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Abstract - Extensive at-sea experiments completed
by the Naval Civil Engineering Lab. (NCEL)
during the Underwater Deployment Experiment
(UDX) have provided a unique set of data that
confirms differences between deployment of
traditional large-diameter cables and the new
generation of micro fiber optic cables (diam.<0.2").
These data have been used to validate existing cable
dynamic models, such as SEADYN and the Makai
cable model, under different deployment scenarios
which include slow and rapid deployment of micro
cables and deployment of micro cables with heavy
in-line bodies. This paper discusses the results of
these comparisons in terms of modeling accuracy
and computational speed. The results demonstrate
that the Makai cable model is capable of accurately
modeling, faster than real-time, realistic
deployment scenarios of micro fiber optic cables.
The paper goes on to briefly outline the adaptation
of an existing real-time control system, successfully
used to deploy conventional cables, to automatically
control deployment of micro cables with a high
degree of positional accuracy and slack control.

1. INTRODUCTION

With the movement towards micro fiber optic cables
for military applications, the U.S. Navy through the
Naval Civil Engineering Laboratory (NCEL,
currently Naval Facilities Engineering Service
Center) initiated investigations into micro cable
deployment control systems for use in future Navy
cable deployment operations. As part of this effort,
NCEL first needed to determine if existing cable
dynamic models could be used to accurately model
the performance of light weight micro cables. Since
no appropriate test lay data were available for micro
cables to make this validation, NCEL initiated a
series of at-sea experiments, the Underwater
Deployment Experiments (UDX), in an effort to
provide such data. Results from these experiments

have provided a unique set of data that confirms
differences between deployment of traditional large
diameter cables and the new generation of small
fiber optic cables (d<0.2").

The cable models included in the validation exercise
were SEADYN, the premier cable dynamic model
used by the U.S. Navy, and the APC, the cable model
used in Makai’s Integrated Control System (ICS).
Makai’s ICS is a semi-automated real-time cable
deployment control system used to accurately control
the bottom placement and slack/tension of submarine
cables. At that time, the Makai ICS had been
successfully used to deploy power cables with
positive bottom tension'?, and to lay communication
cables with an accurate control of cable placement
and bottom slack®. The heart of the Makai ICS is a
three dimensional cable model program (i.e. the
APC or Makai cable model) which is able to model
the dynamics of a suspended cable using real-time
data measurements during a cable deployment or
retrieval operations (i.e. ship position, cable payout
and ocean currents) ‘. The Navy was interested to
learn if the Makai cable model (and the ICS) could
perform as well on smaller fiber optic cables as it
had on larger power and communication cables.

In order to determine how well the Makai cable
model could simulate the dynamic behavior of micro
fiber optic cable deployments, NCEL prepared a set
of baseline deployment conditions from the UDX
experiment for input into the Makai model. Results
from the Makai cable model were then compared by
Western Instrument Corporation to those of
SEADYN and to the real data collected from the
UDX °. The Makai cable model used for this study
was the same as that used during the SOAR II
project (version 4.0)>. Only the formulation for the
tangential and normal drag coefficients were modified
to agree with the formulation suggested by NCEL for
micro cables.



Once existing dynamic cable models were validated,
the Navy’s next desired step is the development of a
suitable semi-automated control system to assist in
the deployment of micro fiber optic cables. In the
future this system could be extended to become a
fully automated cable deployment control system.

2. BASELINE CASES ANALYZED

During the UDX experiment, two strings of micro
fiber optic cable each with five cable packs and four
bodies were deployed. To have a meaningful
comparison, two cable pack deployments (bare
cables) and two body deployments were selected as a
reasonable subset of data. A basic description of
these cases is outlined in Table 1. Table 2 lists the
basic cable, body and environmental properties used
in the simulations.

CASES SHIP |PAYOUT| FEATURES
(ALL FROM|SPEED SLACK
UDX2) (kt) RATE(%)
1. Body 1 2.0 5% Controlled payout
rate.
2. Pack 4 1.7 5% Controlled payout
rate.
3. Body 4 17 40%  |High slack body
deployment.
4. Pack 5 3.8 5% High ship speed
TABLE 1: Case definition.
PROPERTIES ENGLISH SI UNITS
UNITS
Cable Diameter 0.077 inches | 1.956 mm
Cable Weight (air) 7.13 1b/1000 ft| 0.105 N/m
Cable Weight (seawater) | 5.11 1b/1000 ft| 0.0747 N/m
Cable Specific Gravity 3.8 3.8
Body Length 10 fi 3.0m
Body Diameter 5.5 inch 0.140 m
Body Wet Weight 451b 200 N
Density of Seawater 64.56 Ib/f’ | 1035 kg/m’
Acceleration of Gravity | 32.14 fi/s® 9.80 m/s’
Bottom Friction Coeff. 0.70 0.70

TABLE 2: Cable, body and environmental properties.

The following data were provided as input to the Makai

model:

Ship position (X,Y) as a function of time
Length of cable paid out as a function of time

e  Current velocity (Vx,Vy) at different depths as a
function of time

o  Water depth along the cable route

o [Initial cable configuration at start of simulation

e Cable, body and environmental properties as listed
in Table 2

e Cable and body normal and tangential drag
coefficient formulation as provided by NCEL

With the exception of Case 1, Makai was neither
provided with the UDX experimental results nor with
the SEADYN results (these results were only made
available after the Makai results were provided to
NCEL). For Case 1, however, Makai was provided with
partial experimental results and with average ship speed
and cable payout rates during lowering of the cable body
through the water column. Case 1 was then used to
determine if the results predicted by the Makai model
using all the mathematical assumptions relevant to this
deployment (e.g. new formulation for drag coefficient)
were consistent with the experimental results.

3. RESULTS AND COMPARISONS

Figure 1 presents plan, isometric and side views of a
typical cable lay showing the main parameters required
as a part of the output for the simulation runs. A
description of the conventions used for the angles is also
shown.
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Figure 1. Cable laying geometry showing the main
output parameters.

CASE 1: UDX2 Body 1 Deplovment (5% Payout Slack)

Results for the UDX2 Body 1 case are for a body
deployed under a controlled payout rate with 5% slack.

Figure 2 depicts the body sink rate as a function of time
as predicted by the SEADYN and the Makai models
and as measured during the UDX experiment. This
figure shows that, with the exception of the time when
the body goes overboard, the body sink rates computed
by the Makai model follow the same trend as those
measured during the UDX experiment. The initial high
value of sink rate measured experimentally could be
related to a momentary change in cable payout rate as
the body is about to enter the water. This effect could
not be modeled by the Makai cable model in this
specific case since only average cable payout rates were
available.
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Figure 2. Body sink rate as a function of time for
UDX2 Body 1 deployment.

Figure 3 shows the body pitch angle as a function of
time. The body pitch angle is measured such that a zero
degree angle corresponds to the case when the body is
horizontal (see Figure 1). The Makai cable model
shows values of pitch angle that decrease from 45° when
the body enters the water to 20° at touchdown. These
values are in close agreement with the values measured
during the UDX experiment.

e

o

=

) Exper,

Cg —40 — SEADYN
_50 — e quc;

-60 T T T T T T T
15.8 15.9

Time (Decimal Hours)

Figure 3. Body pitch angle as a function of time for
UDX?2 Body 1 deployment.

Figure 4 and Figure 5 depict the time variations of cable
tension computed aft (below) and forward (above) of the
body, respectively. In both cases, the agreement
between the measured and computed values by the
Makai cable model is excellent considering that the
input data used in the Makai cable model were not exact
(only average values were available).
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Figure 4. Tension in cable aft of body as a function of
time for UDX2 Body 1 deployment.



As in the case of the body sink rate, the initial high
value of aft cable tension measured experimentally
could be related to a momentary decrease in cable
payout rate as the body enters the water. This effect
could not be modeled by the Makai model since only
average cable payout rates were available. However, a
similar effect is observed and properly modeled by the
Makai model for the UDX2 Body 4 case discussed later.
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Figure 5. Tension in cable forward of body as a
Junction of time for UDX2 Body 1 deployment.

CASE 2: UDX2 Pack 4 Deployment (5% Payout Slack)

Results for the UDX2 Pack 4 are for a bare cable being
paid out with 5% slack and a ship speed of 1.7 knots.

Figure 6 shows the results predicted by the Makai and
SEADYN models for the cable angle 6 versus time (see
Figure 1 for definition of angles). The results are almost
identical. The angle starts at a high value caused by the
previous body deployment. Once the body touches
down, the large body weight is removed from the
suspended cable and the cable angle decreases from
approximately 33° to an almost "steady state" value of
14.3° in about 30 minutes. The final steady state cable
angle measured during the UDX experiment was 14.4°.

Figure 7 shows the values of the offset angle ¢ as a
function of time as predicted by both cable models. This
figure shows differences between the two programs.
The results from the Makai model contain an oscillatory
pattern not shown in the SEADYN results. This is the
result of Makai’s input for ship course, which included
slight oscillations about the mean path. The SEADYN
simulation approximated the ship path by a straight
line, so the oscillatory effect present during the real
cable deployment does not comes into play. However,
both results show the same general trend, an angle with

magnitude increasing until 18.7 hours, then slowly
decreasing through the rest of the deployment. The
experimental offset angle ¢ could not be measured as a
function of time during the experiment, but was
estimated from the measurements made after the cable
lay. For this deployment, the final offset angle was
calculated to be -2.5 °.
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Figure 6. Cable lay angle 6 as a function of time for
UDX?2 Pack 4 deployment.
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Figure 7. Cable offset angle ¢ as a function of time for
UDX2 Pack 4 deployment.

Figure 8 compares the values of cable top tension as a
function of time predicted by the Makai and SEADYN
models with the experimental measurements. Although
different in detail, both models show that they are able
to simulate the very low tensions characteristic of this
micro fiber optic cable deployment (primary tension
value varies between 4 and 5 pounds). The Makai
results show more spread because the model used the
raw cable payout rate input data (unsmoothed data),
while the SEADYN simulation was done with the
payout rate averaged every minute.






