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BSTRACT: A method to determine the static equilibrium configuration of marine 
ables in three - dimensional space is presented. In present approach, the known 
udntities are the top tension and the location at both ends of the cable while 
the total arc length dnd equilibrium configuration are to be determined. A 
functional is introduced in which the potential energy of stretching and virtual 
rk done due to current loadings are included. A f-inite element method was 

developed to solve the problem and a numerical example is given. 

1 . INTRODUCTION 
Mdrine cdbles deployed in deep water can be subjected to cross current which . 

three dimensional configuration. The paper concerning three 
dnalysis of cable are found in Refs.[3, 4, 5, 61. Most of the analysis 
totdl arc length as a known quantity, while the top tension is an 

nknown. In many cave8 the magnitude of top tension is specified either by the 
cable or the lifting capacity. Thus, the problem of static analysis 

or the cable is to find the cable configuration and the total arc length when the 
is given. Figure la shows such cable configuration in three 

imeneional updce. 
A varidtiondl method uqed previously for two dimensional c a m s  (Ref. 1 2 1 )  io 

tended to the present problem. Three dependent variables are used: the two 
rizontal coordinates of the centroidal line and the cable tension. To obtclin 
ese three unknowns, two variational equations and one eqoilibripm equation are 
ed. An example of under~ea cable given by Ref.[31 is used for demonstration. 

EQUILIBRIUM EQUATIONS 
The equilibrium equations for an infinitesimal segment of cable (Fig.lb) are 

, 31 / 

t which 'P is tension in cable, W is the effective weight of cable, $ . is the 
e rgle between the horizontal plane and the t a n g ~ n t  vector and 0 is the angle 

,tween tho projection of the tangent vector t in the horizontal plane. The 
?ornetaic reldtion of the differentidl segment of cable is given by 



Fig. 1b Cable differential 

Fig. la Cable in equilibrium 

I The external forces P Pb and P arc tho drdg force due to current velocity in 

I 
n 

the horizontal plane w&'icish can be expressed .s 
. , 

where p is the density of sea water, CDt and C are tangential and normal drag 
Y Dn 

. coefficlent, V and V are the components of current velocity in the horizontal 
X 

plane. Y 

I Six independent variables T, x, y, z ,  $ .  and a in Eqs.tl)-(4) are used to 
define any point s in the cable. These six equations can be solved numerically 
131 with specified boundary conditions and cable length. The equilibrium 
configuration as well as tension along the cable length can be obtained. However 
if the cable length is not known at the beginning, the complexity arises and it is 
difficult to solve these equations. This difficulty can be overcok by 

/ introducing the variational formulation presented herein. 

-.' : 3. VARIATIONAL FORMULATION 
An energy functional for analyzing marine cables in three dimensions can be 

, written as 

! where P .nd P are the distributed external forces per unit arc length acting 

, 
d o n g  xXand y airections respectively. These forces are defined as 

I 



in which P P P and P are the components of P , P and P in tx' 't ' 'bx* bxn p x  t 
(18 x and y dirgctions re pec ively.  sin^ Eqs.(4) and Eqs.(fi-(8, one can 
~ i t e  P and P rls followt~ 

X Y 

1 2 P = - pwI) (cDtll(V cos+cmsO + V cos+~ln0l coo+sinJ 
Y 2  X Y 

2 + C (-V sin0 + V cos0) cos0 
Dn x Y 

2 + C (-VxsinJcosO - V sln+sin3) (-sin+sin0)\/sin+' Dn Y 
(12) 

- 
An expression for the cable tension at any position is obtained by integrating 
~ q .  ( 1  1 from location z to the top end and using Eq. (4c) , one gets 

Normally P is smdll, then cable tension reduces to 
t 

where T is the top tension and assumed to be known and I1 is the total depth. 
H 

4. NUMERICAL PJIOCEDUIIE 
Three unknowna to be involved dra x ( z l ,  y(z) and T ( z ) .  The atdtionary 

condition 6ll = 0, which medns vdnishing of the vdricrtion due to x and the 
varidtion due to y, dnd Eq. ( 14) are used to solve this problem. 

The prejection of element coordinates x(z) and y(z) on xz and yr planes 
can be wri ttan as , 

% .  

1 + = X .  + X 
P a '  (15) 

~ ( 2 )  = Y p  + Y, . . . . 
The components x and y are linear. while x and y are nonlinear. The components 

l? f d a 1 xa and ya are approximdted by a cubic polynomial in z. Thus, 
1 

I I 

! 

i t where f N l  is the matrix of shape function and (d) is the local degree of freedom. 
I 

The global equilibrium condition 6ll = 0 yields the equilibrium equations for 
the entire system which is 

I This is a system of nonlinedr equations. Then, by the Newton-Rdphson iterdtive 
procedure, one cdn write the lncrementdl equrltlon ds 



t h 
consider the k element, the contrlbutiun to the square matrix [ K  ] and to the 
vector (R) are as follows NL 

where h is an element 
quadrd ture numerical 

height. Eqs. (19 )  dnd (20) ?re evaluated by using Gaussian 
integrdtion. The iteration process begins with a~suming an 

initial value of (0 1. From Eq. ( 1 4 )  obtain teneion T I  then substitute T into Eqa. 
(19) and (20) and tz obtain the new values I D  ) . Use I D  ) as the initial value 

1 1 and repeat the iteration until convergence criterion is satisfied. 

5. NUMERICAL EXAMPLE 
An exemple of undersea buggy given by Wef.[3] is uaed fur demun~trativn. The 

parameters used are listed in Table 1 and plan view of ship and buggy is shorn in 
Fig. 2. 

Tdble 1 Prvqrdm Parameters 

Water depth, m 183 

ship-to-buggy distance along seabed (R), rn 229 
Length of cable, m 305 
Net weight of cable, N/m 12.3 
Cable diameter, m 0.023 

Surface current velocity in x-direction, km/hr 3.7 
Normal drag coefficient 1.0 
Tangential drag coefficient 0.005 

By using 10 equal finite elements, the results of total cable length and the 
variation of cable tension for various horizontal angle 4 (angle made by current 

0 with ship-to-buggy) are given in Table 2 and Fig. 3 respectively. A good 
agreements is obtained. 

i 

Fig. 2 Plan view of ship and buggy end 



1 . T h i s  study 

a 1 x- Tansion at krgOy and. 

l- 

BOO 

degrees 

c )  x - Tanclon at buggy and 

Fig. 3 Variation of tension with current direction . 
'Ht183M , Rr229M 

T a b l e  2 Comparison of c a b l e  l e n g t h ,  m 
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6 .  CONCLUSIONS 
A vdriat ional formulation hoa bccn introduced for e tdtic ~millyais of marine 

cables in three dimensional space. A finite element method was developed to solve 
the problem. The method is suitable for marine cables having known top tension 
and unknown total >cable length. 
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