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Dear Gene:

In response to your request for further information SEACON are pleased to provide the following information in addition to the last submitted quotation APD-Q2038-2.

1.0 Questions

Question 1

Please describe the level of sealing that goes on at each connector you are providing.  For example, the instrument connectors may only provide a bond type seal at the outer jacket by over molding; other connectors may have a bond at the outer jacket, a Morrison type seal on the K-tube or other inner surface and boot seals over the conductor and feed through pin.

CM2000 Electrical Connector

The CM2000 is a fully dual redundant sealing connector. This applies to both the rear-end terminations and pin/socket sealing technology. 

Although the final termination design will be dependant on the customer supplied cable it is envisaged that the termination will be identical to that used on our ‘Military’ CM2000 version.

CM2000 Level of Sealing – Over-molded version

· CM2000 Rear-End Terminations – Plug Half & Socket Half

The termination proposed for MBARI will be identical to the SEACON ‘military’ version. Details are shown below. Each individual insulated wire is covered with an individual boot-seal and this is sealed with a polyurethane over-mold, thus creating the two levels of individual water/pressure blocking seals.



[image: image1.wmf]
Figure 1.a – CM2000 Sealing Philosophy

For water to get to a conductor: 

· Over-mold failure PLUS individual boot failure (or PLUS wire insulation failure)

For water to get from the rear of the connector to the front:

· Over-mold failure PLUS O-ring failure PLUS O-ring failure

· CM2000 Mated Connector Sealing

The CM2000 utilizes unique dual nested pressure-balanced seals around the mated socket/pin. These are shown as follows:

The pin enters the outer bladder entry:

The contact pin is wiped and bathed in dielectric fluid:

The contact pin continues and enters the inner bladder entry and is wiped and bathed in dielectric fluid:

The pin engages with the mating socket within the dielectric filled inner bladder enclosure:

For water to get to a conductor: 

· Outer bladder failure PLUS inner bladder failure

For water to get from the front of the connector to the rear of the connector and then to a conductor:

· O-ring failure PLUS O-ring failure PLUS wire boot seal failure

The CM2000 pin and socket contacts are all modular with each individual unit having dual o-rings between the contact piece part and the connector body. 

HydraStar Electro/Optical Connector – Level of Sealing – Over-Molded Version
· Rear-End Terminations and Sealing

Insulated wire termination

The wires are terminated directly into the solder buckets and sealed with a boot seal. The back end of the HydraStar is pressure compensated and oil filled. 

For water to get to a conductor: 

· Body seal failure PLUS pressure differential that allows water to leak into a pressure compensated enclosure PLUS wire boot seal failure

· Outer jacket OR over-mold failure PLUS termination elastomeric grommet failure PLUS insulated wire failure 

· Mated Connector Sealing

Refer to attached Powerpoint presentation file for details on the mating sequence and front end sealing of the connector bodies and internal optical couplings and electrical contacts.

In the mated position the connector has two levels of sealing of the electrics:

· Elastomeric seals on a pressure balanced oil-filled connector

· Elastomeric pin/socket contact seals and boot seals at wire termination

Question 2

Please describe how the K-tube in the electro-optical cable will be sealed if it is exposed to oil filled volume.

The k-tube is routed directly from the cable into an elastomeric grommet (as shown in attached ‘cable termination.pdf’ file) which provides the bi-directional sealing, preventing water from going into back of connector AND oil from going into the termination or cable. The k-tube continues into the k-tube fiber termination and fan-out unit as shown in attached PDF file (header assembly.pdf). Also included are 3-D color versions of these two files.

Question 3

Please describe the strength termination you are proposing for our electro-optical cable (I’ve included the cable cross section drawing from the manufacturer).

The actual cable termination that fits onto the back of the HydraStar is shown in the attached PDF file (cable termination.pdf). Also included is a color version of the cable termination.

The cable is clamped and the kevlar strength member is held using a standard SEACON Kevlar fan-out termination. The strength termination will be good for the maximum cable load of 250lbs.

The electric wires and k-tube are routed directly through an elastomeric grommet which provides a captured bi-directional seal, preventing water from going into back of connector AND oil from going into the termination or cable.

This termination is a very high quality and robust termination design, that provides the required maximum cable load termination but allows full bi-directional sealing between the internal oil-filled and pressure compensated HydraStar interior and the outside seawater.

Question 4

Delivery will be an important issue.  Please give us the best delivery time you are confident you can meet.

Delivery will be in accordance with the attached schedule (schedule.pdf).

The critical input on delivery is a design freeze as early as possible. This involves supply of all required technical information from the customer and consequent final design approval by the customer. 

Outstanding technical information is as follows:

· Confirmation of customer furnished cables, items, and final scope of supply

· Specification of customer furnished cable

· Length of customer furnished cables

· Are compliant mounts for flange mounted parts required

· Hose length between CM2008 and pressure vessel

· Hose length between HydraStar and pressure vessel 

· Final requirements for splice chambers, location and quantity required

Question 5

Please describe the testing and quality control you will be providing on this order.

(a)
CM2000 Testing

· Visual
· Contact resistance

· Insulation resistance

· Multiple mate/demate

(b)
H
ydraStar Testing

· Visual
· Leak testing (gas)

· Ambient mate-demate tests 

· Pressure mate-demate tests (gas)

· Continuity under pressure (gas)

· Insulation Resistance (IR) under pressure (gas)

· Optical Insertion Loss (IL) under pressure (gas)

· Final mate-demate tests (continuity, IR and IL)

· Harness leak testing (gas)
· Strength termination, functional test to maximum cable load
(c)
CM2000 & HydraStar Quality Control procedures

As a general summary:

· SEACON currently operates under the MIL-I-45208 Inspection System. 

· An initial kick-off meeting is recommended on an order of this size to ensure both MBARI and SEACON have an exact understanding of the requirements. 

· The first phase is to complete the specific manufacturing drawings and gain customer approval of the key interfaces to allow ‘Product Freeze’.

· Agreement of this allows the Project Plans to be developed to identify each individual component and tracking regime.

· These Project Plans allow tracking status throughout all procurement, manufacturing and test operations. 

· In-process inspections are performed on each component to verify conformance to specifications. 

· Further inspections are performed throughout manufacture and test.

· The final connectors are tested in accordance with standard test documentation

· Final connector and cable assemblies are also tested in accordance with standard test documentation

· These engineering controlled manufacturing and test procedures have been developed for the production department to ensure products are assembled and tested to the highest standard.

· Continuous improvements are being made in all areas to further enhance quality. 

3.0
CM2000

3.1
Track Record

Over 700 CM2000 connectors have now been supplied with over 6 million actual accumulated operating hours. Over 332 of these connectors utilize identical over-mold terminations as proposed for MBARI. A chi-squared analysis has yielded a Mean Time Between Failure (MTBF) of better than 1.3 million hours with a 99% confidence level.

3.2
Qualification Testing:

Qualification testing has been in three phases, the first phase was the original testing undertaken by and independent third party to prove the CM2000, the second phase was a long term test again undertaken by a third party and the third phase was the additional testing required to meet the requirements of the US and UK Military. 

Phase 1 - Original Qualification testing:

· Independent third party

· Electrical bench testing, light and rated current contact resistance

· Insulation resistance - mated and unmated in air and seawater

· Thermal shock tests - 4 hours at high temperature to 157°F (70°C) then shocked to low temperature 11°F (-10°C) in a water bath, d
· rop tests - 6 feet, no damage

· Wet make & break testing, misalignment tests (radial, angular, rotational and axial separation) 

· Wet make & break testing – cold, 36°F–40°F (2°C–4°C), silted and clear seawater at ambient and pressure, 2700psi (186bar) and live (600 volts)

· Power on mate and demate at 600 volts
Phase 2 – Long Term testing

· 3 years long term test by independent third party

· Readings are averaged Gohm, pin to earth

· Includes pressure cycling 0 to 3,600psi (0 to 250bar) and enhanced temperature testing

Phase 3 – Military Testing

· On over-mold version only 

· These connectors replaced a well known US competitor

· MIL-S-901D Grade “A” Explosive Shock (UNDEX: Underwater Explosive Shock Testing) – Connector must be operational after Blast
· 2,000 Cycle hydrostatic test at 1000psi
· 2000 mating cycle durability under water (ambient)
· Accelerated life testing 66(C for 1400 hours total dwell time in salt water (Navy equivalent 4 year test of operation in saltwater corrosive atmosphere)
· MIL-S-901C Grade “A”, Type A, Heavyweight shock test

· MIL-STD-464 Hazards of Electromagnetic Radiation to Ordnance (HERO)
· MIL-STD-167 Vibration testing (4-33Hz inclusive)
· MIL-STD-461 Radiated Emissions / Susceptibility

· MIL-STD-1344 Cable Seal Flexing (method 2017)

4.0 General Optical Connector Track Record & Experience

4.1
Introduction

SEACON have been involved with fiber optics for over 8 years now and we have built up a considerable amount of experience in successful product design and manufacturing. These range from single fiber dry-mate underwater connectors and penetrators through to multi-channel wet-mate underwater connectors. These products have built up a solid track record in all applications with the following specific optical examples:

· Oil & Gas – Advanced next-generation wet-mate multi-channel optical connectors, standard dry-mate multi-channel optical connectors and penetrators, downhole dry-mateable electro/optical and optical connector applications. 

· Military – Submarine optical through-hull penetration (SEACON® are currently the only Qualified source), advanced next generation wet-mate multi-channel optical connectors, standard dry-mate multi-channel optical connectors and penetrators

· Geophysical – Seismic well-bore connectors, optical towed array and seismic streamer dry-mateable optical connectors and inserts, 38-channel optical (or hybrid) dry-mate insert 

· Standard Dry-Mateable Optical Products - Over 2,700 optical connector sets sold and over 600 optical connector sets of many different configurations sold to over 30 different customers in 2000.   Configurations will suit multi-mode, single-mode, dispersion shift and other fiber types, differing claddings, coatings and outer sheaths, body materials and terminations of choice, to 20,000 psi 

4.2
HydraStar Track Record

The salient points on track record of the HydraStar are:

· 108 connectors supplied

· Accumulated operating hours in excess of 870,000 hours

· MTBF of better than 377,800 hours with a 90% confidence level

· Deepest recorded actual operating depth to 9,900 feet (3,000m)

· HydraStars have been used in Angola, Brazil, Congo, Egypt, France, Italy, Norway, UK, USA and New Zealand.

· HydraStars are being used on:

· Deepwater drilling systems

· Deepwater workover systems

· Subsea Control Systems

· Scientific research programs

· Classified military use

4.3
HydraStar Qualification Testing:

The HydraStars have been qualified as follows:

· Deep Ocean Environment Pressure Cycling - Pressure cycling between 0psi and 10,000psi (690 bar) using natural seawater at a temperature of 32°F to 35°F (0°C to 2°C), 
· Hundreds of mate/demate cycles at ambient through to 10,000psi (690bar), -0.3 dB average IL at 1550nm with 0.06 dB Standard Deviation

· Turbid Sand / Silt / Seawater - Extensive mating/demating inside a turbid sand, silt and seawater environment

· Low Temperature Testing - Low temperature testing to verify the low temperature capability of the two front connector seals

· Inter-mateability Test (Atmosphere) - Repeatable Optical Loss <0.5dB 

· Optical Testing - optical attenuation and optical back reflection

· Electrical Testing - Electrical insulation resistance and Electrical contact resistance

· Durability

· Mating / demating forces
4.4
HydraStar Termination:

Whilst the HydraStar cable termination is unique for the MBARI customer furnished cable, all elements of the design and termination are not unique and have been separately field proven:

Over-mold and electrical sealing and termination – SEACON has extensive experience in over-molding techniques, tens of thousands of over-mold connectors have been supplied.

Over-mold and optical sealing and termination - In particular over 2,700 optical dry-mate connector sets and terminations sold with over 600 optical connector sets and terminations of many different configurations sold to over 30 different customers in 2000.

K-tube termination – Several hundred k-tube terminations with fiber fan-outs have been supplied and are operating in the field.

Optical penetrator – The proposed optical penetrator utilizes an epoxy-fiber-bonding technique. A total of 45 identical penetrator parts have been supplied since 1999 in this particular application. SEACON have not had one reported failure.

5.0
Block Diagram & Scope of Supply

The scope of supply has been revised as follows:









  






6.0
Commercial

These prices are based on preliminary information received and will be confirmed upon final agreement of all technical requirements.

It is strongly recommended that should SEACON be successful then a kick-off meeting is immediately held to ensure supply of all technical design and other relevant information and agreement by both parties of all actions to ensure design and manufacturing are completed in a timely manner.

Item
Description
Sub-Assembly Prices
Total Unit Price
Qty
Final Price

1.
RMG-4-BCL bulkhead mounted half for MBARI instrumentation (GFLSD)
 
$193
8
$1,544

2.
LPMIL-7-BC bulkhead mounted half for MBARI instrumentation

$175*
2
$350

3a.
CM2008/2mm, flying lead receptacle with pin contacts (similar to 7691-103), titanium, ROV T-handle, over molded back-end termination to customer furnished 8-core rubber cable 
       
$3,320 
2
$6,640


Y-splice of customer furnished cable
 
 




2 X RMG-4-FS molded to customer furnished cable (GFLSD)





3b.
CM2008/2mm, flying lead receptacle with pin contacts (similar to 7691-103), titanium, ROV T-handle, over molded back-end termination to customer furnished 8-core rubber cable 
       
$3,072 
4
$12,288


RMG-4-FS molded to customer furnished cable (GFLSD)





Item
Description
Sub-Assembly Prices
Total Unit Price
Qty
Final Price

4.
CM2008/2mm, flying lead receptacle with pin contacts (similar to 7691-103), titanium, ROV T-handle, over molded back-end termination to customer furnished 8-core rubber cable (length TBA)

$3,086
2
$6,172


LPMIL-7-BC molded to customer furnished cable*





5.
CM2008/2mm, flange mounted plug with socket contacts (similar to 7691-104), titanium, with MKII Omnitec hose interface 
$3,452
$5,918
8
$47,344


2m Omnitec hose and fittings
$1,200
 




1 Atmosphere penetrator (similar to BT82-336)
$1,266




6.
HydraStar flange mounted plug (similar to SS010426-1), titanium, with MKII Omnitec hose interface + 2m Omnitec hose & fittings
$10,088
$11,618
5
$58,090


1 Atmosphere penetrator (similar to BT82-336)
$1,530




7.
HydraStar flying lead receptacle (similar to SS010426-2), titanium, ROV T-handle, over-molded back-end termination on customer furnished cable
$12,034
$33,800
2
$67,600


HydraStar strength termination and sealing
$4,866





HydraStar flying lead receptacle (similar to SS010426-2), titanium, ROV T-handle, over-molded back-end termination on customer furnished cable
$12,034





HydraStar strength termination
$4,866




Item
Description
Sub-Assembly Price
Total Unit Price
Qty
Final Price

8.
HydraStar flying lead receptacle (similar to SS010426-2), titanium, ROV T-handle, with MKII omnitec hose interface + 2m Omnitec hose and fittings and electro/optical pigtails

$13,010
1
$13,010

9.
Splice Chamber for HydraStar

$3,200
5
$16,000

10.
NRE for CM2008/2mm over-molding tooling
  
$750
1
$750

11.
NRE for CM2008/2mm rear shell design to suit customer furnished cable

$750
1
$750

12.
NRE for HydraStar rear shell design to suit customer furnished cable, including strength termination 

$1,250
1
$1,250

13.
NRE for HydraStar over-molding tooling

$750
1
$750

Notes:

· These prices are in US Dollars and exclude any local duties, taxes and shipping charges.

· These prices do not include any on-site termination work 
· This quote does not include nor make provision for the supply of test connectors. We strongly recommend consideration of purchasing 1-off test connector for each connector half, this enables you to connect your completed system with your external test equipment.
· GFLSD is G-size, Female, Locking Sleeve Delrin. If stainless steel instead of Delrin required then please add $10 per unit.
· All base omnitec hose lengths are for 2m, any additional Omnitec hose is quoted at $50/m.
· Note: * LPMIL connectors are estimated prices only, prefer to be free-issued by customer 

· Unless specified the termination makes no provision for armour or strength or screen termination.

· No provision for any additional testing (other than continuity, IR and optical insertion loss) of the final assembled customer furnished assembly has been included for.

We trust you will find all of your required information within this quotation and should you have any questions or require any additional information or clarifications then please do not hesitate to contact us directly at 619-465-7070.

Regards,

Joan Brannvall

Phone:
+1 619 465 7070

Facsimile:
+1 619 465 1234

For and on behalf of 
Gary Brown

Manager SEACON® Advanced Products Division

Telephone: 
+64 9 476 3142

Fax: 
+64 9 476 3145

Attachments

· HydraStar Mating Sequence Diagram (HydraStar Mate Sequence.ppt)

· Design and manufacture schedule (schedule.pdf)

· Cable termination drawings (cable termination.pdf and cable termination in color.pdf)

· K-tube fiber termination, fan-out drawings (header assembly.pdf and header assembly in colour.pdf)

· CM2000 Customer List, Track Record and Reliability Data 

· HydraStar Customer List, Track Record and Reliability Data
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