umbilicals And Maintenance
7.1 
General

 This section provides general information for handling practices that should be observed when handling electrical/optical umbilicals.

7.2 
Transporting

 The umbilical on the reel should be protected, either by placing battens across the flanges, or by employing a suitable wrapping.

 Umbilicals should be transported on reels with the flanges upright.  Tipping reels over horizontally can cause the drum flanges to break and result in dropped coils which can then cause problems in unreeling.  It is particularly important that these notes are followed when dealing with heavy steel armoured umbilicals

7.3 
Storage & Unloading/Moving

 Reels should be chocked using solid timber, or other suitable material.  The chocks should extend the complete width of the reel.

 Umbilical reels should be unloaded using a lifting bar, placed through the centre of the reel.  A spreader bar should be used above the reel to prevent the lifting straps from crushing the reel flanges.

When unloading or moving using a forklift ensure the following:

· Weight of reel does not exceed fork lift capacity

· Forks of forklift extend beyond all drum flanges

· Loose cable or terminations are secured of so that they do not become trapped.
· Umbilical reel is lifted across the flanges only.
If the reel is to be rolled, ensure the rolling direction tightens the cable on the reel rather then loosening it.

In storage heavy umbilical reels should have chocks wedged under the flanges on both sides of the reel.  This will help distribute weight of the umbilical reel.

Umbilicals should be stored under cover and protected from ultra-violet light.  Multiple reels must not be flanged.

7.4 Unpacking

When battens are to be removed, the reel should be well supported and chocked.  Remove several battens carefully before removing chocks and rolling the reel to reveal the next set of battens.  Ensure rolling is in the correct direction.

7.5 Winching & Reeling

During this operation (or any other operation) the umbilical should not be subjected to a bend radius below the minimum specified radius.  This includes roller arks, guide rollers, sheaves and capstans.

The umbilical reel should be set up on stands.  The stands need to be adequate for the weight and back tension that is to be applied.

All steel armoured umbilicals exhibit a torque imbalance, except at one load.  Thus, at the tension the umbilical is to be wound onto the winch drum, there will be a tendency for the cable to twist either clockwise are anti-clockwise.  In applying the first layer of the steel armoured cable onto the winch drum, it is necessary to ensure that any turning effect feeds the cable against the previous coil of cable, to create a uniform and tightly packed first layer with no gaps.  With this in mind it is recommended that CFBX, the umbilical supplier, be requested to advise on whether to reel the umbilical onto the winch drum left to right or right to left.

All cables (main lift umbilicals and tethers) must be wound onto the winch drum with back tension and this tension should be kept constant.  It is considered critical to apply constant tension during the reeling of the umbilical from the shipping drum to its deployment winch/handling system. This is to ensure that no “slack” is introduced, which if not adhered to can cause severe problems during deployment. It is recommended that this tension should be between as close to the working load as possible.  Umbilicals should be wound onto winch drums either top to top or bottom to bottom.

On all umbilicals the fleet angle must not exceed 2º.  Note large fleet angles lead to premature failure.  Cable supplier can advise on the fleet angle calculation if required.

7.6 
Maintenance

During operating service, the lubricating compound applied to the steel armoured cables will tend to be washed out.  To improve the life expectancy of the cable, it is recommended that on a regular basis the lubrication should be reapplied to the armour.  Clearly the frequency is dependant on usage, but it is unlikely that this operation should be less then once a year.

Inspection and maintenance of the umbilical armouring is recommended at initial intervals of not more than 12 months, should the cable begin to show signs of degradation the frequency of inspection should be increased. These inspections can be completed at the day rates applicable at the time of inspection.

Inspection & Maintenance procedure would include the following:

· Diameter check and lay length check at various positions down the umbilical length.

· Inspection of constructional integrity of armour package including identification of any broken or       displaced wires, identification of any areas of wear or corrosion.

· Welding of any broken wires would be to the following criteria:

a. No welds will be present within 5 metres of the socket end terminations in any cover of wires.


b.
The position of all welds shall be recorded and reported.


c.
 No welds shall be closer to another weld than 10 lay lengths.

· Inspection of lubricant levels with cable cleaned and lubricant re-applied if deemed necessary.

· Particular attention shall be paid to areas of high risk of damage e.g. at interface to termination, cable position associated with high level of bending / wear.

· Wire / cable samples can be taken as necessary for off site inspection e.g. detailed investigation of corrosion progression on individual wires, wire diameter, residual wire / strand breaking loads. 

Any inspection would be finalised through a detailed report concluding umbilical status, recommendation for further work (e.g. re-termination, removing critically damaged areas if necessary etc), results from any off site testing and requirement for next inspection period.

Commercial Offer

8. Introduction


We have pleasure in presenting our quotation for the design, manufacture and supply of product as identified above.  

	Item
	Qty
	Description
	Design/ Drawing
	Delivery Required
	Price

	01

02

03

04

05


	1
1

1

1
1


	5000 metre length Umbilical 
Steel Shipping Drum
Certification & Documentation
Project Management
Carriage to agreed destination
	SQ16512 A

Rev02
N/A

As per our Technical Offer

N/A

N/A


	13-14 weeks

To be determined

To be advised

N/A

N/A


	£ 19.75/m
TBA
£ 0.00
£ 0.00
Extra




In addition to the reduced price, we are also waiving the Certification & Documentation and Project Management charges.
We accept that MBARI wish to place an order for a second 5000 metre length, and that they wish to monitor the performance of this design before they make this decision. Therefore we will hold our price, subject to increase in material price movement between now and the time the order for the second length is placed. 
Please advise if you want us to get involved in sourcing equipment for temperature monitoring equipment.
9. Specification


This is as specified in the relevant sections of our Technical Bid. 

10. Delivery
We confirm that we can delivery the required quantity of 1 x 5000 metres of armoured umbilical, within 13 – 14 weeks from receipt of order. 
We have full confidence in achieving the deliveries specified, and have an ongoing good track record of supply that demonstrates our ability to deliver excellent quality product on time. 
11. Packing
Please note that this umbilical needs to be supplied on a steel drum. This can be supplied by CFBX or free issued by MBARI. If supplied by MBARI we need to ensure that the correct drum dimensions are agreed before receipt of drum, and if supplied by CFBX there will be an additional charge.
12. Carriage
Destination and method of transport to be confirmed.
13. Payment Terms
Note all invoices to be settled on 30 day Payment Terms.

14. Quality Assurance


Cortland Fibron BX Ltd is fully compliant with BS EN ISO 9001: 1994.

15. Warranty Terms

For this length of 5000 metres we offer 12 months warranty from delivery, i.e. commencing from receipt of umbilical at MBARI facility. 
16. Validity

This offer will remain valid for a period of 60 days from the date of this bid. 
17. Terms and Conditions

As per Cortland Fibron BX standard terms and conditions, a copy of which can be supplied if required.
18. Cancellation Charges

In the event of order cancellation, we offer the following schedule of charges: -

Within 2 weeks from order date

:
10% of contract value.

2 to 4 weeks from order date

:
30% of contract value.

4 to 6 weeks from order date

:
50% of contract value.

6 to 8 weeks from order date

:
80% of contract value.

8 weeks from order date

:
100% of contract value.

We trust you find this information satisfactory, and please contact us if any clarifications are required.
Regards

Neil McAdam                                 




Managing Director   






 

neil.mcadam@cortlandcompany.com         






Tele : + 44 (0) 1992 471444   



Company Confidential
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