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I. INTRODUCTION

The Navy's Civil Engineering Laboratory is engaged in a major
program of research into the dynamic behavior of cables and cable
structures in the ocean. A key objective of this program is the develop-
ment of mathematical models to predict the large amplitude dynamic re-
sponse of cable structures during implantment, recovery, or while in-situ.
An extensive experimental program is being conducted to provide data
for verification of the predictive models. This report covers laboratory-
scale experiments which have been conducted as part of this program.

The tests were conducted in the Hydrodynamics Laboratory of the
Graduate Aeronautical Laboratories, California Institute of Technology,
during the period 17 Novembes through SIPé'cember 1977. The model
assemblies tested consisted of a 2 in. (50.8 mm) diameter sphere
weighing 1.003 1b. (455.4 g) in water supported by an elastic (soft
rubber) or an inelastic (braided nylon) cable. These assemblies were
oscillated in water at rates of 0.0 to 3.0 Hz and at amplitudes of 0.0
to 1.0 in. (25.4 mm). The direction, velocity, and acceleration of
the cable was controlled over a wide range of values. Cable tension
data were recorded as a function of cable direction, length, velocity,

acceleration, and the frequency and amplitude of the oscillatory motion.

A description of the experimental program, the apparatus, procedures,

and typical results are provided in this report. Complete data:ave pro-

vided in supplemental volumes, see Reference 3.

¢




II. DATA FEATURES

A summary of the tests conducted is provided in Table 1, "Index
of Tests''. The data taken during the experiments are presented in
English and Metric (cgs) units in tabular and in plotted form in a
supplement. The increment and magnitude of the scales displayed in
this report have been held constant to provide a common basis for
comparison. Analysts interested in varying the presentation of the
data may resort to a data tape described in the report.

Data are provided demonstrating damping, phase shift, and
resonance of the cable systems tested; these are of sufficient accuracy

to permit verification of the predictive models.
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III. EXPERIMENTAL APPARATUS AND PROCEDURES

A schematic drawing of the experimental arrangement is provided
as Fig. 1. An electro-mechanical oscillator was attached to the upstream
leg of the High Speed Water Tunnel (Ref. 1) at a large port located on
. the operating level. As the tunnel was not in operation, this leg served
as a 65 ft (19.8 m) deep, 5 ft (1.52 m) diameter tank of water in which

the experiment was conducted.

A. Electro-mechanical Oscillator

An electro-mechanical oscillator was used to excite the model
cable assemblies in the vertical,. or heave, direction. The oscillator,
which was designed, fabricated, and instrumented as a part of the
experiment, is capable of providing the following motions;

Amplitude: 0.0, 0.1, and 1.0 inch

(0.0, 2.54, and 25.4 mm.)
Frequency: Continuously variable from 0.0 to 3.0 Hz.
A side view of the oscillator is siiown in Fig. 2. An arrangement
drawing identifying the components is provided as Fig. 4. Basically,
the oscillator consists of two slider plates driven by eccentric pins.
The pins may be positioned on the output shaft of two right angle gear

boxes to give the desired amplitude. The gear boxes, Fig. 3, are

driven by a shaft connected to a 1/3 HP variable speed motor. Two

slider plate mechanisms were used to provide accessability to the :

winching mechanism, which was located outside the tunnel riser, to
4
!

position the cable tension transducer on the centerline of the riser,




and to reduce the reciprocating mass of the assembly. A top view of
the assembly indentifying these components is provided as Fig. 5.

B. Winch Mechanism

The cable winch mechanism was fixed to the left hand slider
plate as illustrated in Fig. 2. A 1/8 HP variable speed motor was
used to drive the capstan. The cable path may be traced in Fig. 4.
Cable direction, run time, velocity, and acceleration could be controlled
over the following range:

Direction: ''Pay-out" or ''reel-in"

Run Time: 0.0 to 300 sec

Velocity: Variable from 0.0 to + 2.0 ft/sec,

(0.0 to + 0.610 m/sec)
Acceleration: Variable from 0.0 to + 4.0 ft/:‘~1ec2

- (0.0 to + 0.914 m/sec’.)

C. Instrumentation

Two classes of instrumentation were employed during the experiment.

The first was used to set up and monitor the experiment and the second
was used to create a permanent record.

1. Monitoring Instruments

The frequency of the oscillator was set and monitored through the
use of a magnetic proximity pick-up which was excited by a sixty-tooth
gear attached directly to the output shaft of the oscillator drive motor.

The amount of cable payed out at the start of a run was determined

through the use of a mechanical revolution counter driven by a 1.00 ft.
circumference wheel in direct contact with the cable. Cable velocity,

acceleration and run time were set using a commercially
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fabricated motor control system. Feed-back for this system was provided
by a tachometer attached directlv to the output shaft of the capstan drive
motor.

Signals from these instruments, and others described below, were
recorded on a direct writing galvanometer recorder. These temporary
analog records were used to verify the successful completion of each
test,

2. Recorded Instruments

Five parameters were instrumented and permanently recorded.
These parameters are:

1 Cable length,

Cable velocity,

jro

3 Cable acceleration,
4 Cable tension, and
5 Oscillator phase angle.

A schematic of the instrumentation system is provided as Fig. . Table
2 lists the transducers used and provides specifications.

Cable length was measured through the use of a helical potentiometer
driven by the 1.00 ft circumference wheel described above. Zero was
taken at the point where the end of the cable-anchor assembly just cleared
the tension transducer sheave.

Cable velocity data were provided by a separate instrumentation
quality tachometer driven by the capstan drive motor.

Cable acceleration data were provided by a differentiator circuit
attached to the output of the velocity tachometer. A schematic of this

circuit is provided as Fig. 7.




Cable tension was measured by a strain gage load cell which

supported a sheave at the right end of the ca*le path iliustrated

in Fig. 4. Cable tension is taken as positive when a load is applied

which tends to increase the length of the cable.

The phase angle of the oscillator was measured through the use

of a rotary potentiometer attached to the slider drive shaft,

and 5.

see Figs, 3
Zero phase angle was taken as the top-dead-center position of
the slider plate.

These data, along with a voice log and switch trace used to identify

the tests, were recorded on a seven track analog magnetic tape recorder.

The analog tapes were later digitized as part of the data reduction pro-

cedure described below.
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D. Models

Two model assemblies were tested. The assemblies consisted of
an elastic cable supporting a small anchor and a second inelastic cable
supporting the same anchor.

1. Anchor

The model anchor was a 2.010 + 0.010 in (51.05 mm) diameter
sphere weighing 455 grams in water. The outside of the sphere was

painted with an alternate black and white pattern dividing the surface

into eight zones of equal area (see Figs. 2 and 3). The cables were
attached to the anchor by means of a fishing tackle snap swivel which
hooked into a small stud projecting from the surface of the anchor.

2. Elastic Cable

The dynamic response of an elastic system was simulated through
the use of a soft rubber cable attached to the anchor. The mechanical
properties of this cable are provided in Table 3. The notation used in
the load vs. deflection data found in this table, and also in Table 4, is

as follows:

L = the length of the cable as measured immediately
following the application of the load

L, = the cable length approximately one minute follow-
ing the application of the load

AL = the change in L between loadings including creep.

A plot of the elastic characteristics is provided as Fig. 8. As
this material is plastic, any stress-strain curve obtained from these

data must be considered an approximation.

SO s Al it . it et i i __M




3. Inelastic Cable

The response of an inelastic system was simulated through the use
of a braided nylon line attached to the anchor. This cable had approxi-
mately four times the axial stiffness of the rubber cable. Mechanical
properties of this cable are provided in Table 4.

A serjes of three load-deflection tests were conducted on a six
foot specimen of nylon line after being pre-conditioned as follows. First,
the line was soaked in water for twenty-four hours. After removal one
end was fixed and the other attached to a weight pan. Next, the line was
exercised fifteen times by repeatedly loading it with a two pound weight.
The results of all three tests are provided in Table 4. Plots of the
data are provided as Fig. 9.

Measurements were also made to determine the effect of water
immersion on the elongation of the cable under steady load (i.e., "creep'").

These data are provided in Table 5,

E. Procedures

Many of the procedures, e.g., setting the oscillator amplitude
and frequency, are trivial and are not described. Other less obvious
procedures are described below,

1. Pre, and Post-run data

Two time columns appear in the tabulated data of Appendix I. The
first, "RCDR TIME SEC" for record time in seconds, is the length of
the record. Recordings of the signals from all the instruments were
made for approximately 10 sec prior to, and following, the pay-out or
reel-in of the cable. These records provide cable tension data which

results only from the motion of the oscillator.




The second time column, "RUN TIME SEC'" tor winch running
time in seconds, is the duration of the pay-out or reel-in motion of
the winch capstan,

2. Winch velocity profile

The winch was run through a preprogrammed velocity profile fox
each test.  The profile consisted of the following three phases:

a.  Acceleration Phase: The capstan, and cable, were accelervated
at a fixed rate until the winch tachometer indicated the desired cable
velocity had been achieved.

b, Constant Velocity Phase:  After the desired velocity was obtained,
the capstan was driven at constant velocity for a specified amount of time,
¢.  Deceleration Phase: When the constant velocity phase was
completed, the capstan was decelerated at a constant rate until the

cable was brought to a stop.

The accelerations, velocities, and decelerations used are ideuntified
in Table 1. A 2ero is sometimes listed in the "Dec'" or deceleration

column,  This indicates a "Crash Stop." The crash stop, which simulates

an emergency stop or jamming of the winch, was achioved by bringing
the capstan to a halt with the dynamic breaking capability of the winch
motor control,

1. Initial cable length setting

The tests were run in pay-out/reel-in pairs tor which data were
taken during the pay-out phase and again for the ree!-in phase. The
procedure used to set the initial value of cable lengtn was as tollows:

a.  The cable was set on the oscillator so that the anchor

hung just below the tangent point on the tension transducer sheave.
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Next the 1.00 ft. circumference measuring wheel was brought in contact
with the cable and the mechanical footage counter set to zero. At this
time the helical potentiometer which provided the cable pay-out length
signal was moved 1/4 turn off the zero stop. This 1/4 turn bias, which

corresponded to an indicated cable length of 2.2 f{t., provided a margin

of safety. In the event the cable was pulled through the tension transducer,
the helical potentiometer would not be run against its stop and the pos-
sibility of damage was avoided. As a result, 2.2 ft. (67.1 c¢m) must

be subtracted from the tabulated length values to arrive at the length

of cable deployed.

b. The cable was then winched out until the mechanical counter
indicated the '"initial length'' required by the test plan. For the majority
of the pay-out runs this was 5.0 ft. At this time the helical potentiometer
indicated 7.2 ft. and the bottom of the anchor was 3 feet below the water
surface,

c. The test was run by running the winch through the pre-
programmed pay-out velocity profile and the anchor would be lowered
through the water.

d. The cable was next winched in or out until the mechanical
counter indicated the desired initial length for the reel-in test phase.

Elongation of the elastic cable following pay-out was observed.

On one occasion the mechanical counter was used to winch out 20 feet

of elastic cable. Next, an indicated 20 ft. of cable was winched in, \

The amount of cable remaining in the water, when measured with a
steel tape, was found to be 11 ft. 7 in. This elongation is unavoidable

and is a result of the fact that unstretched cable is payed-out while

| 4
e ——— i ——— B |
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stretched cable is reeled-in. The stretching, which is time dependent,
is caused by the weight of the anchor, the distributed cable weight, and
creep. The actual and indicated cable length were brought into agree-
ment prior to the pay-out phase of each run,

Note that on the occasion cited, where large stretching occurred,
a 455 gram anchor was used and the time period involved from initial
} pay-out to reel-in was approximately two minutes. In order to reduce

this stretching during the elastic cable tests the anchor weight was

limited to a maximum of 150 grams and the time duration of a given

test held to order one minute.
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F. Data Reduction and Accuracy

~ Analog signals from the transducers were recorded on magnetic
tape during the experiment. These records were later digitized and
stored on digital tape in the format described in Appendix I. Tare
corrections, including a dynamic tare to eliminate the effect of the
tension transducer sprung mass, and calibration factors were applied
I to the data through the use of the FORTRAN program provided in

Appendix L.

The tables and figures provided in the data supplement to this
report, and Table 6 and Fig. 10 of this report, are the result of this
computer-based data reduction technique.

Steady-state excitations were applied to each transducer separately
to verify the specified accuracy of the instrument. In addition, an end-
to-end calibration was performed in which each transducer was excited
with a known input and a comparison was made with the final computer
generated output. The results of the over-all calibration are as follows:

Cable length: 0.1 ft or 0.8% of indicated value, whichever is

greater 5

Cable velocity: + 2% of indicated value

Cable acceleration: + 5% of indicated value

Cable tension: + 1% of indicated value

Oscillator phase angle: + 2.5 deg y

The assessment of the cable velocity and acceleration precision

|
is not as certain as the other parameters due to the difficulties inherent ﬁi

in establishing known steady-state velocity and acceleration standards. ‘
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IV. PRESENTATION OF RESULTS

The data taken are presented in the form of tables, plots, and a
digital data tape. Table 6 and Fig. 10 of this report are typical of
the data taken. Complete tabular and plotted data are available as a

data supplement to this volume. The data tape is available upon request

Ref. 2.

A. Tables and plots

A 0.1 sec time interval was used as a time base in both the
tabular and plotted data. Further, a five 1b tension scale range and
a 120 sec record time were selected for the plotted data. These ranges
have been held constant in all the data presented here to provide a
common base for comparative purposes.

B. Data Tape

Analysts interested in varying the format of the results (e.g.,
to reduce the interval of the time base) are referred to a digital
magnetic data tape, Ref. 2, on which the data have been recorded at
a rate of 1,000 samples per second per channel. The tape format, and
a FORTRAN language program used to control the output, are described

in Appendix I,

oo 4
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TABLE 3

- ELASTIC CABLE PROPERTIES'!)

A. Manufacturer: Marsh Industries, Inc.
49680 Leona Dr., Mt. Clemens, MI 48043

B. Designation: Rubber Shock Mitigation Cord
C. Material: Solid rubber
D. Diameter: 0.159 inch (4. 04 mm)
E. Weight per unit length: 0.0092 1b/ft (13.7 g/m)
F. Load deflection test results:
Load Length AL L
gram lbs L, inch inch inch
Pan Pan 76.187 S 76.312
+2.969 e
50 0.11 79. 156 79.281
+3, 406
b 100 0.22 82.562 83. 000
; +4, 188
150 0.33 86. 750 87,060
-2.938
100 0.22 83.812 83, 750
-3.687
50 O0.11 80. 125 80. 000
-3.313 ()
Pan Pan 76.812 76. 620"
Notes:

1) Dry cable in air

2) After two minutes, the length was 76.593 inch.
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TABLE 4

INELASTIC CABLE PROPERTIES

A. Manufacturer: Cortland Line Company
67 East Court St., Cortland, NY 13045
B. Designation: 100 1b test, braided
C. Material: Nylon
D. Diameter (dry): 0.059 in (1.50 mm)
E. Weight per unit length (dry): 0.000792 1b/ft (1.18 g/m)
F. Load-deflection test results:
Test No. 1
Load Length AL - L,
w, L, inch inch inch
grams lbs
PAN PAN 75.80 0.16 75. 81
- 50 0.11 75.96 0.14 76.08
100 0.22 76.10 0.10 76.13
150 0.33 76.20 0.09 76.21
200 0.44 76.29 0.05 76.3
250 0.55 76.34 0. 06 76.34
300 0.66 76.40 0.05 76. 40
350 0.77 76.45 0.03 76. 45
400 0.88 76.48 0.02 76. 48
450 0.99 76.50 -0. 06 76. 50
400 0.88 76.44 -0.07 76. 43
350 0.77 76.37 -0.08 76.35
300 0.66 76.29 -0.09 76.28
250 0.55 76.20 -0.07 76.19
2 200 0.44 76.13 -0.09 76. 12
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TABLE 4 (Continued)

Test No. 1 - cont.

Load Length AL L
w, L, inch inch inc‘\
150 0.33 76. 04 76. 02
-0.05
100 0.22 75.99 75.94
-0.11
50 0.11 75. 88 75. 87
-0.08
PAN PAN 75. 80 75.78
Test No. 2
(re-wet line 30 minutes in water)
Load Length AL L)
w, L, inch inch inch
grams lbs.
PAN PAN 75.78 75.79
0.24
50 0.11 76.02 76. 04
0.12
100 0.22 76. 14 76.06
0.09
150 0.33 76.23 76.25
0.07
200 0.44  76.30 76.33
0.08
250 0.55 76.38 76. 40
0.10
300 0. 66 76. 48 76. 49
0.04
350 0.77 76.52 76. 50
0.01
400 0. 88 76.53 76.50
0.01
450 0.99 76.54 76.51
-0.07
400 0. 88 76. 47 76. 38
-0.08
350 0.77 76. 39 76.35
-0.06
300 0.66 76.33 76.30
-0.10
250 0.55 76.23 76.20
-0.06
200 0. 44 76.17 76.14
-0.13
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TABLE 4 (Continued)

3 Test No. 2 - cont.

Load Length AL L
w, L, inch inch inch
150 0.33 76.04 76.03
-0.06
100 0.22 75.98 75.96
-0.13
50 0.11 75. 85 75. 83
-0.09
PAN PAN 75. 76 75.73
Test No. 3
(re-wet line 30 minutes in water)
Load Length AL L
w, L, inch inch inc{\
rams lbs.
PAN PAN 75.70 75. 71
0.24
50 0.11 75.94 75.98
0.14
100 0.22 76.08 76.01
0.10
150 0.33 76.18 76.11
0.11
200 0. 44 76.29 76. 30
0. 05
250 0.55 76.34 76. 36
0.07
300 0.66 76. 41 76. 42
0.06
350 0.77 76. 47 76. 45
0.03
400 0.88 76.50 76. 47
0.0
450 0.99 76.50 76. 47
-0.08
400 0. 88 76. 42 76. 40
-0.08 i \
350 0.77 76. 34 76. 32
-0.07
300 0.66 76.27 76.25
-0.09
250 0.55 76.18 76.15
-0.09
200 0.44 76.09 76.08
=0.09
150 0.33 76.00 75.90
=0.07
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TABLE 4 (Concluded)
Test No. 3 - cont,
Load Length AL L,
w, L, inch inch inch
100 0.22 75.93 75.90
-0.12
50 0.11 75. 81 75. 79
-0. 07
PAN PAN 75. 74 75. 72
PAN PAN 75.13

(30 min. )
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TABLE 5

EFFECT OF WATER IMMERSION

. ON INELASTIC CABLE LENGTH

I. Long duration creep under tension when wet:

Immersion Length Remarks
time, hrs. m
0.0 9.000 Dry length measured prior to
immersion + 0.001 m.
23.5 9.100 Cable held in tension with model
anchor when in water
47.5 9.100
71.5 9.100 After 5 min. in air, chord
contracted to 9,095 m,
95.5 9.100 The chord exhibited the short time
drying contractions listed in the
task below
167.0 10. 080
213.0 9. 080
II. Short duration contraction when drying:
Time in air Length E
min. m i
0 9.100
5 9.095 ﬁ
10 9.088 J
15 9.075 |
!
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DATA TAPE FORMAT AND PROGRAM

The Fortran program VLCD1129, which follows, reads a

tape (CBL 21 or CBL 22) and data cards with test parameters,

processes the data, prints the table "Experimental Data'" and

plots tension vs. time for each test. The program requires
two subroutines which are included and calls several CIT
routines for the IBM 370. The program includes constantg
which convert ADC words on the tape to voltages and voltages
to English units and English units to metric units.

The program proceeds test by test. To begin a test,
lines are counted so that a heading can be put at the top of

each page and a data card is read for:

IREP GALCIT HSWT report number, which is 1129
ITEST Test number
ICM Cable material code
Nylon = 1
Rubber = 2
IDIR Direction code
Pay-out = 1
Reel-in = 2
Siene = static = 3
ACC Acceleration in ft/sec2
VEL Velocity in ft/sec
DEC Deceleration in ft/sec2 é
NREC Number of records or run time in sec as each
record contains 1 second of data in real s
time :
RIL Initial length in ft,
FL Final length in ft,
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o MODE Mode code
Dynamic = 1
Static = 2
AMP Amplitude in inches
FREQ Frequency in Hz
ID Identification number
RKV KV, velocity calibration factor
RKA KA, acceleration calibration factor

The value of IREP is tested to determine if this card has
values for DELTAT, NINT, and NAVE. 1If it has, CIT routine
XBACK is called to reread the data card with

DELTAT AT > .005

NINT 1/AT

il NAVE 1000 * AT

Then the next data card is read with the identification and
parameters for a test.

The first record from a file (a file corresponds to
a test) on magnetic tape is read using CIT routine - 370
READRC (IDATA, NB), where INTEGER * 2 IDATA (6000) is the
array where the retrieved record will be stored and NB is
the length of the record read in bytes. The tape was created

on a Hewlett Packard Model 7970E magnetic tape with

1 record = 6000 words. In the IBM system one of these words
equals 2 bytes and one record contains 12000 bytes. This

first record on a file contains




IDATA(1) = 1ID Identification number

IDATA(2) = NREC Number of records on run time
in sec.

IDATA(3) = NCHN Number of channels = 6

IDATA(4) = NWRD Number of words in a

record = 6000
Only the first five channels are used. On all but the
first record on a file, the first channel corresponds to time,
the second to length, the third to oscillating angle, the forth
to acceleration, and the fifth to velocity.
Each record subsequent to the first is read and the
data is averaged according to the value of AT which has been

selected. This averaged data is converted from ADC words

into voltages and then into English and metric units, The %
data is printed in a table. The next record is read until é
the end of file is reached. Then a plot of tension vs. time i
is produced on the Calcomp plotter using a CIT routine - 370 E
XYPLQT. 3

This program uses two subroutines, HDGl and GD1129,
which are included with the main Fortran program. The first, 3

subroutine HDGl, puts a heading on each page after the first

-

for each test of "Experimental Data.'" Plain white paper was
used for the plots. Subroutine GD1129 draws the axes lines,

lines to form a grid, prints the axes titles and scale

numbers. Several CIT routines - 370 were used in this

P o SR

subroutine.
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