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Ke In the coax cable, this is the ratio of center-
conductor-to-shield resistances.

Vs Maximum allowed dielectric stress (1970 VDC/mm) .

da Diameter of the cable's electro-optical core (mm).
D Final diameter of the armored cable (mm).

s The cable's ultimate strength (mm).

INTRODUCTION

Recent papers (1, 2) have studied the improved
performance that optical fibers can provide in undersea
electro-optical (E-0) cables, because they allow almost
complete separation of the power- and telemetry roles.
Reference (1) described the relative power-diameter-
strength efficiencies of E-O cables using 1-, 2 and 3
electrical conductors. Reference (2) continued this
analysis, and recommended two completely different
design approaches to deepsea E-O cables.

(a) For large deepsea payloads, it proposed a 17.3-mm-
diameter, 3-conductor, 3-phase, 3-fiber cable.
This design might replace today's 17.3-mm armored
coax, which has a limited telemetry bandwidth.

(b) For smaller deepsea payloads, a 7.9-mm cable could
be operated from a hydrographic winch. This cable
has 1 (or more) optical fibers---contained in and
protected by a metal tube. The tube also acts as
the cable's single electrical conductor in a power
circuit with a seawater return.

The theme of the previous two papers is extended
here to consider E-O cables with more rigorously stated
designs, and to an evaluation of the effects of voltage
regulation on power, length, diameter and strength. The
arena for this contest is a deepsea operation in which
a given cable must supply power P at voltage regulation
Ko through cable length L. Cable strength S must be as
high as possible for a given cable diameter.
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For given values of P, L and D, maximum strength
will be attained when Ko is egqual to l---that is, when
one-half of total power pumped into the cable is dissi-
pated in the tether circuit. This condition may or may
not be desirable from the viewpoint of cable heating,
power consumption or system electronic noise.

TWO CONDUCTORS (COAX). This design approach can
be useful if a cable circuit return is required---for
example, in a tether used in fresh water, or when the
cable must be dipped into the water from a helicopter.
Here, the center conductor is geometrically identical
to the one in the l-conductor design. But now, a second
conductor is served around the primary insulation, and
a second protective layer (the core jacket) is needed.
In this design, symmetry of the cable cross section is
preserved, but the additional conductor and insulation
trespass into an annulus that could have been part of
Evaluation equations become;

2 2
R = ((VeKo/P/L/(1 + Ko) )/L ohm/km (4)
= Rc + Rs ohm/km (5)
with,
Kc = Rc/Rs (6)

THREE CONDUCTORS. This design is based on the
classic 3-phase power cable. Now, 3 optical fibers
occupy low-stress positions in the helical channels
defined by the electrical conductors. Normally, these
fibers are overbuffered---i.e., given an additional
jacket---and experience a near-hydrostatic environment
when the cable is subjected to tensile-, bending- and
flexural stresses. This can reduce or even eliminate
fiber microbending, which is often the cause of severe
excess optical attenuation.

A primary advantage for the 3-conductor design is
that its helical core structure provides strain relief
for the optical fibers when the cable is subjected to
high tensile stress. But its low packing efficiency is
a serious weakness. Note that a double jacket is now
needed---one for each conductor and one for the core
assembly. Also, considerable core space is occupied
only by inert filler rods. (This inefficiency can be
mortal for small E-O cables. It is much less serious
for the 17.3-mm cables considered in this paper.)

The 3-conductor cable can be operated as a 3-phase
AC circuit. It can also (more efficiently) support a
DC power circuit, with conductors operated in parallel
and with a seawater return. In either mode, the total
resistance of each conductor will be;

2 2

R = 3VsKo/P/L/(1 + Ko) ohm/km (7)
with,

Ko = Rp/R (8)

In Equation (7), the supply voltage can be inter-
changeably DC or RMS. The numerical factor "3" appears
because one-third of total power P will be transferred
through each conductor. Decreased cable efficiency in
3-phase operations occurs because the corresponding
peak values of the AC voltage cause much greater stress
in the primary insulation. For a fixed constraint on
voltage stress, that insulation must be correspondingly
thicker.
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Figure (3) shows the effects of supply voltage on
component diameters for the two-conductor E-O cable.
System performance constraints are the same as for the

for 75% of the cable's loop resistance (Ko =

for the jacket.

Note in Figure (3) that minimum diameter occurs at
a lower voltage for the primary insulation than it does
This is because the 2nd conductor's

resistance continues to increase as V increases. The

0.D.

of the 2nd conductor will therefore become minimum

at a somewhat higher value of supply voltage.
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L = 10 km and Ko = 1.
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E-O Core Type 1 -COND-DC COAX-AC 3-PHASE
Optimum Voltage 1502 VDC 1332 VAC 732 VAC
Minimum O.D. .9 mm 10.4 mm 10.7 mm
Strength 320 kN 232 kN 220 kN
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DESIGN SENSITIVITIES TO POWER AND VOLTAGE REGULATION

In Equations (1), (4) and (7), transmitted power P
and cable length L appear (almost) always as a pure P-L
product*. In fact---with the footnoted caveat---any
statement of this product is sufficient to define a
cable's optimum operating voltage, minimum E-O core
diameter and maximum strength. Within this constraint,
we are free to adjust P or L. If we do so, then line
current will change, but not the cable structure.

Figure (5) plots optimum power-length-strength
responses for the three E-O core types in Figure (1).
All designs are based on a 17.27-mm armor diameter, and
all use the same component materials---e.g., the same
metals, tensile strengths and conductivities.
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Fig. 5 Relationships of strength to power for
L =10 km, D = 17.27 mm and Ko = 1.

Note that Figure (5) describes four cables. The
fourth one is the 3-phase design already described, but
now operated DC, with all 3 conductors in parallel and
a seawater circuit return. Its strength advantage over
the "3-Phase" design is obtained because the reduced
stress allowed with DC permits the jacketed conductors
to have a smaller diameter. This allows more annulus
to be dedicated to the loadbearing armor.

The simplicity and symmetry of the l-conductor E-O
cable provides a major strength contribution at all P-L
product values. This advantage increases at high power
levels, and points clearly to two applications for this
type of cable.

(1) At any diameter, when the cable must transfer high
power levels through a considerable length (i.e.,
when P-L is very large).

(2) At any P-L value, when the E-O cable must be as
small as possible. This is especially true for
cables which must operate from a hydrographic
winch with diameters less than about 8 mm.

* This statement is not quite true in Equation (1),
where Ro is a small but finite part of the total
tether circuit resistance. For typical values of
Rc-L, the 4-ohm value of the seawater return will
be almost negligible.
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