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AMETEK |

AMETEK, Inc. is a leading global manufacturer of
electronic instruments and electromechanical
devices with annualized sales of $3.5B US

AMETEK has nearly 14,000 colleagues at over 120
manufacturing locations around the world.
Supporting those operations are more than 80 sales
and service locations across the United States and
in more than 30 other countries around the world.



AMETEK SCP Overview AMETEK

Our Products:Include cable assemblies, hull penetrators, and connectors
for Mil C 24231, Mil C 2428hd proprietary designs for both military and
commercial harsh environment (Including Fiber Optics) solutions

Our ServicesDesign, analysis and testing of interconnect systems, with
expertise in glass to metal sealing, cable molding, hydrostatic testing,
extended life test, installation, repairs etc.

Our Talent: New ProducDevelopment Expertise, Harsh Environment
SubmarindPenetrators and System Solutions



AMETEK SCP: Mission, Vision ar AMIETEK
Guiding Principles

Mission: To be the preferred supplier in providing highly
reliable, harsh environment interconnect solutions

Vision We Are Th&soTo Supplierand Technology Leader in our
Market Segments

Guiding Principles

1. Health and Safety of our workforce

2. Product Reliability and Quality

3. Product and Service Performance Excellence
4. Value To The Customer



Ametek SCP Manufacturing Facility AMETEK '

32,000 sq. ft. owned facility

Management, sales, engineering, manufacturing and test
U.S. Navy certified molding operation (RBZD)

Hydrostatic and accelerated life testing

Hermetic glasso-metal sealing

Transfer injection rubber molding process

Rapid prototyping capability



AMETEK

Engineering Capabilities Overview

Design Engineering
Dry Mate Connectors
Feedthroughs
Wet Mate Connectors
Cable Splice Chambers and Terminations

Complete Cable/Connector/Termination Product Development
Feasibility/FEED Studies
Design Engineering
Prototype and Qualification Programs
Life Testing

Specializing in Subsea ambwnholeEnvironments



Quay AMETEK

ISO 9001 : 2008 (Originally certified in
2000; recertified in December 2010)

@ global assurance

This is to certify that the Quality Management System of:

AMETEK SCP, Inc.

52 Airport Road

Westerly, Rl 02891

applicable to:

Design, and il of hermetic seals, molded parts, cable
assemblies and Sub Safe Level |

components

has been assessed and aj
National Quality Assurance, U.S.A., against the provisions of:

1SO 9001: 2008

Certificate Number: 10641
“ B b EAC Code: 19
7{ /’/I ’5 ( First Issued: October 23, 2000
Valid Uni: Seplember 14, 2016

For and on behalf Reissued: September 14, 2012

of NQA, USA, Acton, MA 01720

&
2
+
&
b o)
2
S
O
o
S
S
QU
Y
S
o
&=
5
Y
U




AMETEK' |

AMETEK SCRustom Cable Assemblies
Electrical and Optical Distribution

Connector Wiring Harnesses Penetrator
Terminations
— B
PBOF Wet Mate Connector
Assembly and Integration
ssembly a J Connector/Penetrator
Cable Assembly:
Third Party
Build to print

or AMETEK SCP




AMETEK

AMETEK S&FHass to Metal Sealed Penetrator and Connectors

High Density Penetrator

Instrument

Glass Sealed Penetrator

Connectors

HTHP
&) .. | DownHole
o .« Feedthrough




PBOF Interconnect Systems: AMETEK '

Elite Dry Mate Connector with
Qilfield Mk 2 PBOF Connection

"'V——* Mm-
Oil Fill Port

PBOF
DualOrings Backshell



AMETEK

Background

Packaging of Electrical wire / Fiber : Two Main Methods

1. Industrial (Molded) Cables
A Have been the default system
A Thousands of variants in reliable use

2. PBOF Oil Filled Hoses
A Reliable and Maintainable
A Engineered and robust designs



AMETEK

PBOF Technology
Overview

Many subsea electrical and optical cable and connection systems now utilize
PBOF cabling solutions. These cables utilize an elastomeric tube as a conduit for
electric wires and fiber optic lines. The elastomeric conduit is filled with a
compensating fluid, allowing the sea pressure to freely communicate with the
interior volume, equalizing the pressure in the assembly. This option for cabling
provides for a reliable and configurable cable system suitable for many subsea
applications. This technology has been widely utilized in ocean science
observatories, towed arrays, drilling systems and ROV systems to name a few.
They have become critical components in many subsea systems today. This
paper will review the history of the PBOF cabling attributes, technical challenges,
and considerations for i1tb6s use.



AMETEK )

- PBOF (Pressure Balanced Oil Filled) Hose

A Field Proven, and rugged alternative that provides a reliable, maintainable
condulit for electrical or fiber pathways




History AMETEK

Early PBOF History
-1960° s: Single |l ayered solutions, cl
- Product Specification Evolution / Early Concerns
Hose Stretch (Fiber)
Prechargeand initial pressure
Storage concerns (UV, ozone etc)
Mechanical Integrity: Crush resistance, abrasion, kinking
Hose jacket color (ROV ops)
Material properties (fluid compatibility, mechanical properties, thermal shock)
Termination designs: materials, strength



History AMETEK

1960 1970 1980 1990 2000 2010
| | | | | |

PBOF Hose Development

Single Layer OFH (Clear Tubing)

Ruggedized Single Layer Designs

RuggedizedVultilalyelOFH , Ti / SS Fittings

A

Qual

Wet Mateable Connector Development

WetMateablé¢Pluggable) Electrical Connector Designs

Gen 1 O WMC

Gen 2 O WMC

Gen 3 O WMC




AMETEK'

Today’'s PBOF Cabling Systems
Designed for 30 year lifetime
Engineered fittings, multilayered hose
Hundreds of km currently in use in Oced/stems
The Preferred cabling method of @#és control systems




AMETEK
Some Current Low Cost Options

Plastic hose with hose clamps ® [®

Plastic hose with swaged fittings

HydraulicHose with swaged fittings (e.g. SAE,




AMETEK |
A Better Option !

Engineered PBOF Hose
Dedicated design

Mechanical fittings, Ti or SS
Industry Standard Mk 2 Interface




AMETEK

PBOF: Desirable Attributes

PBOF Hose: Attributes
Good cable flexibility
Enhanced visibility (orange, yellow available)
Deployment similar to jacketed cable
Facilitates ROWhanueverability
Easy interface to connector
Early leak detection
Ease of repair



Typical Molded Assy, Pressure State

PU or Neopren®vermold

(Typical)
Conductor: Wire or Fiber

Element :
\ |/¢/_P'Ug

WaterblockedCable, Ocean /
nP One Atmosphere

Rcpt

- OceanDifferential Pressurd=xists To Interior of Cabl@®yvermoldand
Connector Interior
- Thus Ocean Force Exists to Penetrate Interior of Cabl®©aadnold



Typical OFH Assy, Pressure State

Pocean
A\

<«—— Pocean >

|
2N

One Atmosphere Interface

- Virtually No Ocean Differential Pressure Exists To Interior of Cable,
Overmoldand Connector Interior

- No motive force for entry of seawater to Cable or ConneBackshell



AMETEK

PBOF: The Concept Works with Both Dry
and Wet Mate Connectors!

Dry mate connectors can be used with PBOF Cable (Pressure at connector
backside)

Elite Dry Mate Was Designed For PBOF Systems Upfront
GlassMetal type inserts are available

Wet mate connectorsan be usedvith PBOF Cable

Good cable flexibility
(Works Well with ROV flying lead)

Easy interface to connector
Bend restrictor is typical
Facilitates repair if needed



Murene Specifications
vz | onw

o tibility Tube: silicone, ?rnmetlc h':l:lmulic oil
Titanium gr. 2 Mk2 fittings, straight, 20 deg. bend or 45 deg. bend
(bends not welded)

Splitboxes in Titanium gr. 2 with 1-4 inlets and 1-4 outlets. NBR/NR
splitters

Transmark Subsea &

End terminations

Breakouts

Model |

15mn  c s3mm i
25 mm 1 52 m 1 e
Tube: NER, Cover: NVC/SER

Tube: Sack Cover: Orarge
Meodel, prod. quarter, batch number
100er

-

R ——
>10%: at 10 bar internal pressure.
4010460°C 4010140
S

toomm

Courtesy offransmarkSubsea



Summary :\METEK

PBOF Hose Assemblies:

- Are Reliable, rugged conduit for electrical or fiber
pathways

- Are the Preferred Cabling System ingaé
applications

- Have Costs that compare favorably to molded
assemblies

- Have An Impressive Subsea Reliability Track Record



Polyethylene Molding @ SCP

Fiber Optic or Electric
A Subsea Cable Splices
A Connector Terminations
A Cable Breakouts

Factory Terminations
Field Terminations

PE Machine Is Available
For PE Projects




AMETEK

SCP Technology: We Can Provide
PBOF or PE Engineering Solutions

Thank You For Your Time !
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