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ABSTRACT

The report describes in detail Program CAB3DYN, which analyzes
in the time domain the three-dimensional long-time deployment hehavior .
of free~floating and towed ocean cable systems. The report describes the
coordinate systems used, the modeling of the time-varying current profile,
and the formulations for the surface buoy or prescribed surface motion,
intermediate bodies, and the connecting cable. Detailed input instructions
include a listing of the input READ statements, the definition of each inpu:
variable, and comments on usage. Two sample problems on the deployment of
free-floating and towed cable systems are given to illustrate usage of the
program, calculated results, and computer execution time.

ADMINISTRATIVE INFORQATION
The work described in this report was jointly supported by the Naval Air
Development Center, Code 3043, under Work Request N62269/WR/00726 dated 17._ .
July 1980 and by the Naval Sea Systems Command, Code O3R, under the Ship Per-
formance and Hydromechanics ﬁrogram. The work was performed under internal

work units 1-1552-548, 1-1552-533, and 1-1507-101.

INTRODUCTION
This report presents a detailed description of Program CAB3DYN, which
analyzes in the time domain the three-dimensional long-time deployment behavior
of free-floating and towed ocean cable systems. The term long-time dynamic
behavior refers to motions where time scales are large enough so that inertia
effects are not of major importance. Examples of such motions are the
deployment of a free-floating cahle system from an arbitrary initial state to

the final steady-state and the behavior of a towing cable undergoing a prescrihed

maneuver.
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To some extent, the formulation in Program CAB3DYN may be considered to be
an extension of the two~dimensional dynamic formulation contained in Program

1
CABMOD 2 to three dimensions by using the coordinate system of the three-

dimensional steady-state Program CAB3E 3’4. The cgble system consists of a

buoy or towing platform at the surface, a cable wvhose properties may vary along
its length, and the prescnce of intermediate bodies along the cable. The current
profile is modeled by a series of input magnitudea and directicns at various
depths, as in Program CAB3E. The cable is represented by a series of straight
segments, as in Program CABMOD.

However, there are significant differences. Those factors which are pertur-
bations to the overall mean long-time motion are not considered in the present
program. In particular, ocean waves and rotatfonal modes of the surface buoy
are neglected. These result in considerable simplification of the formulatien
and reduction in the number of input variables for the surface buoy. On the other
hand, hydrostatic buoyancy and drag characteristics of the buoy are modeled in
somewhat greater detail. Another considerable simplification results from the
neglect of added inertia for the cable. This eliminates coupling between the
equations of motion for a given cabhle node. For two sample problems it is shown
that the cable added inertia terms have nearly negigihle effect on the motion.

The report starts by giving a brief review of cable studies which are most
closely related to the present study. The report then describes the coordinate
systems used in the program, the modeling of the time-varying current profile,
and the formulations for the surface buoy (or prescribed surface motion), inter-
mediate bodies, and the connecting cable. A description is given of the various
subroutines of the program. Detailed input instructions are given, inrcluding a

listing of the finput READ statements, the definition of each input variable, and
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comments on the entry of input data. Wherever possible, the input variables are
matched to those contained in Program CABMOD.

Two sample problems are given to illustrate usage of the program, output,
and computer execution time. The two problems involve the deployment of a free~
floating buoy-cable system and a towing cable from an initially vertical position
to the steady-state configuration in the presence of various current profiles
and towing speeds, respectively. For each problem, results computed hy Program
CAB3DYN are compared to those obtained by Program CABMOD for two-dimensional cases.
It is shown that when the option of neglecting cable added inertis terms in Program
CABMOD 1s exercised, the two programs agree identically for the towing cases and
agree in an average sense for the free~floating cases. The presence of the buoy
pitch terms in Program CABMOD introduces a perturbation to the overall motion
which 18 not modeled by Program CAB3DYN. For both problems, it i8 further shown
that there 1s little difference between the motions predicted by Program CABMID
with and without cable added inertia effects.

For the free-~floating buoy-cable problem, an efficient approach is indicated
for using Program CAB3DYN, in conjunction with Program CAB3E, to predict the
detailed configuration of the system in the presence of a slowly varying current
profile. For the towing cable problem, results calculated by Programs CAB3DYN
and CABMOD are compared to those calculated by Program CABTRANS » which is a two-
dimensional program which completely neglects Ilnertia effects. It is shown that
for cases where the cable is towing a neutrally buoyant lower array, Programs
CABMOD and CABIDYN predict uanstahle motions of the lower segment at higher towing
speeds while Program CABTRAN predicts incorrect steady-state configurations. For

cases of a cable alone, with no lower array, the resulrs predicted by Programs
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CABMOD and CAB3DYN agree reasonably well with those predicted by Program CABTRAN.
The report concludes by giving a brief summary of the results for the two

sample problems.

CALCULATION OF CABLE TENSION

PREVIOUS APPROACHES
It is well known that for most cable systems, computer time and cost

are determined by the need to track the high-frequency longitudinal vibrational

mode along the cable. In particular, the maximum time step AtM which may
be taken is given by
io(;\‘LC 1

where U 18 the mass per unit length of the cable
L is the length of the cable segment
C‘(- AE) is the elastic constant of the cable
A is the cross-sectional area of the cable

E {s the 2lastic modvlus

For transient or other high-frequency motiuns, it is of interest to carefully
model the longitudinal vibratifons. However, for the present case of deployment
motions, whose time scales are orders of magnitude longer than that of the longi-
tudinal vibrations, it i{s of {nterest to avoid the time-step restrictfon imposed by
Equation (i). Thus, previous studies which congider this aspect were carefully

investigated.



For the most part, these studies attempt to increase the allowable time step
by using the condition of inextensibility to obtain the tension, or avoid the
tension calculation altogether by considering only motions normal to the cable.

Walton and Polachek ¢ add to the equations of motion for the cable additional
nonlinear equations on the displacement which express the condition of
inextensibility. At each time step, the tensions along the cable are iterated
a number of times until the inextensibility condition is satisfied. Froidevaux
and Scholten 7 also use an {terative procedure to calculate the tension. Thelr
procedure consists of continually guessing the tension at the top of the cable
and calculating the tension along the cable hy taking the longitudinal motion
to be the same along the cable until the calculated tension below the last hody
is nearly zero.

Ketchman and lLou 8 show that for cases where the surface motion {s prescribed
and the lower body is cable-like, such as an array, the tension can be directly
calculated along the entire cable, starting from the lower body. However, for
cases where the lower body, or any body along the cable, is not cable-like (i.e.,
has drag and added inertia properties which depend on fixed spatial directions

rather than on cable inclination) the calculation of tension would again not be

ek i

straightforward. Similar complexities would arise if the surface motion is not i
prescribed, as in the case of a surface buoy.

Rupe and Thresher'9 and Paul and Soler °

, use methods which solve for only the
motions normal to the cable and thus avoid the need to calculate the tension. After
the normal motions have been calculated, the tension may be obtained, if desired.

Rupe and Thresher consider the cable to be a compound pendulum composed of a series



of links. They solve for the angular coordinates by using Lagrange's Method.

Paul and Soler use a unique approach. They show that for typical towing maneuvers,
it is permissible to neglect all {nertia effects, thus reducing the equations of
motion to first order. They then show that it is possible to start at the bottom
link and use a quasi-static approach which balances drag and weight forces to
obtain the normal velocities along the entire cable. However, as in the case of
Reference 8, hoth of the above approaches work well for only the case where the
surface motion is prescribed and the cable is free of bodies or has only cable~
1like bodies. The presence of non-cable-like bodies would make their formulations
more complex and the presence f a surface buoy, whose motion is not prescribed,

would make the calculation of tension an essential part of the procedure.

PRESENT APPROACH

In view of the iteration procedure required in References 6 and 7, and the
lack of generality of the approaches given in References 5, 8, and 9, it was

decided to take the tension T to be proportional to the strain € , as follows:
| :.-r} + (:,é& (2)

where Tr ts the reference tension at which the strain is taken to be zero.
In Progrom CABMOD, there 18 an internal damping term proportional to strain
rate € , and ¢ i3 raised to an arhitrary power CZ' Computer cost may be

minimized by using the reduced modulus technlque10 introduced by the flrst

author. The techiiique essentially maximizes the allowable time step AtM



given in Equation (1) by replacing the actual elastic constant C. by the lowest

1
permissible value which will still give accurate results. For deployment pro-

' blems, it appears reasonable to use values of C].whtch will lead to maximum
strains of 0.01. A one percent elongation should have little effect on the

transverse deployment motion.
COORDINATE SYSTEMS

The two coordinate systems used in the computer program are shown in Figure
1. As mentioned in the Introductlon, these coordinate systems are identical to
those used in Program CAB3E4 .

The equations of motion for the cable system are derived for the spatial

(x, v, z) coordinate system whose origin lies at the undisturbed ocean surface.

The x and z axes lie in the horizontal plane and the y axis is positive in the
direction of gravity. Cable drag 1s most conveniently derived for a second
coordirate system attached to the cable, (X, Y, Z), where the Y-axis is directed
] along the cable. The cable coordinate system is obtained by first rotating the

spatial system by the angle ¢V ahout the z axis and then rotating the intermediate
1

L

(xl, Yy, zl) system by the angle ¢ about the x lax1s.

: The direction cosines between the spatial and cahle coordinate systems are

obtained as the elements of the square matrix [ﬁ], given hy the product of the

elementary transformation matrices [?] and[§vj
[A) = [0][4,/]

Lo 0 [ 4 mé 0
0wl smel | ->in «PV ‘«07-47\/ 0
) ' 0-sinb @8l{ 0 O | sind smﬁ, ~5inG uxév w1é

—d

TR W

-
- b ¢
m4’v s'"t\/ (3)
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These direction cosines are also shown in Figure 1. The matrix [A] is used
to express the components of a vector given in the spatial (x, y, z) coordinate
system in terms of the cable (X, Y, 7) system, while the matrix [ﬁ.'l is used
to express the components of a vector given in the cable (X, Y, Z) systems in
terms of the spatial (x, y, z) system. Since the transformation matrix [A] is

orthogonal, the inverse of [A], EA-.] , 18 simply the transpose of [A] ’ [A’i]
[A-n} , [H'T] ()

CURRENT PROFILE

As in Program CAB3E4 , the current proflle is restricted to components
in the horizontal x and z directions, which 1s the usual case for ocean current
profiles. However, the formulation in Program CAB3E is generalized to allow
the current magnitude ¢ and angle with the x-axis, o , to have steady-state as
well as time-varying components, as follows

c(«a,t) = co(?) +¢ 17)4&» (ZTTfCt)

(5)
o((?/t) = "‘/o(‘j) +, [?) Aun (Tch t) (6)

where the subscripts o and 1 denote steady-state and time-varying components,
respectively, % is the frequency of the current variation

t 1s the time



The x and z components of the current, ¢ and ¢ , are given by

X 7
Cé = C 5:"-7( (8)

PRESCRIBED SURFACE MOTIONS

As in the case of the Program CABMOD, the program allows the user either
‘ . to prescribe the motion at the surface, as in a towing maneuver case, or describe
the motion by means of differential equations for a surface buoy.
The prescribed motion may be composed of a series of sinusoidal components

in (a) the x and y directions, or (b) the x and z directions.

N
(a) /xQ’: 2; am‘. 2 ("ZTrEl‘t + ¢‘) (9a)

fur Eoymn Cirhit 44y

(9b)
. N :
. (b) "’XA:‘ \(Z: d“ ¥z (-erﬂ t + ¢“ ) (10a)
N

§IL: Z'aéi SN (-2 ﬂ{‘t + d)l) (10b)

iz
where the subscript s denotes the surface
a0 ayi’ and a,; are the amplitudes of the ith sinusoidal component

s . in the x, y, and z directions, respectively.



%_ and ¢i are the frequency and phase angle of the ith sinusoidal

component, respectively.

Prescribed motion (a) may represent a surface ship lan waves while prescribed
motion (b) may represent a circular towing case.

The user may make use of the subroutine PRESC to prescribe more general
towing maneuvers. For example, a build up in towing speed V from O to 10 knots

ma;” be prescribed according to the formula

V =10 X 1.6878 tanh (t/200) (11)

SURFACE BUOY FORCES3

As mentioned in the Introduction, surface waves and rotational modes of the
buoy are considered to be perturbations to the overall mean moticn and have heen
neglected. This leads to a number of considerable simplifications. First, the
excliting forces due to surface waves need not be computed. Secondly, equations
of motion need not be written for the rotational modes, thus also eliminating
the coupling hetween the rotational and translational modes. Thirdi;, locations
of various forces need not be computed or specified.

For the sake of convenience, it is further assumed that the buoy is axisym-
metric so that its added inertia and drag area are the same for motion in any
horizontal direction. This i3 the usual case for the surface buoy of free-
floating cable systems. Under the ahove assuaplions, the resultant forces acting

on the surface buoy are as follows:

10



L= Mvsu&z'*' Mvsy 1 5 + Mgk

= ~ r——“‘ 4 P B
1 L 2 .
D, = Lo (ChAgyNi+32 Kk +CDA57W|7,,[3
———— v '—’
1 * 1
+ CpAsyal K+ 3 k)
- -
G =
s = Wy 4
—> -
= =f Va'
Bs = =1
—_— —»
-5
WF. = A fWF y:
s = Who T
T %
» ampm— -—,
T =7 + 1
b bq( t’j
w'era the meanings of the variables are as follows: I, D, G, B, WF, T =
(inertia, drag, gravity, huoyancy, wind, and tension forces, respectively),
—:,.T, and1: = unit vectors in the x, y, and z directions, respectively.
b M = virtual mass ia the horizontal and vertical directions,

SVH ' SVy
respectively,

11

(12)

(13)

(14)

(15)

(16)

(17)
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i

fluid density

?) =  drag coefficlent

ASH' ASy = drag areas in the horizontal and vertical directioms,
respectively,

x ==X+C

x_ %

y o=

r y

z = 3

Y

=  welght in air,
g = gravity constant,

Vv = submerged volume,

the subscripts S and b denote the surface buoy and the tenslon force acting below

the buoy, respectively, and a dot denotes a derivative with respect to time.

INTERMEDTATE BONY FORCES
The forces acting on the bodies placed along the cable are somewhat similar
to those previously derived for the surface huoy. The principal differences
occur due to the fact that the bodies have a constant submerged volume, experience
no wind force and have cable tension forces acting above and below. In the case
of the lower body, a special provision is made for a time-varying thrust which
may serve to alter the configuration of the cable system. The resultant forces

are as follows.

(18)

Tg = My, X Lt MB»’y?J t Mgy 3 &

12
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g = 2OV XEHr Hi (CDABH'Xr‘ t CDAB‘;? 15 br k) (192)

054 CDABH éZ
CDAB?

"'i(’ (CDAB“ ;\}fx }-} ’X T ‘fCD/‘)B «arlaarla

(19b)
+ Colgy 3ty 5,&) CD”GH <05 o >2
D 8
C+B =W 7
B B ) Ba( (20)
—» -» _ - - d
Tt T = Tt T +(Ty tT0y) 7

+ (Ta} FD’} ) &

Lower body only:

- ‘ \ . 4
BT = 8T [m(zrrﬁt )T +sin (it ;) 4 ] (22)

where the subscript B denotes the body, the subscripts a and b refer to above
and below the body, respectively, WB is the weight in fluid of the body, BT,

fT, and ¢T are the magnitude, frequency, and phase of the time varying force

acting on the lower body.

13 ﬂ
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The formulation for drag force given in Equation (19a) is appropriate for a
blunt shape such as a cube or sphere. The formulation given in Equation (19b) is

more appropriate for a cylinder or disk shape.

CABLE FORCES

Following Program CABMOD, the continuous cable is divided into a number of
massless straight elastic segments, as shown in Figure 2. All the cable forces
are equally divided between the two nodes at the ends of the segment. The nodes
may represent convenient locations to represent cable shape or may correspond to
locations of bodies placed along the cable, including the surface buoy and lower
body.

The formulation for cable forces is similar to the formulaticn in Program
CABMOD with three principal differences. First, a somewhat simpler tension-
strain relation is used, as given by Equation (2). Secondly, the formulation
1s extended to three dimensions using the coordinate systems shown in Figure 1.
Thirdly, added inertia terms for the cable are neglected. This not only reduces
the number of terms but also eliminates coupling of the equations of mogion for
a given node.

The forces are given for a cable segment of lengthg . Recall that these
forces must be equally divided between the nodes at the ends of the segment.

The two simplest forces which require no coordinate transformation are the

Inertia force €> and weight-in-fluid force W

_:Ec:,u[ (x2+?;+32) (23)

14
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WC. = Wl%’ (24)

where the subscript ¢ denotes the cable
AL 1s the mass per unit length

A 18 the welght per unit length in fluid

The tension and drag forces require coordinate transformations and will

be discussed separately. The tension force T is given in Equation (2) as

T:'rr*l-C,é (2)

The strain € is given by

\r (%~ %) +(‘ar‘auf +( 55)5 _

N
G:T:--" (25)
r Ly
V'
where [ is the cable length at T = Tr
r

AR is the change in length

the subscripts 2 and u refer to the lower and upper ends

of the cable segment, respectively

The components of the tension in the spatial x, y, and z directions are
obtained by using the matrix [A.'], given by Equations (3) and (4), and noting
that the tension force for the case where the cable is below the node, 33 , 1s

directed in the positive Y direction.

15
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which leads to
Tb)( -~ Qb Sin ‘b\/b T}; (27a)
Tb? = (01 eb un 4)V‘3 Tb (27v)
- Sin 95 Tb (27¢)

For the case where the cable is above the node such that the tension force TQ
1s directed in the negative Y direction, the components in the spatial directions

are obtained by simply reversing the signs in the above equation

Tux = + “n ea 5;” ¢VQ Ta (283)
Taa = —wn By W2 Ty, Ta (28b)
T, = =>nf Ta (28¢)

%%
The angles ¢v and 6 appearing In the above equations may be obtained by

considering the following three direction cosines from Figure 1.

cos (%, YY) = ‘?.-?-(- = - cm@ Sin 4)1/ (29a)

>
Py

16



R T T I AP

P

TR

T T W

i o

cos (y, Y) = .id - w20 w2 <bv (29b)
af

cos (z, Y) = f_}. - 5inb (29¢)
af

Equation (29a) divided by Equation (29b) yields the following equation for ¢V

) - [-aX - = [~ (%Xg-%y)
4)V-i"v (A«a) t“‘“ [(451-7“) (30)

while Equation (29¢) divided by Equation (29b) yields the eguation for g

eztn:lm‘*v%%:n:im‘%(%—;}ﬁ‘)’)‘ (31)

The normal and tangential drag forces are taken to be respectively pro-

portional to the squares of the normal and tangeantial components of the fluid

-
velocity relative to the cable ﬂ&r given by
-)
- - - .y M 3
Y :“Vc"'cz’x'rk+43ra+3r'k (37)

where
5, = =X+ Cy
o= =Y
‘.‘r = ‘:3

c. and ¢ are respectively the x and z components of current given

by Equations (5) to (8).
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The components of dﬁ-in the cable X, Y, «nd Z directions are obtained by using the

matrix [ﬁ], Equation (3)

[V, | [ ?.(" |
vy | - [A] ?r
Ve , L }U

which leads to

V= un K, S0 O Yr

At

- e 1S;n(fvrdkr'4.C°1'6}coz'd; 5?? t :S;n‘? j”f

1}

ey

.\)}2: 4in@ smrbv Ay sin@ md’v 7,, +wn b 'b«r

The drag forces D

cx? CZ

Doy = 56 Cp AL vy Wryl

ez = 706 A% vy

where d is the cable diameter
CD is the normal drag coefficient

CT i{s the tangential drag coefficient

(33)

(34a)

(34b)

(34c)

DCY » and D in the X, Y, and Z directions are given by

(35a)

(35b)

(35¢)
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In order o use these forces in the equations of motion it is necessary to

express them in terms of the spatial directions by using the matrix [A"]

ot “~ —

which leads to

b, = @ DC)( - tn B sin 4>v DCY+5;“9 53”4’\/ Dez o0

ey = S b, Oy + w0, Dy - 5iné e Dez (37)

by - sing Dc\( + w2 0Dz (o

FINAL EQUATIONS OF MOTION
For an intermediate node, the final equations of motion are obi. ined by
using the body forces given by Equations (18) to (21) and adding to them the
contributions from the forces of the cable segments above and below the node,

Equations (23) to (37), resulting in -
—'

T, 43 (Teet1ey) =[Wetd Gakerints)] 4
4 - —> -
+ [BB*%(D@* DCL)J +[Ta *Ta,] (38)
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For a general t <e-dimensional case, the ahove vectur equation leads to three
uncoupled scal:. second-order differential equations for the x, y, and z
locations of the node.

For the lower body, the quantities involving the scubscript h are equal to
zero since there is no cable below the body. In addition, there is a thrust
force BT acting in the x and z directions.

For the surface buoy, the vector equation of motion is obtained by using the
buoy forces given by Equations (12) to (17), and adding to them the contributions
from the forces of the cable segment below the buoy, Equations (23) to (37),

resulting in

( I+ % ‘fq, ) - (WSA—P?V+%M‘>£|» ) —3’

[ > —_ -» (39)
+ (B, +1 D, )+ WK +T,

DESCRIPTION OF COMPUTER PROGRAM
Program CAB3DYN consists of a main program and five subroutines.

MAIN PROGRAM

The main program accepts input data for the cable system, current profile,
initial conditions, and data for either a surface buoy or prescribed motions
according to Equations (9) or (10). Data may be entered in either English or
metric units. A detailed description of input directions is given in the next
chapter.

The program is currently written to accept up to 25 cable segments and inter-

mediate bodies. This number can be easily increased by changing a few DIMENSION

20



and COMMON statements, but it should be noted that calculations for more than 25

nodes are likely to require prohibitively large amounts of computer time.

* The main program prints out the input data, and then calls on the subroutine
KUTMER to calculate the motions of the system at prescribed time intervals. The

main program then prints out the calculated displacements, velocities, accelera-

tions, and tensions.

SUBROUTINE DYNA

This subroutine defines the vector differential equation of motion (38) for

each of the N nodes. The subroutine also defines the vector differential equation

of motion (39) for the case of a surface buoy, or the prescribed motion according
to Equations (9) or (10). In the case of a surface buoy, this subroutine calls
the subroutine XLINEAR to furnish the values of buoy volume and drag area as a
function of buoy submergence. 1In the case of a prescribed motion not covered by

Equations (9) or (10), the subroutine calls the subroutine PRESC for the motions.

o —— = = e e e

SUBROUTINE CUR
This subroutine furnishes the x and z components of the time-varying current
profile. For a given value of tne vertical distance y, the subroutine linearly

interpolate between the quantities Cq » olo » €y ando(‘ , defined in Equations

% (5) and (6), which are input as a function of y. The subroutine then calculates

! the x and z components of current according to Equations (7) and (8). For cases

7

where the given value of y is greater (less) than the largest (smallest) value of

y which is read in, the subroutine takes the values of Co ,o(o, c and 0‘, s to

be the values at the largest (smallest) value of y which is read in.
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SUBROUTINE KUTMER

This subroutine uses the Kutta-Merson method to numerically {integrate the
differential equations of motion defined in subroutine DYNA. The subroutine
automatically reduces the integration step slze uniil ihe specified error

criteron of 0.0001 {s satisfied.

SUBROUTINE XLINEAR

This subroutine furnishes the volume V and drag area CDASH as a function
or buoy submergence 1. The subroutine linearly interpolates between the input
values of volume and drag area which are read in as a function of submergence.
For cases where the given suhmergence is greater (less) than the largest
(smallest) value of submergence which 1s read in, the subroutine takes the volume
and drag area to be the value at the largest (smallest) value of submergence

which 18 read 1in.

SUBROUTINE PRESC
The user may use this suhroutine to prescribe an arbitrary motion which is

outside the form covered hy Fquatlons (9) and (10).

PROGRAM STORAGE AND TIME REQUIREMENTS

On the CDC 6700 computer currently in use at the Center, Program CAB3DYN
requires a memory of approximately 41,000 octal words to lcad, 30,400 octal words
to execute, and approximately 18 seconds to compile. By comparison, Program
CABMOD requires a memory of approximately 52,500 octal words to load, 41,000
octai words to execute, and approximately 30 seconds to compile. Thus, Program

CAB3DYN 13 a slmple program, despite its three-dimensional capability. This
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is largely due to the previously mentioned neglect of surface waves, cable
added inertia, and buoy rotational modes.

As in the case of Program CABMOD, execution time depends largely on the
value of the elastic constant C1 » the number of cable nodes, and the amount

amount of time over which dynamic motions are desired. For the sample problems

given in this report, execution time for Program CAB3DYN ranges from 1.2 to 2.5
times the corresponding time for Program CABMOD. In these problems, the ratio of

execution time to real time, ET/RT, ranges from 0.6 to 3.3.

INPUT INSTRUCTIONS

READ STATEMENTS
Input data are entered into the program by means of the following READ

statements in the MAIN program. Wherever possible, the names and definitions

of input variables are matched to those contained in Program CABMOD.

READ(3,1) NCASES

DO 1000 MCs1,NCASES

READ(S,301) TITLE
301 FORNAT(2044)
READiS,1) NSN,NCAB,NCUR,NTRC,ISH
READ(S,2) (FSH(K),K=1,NSN)
FORMAT(8F10.4)
FORMAT(8F10.2)
FORMAT(8F10.4)
FORNAT(8F10.0)
READ(3,2) (AXSM(K),K=1,NSH)
READ(5,2) (AYSH(K),K=1,NSH)
READ(S,2) (AZSH(K),K=1,NSN)
READ(S,2) (FIDSH(K),K=1,NSN)
READ(35,2) RHO,TMIN,CCFR
READ(5,2) BTM,BTF,BTPD
READ(S,2) TINVI,DT1,TOTT,DT2,TBYNX
READ(S,3) (FLC(K),K=1,NCAB)
READ(3,2) (DCI(K),K=1,NCAB)
READ(5,2) (CDN(K),K=1,NCAB)
READ(3,2) (CDT(K),K=1,NCAB)
READ(5,2) (WC(K),K=1,NCAB)

-
N N
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READ(5,4) (CM(K),K=1,NCAB)
READ(5,3) (TREF(K),K=1,NCAB)
READ(S5,5) (C1(K),K=1,NCAB)
READ(5,2) (WBD(K),K=1,NCAB)
READ(5,2) (CDABX(K),K=1,NCAB)
READ(5,2) (CDABY(K),K=1,NCAB)
READ(5,2) (XMBV(K),K=1,NCAB)
READ(5,2) (YMBV(K),K=1,NCAB)
READ(5,3) (YY(I),I=1,NCUR)
READ(5,3) (CCZK(K),K=1,NCUR)
READ(5,3) (CCIK(K),K=1,NCUR)
READ(S5,3) (CCZAD{(K),K=1,NCUR)
READ(5,3) (CC1AD(K),K=1,NCUR)
READ(3,2) (PHID(I),I=1,NCAB)
READ(5,2) (THETAD(I),I=1,NCAB)
READ(5,3) (TENI(I),I=1,NCAB)
READ(5,2) (XPI(I),I=1,NCAB)
READ(5,2) (YPI(1),1=1,NCAB)

READ(5,2) (ZPI1(1),Ix1,NCAB)
IF (FSH(1),LE.2000.) GO TO 220
READ(5,2) XSI,YSI,ZSI,XPSI,YPSI,ZPSI,UFN,UFAL

READ(5,2) CDASBY,WASB,XNSBV,YNSBY,RTX,RTY,RTZ,DFTLIN
220 CONTINUE

The corresponding FORMAT statements are:

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

=W N
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DEFINITION OF

(2413)
(RF10.4)
(8F10.2)
(8F10.6)
(8F10.0)
(20A4)

INPUT VARIABLES

NCASES
TITLE
oM L

NCAB

Number of cases, NCASES > 1
Title
Number of surface motion components, 1< NSM . 20

Number of cable segments, 2 < NCAB < 25

* Superscripts refer to explanatory notes which begin on page 27



NCUR

MIRC

ISM

FSM(K)I1
AXSM(K)

Aysu(x)l1
AZSM(K)

FIDSM(K)1

RHO

TMIN

CCFR

BTM, BTF,
BTPD

TINV1

DT1

TOTT

DT2

Number of current profile points, 2< NCUR < 10

MTRC 5; 0 if input data are enetered in English units;

MTRC EL 1 if input data are entered in metric unitg**

1SM40 1f surface motions are prescribed in x and y directions,
Equation (9); ISM 21 if surface motions are prescribed in x and

z direcbggps, Equation (10)

0 = 2 AKSMK)Kk coa (M KFSMU)EE +FIDSM (k) kT/14C. )
M Rz

YoM = Nf—Aysm (K)gsin(-2mk Fsmik)¥t + FIDsM(K)¥T/140.)

o ﬁ% R2cu (K)¥sin (-2T# Fsmuk) i +FLDSR) T/t
M = -

Fluid &gﬁgity in slugs,ffeetjor kilograms //meters3
Minimum tension which can be supported by cable in pounds
or Newtons; T™MIN = 0 for a flexihle cable

Frequency of current variation in cycles per second

- D
Bottom thrust BT = BTM #[Cdl-(ﬂ”‘BTF** + 8TPD *7//6’02"
+sin (2K BTF X + B7Pb ¢ r/180.) k,]

Initial time interval in seconds for motion calculations

Time step in seconds for which printout 1s desired

0< t <TINVL

Total time in seconds for which motion calculations are desired
Time step in seconds for which printout is desired for

TINVI < ¢ < TOTT

*% All data must be input in consistent units.
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TBYMX

FLC(K)
DCI(K)
CDN(K)
CDT(K)

WC(K)

CM(K)
TREF (K)
C1(K)
WBB(K)

CDABX(K),
CDABY(K)

XMBV(K)
YMBV(K)
YY(1)

CCZK(K)

CC1K(K)

CC7ZAN(K)
CC1AD(K)
PHID(I)
THETAD(I)

TENI(I)

XPI(1), YPI(I),

ZPI(1)

Maximum absolute value of tension in cable just below buoy
in pounds or Newtons

Length of Kth cable segment in feet or meters

Diameter of Kth cable segment in inches or centimeters
Normal drag coefficleat of Kth cahle segment

Tangential drag coefficient of Kth cable segment

Weight in fluid of Kth cable segment 1n pounds/foot or
Newtons/meter

Mass of Kth cable segment in slugs/foot or kilograms/meter
Reference tension of Kth cable segment in pounds or Newtons
Elastic constant of Kth cahle segment {n pounds or Newtons
Weight in fluid of Kth body in pounds or Newtons

Drag area of Xth body in feet.;2 or meters 2for
flow in (horizontal,vertical) directions

Virtual mass (mass + added mass) of Kth hody

in slugs or kilograms for motion in (horizontal,vertical)
directions

Value of y Iin feet or meters

Magnitudes (¢, , ¢, ) of (steady, time-varying) component of
current in knots or meters/second at y = YY(K), see Equations
(5) to (8)

Angles (¢ &x' ) naasired from x-axis of (steady, time-varying)
component of current in degrees at y = YY(K), see Equations (5)
to (8)

Initial value of ¢V of Ith cahle segment in degrees

Initial value of 6 of Ith cahle segment in degrees

Initial value of tension of Ith cable segment in pounds or Newtons

Initial values of (i, f, z) of Ith node in feet/second or
meters/second
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DEFINITION OF INPUT VARIABLES FOR SURFACE BUOY, (FSM(1) > 2000)
XS1(1), YSI(I),2 Initial values of (x, y, z) of buoy center in feet or meters
ZSI(I)

XPSI(1), YPSI(I), Initial values of (X, y, z) of buoy center in feet/seconl or
ZPSI(I) metars/seconl

WFM Magnitude of wind force in pounds

WFAD Angle with x—-axis of wind force in degrees

CDASBY Drag area for y- direction in feet2 or meters2

WASB Weight in air in pounds or Newtons

XMSBV Virtual mass (mass + added mass) for motion 1in (horizontal,
YMSBV vertical) directions in slugs or kilograms

RTX,RTY, Distance of cahle attachment point from buoy center in (x, y, z)
RTZ directions in feet or meters

DFTLIM Limiting value of draft in feet or meters for which the pro-

gram calculates the percent of time that the draft exceeds this

value.

EXFLANATORY NOTES

1. For FSM(l) > 2000., the program accepts input data for a surface buoy.

In this case, AXSM(K) is the submerged volume of the buoy in feetiaor meters 3

at vertical distance AYSM(K) in feet or meters from the buoy center, defined as
the origin of the local buoy coordinate system. Input data is entered starting
with the bottom of the buoy and progressively moving up so that AYSM(1l) is the
largest algebraic value and AYSM(NSM) is the smallest algebraic value. Also,
AYSM(1) - AYSHM{ISH{) = total buoy length IS « Also, AZSM(K) is (b ASH’ the submerged
drag area in the horizontal directica in feetzzor meters2 at vertical distance
AYSM(K) from the huoy center. The FiDSM(K) may take on any values, such as,

say, 0.
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For FSM(1) < 0., the program calls the subroutine PRESC for the yve~-
scribed surface motions. This subroutine is used by the user to program pre-

scribed motions which are not covered by Equations (9) and (10).

2. For FSM(1) > 2000., the program calculates the draft “S required to
support the weight in air of the buoy, and the weight in fluid of the lower
cables and bodies. The displacement YYSI of the buoy center from the ocean

surface for this draft is given by

YYSI = HS - AYSM (1) (40)

For an input value of YSI <« 1.0 X 168 » the program sets the initial value

of YSI = YYSI. This feature is specially useful for those cases where the cable

starts from an initially vertical position.

SAMPLE PROBLEMS
Two sample problems are given to i1llustrate usage and results calculated

by the program.

FREE-FLOATING BUOY-CABLE PROBLEM
Steady Current

The first problem, shown in Figure 3, involves the deployment behavior of an
initially vertical 100-foot (30.5 m) free-floating buoy-cable system, shown in
Figure 3, in the presence of a current profile whose magnitude varies linearly
from 2 knots at the surface to zero at y = 100 feet (30.5 m), as shown in Figure 3.
Calculations were made for a series of variations of current directiono{ . Table 1

shows for each direction variation, the magnitude VI)and angle o(Dof the final
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steady~-state drift velocity, the depth yL and horizontal excursions xIJand z L
of the lower body measured from the surface buoy, the real time tD required
to reach the final steady-state configuration, and the ratio of execution

time to real time, ET/RT. The table also shows, for comparison purposes, two
sets of steady-state results calculated by the two-dimensional Program CAZMOD.
The first set is ohtained by directly integrating the differential equations
of equilibrium and iterating the drift velocity and buoy draft uantil ihe eable
system is in equilibrium. This approach will yield more accurate steady-state
results than the approach used in Program CAB3DYN since the cable is taken to
be ~ontinuous rather than segmented. The second set of results calculated by
Program CABMOD 1is obtained in a manner similar to that of Program CAB3DYN,
where the cable is segmented and the deployment motion 1s calculated from an
initially vertical position to the final steady-state shape.

The results shown in the table may be used to check the accuracy of the
formulation and program logic in Program CAB3DYN in three ways. TFirst, Cases
1 and 2 represent :he same unidirectional current profile with referance
direction shifted by 45 degrees. The table shows that the only difference {n
the calculated results for the two cases 1s a ghift of 45 degrees in the drift
velocity and horizontal displacements X and zZ, This shows that the cal-
culation procedure for the horizontal x and z displacements are equivalent.
Secondly, a comparison of Cases 1 and 6 shows that Program CAB3IDYN predicts
values of VD and X which respectively differ by 2.7 and 0.4 percent from the
exact steady-state formulation represented by Case 6. This comparison indicates
the type of error Incurred when the conatinunus cable 1s represented by four
segments. Perhaps the most direct check is to compare Cases 1 and 7, since

they represent the final steady-state results calculated by Programs CAB3DYN and
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CABMOD, respectively, starting from identical initial states and identical
segmented representations of the cable. Table 1 shows that the agreement is
only to two significant places. Table 1 also shows that the CABMOD results
for VD and thespectively show oscillations of + 0.01 ft/sec (+ 0.003 m/sec)
and + 0.1 ft (+ 0.03 m) about the average values. The reason for both of the
above phenomena is that Program CABMOD models buoy pitch which still has not
danped out at t = 40 sec, while Program CAB3DYN neglects all rotational modes
of the buoy. The next problem gives a more valid comparison since the surface
motion is ildentically modeled by both programs. The results do show that the
presence of buoy pitch has relatively little effect on the average results.

Cases 3, 4, and 5 show results for three-dimensional configurations where the
current changes in direction with depth. It is of interest to note that the effect
of change in direction is to slow drift velocity by as much as 15% from the two-
dimensional value given by Cases 1 and 2. Furthermore, the resultant horizontal
displacement ,Jf)(t + }E for the three~-dimensional Case 5 i1s 20 percent larger
than the two-dimensfonal value. Thus, the nse of a unidirectional current need
not predict the largest horizontal displacement.

The table shows that the time required to deploy from an initially vertical
position to the final steady-state configuration is approximately 40 seconds for
all cases. The ratio of execution time to real time is approximately 3.2 for
Program CAB3DYN and 1.2 for Program CABMOD.

It is of interest to know the effect of cable added inertia, which is neg-
lected in Program CAB3DYN, on the cable motions during deployment. The motions
predicted by Programs CABMOD and CAB3DYN are not directly comparable due to

to their previously noted difference in tie modeling of the surface buoy.
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However, it should be noted that Program CABMOD2 can be run with and without
cable added inertia by setting the input variable AMC equal to 1. and O.,
respectively. Table 2 shows values of the velocities x at the cable nodes
computed by Program CABMOD for AMC = 1 and AMC = 0 for different times t during
deployment. In the table, Node 0O represents the point of attachment of the
cable to the buoy while Node 4 represents the lower weight. The table also
shows the ratio ET/RT for AMC = 1 and AMC = 0. The results show that cable
added inertia has little effect on the motions since the maximum difference
between the results for AMC = 1 and AMC = 0 is only 0.004 ft/sec (0.0012 m/sec).
As expected, the largest differences occur at the beginning of the deployment
when inertia effects are the largest. The table also shows that ET/RT is 1.2

for the AMC = 1 case compared to 1.1 for the AMC = 0 case.

Comments on Efficient Use of Program for Slowly Varying Current

The results contained in Table 1 offer suggestions on efficient ways of using
Program CAB3DYN for the following problem which otherwise would require prohibitive
amounts of computer time. Suppose 1t iz of interest to solve the abnve problem
with the following two differences. First, the current is no longer steady but
exhibits a sinusoidal variation with time with a period of, say, three hours.
Secondly, the shape of the cablzs is desired at 20 nodes instead of only 4 nodes.
A straightforward use of the program would model the cable with 20 nodes and
compute the motion of the cable over three hours. Table 1 indicates that

execution time is approximately 3.2 times real time for 4 nodes. Reference 1

31



‘ndicates that execution time is proportional to the square cf the number of

nodes NCAB

Z
ET o (NCAB) )

Thus, the execution time ET required to calculate motions for three hours

for 20 nodes would be approximately

10\
ETx 32X (-;s;) X3 x 240 hours
(42)
Assuming that such an amount of computer time were avallable, the cost using
the lowest priority available at the Center, block time priority PO, would
be approximately
Cost = 240 X 8125 = § 30,000 (43)

However, the results shown in Table 1 suggest alternate ways of obtaining
the desired results at much lower computer cost. Table 1 shows that the cable

requires only 40 seconds to deploy from an initial vertical state to the steady-

state configuration for a given current profile. Since this is a much smaller

time scale than the period of the current variation, the cable system at a given
time is essentially in equilibrium with the instantaneous current profile.

The table also shows that the steady-state drift velocity obtained by using only
four nodes is only a few percent different from the exact value obtained vy taking

the cable to he continuous. These facts suggest the following alternate approach.
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Use Program CAB3DYN with relatively few cable segments to calculate the steady~
state drift velocity at, say, 20 equally spaced values of time t covering

the current profile cycle. If the cable is started from a vertical position

each time, deployment time would be approximately 40 seconds. On the other hand,
if the more efficient method of using the steady-state values from the preceding
time as the initial conditions are adopted, deployment time to reach the new
steady-state configuration will be substantially reduced to perhaps a few seconds.
The 20 calculated drift velocity vectors VD may then be used to generate 20

-
resultant current profiles <, given by

p 204~ V
C ly) = cly)-V ()

These current profiles along with the calculated values of buoy draft may then be
input into the three-dimensional steady-state Program CABBE4 , which calculates
the configuration at any number of positions along the cable at the cost of only
a few seconds per case. Thus, even if one assumes that deployment time is 40
seconds for each current profile, total exacution time ET for this alternate

approach is given by

ET ~ 20x40 = 800 sec (45)

The cost using overnight priority P2 would be approximately
Cost = 800 X $0.06 = $48 (46)

Thus, the computer time and cost are substantially lower than the straight-

forward approach while still yielding results of comparable accuracy.
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TOWING CABLE PROBLEM

The second problem, shown in Figure 4, involves the deployment behavior
of an initially vertical 500~ ft (152.4 m) cable towed at various speeds.
Calculations were made Tor the cable with and without the neutrally buoyant
array shown in Figure 4, The cable i{s modeled by 5 equal segments.

5 was also

In addition to Programs CAB3DYN and CABMOD, Program CABTRAN
used to calculate the deployment motion. In this program, the lower array
is essentially lumped with the last cahle segment. In order to make the
results calculated by Programs CAB3IDYN and CABMOD equivalent to those calculated
by Program CABTRAN, the array drag was accounted for by increasing the diameter
and drag coefficient CD of the last segment.

For cases of the cable towing the neutrally buoyant array, Programs CABMOD
and CAB3DYN predict converged steady-state results for only the l-knot case.
Tabhle 3 shows four sets of calculated results {or the- i1:la ¢V of 2ach cahle seg-
ment at various times t during the deployment for this case. The tabhle shows
results calculated by Program CABTRAN, Program CAB3IDYN, and Program CABMOD with
and without added cable inertia effects. At t = 1,500 sec, when the deploynent
is complete, the table also shows the steady-state cable angle calcwlated by
Program CABMOD taking the cahle to he continuous. Finally, the table also shows
the ratio of execution time to real time for each of the programs.

The table shows that the cable angles ¢v calcvlated by Program CABMOD, with
ind without added cable inertia, and by Program CAB3DYN all agree to within 9.0?
Jegrees during the entire deployment motion. As Iin the towing cable problem, the
results show that cable added inertia effects, which are neglected in Program

CABIDYN, have little effect on the motion. The results also show that the formu-
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lation and logic in Programs CABMOD and CAB3DYN for two-dimensional cases are
esgentlally equivalent. The results for Problem 1 have already shown that
the formulations in Program CAB3DYN for the x and z directions are equivalant.
The table shows that the cable angles predicted by Program CABTRAN for the
upper segments agree with the CABMOD and CAB3NYN results to within two degrees
during the entire deployment. However, there are large differences for the two
lower segments. In particular, there are differences of 6 and 17 degrees at
t = 1,500 seconds. The table shows that the CABMOD and CAB3DYN angles at t =
1,500 seconds agree to within three degrees with the exact steady-stala rasalis,
where the cable is taken to be continuous. The principal error in the configur-
ation calculated by Program CABTRAN {is that there is too large a jump in the
angle of the two lower segments which is oﬁposite to the trend along the rest of
the cable.
In view of this incorrect steady-state hehavior, Pragraun SABTRAN was exer-
cised for a series of towing gbeeds and number of cable segments NCAB. Tabhle 4
shows the steady-state cable angles, obtained at t = 1,500 seconds for towing

speeds V_ =1, 3, 5 and 10 knots and values of NCAB = 5, 10 and 20 segmeats.

e T

S
The table also lists the ratto ET/RT for each value of NCAR.

The table shows that for a given speed, the type of error does not change with
number of segments. For the case of 1 knot, the previously observed large jump in
angle between the two lower segments, which 1s opposite to the trend along the rest
of the cable, occurs again for NCAB = 10 and 20. For V > 3 knots, the type of
error 1s somewhat different. For all three values of NCAB, the cable angle oscil-
lates along the cable, with the largest oscillation occurring in the lower seg-

ments. The correct steady-state configuration would exhibhit a monotonic variation
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of angle along the cable.

For VS > 3 knots, Programs CAB3DYN and CABMOD are not able ta predict
converged steady—state solutions. The programs predict large oscillations in the
inclination of the lowest segment, even at t = 2,000 seconds. The problem appears
to be the shallow angle of the lowest segment, which contains the drag of the
neutrally buoyant array. Computer runs for cases of no array and a heavy array
do not exhibit the above instability behavior.

Due to the difficulties encountered by all three programs for the neutrally
buoyant array, runs were made using Program CABMOD, without added cable inertia,
and Program CABTRAN for the case of no array for several towing speeds VS .

Tables 5 and 6 show the cable angles calculated by both programs at various times
during deployment for VS = 1 and 5 knots, respectively. Program CABMOD was used
instead of Program CAB3DYN due to its somewhat lower execution time, see Table

3. As shown in Table 3, the cable anglcs caleculated by Program CABMOD agree to
within 0.02 degree with corresponding values calculated by Program CAB3DYN.

Table 5 shows that for VS = 1 knot, the calculated cable angles for all the
segments agree to within 0.2 deg during the entire deployment. Table 6 shows that
for VS = 5 knots, the agreement is somewhat worse, with differences which are
typically one to two degrees. Table 5 also shows that both programs predict some
overshooting past the steady-state angles. For both towing speeds, thie calculated

steady-state angles, which correspond to a straight line, agree to within 0.01 deg.

SUMMARY

On the CDC 6700 computer, Program CAB3DYN requires approximately 41,000

octal words to load, 30,400 octal words to execute, and 18 seconds to compile.
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For two sample problems involving the deployment of a free-floating buoy-cahle
and a towing cable, execution time ranges from 1.2 to 2.5 times the corresponding
time required by the two-dimensional Program CABMOD. The ratio of execution time
to real time ranges from 0.6 to 3.3.

For both problems, the results show that cable added inertia, which is neg-
lected in Program CAB3DYN, h&s little effect on the motions during deployment.
The accuracy of the formulation in Program CAB3DYN is verified by noting the
agreement with Program CABMOD for a towing cable case, and the equivalence of the
results calculated by Program CAB3DYN for two unidirectional currents.

The results calculated by Program CAB3DYN for the free-floating buoy-cable
prohlem agree only in an average sense with those calculated by Program CABMOD.
This is due to the presence of buoy pitch terms contalned in Program CABMOD,
which are neglected in Program CAB3DYN. It is shown that the steady-state
results czlculated by modeling the deployment motion with four cable segments
differs by only a few percent from exact results obtained by consideringv:;e | ’
cable'to be continuous. An efficient method is indicated for using Program
CAB3DYN, in conjunction with the three~dimensional steady-state Program CAB3E,
to calculate the motions and detailed shape of a free-floating cable system in
the presence of a slowly varying current. The method essentl=lly consists of
using Program CAB3DYN with relatively few segments to calculate the steady-
state draft of the surface huoy and current profile relative to the cable system
at a series of given times during the current cycle. The draft and relative
current profile are then read into Program CAB3E to calculate the cable config-

uration at any number of positions along the cable.

37



For cases where the cable is towing a neutrally buoyant array, Programs
CABMOD and CAB3DYN predict unstable motions of the lower segment at higher towing
speeds. This instability is apparently due to the shallow angle of the lower
segment since it disappears for cases of no array and a heavy array. Program
CABTRAN, which neglects all inertia effects, was also used to calculate results

for the towing cable problem. Thia program predicts incorrect steady-state

configurations for the case of the neutrally buoyant lower array. For cases of
cable alone, tne cable angles predicted by Programs CABMOD and CAB3DYN usually
agree to within one or two degrees with those predicted by Program CABTKAN

[ \ s during the entire deployment cycle.

T

ACKNOWLEDGMENT

The authors wish to thank Professor A.I. Soler of the University of

Pennsylvania for providing a card deck and input instructions for Program CABTRAN.

E 38
2



REFERENCES

1. Wang, H.T., "A FORTRAN IV Computer Program for the Time Domain Analysis
of the Two-Dimensional Dynamic Motions of General Buoy~Cable~Body Systems,"”
DTNSRDC Report 77-0046 (Jun 1977).

2. Wang, H.T., "Description of the Revised Buoy-Cable~Body Computer Program
CABMOD, " DTNSRDC Report SPD-0633-02 (Sep 1978).

3. Wang, H.T., "Effect of Nonplanar Current Profiles on the Configuration of
Moored Cable Systems,” Paper OTC 1532, Fourth Annual Offshore Technology
Conference, Houston, Texas (May 1972).

4. Wang, H.T., "A FORTRAN IV Program for the Three-Dimensional Steady=~State
Configuration of Extensihle Flexible Cable Systems,” DTNSRDC Report 4384
(Sep 1974).

Strategles for Tethered Submersibles,” University of Pennsylvania Report

‘ 5. Paul, B. and A.I. Soler, "Analysis of Cable Dynamics and Optimum Towing
under Grant No. 46-ME24~21 (Sep 1970).

e
o

Walton, T.S. and H. Polachek, "Calculation of Transient Motion of Submerged
Cables,” Mathematical Tables and Other Aids to Computation, Vol. 14, No. 69,
ppe 27-46 (Jan 1960).

7. Froidevaux, M.R. and R.A. Scholten, "Calculation of the Gravity Fall Motion
of a Mooring System,” M.I.T. Instrumentation Laboratory Report E-2319
(Aug 1968).
8. Ketchman, J. and Y.K. Lou, "Application of the Finite Element Method to Towed
Cable Dynamics,” IEEE Ocean '75 Record, pp. 98-107 (Sep 1975).

9. Rupe, R.C. and R.W. Thresher, "The Anchor-Last Deployment Problem for Inexten-
sible Mooring Lines,” Paper 74-WA/Oct-5, ASME Winter Annual Meeting (Dec 1974)

10. Wang, H.T., "Technique for Efficient Time-Domain Analysis of Complete Buoy-
Cable SYstems," ASME Journal of Engineering for Industry, Vol. 101, No. 4,
pp. 416-420 (Nov 1979).

39




Ocean Surface
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Z /Z, Z'
Cable
cos (X,x) = cos py cos (X,y) =sin¢y cos (X,z)=0

cos (Y,x) = -cos 8 singy, cos (Y,y) = cos 8 cos ¢y cos (Y,z)=sin8

cos (Z,x) =sinfsingy,  cos (Z,y) = -=sin Bcospy, cos (Z,z) =cos 8

Figure 1 - Geometrical Configuration of Cable System
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Figure 2 - Segmented Representation of Cable
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2 ¥nots

Buoy Parameters:
RT ‘*
W o=o0
C A, =0.79 ft’
D Sy '
wSAIR = 100.0 1b
MSVH = 5,19 slugs
MSVy = 6,59 slugs
T = RT =0
100 ft x z
RT = 1,0 ft
y
y =y (ft) Vol (fta) C.A (ftz)
o D SH
AYSM AXSM AZSM
0 Knots 1.00 0.00 0.00
0.30 1,18 0.746
Lozsr Body Parameters: 0.15 1.63 0.746
BT =0 0.0 2.09 0,746
_ -0.15 2.56 0.746
Hy = 20.0 1P ~0.30 3.01 0,746
CDABH = 0.5 ft -1.00 4,19 1.00
2
CDABy = 0.5 ft
Cable Parameters:
L =100 ft CT = 0,02 Tr = 0 1b
d = 0,12 in W = 0,05 1b/ft Cl = 2000 1b
CD = 1,4 p = 0,02 sl/ft NCAR = 4

Figure 3 - Parameters for Free-Floating Buoy~Cable System
of Sample Problem 1
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Cable Parameters:

L = 500 ft
d =0,51in
- 1.8

(@]
I

C.=0

Lower Array:

= 200 ft
= 1,0 in
CD = 1,8
CT = 0

c1

Cl

L]

0.2 1b/ft
0.0089 sl/ft
01b

10000 1b

0 1b/ft
0.0109 sl/ft
01b

10000 1b

NCAB = 5

Figure 4 - Parameters for Cable Towing Lower Array of

Sample Problem 2
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TABLE 3 - (continued)

t = 1,500 sec

CAB- CAB- CAB- CAB- CAB-
Segm uop' wop° 3DYN TRAN Mop°®
1 39,52 39,52 S— 39,10 39,58
2 39.66 39,66 — 38.83 39.76
3 40.16  40.16 — 37.93 40,37
4 47.61 47,61 — 30.05 44,77
5 65.55 65,56 ——— 71,63 66.97

CABMOD1 ET/RT = 0,43

CABMOD0 ET/RT = 0,55
CAB3DYN  ET/RT 0,63

CABTRAN ET/RT = 0,01

CABMOD = CABMOD with added cable inertia

CABMOD CABMOD with no added inertia

cABMOD®®

n

Steady-state results calculated by CABMOD

taking the cable to be ccntinuous
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TABLE 4 - STEADY-STATE VALUES OF CABLE
ANGLE ¢v IN DEG CALCULATED BY PROGRAM

CABTRAN FOR VARIOUS VALUES OF V S AND NCAB

NCAB = 5 ET/RT = 0.01
Vé (knote)

Segm 1 . 3 5 10

1 39.10 73.51 82.76 87.59

2 38.83 67.53 73.88 81.08

3 37.93 79.16 85.11 87.99

4 30.05 61.04 71.91 80.79

5 71.63 83.83 86.29 88.15

NCAB = 10 ET/RT = 0.01
__Segm 1 3 5 10

1 39.34 71.64 78.58 82.53

2 39.32 71.64 79.59 86.71

3 39.30 71.60 77.72 81.84

4 39.26 71.83 80.93 87.40

5 39.19 70.90 75.85 81.16

6 39.04 73.84 83.34 88.03

7 38.71 66.86 73.14 80.61

8 37.61 80.36 86.01 88.48

9 27.15 59,46 70.92 80.29

10 76.58 85.51 87.30 88.65
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TABLE 4 (continued)

NCAB = 20 ET/RT = 0.04
Vé (knots)
Segm 1 3 5 10
1 39.38 71.64 78.92 84.30
2 39.38 71.64 78.92 84.65
3 39,38 71.64 78.92 84.16
4 39.38 71.64 78.92 84.84
5 39.38 71.64 78.92 83.91
6 39.37 71.64 78.92 85.15
7 39.37 71.64 78.91 83.54
8 39.36 71.64 78.95 85.60
9 39.36 71.64 78.84 83.01
10 39.35 71.64 79.10 86.20
11 39.33 71.64 78.54 82.35
12 39.31 71.64 79.66 86.93
13 39.29 71.60 77.59 81.59
14 39,24 71.86 81.15 87.68
15 39.16 70.80 75.53 80.86
16 38.99 74,10 83.79 88.37
17 38.61 66,33 72,57 80.25
18 37.34 81.28 86.69 88.85
19 24.67 58.25 "0.17 79.91
20 80.34 86.77 88.06 8y.03
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH
NICAL VALUE, THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION i'EGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATINGG DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION,

3. TECHNICAL MEMURANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE BY CASE
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