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Advances In undersea connector
technology improve efficiency

magine connecting eight-way
fiber-optic cable segments on the
murky deep-sea floor. Sound
impossible? Well, it's not. Over the
last three years, seafloor fiber-optic
networks have been laid in several ocean
environments, including the North Sea
and abyssal Pacific. The connector tech-
nology is here, and it works. It enables
an operational flexibility that greatly

cles (ROVs) or autonomously operated
vehicles (AUVs) can plug in extensions
as they are needed. All that is possible
without the usual recovery of the par-
ent cable or a dormant pigtail cable.
These wet-mateable connectors are
rugged—tough enough to support
launching through cable engines to full
ocean depths, including direct burial.
Undersea telecommunications cables,

and plugging in new ones.

What took so long?

Why haven’t wet-mateable connectors
been viable sooner? Certainly, the use of
optical cables undersea is how quite
mature, with the first transatlantic
telecommunications cable (TAT-8)
deployed in the late 1980s.
Nevertheless, successfully mating

Wet-mateable connectors simplify network buildouts and allow upgrades

reduces the cost of installing and main-
taining seafloor communication sys-
tems.

Today’s technology allows, for
instance, connectorized branching

units, repeaters, and universal splices.
Telecommunications cables can be
deployed with dormant branching
points. Later, remotely operated vehi-

Photo 1. Stab-plate connectors.

-

Photo 2. In-line ROV mateable connectors,
shown both mated and unmated.

and maintenance on the seajloor.
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which heretofore have been deployed
as continuous strings of segments
joined by costly, time-consuming ship-
board splices, can now be connector-
ized in advance and simply plugged
together sequentially when launched,
greatly reducing ship time. Another
advantage of undersea systems using
wet-mateable connectors is that dam-
aged cable segments, repeaters, and
branching units can be replaced at the
seafloor by unplugging the devices

Photo 3. Cable-end connectors showing
end seals.

optics underwater is remarkably
difficult to achieve. The first undersea,
wet-mateable optical connectors were
offered commercially a little over a
decade ago. These connectors passed
only one optical circuit, and at best,
were temperamental. Some used
expanded-beam lenses, but the more
successful designs had fiber-to-fiber
physical contact junctions. To protect
the optical interfaces, both the plug and
receptacle contacts were housed in oil-
filled chambers that were pressure-bal-
anced to the environment. While the
concept was sound, sealing and cleanli-
ness were not adequate for complete
reliability.

A second type of undersea optical
connector was “dry-mateable”—it had
to be mated before being deployed in
water. Adding optical index-matching
gel between the contact interfaces mod-
ified these connectors. The excess gel
was then expelled when mating these
connectors underwater. There was no
attempt to exclude sand or silt from the
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interfaces; therefore, performance was
left to chance.

Even though these first optical con-
nectors do not meet all modern needs,
until recently, nothing better had been
offered, and many are still on the mar-
ket. The introduction of multicircuit,
all-optical (or optoelectric “hybrid”),
wet-mateable connectors in mid-1996
took the existing technology another
step.

Hybrid wet-mates

Hybrid wet-mate connectors take the
best elements of the previous technolo-
gy, such as oil-filled and pressure-bal-
anced plug and receptacle housings,
and combine it with a novel means for
sealing and maintaining the cleanliness
of the optical interfaces. Within the
internal oil chambers on both the plug
and receptacle, groups of contact junc-
tions are aligned behind cylindrical,
rubber face seals. When mated,
opposed plug and receptacle seals first
press against each other like the
wringers of an old-fashioned washing
machine, forcing the water out from
between them. As the mating sequence
continues, the opposed plug and recep-

Photo 4. High-strength shore-end fiber-optic
cable termination with connector breakout.

tacle seal, like the wringers,
then roll in unison and
transport off to the side any
debris trapped between
them. The action simulta-
neously causes clean,
sealed, oil-filled passages
to open between opposed
plug and receptacle contact
junctions. Continuing the
mating process, plug pins
advance through the sealed
passages to contact sockets
within the receptacle (see
Fig. 1). De-mating is the
reverse sequence.

These connectors are also
available with electrical
contacts in place of optical
ones, hence the hybrid
description. They work in a
similar way to the optical
circuits, except each mated pin/socket
junction is contained in an individual,
secondary, sealed oil-chamber within
the common oil volume, providing a
desirable additional barrier for electri-
cal isolation. None of the contacts are
ever exposed to the outside environ-
ment—before, during, or after mating.
Although it sounds complicated, it
results in an assembly of relatively few
components.

Property

Optical fiber

Pressure rating

Temperature rating

Typical insertion loss
Typical return loss
Maximum current
Maximum voltage

Insulation resistance

Number of circuits

Mate/de-mate cycles

Table 1: Major Operational Specifications

for the Hybrid Wet-mate Connector

Specifications
10,000 psi

-10° to +60°C (tested down to -25°C)
125-micron singlemode or multimode
<0.5dB

>30 dB (>50 dB also available)

10 amps/circuit

1000V DC

>1 gigaohm, circuit-to-circuit,
and circuit-to-ground @ 1000V DC

Up to 8 (higher circuit counts possible)

>100

Connector performance

Of course, the performance of the con-
nectors must allow their use without
significant optical penalty. For that rea-
son, wet-mateable connectors use fiber-
to-fiber physical-contact junctions that
give an insertion loss of less than 0.5 dB.
To put that into perspective, it equates to
a loss equivalent to approximately 2.5
km of fiber. Additionally, the connectors

Fig. 1. When mating,
opposed plug and

Hybrid Wet-mateable Connector's Step-hy-step Mating Sequence

receptacle seals (a) first 3)
press against each other
forcing the water out —
from between them (b).
They then roll in unison
and transport any debris

[@

trapped between them

off to the side (c). The
action causes clean,
sealed, oil-filled pas-
sages to open between
the plug and receptacle

contact junctions (d).

Finally, the plug pins
advance through the
sealed passages to
contact sockets within
the receptacle.
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have to be capable of
repeating this per-
formance after many
wet matings; thus,
these devices have
been designed to
maintain their origi-
nal performance for
more than 100 mating
cycles under pressure
and in arduous turbid

Typical Undersea Connector Configurations

L=

Diver-mateable connector

Stab-plate connector

conditions. More of

the connector’s oper-
ational specifications
are provided in the
Table 1.

The wet-mate con-
nector has also
demonstrated its
operational capability
through challenging
qualification  tests,

In-line ROV mateable connector with fiber-management housings

e

12 inches

performed internally
and at independent
test houses. In addi-
tion to standard performance tests,
these connectors are put through ther-
mal cycling and shock, mechanical
shock and vibration, and mate/de-
mate tests in turbid seawater at an
ambient pressure of 10,000 psi. The
mate/de-mating testing, in particular,
is a challenge for any undersea con-
nector to pass, let alone one containing
optical junctions. A summary of these
qualification tests is shown in Table 2.

Table 2: Major Qualification Tests for the Hybrid Wet-mate Connector

Test Duration
Mechanical shock 6 cycles
V_ibration 30 min-plus
cies

Hydrostatic pressure 100 cycles
Mate/de-mate under pressure 100 cycles
@ low temperature

Burial 1 cycle
Thermal limits 7 days
Thermal shock Plunge
Turbid-tank mating 200 cycles

Fig. 2. Typical configurations of undersea mateable connectors.

The connector is currently available
with up to eight circuits, any of which
may be utilized as singlemode optical,
multimode optical, or electrical passes.
Due to the modular nature of the con-
nector, this configuration is expandable
to 16 or more circuits.

The operational “heart” of the con-
nector can be included in a variety of
connector styles (see Fig. 2). To date, the
connector has been configured in the

Conditions
1 sine @ 18 msec, 306G

20-80 Hz, 4G, 3 axes; resonant search plus 2-hr hold at frequen-

0 to 8000 psi
0 to 8000 psi, 32°F

Buried 1 m in sand/silt, removal, cleaning, and de-mating

-10° to +140°F
+140° to +32°F and -10° to +32°F

0 to 10,000 psi, 1.5% solids, seawater

following ways:
= Diver-mateable (or screw-to-connect).
Suitable for use in shallower water,
where it provides a compact, cost-
effective connector.
= Stab-plate mounted. Used when the con-
nector is mounted on a larger piece of
equipment with its own mating and
locking device or when more than one
connector is to be mated simultane-
ously (see Photo 1).
= ROV mateable. With one-half fixed to a
bulkhead, using tried and proven
paddles or T-bar grips for straight for-
ward ROV mating.
< ROV mating in an in-line format. For
applications such as cable-to-cable
connections (see Photo 2). This exam-
ple also contains integral fiber-man-
agement chambers for the storage of
excess fiber and splices.

Of course, an appropriate termination
onto the cable is also very important.
Achieving the connector-to-cable inter-
face can mean the difference between
success and failure in a cable system (see
Photo 3). Therefore, it’s essential to have
all the other elements available to make
this happen, such as fiber- and splice-
management housings and penetrators.
The flexible design of these connectors
allows them to be terminated to a wide
variety of cable constructions, including
armored and unarmored cables, com-
posite cables (electro-optical), and oil-
filled pressure-bal-
anced cables (see
Photo 4). With the
ongoing reduction
in size of optical
amplifiers, these too
could be incorporat-
ed into the connector
termination in the
not-too-distant
future, resulting in a
compact, simplified
repeater or branch-
ing unit.

Here and now

The technology to
enable reliable opti-
cal connections in
the harsh undersea



environment is available and proven.
With such connectors available, deploy-
ment is expected to increase in many
areas of undersea optical cabling previ-
ously stifled due to the absence of a
robust connection system.
Communications  providers, of
course, will undoubtedly benefit from
the in-place upgradability, reduced

maintenance costs, and other advan-
tages gained by the underwater con-
nection of their system components.

In addition to communications, there

are anticipated requirements in
oceanography (e.g., use of optical sen-
sors), military (e.g., submarine systems),
and oil and gas (e.g., undersea wellhead
communications). Although very differ-

ent fields of work, they all share the
same desires of higher bandwidth,
lighter weight, noise immunity, and
secure data that optical communica-
tions provide. [
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