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ABSTRACT

Nj  This report is concerned with the analysis and computer simulation

- •-~~~ - cSf a tH-thooreU ocethi~c buoy s~ri~cture having ~a near—hoi’izthital caLWe

connected between two of the three maini e ligure l!iegs. The

Method of Imaginary Reactions is used in conjunction with the

I? Method of Successive Approximationsto determine the equilibrium

configuration of the cable array . A special technique is developed

to extend the above methods to include cable arrays with one int ernally
¶

redundant loop . Computer search routines are developed to ensure

convergence to the solution for equilibrium positions of the cable

array .

- The analysis permits the inclusion of discret e elements and

- floating devices distributed along all cables . Expressions are

derived in detail for the bydrodynamic forces • Both tangential and

norma]. drags are included in the calculation of these forces ; however ,

•
~~ the forces induced by wave action are not considered.

- -

- A computer program for implementing the analysis is included ,

and a sample output appears in Appendix I.

The work report ed herein was conducted during the period .of

-

• 

. September 1968 through December 1970.
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SYMBOLS AND NOTATIONS

The symbols and notations used in this report are defined as they

appear in the context. The most important ones are listed h e  fon• •.

• .

~

ef

~

rence:

A. Symbols as used for Tn -Moored Structure

(a.a, b~ , c~) tjie coordinates of the nth
cable anchor

Ak, m ~ 
the effect ive cross—sectional
area of the (k,m,n)th element~ i.
device

XTEN(m ,n) the extensional rigidity of the
(zn ,n,)th cable segment

Ccix 0c;y 0c z  the drag constants of the (m ,n)th
m ,n ’ m ,n ’ m ,n cable segment

CC;X C~~
y the drag constants of the

k ,m ,n ’ k ,m ,n (k ,m ,n)th  elemental device

m the coefficient of drag of the
‘ ‘ (k,m,n)th elemental device

n the coefficient cf drag of the
‘ (m ,n)th cable segment when this

segment is normal to the stream
• C~ the coefficient of drag of the

(M ,N) th cable segment when this
segment is parc.llel to the stream

the diameter of the (m ,n) th  cable
‘ segment

f
fl the component of drag force per
m,n unit length in the (m,n) direction

, x  y z
• ~F F the components of the external

~fl m ,n ~n force acting at the (m,n)th
cable station

x

-.5--- ~~~~~~~~ .~~~~~~~~ -~~~-~~~~
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(FX ~ ~~~ ., ,FZ .
~ 

) the components of the imaginary
• M(n,,n n,,n M(n,,n reactions applied to the M(n)th

stations of cables 2 and 3

(bc;m, ~~~~ hC Z ) the components of the hydrody—m,n m,n m,n namic force per unit length
acting on the (m,n)th cable segment

(~~ ;x h~’~ , h~~~ ) the components of the hydrody-
• . . .. ~ ~m,n ,m,n ,i ,i 

. . - . • ;a~ic. fprce act~ng o~i the
- 

(k,m,n)th elemental device

:~ (H ~.;x, H°~~ the components of the lumpedm,n m,n m,n drag force at the (m,n)th cable
station due to the distributed
hydrodynainic forces along the
cables

(H C;X, ~~ y) the components of the lumpedm,n m,n drag force at the (m ,n)th cable
• - -• station due to the hydrodyn ami c

forces on the elemental devices

• ‘1 ~ unit vectors in the (x,y,z)
~ j ,  ki directions, respectively

(k, m, n) the index of the Kth elemental
• device on the ath segment of the

nth cable

• • i~(m,n) the total number of elemental
devices attached to the (m,n)th
cable half—segment adjoining
the (m— l ,n)th  cable station

K(m,n) the total number of elemental
devices attached to the (m,n)th
cable segment

BL the stressed length of them,n (m,n)th cable segment

BL~~ the unstressed lena’h of the
fl (m,n)th cable aegm” .t

(m,n) the index of the mth station
or segment on the nth cable

M(n) the total number of stations or
segments on the nth cable

I
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—• _________________ - -—



________________________________________ _,~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ,- --- --,. ~ e

the ratio of drag coefficientsm,n for the (m,n)th cable segment =

cP / cN
m,n m,n

(Rx , , RZ ) the components of the resultantm,n m,n m,n force in the (m,n)th cable segment

the stressed distance of thek,m,n (ic,m,n)th elemental device from
the (m— l,n)th cable station

$ the unstressed distance of thek,m,n (k,m,n)th elemental device from
- 

the (m— l ,n)th  station

T the tension in the (m,n)thm,n cable segment

V(m,n : 
~~~~
, ) the integral of V

2
(z) along the2 (m ,n)th  cable segment from

to 
~2 equal to

r~ v2 [Z(m ,n :~~) J d ~
the weight (or buoyancy ) perm,n unit length in water of the
(m ,n)th cable segment

e 
the weight (or buoyancy) ink ,m ,n water of the (k,m,n)th elemen-
tal device

w the lumped weight (or buoyancym ,n force at the (m ,n) th cable station

(x ,y, z) fixed Cartesian coordinates

(x ,y ,z ) the coordinates of the m,n)thm,n m,n m,n cable station

z(m,n :E) the parametric representation
of z along the (m ,n)th cable
segment = 

-
~~~~m-l,n Tm,n~

(a 
~6 ,~~~ 

) the direction cosines of them,n m,n m,n (m ,n)th cable segment

V the sine of the angle betweenm,n 
the (m,n)th cable segment and
the stream

-—
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(AF X ,~F
1 ,~F

Z ) the components of the additiveM ( n) ,n M(n),n M ( n) ,n 
forces applied to the M(n)th
stations of cables 2 and 3

-t

the hydrodynaini c constant ofm ,n 
• .. the (m ,n )th cable segment N d- 

PCm ,n m ,n/2

~

-_
-

_

~~ - the hydrodynami c constant of
the (k,m,n)th elemental
device = p~D A

k,m,n k ,m,n/2

B. Symbols As Used for Tie Leg

the effective cross—sectional
~1fl area of the (k,m)th elemental

device

XXPEN (m) the extensional rigidity of the
in th cable segment

~~~~ CC Y , ~
c:z 

the drag constants of the m th cablein m in

~
e:x

, ~
e
~
y 

~
e:z the drag constants of thein m in 

(k,m)th elemental device

• C the coefficient of drag of thej ,m (k ,m)th elemental device

the coefficient of drag of thein in th cable segment when this
segment is normal to the stream

the coeff icient of drag of thein 
in th cable segment when this

segment is parallel to the
stream

d the diameter of the th cable
- in segment

f the component of’ drag force per
— 

—

- unit length in the in direction

~~x ~~ F
Z

) the components of the externalin m m 
force acting at the m th cable
stat ion

(h~~
X, h°7, h~~

Z
) the components of the hydrodynamicin in in 

force per unit length acting on the mth
cable segment

xiii 
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(he:x, h
e
~~, h

ez ) the components of the Iiydrodynamic
in in 51 force acting on the (k,m)th elemental

device

(flc:x ~
c:y H’~~ ) the components of the lumped drag force

in in 51 at the in th cable station due to the
distributed hydrodynaniic forces along the

- - cables

(fle:x He~Y H:z) the components of the lumped drag force
at the mth cable station due to the
bydrodynamic forces on the eiement~ .
devices

4 - 4 .  +-i , j, k unit vectors in the (x ,y,z) directions ,
respectively

(j,in) the index of the jth elemental device
on the mtb segment

3(m) the total number of elemental devices —

attached to the mth cable half—segment
adjoining the (m—l)th cable station

j(m) the total number of elemental devices
attached to the inth cable segment

B(m) the stressed length of the mth cable
- segment

L(M) the unstressed length of the m ~•-r~
cable segment

~~~~~~ (in) the index of the mth station

r’~ the ratio ot’ drag coe~fic~ents for tflemth cable segment = c
51/ c

R” B7 R Z the components of the resultant
‘ ‘ force in the nith cable segment

the stressed distance of the (k,ni)th
‘ elemental device from the (rn—i) cable

station

the unstressed distance of the (k,ni)th
‘ elemental device from the (m—l)th

- station

xiv
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ST - the tension in the mth cable segment

- V(na:E1, E2) the integral of V2(z )  along the mth
cable segment from to E

v 
iE~ V2 [Z(in : ~ ( 1 d~ 

2 
-

-

W the weight (or buoyancy) per unit
length in water of the mth cable segment

W the weight (or buoyancy) in water of the
(k,m)th elemental device

W the lumpr~d weight (or buoyancy~ force at
-: £~ the mth cable station

(x ,y, z) fixed Cartesian coordinate.~
(X , y 

, z ) the coordinates of the in th cable station

t Z(rn,F )  the parametric representation of’ z along
I, the mth cable segment = ~~~ +

4 (cL ,
~~~ 

,y ) the direction cosines of the mth cabiem t m
segment

the sine of the angle between the mtn
- cable segment and the stream

- 
- 

15 cable segment PC d5112

~~~ the hydrodynamic c~nstant of the mth

the hydrodynainic constant of the• (k,m)th elemental device = PcD A
— i~,m k,mi~

~~~~~~ 

a parameter defining distance along the
-- mth cable segment

xv
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( F , ii , n ~) respectively , unit vectors along the
mth cable segment , normal to both the P
mth cable segment and the stream , and
normal to the nith cable segment but in
the plane that includes this segment and
the stream

C. Symbols that are Coinmo~ to 
- 
both the Main and the Tie Leg Arrays

COMPD a cut off value that def ines the
acceptable completion of the successive
approximation iteration

a cut off value that defines the
acceptable completion of the Imaginary

COMPE React ion iteration

E a positive def inite error funct ion
+V the current vector

V(z) the current magnitude at a height z
above the bottom

6 a positive convergence factor nawing
the dimensions of force

p the density of surrounding fluid

0 the angular dir11 of the current with
respect to x axis

- — 
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INTRODUCTION

- • The problem of determining undersea cable configurations due t~ ~~plied

loadings at known positions along the cable has received consi4erable attentic’u.

in the past (2,5,8,9)*. However, the solutions have pertained generally

to particular loading conditions. A general closed—form analytical method solv:•.

large variety of complex cable systems has not been available, prima.riiy

4 because of the nonlinear characteristic of the differential equations describir~

these systems.

Alekseev~~~ dealt with the problem of a free..- ended cable from a continuum

point of view, lie obtained athree—dj mensional solution to the equilibrium

equations , which included gravity eff ects , along with arbitrarily applied

— 
- forces along the cable. Pode~

6
~ also used the continuum approach to deal

with the above problem. However , in treating a towed body, he only considered

- a special case of the general problem. Both Alekseev and Pode assumed an

inextensible cable so that the exact integration of the equilibrium equations

could be obtained. Therefore, these solutions are independent of the materia~~

used for the towing cables.

(10) -,Walton and Polachek approached the prouiem of a free—ended cable

— from a lumped parameter point of view. They developed, a two-dimensional

- : numerical solution for an inelastic line in water when the end conditions

- 
are assumed. Paquette and Henderson~~~ followed a procedure similar to that

of Walton and Polachek using analog computer techniques. The cable was

5Numbers within parentheses refer to references given on page (~~.
I-

_  

1
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considered to be elastic but constraints were placed on the equilibrium

position of the cable stations . Both steel and nylon cables were considered .

OI Brien (2) considered the case of fixed end elastic cables , such as

transmission lines. An exact continuum solution to the problem was

obtained; however, the forces applied to the cable were assumed to be -‘

constant over sections of prescribed length so that the shape of the cable

segments could be expressed as an elastic catenary.

Skop and O’Hara~
8
~ developed a technique called the Method of

Imaginary reactions , which is an extension of classical consist~~t

deformatioa~- theory to a nonlinear problem. As reported in i-~eference. -8

& 9 the method applies to elastic non—redundant cable systems and uses

- lumped parameter representations of the external forces. The technique

employs a numerical analysis method that uses a set of’ straight segments

to represent the cable. This enables the non-linear system to be

represented J~y a set of linear equations. By prescribing a simple method

of varying the redundant reactions , an iteration technique is used which

converges to the correct reactions (and consequently the correct static

equilibrium configuration). The method is globally convergent and

converges to actual reactions from any set of initially estimated reactions.

The only restriction reported by the authors (Reference 8 & 9) is that the

method is not applicable if internal loops (a redundant structure)’ exist

in the cable system.

Savage and Sniff in~~~ have analyzed a tn —moored subsurface float

with neutrally buoyant mooring, legs (lee Fig. 1)., utilizing a three—

- ~ 
- dimensional solution that assumes that the neutrally buoyant legs have -a

- 
- - 

- 
catenary shape under the effect of current. They also assume that if -the

2 

-
~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _
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variation of current velocity with depth is moderat e , the use of

root mean square velocity as a uniform velocity prof ile result s in

good approximation of the cable shapes .
p ( ‘Skop and Kaplan / applied theirmethOd to determining the static

configuration of a buoy cable array like the one analyzed by Savage

and Sniff in. The cable array is loaded by weights and buoyancy

forces and by current—induced hydrodynamic forces which are functions

of both the orier~tation and depth of’ the cables in water . The

Method of Successive Approximations is combined with the Method

of Imaginary Reactions to analyze the nosition dependent forces .

Provision is made to allow for varying current prof ile and a three—

dimensional solution is developed.

This analysis uses the Method of Imaginary React ions to simulate

and analyze a structure which is similar to the one dealt with by

~, Skop and Kaplan except for the addition of a near—horizontal cable

- - - attached to any two points on the array of the structure. This

structure is diagrammatically shown in Figure 2,

Skop and O’Hara~
8
~ report ed the inapplicability of the Method

of’ Imaginary Reactions to structures that have internal loops ,

although they have recently published a report which removes this

restriction~~
2) The structure analyzed in this report has one

internal loop. Therefore, the purpose of this engineering research

is to develop a technique which overcomes the Skop/O ’Hara restriction

and show that the Method of Imaginary Reactions can be used to

analyze a structu re with at least one internal loot

V

3
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- Figure 2: ~~~ Tri-Pbored Array Structure with a Horizontal

Element Between Two Cib I.e
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- 
Since the work of Pahuja~~~~ ,, Skop and O’Hara have generalized the .1 

-

Method Reactions to handle the redundant structural cable -

array. This report , summarizing the research work of Pahuja published -

_ in 1970, describes the use of the Method of Imaginary Reactions in the

ana1~rsis of a single loop cable array. The appendix contains the c~ nputer

program developed which has been c~ npiled on an IBM 360/leO facility.

F

—
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METHOD OF IMAGIN ARY REACTIONS

5~~

A. Background

A classical method for the analysis of indeterminate structures

is the method of consistent deformation, the method of consistent distortion or

displacement as developed by James Clark Maxwell . This method of

indeterminate reaction analysis utilizes equations of compatibility

of the structure to supplement the equations of equilibrium to obtain

a solution to the unknown redundants. The following assumptions are

made in this type of method:

1. The structure is assumed to be linear , i.e., the loads applied

— are proportional to - the displacements and the displacements

are relatively small.

2. That there are no gross structural distortions or instabilities

upon the release of redundant reactions , i.e., upon the release

of the “redundant reaction” the basic geometry of the structure

should not change.

The above two conditions are generally not met ~r the aria1yr J~ of cable

arrays.
(8)

The Method of Imaginary Reactions overcomes these restrictions

for the analysis of cable systems. It is , however , a natural ext ension

of classical consistent deformation theory.

The method uses the following assumptions:

1. The bending stiffness of the cable is neglected.

6 
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2 • The external forces acting on the cable - arrays are “lumped”

at stations or nodes along the cable.

3. The cable array is always statically stable , i.e., under the

action of applied forces , no cable segment has zero tension .

The first two assumptions are made to help simplify the problem.

If the cable length is divided into segments , then each cable segment

between stations can be assumed straight . The analysis technique

provides the equilibrium configuration of the system (including the

f effect of cable stretching) which 1. determined uniquely from formulas

that are fu~~tions of only the applied forces and the reactions . This

offers an advantage, in that the solution is now dependent upon the

number of external redundant reactions end not on the number of stations,

which axe arbitrary. The third assumption is necessary , because even

though convergence i~ still obtained , when this condition is not met

the configuration is no longer uniquely described by the method.

- B. Description of the Method of’ Imaginary Reactions —

1. Basic Concepts

This method, as adapted to cables by Skop and O’Hara~
8
~ is explained

briefly in this section. Consider a single cable array of two-dimensional

applied forces (the method is not restricted to two dimensions)as shown

in Figure 3.
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~Fqy $ Fry

~~~~~~~~~~~~~~ Frx
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Q

Rsx ~~’~~ X

p - sy

~ R1~

Figure 3~ Basic Concepts of the Single Cable
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In Figure 3, Rsx and Rsy acting at point S, Frx and Fry acting at

point R , Fqx and Fqy acting at point Q, are externally applied and are

known. If P be designated as the anchor point , then the reaction components

Rpx and Rpy can be determined simply by summation of forces in the x and y

directions .

Since these reactions are known, the tension in segment PQ, the length

of segment PQ under the tension and the coord inates of point Q become known

in that order by the use of elementary statics. Using the same type of

analysis the coordinates of point R and S can also be found . Once the

position of these points is known , we have obtained the equilibrium

configuration of the free-ended cable . If point S happens to be the second

anchor point , then the fixed— ended cable system is in equilibrium in the

desired configuration. In general, however, we are not at the desired fixed

end anchor point, 4~t. T,but rather at point S. Therefore anchor point

reactions Rsx and Rsy at point S are not the actual anchor point reactions which

place the cable end at the desired anchor point (T).  The Method of Imaginary

Reactions provides the methodology for finding the actual reactions at point

T which will force point S to move over to the anchor point ~T), producing

the true equilibrium configuration of the system.

This is done by first applying a small force t~R at point S vectorially

directed in a direction from S towards T. If the coordinates of point T

are (Ix , Ty) and those of point S are (Sx, Sy), then the ratio of the

component of this additional for~ce E (~R) x & (~R )y ) is given by:

(~R)x — 
Tx — Sx

(AR)y Ty — Sy ( I e ,l) ’

5The numbering of all important equations is based upon the format
(a,b) where a is the number of an equation in a given chapter b.
(Equations (1,1) — (3,1) have been deleted from the text.)
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The magnitude of these components is defined by:

= 
~~~~~ (Tx — Sx)  ( 5 , la)

I(AR )
y = -

~~~~~ (Ty - Sy) t5,lb

where E = (Tx — Sx)2 + (Ty — Sy)2 is the measure of’ error between the

equilibrium position calculated using an estimated or guessed rea~ction and

the correct equilibrium position . E is always positive and vanishes

uniquely only when the correct equilibrium has been obtained. In other

words, E+O only when Tx = Sx and Ty = Sy simultaneously. However , to

arrive at the correct equilibrium configuration, it is neceesary to assure

that E will become vanishingly small . To assure convergence , a positive

number, ~S , having the dimensions of the force, is introduced. ~ is a

convergence parameter used to select the magnitude of the additive force

AR (as demonstrated in equations (5,1)) in a manner that the cable array —

will converge to the correct equilibrium configuration. Referring back to

equations (5,1) ,  the ratios (Tx - Sx)/V’i and (Ty - Sy)/1~ are of bounded

variation (lying between —l and +1), and E will become vanishingly small

only when 6-’O. When this happens, the additive forces (AR)x and (AR )y are

zero, and we have the correct reactions and thus the correct equilibrium

configuration.

The algorithm for obtaining a solution is:

1. Make a reasonable engineering guess as to the components of the

reaction at the redundant anchor (References 8,9, & 11 discuss

methods for making these guesses).

2. Release the redundant anchor , i • e. ,point 3, while maintaining the guessed

component reaction forces. This results in the cr’eation of a

free-ended cable.

10 
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3. Calculate the equilibrium position using static force equilibrium

and compute the quantities (Tx — Sx), (Ty - Sy~ izid E.

4. Choose an initial value for 6 so that the value of (AR ) 3j ~
- (Tx—Sx),

and (AR)y = ~~ (Ty—Sy ) can be found. 6 can be chosen initially

i’ to be very large, since it will of necessity become smaller as the

solution proceeds step by step.
1

5. Step 4 results m a n  additive force equal to R ’ = R + AR acting at

the assumed free end. Apply this additive force and flnd ~The new

equilibrium position of the cable.

6. The next step involves comparing the value of V (the ne5~ measu~-e or

error) with E (the previous measure of error.). Two possible sii uati~ is

can exist:

a. If E’ <E , then a successful step has been made because the aim i~
— to reduce the new value of E to zero. In this case the same value

of 6 is retained and a new value of the additive force ~4R) i~

calculated and added to the previous R to calculate again a

new equilibrium position. Repeat the process until a stage where

E’ > E.

b. If E<E’, then 6 is too large . The new values that result ed in t~~e

new measure of error E’ are rejected. Go back to the last Ltera~f.~n

which gave the previous measure of error E. Then, reduce ~ by

halving its value. Then proceed in a repetitive manner with

steps 4 through 6 , until the value of E is arbitrarily small,

at which point the released end is arbitrarily close to the

real anchor position, and hence, a solution to the problem

has been obtained. Figure 4 is a flow diagram describing

the procedure.

11
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Choose arbitrary
values for

redundant reactions (Rx , Ry, Rz)

‘ .5
Also choose an
initial value for 3

Release the
Redundant Reactions

Si

Use Static laws
to calculate
values for E

The fi-nal Equilib-
Check if’ 

~~ has been o~~~ained

IF IT IS NOT TRUE

Use 3 to rind ~tdditi-ve

forcc 3 (~~ Rx , ~~Ry) and
add to ge~ new rorces

Rx ’ Rx+~~ Rx
Ry’ = Ry+~~Ry

Figure /4: A Flow Diagram Describing the Method of
Imaginary Reactions
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- . . - (8)
This application of Imaginary Reactions is globally convergent ;

i.e., no matter what -the initial guessed reactions are , the calculation

converges to the correct coordinates*.

2. LUMPED PARAMETER REPRESENTATION

One of the assumptions made during the develoimient of the Method

of Imaginary Reactions is that the diBtributed forces that act on the

cable array can be represented by lumped forces at specified points

on the cable. This assumption is required if the paths to the free ends

of the system are to be determined by elementary statics and formulas that

express the elongation of the cables under tension. The only condition that

these elongation formulas have to meet is that the cable length increases

with the increase in tension end be a single valued function; therefore, the

elongation formulas can be either linear or non—linear.

Some of’ the guidelines for a successful lumped parameter representation

are presented below:

1. Each cable in the array is represented by at least two stations,

F one at each end.

2. Each point of discontinuity in a physical property of a cable

is represented by a station. Consequently, each cable segment

in the array is homogeneous with constant characteristics. The

cable can be described by as many stations (segments) as are

necessary to represent the cable. Segments into which the cable

is divided do not have to be of equal length along the cable

array.

3. The method of analysis has no direct bearing on the number of

stations on the cable array. As many additional stations as

The analytical proof can be found in Reference 8.
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are necessa~y to obtain a satisfactory approximation to the

continuous equilibrium shape of the array are used. The error

function E, the positive 6, and the various values of A R do not

depend upon the number of stations.

4. - The method by which the external forces acting on the array are

to be lumped at the cable station is completely arbitrary. In

this report a half segment technique suggested by Paquette and.

Henderson is used.

C. APPLICATION OF THE METHOD OF IMAGINARY REA!~ IONS TO DETERMINE EQUILIBRIUM

CONFIGURATION OF A MULTI-MOORED CABLE SYS~~ 4

In this section, the Method of Imaginary Reactions is discussed in

summary fashion to determine the static equilibrium configuration of’ a

multi—moored cable system. (See Figure 1) A detailed discussion of the

analysis of this structure is contained in Reference 9 & 11 . A summary

discussion of’ the application of the Skop & O’Hara method follows as background

to the extension to the single internal loop analysis.

1. Definitiofls

A few definitions, which are helpful in understanding the further text,

are listed below.

1. Simple cable array

A simple cable- array is defined as a cable system which contains

no closed loops , i.e., it is not internally redundant.

2. 
- 
A branch point

A branch point of a simple cable array is def ined as a

point at which a single cable “splits” into two or more cables.

• 3. Primary and Secondary Anchors

— - Each cable, in any cable system, is denoted t~y a number

(n). The cable is said to terminate at a branch point. The

- 
~~
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index n 1 is reserved for the cable that is attached to an anchor
point in the system. In case more than one anchor point, exists

in a system, then the point to which cable number 1 is attached
- is called the Primary Anchor and the other anchors are called

Secondary Anchors. It is the Secondary Anchors that are

released and subjected to imaginary reactions.

2 Coordinate System and Notation

For the tn —moored aystem analysis, a rightmhaud.ed (x ,y, s) cartesian

coordinate system is used . The z axis is defined to be parallel to the

direction of gravity.

The location of the nth cable anchor is given by a(n), b(n) , c(n).

Each cable in the system is represented by M(n) stations. The location

of the mth station on the nth cable is denoted by

(x Y Zm,n, m,n, m,n,) (21,1)

where m a 1,2 M(n).

- The stations are counted from the primary anchor to the branch point

of the array along cable 1, and from branch point of’ the array to the

secondary anchors along cables 2 and 3 respectively as shown In Figure 5.
I),(l ,2),(1,3)

(2 ,3)1 ‘
~~ 4_ t u t I%.. ,

(2,2)

- (3,1)
(M(3)- I,3~j  / \ 5-

.5 (M(3) ,3)~~ I 
‘~2,I)

~~~~~~
(I ,I)

1 Figure 5: Coordinate Systems and
(N(2),2) Notations for Tn —Mooned

Array
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Thus, for a branch point

X(l,2)X(l 3) X(M(l)l) (22,la)

~(l ,2)~~ (2 ,3)~~ (M ( l) , l) (22 ,lb)

(22 ,lc)

and coordinates of the three anchor points, both primary and secondary

are denoted by 
[

(x , Y1 Z( ) ) a (a,b,c) (23,la)
‘ 
, , .. , ,

(X (M(2),2), Y 04(2) ,2), z (M(2) ,2) ) a (a2, b2, c2) (23,lb)

(X (M(3) 3), 1(M (3) , 3) , z(~(3) .)) ) a (a3, b3, c3) (23,lc)

The external forces acting *t the (m ,n) th station are def ined by the

components along the x ,y and z axis:

, ~~ , F~ ) (214,1)(m ,n) (m ,n) (m ,n)
where m a 1,2 ———M (n )

and n =  1,2,3

Thus, forces acting at an anchor point are represented by

~iM(n),n)’ ~~M (n ) ,n ) ’  F~M(fl)fl)
) (25,1)

and forces at a branch point, which is indexed by (M(l),l) conventionally ,

are denoted by
x 

~
y zF(M( l) ,l)~ (t.ftl),l)’ 

F(M(l) l) (26,1)

16
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3. Static Equilibrium Configuration

It was stated earlier that for a two-dimensional cable system if external

forces in segments are known, then the tensions in and orient ation of the

cable segments can be uniquely determined by ordinary static method . This

can be generalized to three dimensions and. multi—moored cables. The

essence of this statement can be si,ivmta~iized as follows:

1. If the external forces applied to the arrays are constant ,

then the components of the resultant force (R Xm,n , R~m ,n , RZm ,n ,)

acting in the (m ,n) th cable segments can be given in terms

k of the applied external force through the following expressions.

for m =  M(n) and-n = 2,3

Rx
M (n) , n = Fx

M (n ) , n (27 ,la)

F7M(n),n = M(n),n (27,lb)

and
z zR M ( n ) , n = 

F M ( n ) , n (27 ,lc)

for m = M(l) and n = 1, the branch point .

= 
~~(l),l 

+ R~ ,2 
+ R~~3 (28 ,la)

~ ~~~~~~~ + 4,2 + 4 3  (28,lb)

= F~(1)1 
+ + 43 (28,lc)

.5

4
—5— -.
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and for m = 2,3 ———M(n)—l and u = 1,2,3

x 
— 

xR — F  + R
m ,n m,n- m+l,n (29,la)

~~~~ 
~~~~ ~~+l ,n (29 ,lb)

m,n m,n in4-1,n .  (29,lc)

Thus starting from the secondary anchor points the forces are very

readily summed up to give the reactions at every station.

2. Once the resultant force has been found, the tension Tm n  is given by:

Tm n =i (R: n )2 
+ 

~~~~~~ 
+(R~~~)

2 (30 ,1)

The tension in each segment results in the elongation of segments

and the stressed length is obtained by

BL
m~~

BLo m,n (1+ XTEN (m,n)J 
(31,1)

where BL is unstressed length.o m,n
3. The next step is to find coordinates of each station. To start the

solution, one starts from the primary anchor because its coordinates

are known and are fixed, The coordinates, then, are found from the

following equations:

-5--
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BL

~~~ 

RX 
+~~m,n Tm,n m,n m-l,n (32,la)

BL
y , m n  R~ +Ym,n.Tm n  m,n m—l,n (32,lb)

BL -

~ 
m,n FZ +~~m ,n T m n  m,n m—l,n (32,lc)

where m = 2,3 ...M(n)

b. In general , for a guessed set of imaginary reactions, the M(n) ends

of cable 2 and 3 will not be at the true anchor points . As a measure

-: of the distance of these ends from the correct anchor points, the

- positive error function E is defined as

E _
n~2

{ 
n

_XM(n) ,n I + ib
fl
_Y
M(n),n1

2 
+ tc

fl
_Z
M(n),n)} (33,1)

E will uniquely vanish when the true anchor point has been reached.

5. Let the imaginary reactions applied to the ends of cables 2 and 3

be recalculated as

= 
!~(n),n 

+ AF
~(n) n (3~,1a)

(~~ (~ ) ,~ ) ‘ = 

~~(n ) ,n + ~(n),n -‘ 
(3I~,lb~

(FZ )~ = FZ + ~F
Z (3I~,lc)M(n),n M(n),n M(n),n

19
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where primes denote the new imaginary reactions and the additive

forces are defined by

~~~(n ) ,n = ( a
fl
—x~4(~ ),~ ] (35 ,la)

A
— [b —y (35,lb)n M (n ) ,n]

AFZ = — [c —z I (35,lc)M(n),n ~~ - n M(n ) n

The quantity 6 as defined earlier, is the positive convergence factor .

Thus the correct equilibrium configuration is obtained once E -~~ 0.

Thus, in the above section the use of the Method of Imaginary 1~eactions

to find equilibrium configuration of a tn —moored. str~icture has been

demonstrated. From here the method can be extended for n number of cables
(8)

easily. .

D • APPLICATION OF PTI~HOD OF IMAGINARY REACTIO!~ yOR PQSITION-DEPENDENT

EXTERNAL FORC~~
In the preceding section the ability of’ the Method of Imaginary -

Reactiozm to determine the equilibrium configuration of a cable array , both

single and multi-moored has been demonstrated. However, the use of’ this

method to determine equilibrium configuration by simple statics was

dependent totally upon the lumped ext ernal forces being constant .

However, underwater cable arrays are subjected to ext ernal forces due to

weight and buoyancy, and hydrodynamic forces, position-dependent , like drag

-~~~ forces. They depend upon both the orientation and depths of’ the cable
~- ~.

- 
‘
~ segments and on depths of elemental devices , with the result that the Method

of Imaginary Reactior~ is not entirely applicable to the cable structure

we wish to deal with in this report .

20
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This problem can be solved by combining the Method of Imaginary

Reactions with the Method of Successive Approximat1ons.~~~ Using this

combined technique, the equilibrium configuration for arbitrary current

profiles can be generated. to any desired degree of accuracy. Essentially,

this combined technique consists ot making an initial g~iess as to the values

of the hydrodynamic forces and uses these values to find the equilibrium

position of the structure by the Method of Imaginary Reactions . Once

this position is found , the hydrodynamic forces are recalculated, and the

position of the array under the new forces is again- found by the imaginary

reactions . This iterative procedure is continued until the equilibrium

configuration has been obtained to within a specified accuracy .

One of the ways to find a measure of accuracy for the successive

approximation routine is to compare the equilibrium coordinates of any

cable station for two successive iterations. If the coordinates differ by

less than a fixed amount, the iteration will be considered satisfied and

if any coordinate change is greater than this fixed amount , the iteration

is continued. Analytically, if COMPD denotes this fixed accuracy value,

then the successive approximation routine is considered satisfied when

I e i — O~~~ I< COMPD (36 ,1)m,n m,n —

for the main array where = x, y or z represents the equilibrium

coordinates of any cable station obtained from the (i)th successIve

approximation routine. Thus , the combined technique offers the advant age

that it can be used for the position dependent forces. In the following

sections, this technique has been used to analyze the problem of a redundant

structure.

•A brief discussion of elemental devices is made in Chapter III.
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CHAPTER II

A NEAR-HORIZONTAL CABLE ELEMENT IN A MULTI-MOORED ARRAY

The major thrust of this investigation has been to study and analyze

the tn —moored structure that has two of the cables connected by a

horizontal cable. (This cable is called a tie leg in this report).

A technique is developed in this report that enables the Method of Imaginary

Reactions to be used for such a structure. More recently, Skop and

O’Hara have extended the work reported herein to the general redundant

(12)structure.

A. THE BASIC APPROACH

Let one first consider the two legs of a tn —moored buoy system,

to which a tie leg has been attached. This structure, then, looks like

an “A”. The “A” structure can further be divided into two coupled parts:

1) the lambda (A) structure and, 2) the tie leg structure . Neglecting

the bending stiffness of the cables, there are only two conditions of

coupling between the lambda structure and tie leg.

— 1. The geometrical compatibility condition

2. The force balance condition

All that is required is a simple lambda structure subjected to the

above constraints between (A) structure and tie leg, and then the structure

will behave like an “A” structure.

B. THE GEOMETRICAL COMPATIBILITY CONDITION

— Let one start with a lambda (A) structure having A as an apex and

B and C as anchor points. (See Figure 6) Points D and H represent

approximately the position at which one wishes a tie leg inserted in the 
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structure. 
~~~at D 

and 
~
‘F’Y )at H are the total resultant 

forces that the

lambda structure exerts on the tie leg. Then using the ~ethod of I~maginary

Røactions the equilibrium configuration of the structure is obtained which,

in result, gives the position of points D and E under loads.

If points D and H are known, then in order to meet the geometrical

compatibility constraint, the tie leg chordal length must fit these points.

It is, therefore, required that the tie leg shall have these points as end

constraints. The Method of Imaginary Reactior~ 1~ then applied to the tie

leg by releasing the E end and the equilibrium configuration of’ the tie

leg is obtained. This gives one certain end reactions (EY1)at D and

(RY1*)at H which the tie leg exerts on the basic 
lambda structure at points

D and E.

C. THE FORCE BALANCE CONDITION

In order to meet the second constraint of’ force balance, it is

important that the following conditions be met:

_ (RY1)at: D 
= 

~~~~at D (l,2a)

(RY1*)at H = _ (FFY*)at E 
(1,2b)

When this condition has been met, the complete solution to the problem has

been obtained, i.e., the lambda structure is behaving as an “A” structure.

However, in case the above mentioned condition is not met, then th~

whole process must be repeated. That is (FFY) at D and (FFY*) at E is

replaced by a new assumed reaction ( FFY) ’ at D and (FFY*) ’ at H and new

positiorsof poin’~~D and B are found under the action of these forces. Then,

these positions are taken as reference points for finding the equilibrium

position of the tie leg, which gives one the end reaction. This process

is repeated until the force balance condition has been met. Once this

21~
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happens the two constraints have been taken into consideration and the

problem is solved .

To reduce the number of iterations so as to satisfy the above constraint

rather quickly, a convergence algorithm is developed in Chapter IV. This

algorithm utilizes the values of FFY and RY1, and if force balance constraint

is not satisfied, the routine employs a technique by which a new value of

> >
FFY’ (FFY < FFY’ ~ RY1) and FFY*

I (FFY* ~ FFY*’ < RYl*) are obtained. This

and subsequent values of FFY’ and FFY* I assure convergence to the correct

values of forces, which satisfy the force balance condition, in minimum t

number of iterations.

4
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CHAPTER III

MODELING AND ANALYSIS OF THE INTERNALLY ~~~~~ i)~~~ ARRAY SYSTEM 
- 

-

In this chapter , a brief description of the techniques used to model

and analyze the array system is presented . The -chapter has been divided

into various sections , each of which deals with one phase of the modeling

process. Further, each section deals separately with the main structure

and the tie leg structure.

A. A FEW GUIDELINES

In this section a few guidelines for modeling the array are presented: I 
-

1. The tn —moored, structure consists of a subsurface buoy , anchored

to the bottom by three cables. These cables are referred to by

number n where n = 1, 2 and 3. These cables are broken up into

M(n) stations.

2. The primary anchor, the anchor for cable n = 1, is represented

by (1,1). All other stations are referred to ‘by subscript pair

(m ,n) where m = 2, 3, ——M(n) and n = 1, 2, or 3 except for the

secondary anchors which are referred to by (M(2~,2) and (n~ 3) ,3) ,

The branch point at the subsurface buoy, in this case,is represented

by (M(l),l). This is the same point as (1,2) or (1,3) but by

convention is represented by (M(1),l).

3. The tie leg is attached to cables 2 and 3, at stations (L,2) and ~~~~

respectively where L is any station between 1 and M(n). The tie

leg is further broken up into MN stations. Both arrays are

represented diagrammatically as follows: ‘

26
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Figui~e 7: Nomenclature for the Tn —moored Array Structure with a Tie Leg

4. Since the external forces acting on the cables have to be lumped at

these stations, each cable segment between the stations behaves like

a straight line. The following guidelines are used for lumping these forces

i. Each point of discontinuity in a physical property of a cable

is represented by a different station. Thus, each cable in the

array has constant physical properties.

• ii. As many additional stations are used as necessary to obtain

a successful approximation to the continuous equilibrium shape

of the array. However, the method of analysis does not
.5 

depend upon the number stations and any ultrafine representa-

tion of the cable does not help.

- : B. DISCR~?1~E ELEMENT NOMENCLATURE

— The method of b- - Aalysis has the ability to take into account discrete

elements in the cable. These discrete elements exert a force on the system.

The external forces, because of these elements, are lumped also at the

stations neighboring them. Half segment lumping technique~~~ is used here.

The objects which are attached to the (m,n)th cable segment on the main

structure are indexed by (k,m,n) where k = 1,2 --- k(m,n), counting
ir~ the direction as shown in Figure 8. For the tie leg——the objects ax ..~
indexed by (j,m) where j = 1, 2 --— j ( m ) .

27
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By convention, the device on the station itself becomes the last

object on the segment. Thus, the subsurface buoy becomes the last device

on the first cable and Is indexed by (k(M(l),l) ) ,  M(l) ,l).

The unstressed distance of the (k,m,n)th device from the (m,n)th

station Is given by Sk

Similarly in the cas: of a tie leg, the element (j ,m)th would be

Sj,m ft, away from the rnth station.

It is necessary to distinguish between forces that are lumped. at

the lower segment from the forces that are lumped at the upper segment.

Half’ segment technique~~ is used to lump these forces on the respectiv-e

stations.

The objects that are attached to the half segment adjoining the

(m ,n)th station would then be differentiated from the objects adjoining

(ni+l ,n)th segment as follows :

Let k(m,n) represent the value of k such that

S <BL /2k,m,n- om,n

for k = 1,2 ——— ‘
~ (m ,n)

>B1 /2k,m,n om,n

for k ~ (m,n)+l, -—-k(zn,n)

Similarly for a tie leg let j (m) represent the value of j such that

-
‘ 

~~~ <L/2

- 

- and

— for j 1,2 ———j(m)

28
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(k(m ,n)+ 1,ni ,n) ( j (m)+1 ,m)

(~~(m) ,m)
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(1,m,~~~~~~

’ 
~~~~~~~~~~~~~~~~~ (1,~~~~~~ 7 j ?~

I E~~~~~~~~M~~~~P~ T~AL

(m,n) Elements on the main arra~rIm ) Elements on the tie ~~

Figure 8: Representation of the Discrete Elemental Devices

These equations are ~~agrsmeatica11y represented by the figures shown above.

C FORCES AC’2ING ON THE ARRAY SYSTEM
•1

The total forces acting on the array system are made up of two factors :

1. The weight and buoyancy forces—-here weight and buoyancy of discrete

• elements as well as of the cable ar e taken into account .

2. The bydrodynamic drag forces which are acting because of the

Interfac e between the cable and the current acting iz~ water .

1. Weight and Buoyancy Forces -

In this section only the effect of weight and buoyancy is considered.

The weight and buoyancy actually can be differentiated only by the direction

in which they act. The weights act downwards and buoyancy acts upwards . The

Z direction is considered positive upwards .

To compute the weight and buoyancy forces let the weight (or buoyancy )

per unit length in water of the ath cable segment be given by

• Wc
m

p.5 .
I
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and let the weight buoyancy in water of the (j ,m)th elemental device be

given as

j ,m

Then to lump these forces as a weight (or buoyancy) force Wm acting

at the mth station, the half segment technique is employed. That is , the

distributed and discrete forces acting on the half segments adjoining the

mth stations are integrated and summed respectively to give the lumped
7

forces at that station.

~~~tn)

- j ( iu —1)  (rn )

3(m-i )+i

(rn -I)
Figure 9: Representation of’ Lumped Force on a Station Using Half Segnient

Technique

Then because of the discrete element the weights that are lumped at station

m, acting in the half segment of the (rn-i) segment as shown in Figure 9 are

expressed by

j(m— 1) e

(1,3)

Similarly the forces that are lumped at station m becaus e of weights

acting at the lower half segment of the mth segment are expressed by

30
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j
~~

(m)

j=l j,m (2,3)

Also , the lumped force at station mth because of the weight (buoyancy )

of the cable would similarly be

~ ~~
c
l L~~1 + 1 W L (3 ,3)

Such that total force lumped at mth station due to weights is given by

w ..j(m—l) we 
+ ~ (m)

m E j ,m—l E ~e
j=I(m—l)+l j l  j ,m

+ 1 (LlI
~m l  

+ WCL J  (1~ ~~

• Exactly the same discussion holds good for lumping the weights as Thrces

In case of the tn —moored buoy structure. In this case, however, another

factor n, the number of cables, has also to be taken into account.

Then for the tn —moored structu±e

~ 
k(m—l,n) 

~
e + ~(m,ii) em,n k=k(Ll,n)+l k,m-l,n k~l 

Wk m f l

.5 C
+l [Wc BL + W  BL ]~ m—l ,n om—l ,n m ,n o m ,n

Where
m — 2 ,3 ,4———M ( n)— l.

n = 1,2 ,3. (5, 3)

1 .
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and for m = M(l) xi = 1, the subsurface buoy

k(M (l) , 1) 
- 

~ (2 ,2) 
- -

= E W~ ,M( l) , l~ E W~ ,2 ,2

k=k(M(l ) ,l)+1 k l

~(2,3)

+ E

+ ~~wM(l) 1
BL0M(l) ,l +1,2 o l ,2+W~~3~~01~~~ (6 ,3)

which are various expressions for representing the weights as lumped forces

on the stations. In deriving this expression, however, the density of the water

has been assumed to be constant.

2. Modeling of a Current ProfIle

Weight and buoyancy forces are one type of external forces. There are

additional external forces which act on the cable because of the hydrodynemic

Interaction between the cable and an ocean current. This interaction produces

drag forces which are dependent upon the velocity and direction of the local

ocean current i.e., the angle at which local ocean current attacks the cable.

The method of’ analysis developed herein makes no restrictions on the

shape of the current profile. For the sake of’ convenience , however , the following

assumptions are made :

1. The ocean current , though depth dependent in magnitude , isuni-dire~:~~:-~

and normal to the direction of gravity.

2. The drag force component which acts in the direction normal to both

the stream and the cable is zero.

The first assumption is made because most design currents are given as

depth dependent and uni—directional. The second assumption is made becanse

32
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of the lImited experimental data available to support a general analytic

expression for the side component of “drag” 
- 

on cables. 
- - -

The first assumption dictates that the current possess no Z component. If - :

the angular direction with respect to the x axis is denoted by 
~~~, 

the

expression for current in gener al can be written as
o.Is. + -~~ -~~

V = v(z) I I Cos $ + i Sin •) (
~‘,~~

)

Where

v (Z) = Magnitude of current profile at a height Z above the deepest anchor ~~~~~
+

I = Unit vector in x direction
9.

j = Unit vector in y direction

3. Hydrodynamic Coordinates

In order to calculate the various drag forces acting on the system, it is

convenient to transform into a new set of natural hydrodynainic coordinates,

defined with respect to direction of the cable and the current.

The -following analysis is presented for the tn —moored structure, Howe.e : .

the same approach is used for the tie leg array.

1. In order tofindanatural hydrodynainic coordinate system, we proceed

in the following manner:

i. Let be the unit tangent t: the (m,n)th cable segment,

considered positive in the dir of increasing m

ii. Then -
~~

V x - r m,n
lTm n  = (8 ,3)

m,n

where wm,n is a unit vector normal to both the (m ,n )th cable

segment and. the current and

iii . n m,n — rm ,n x rrm,n is a unit vector normal to the cable and lying

in the plane that includes the (m,n)th cable segment and the stream .
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In order to express the hydrodynamic base reference in terms of

-basic x , y, z reference frame, we obtain the following relati on :

- - 
- The unit vector rm,n Is expresse d in terms of

a i + B  j + y  k
t m,n m,n m,n m,n (9,3)

where a m ,n 8 m,n and yrn,n are the dir ’1 cosines of the (m ,n ) th

cable segment defined by
x -xm+11n m n  -am ,n—

m ,n 3.O ,3a

Y -Y
~+l ,n m , n

BLm,n (lO ,3b)

~~~~~~~~~~~~
ym,n= - 

-

BLm ,n (].O ,3c)
- - 3. To express wm,n in terms of basicS x,y,z coordinates we proceed as

follows:
+

V~~~t m ,n
wm,n= 1 - -irrn,n

and
• 

Vxrm ,n = V(z)[ 1  Cos • + Sin ~1 x

1am ,nT4Bm ,n~+ym ,n~1

=v(z)
Cos 4 Sin$O
am,n Bm,n ym ,n

v(z)( t (ym ,n Sin •)  —
~~~ 

(yn ,i’ Cos •)

+ ~ (Bm ,n Cos $ —am,n Sin $)J
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I

Also 
~~~~~ X T  = ‘!j 

~~ Am,n m ,n m,n

Where

Am is the sine of the angle between the (m,n)lxh cable segment and the

stream and is given by

A = - ‘ ____ 
-

m,n 1 2  . 2y +~~8 Cos $—a Sin $ -m,n m ,n m ,n

Also

(~~~I V (Z)

And

~~m,n1 
— /a2 

+ 8

2 
+ = 1 

.

n ,m m ,n m ,n

Thus

‘1m,n 
~~~~~~~~~~ ~~~~~~ 

sin 
~~~~ 

— 
‘

~~ ~ m,n 
Cos •)

+
~

(8m n  Cos +—ctm n  Sin ~)} (11,3)

14. SImilarly to express ~m ,n =‘~m,n x tm ,n we proceed in the above

manner to get

~m ,n= 
~~~~~~~~~~ ~~~~~~ + Cos $_Um,n 8m,n ~~~~

9.

•f. a
) 

Sin$

+

[~ 8 Sin$ +y a Cos$] k}m,n m,n m,n m,n

14. Hydrodynamic Coord inates for the Tie L~~

The tie leg is a single cable and as such , does not involve an index

- xi, with the results the expressions (10 ,3 ) ,  (11,3) and (12,3) are valid if
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the index (n) is removed . 
-

Thus the tra nsformation expressions for hydrodynamic coordinates in case

of a tie leg would be expressed as:

1 — a I + 8
m ~ +~ 

1 (13,3)

= 

~m m~~
’1

~~ 
— 

~ ~ m 
008$)

+ I (8~ Cog$ _U
m Sin $ ) ]  (114,3)

+ (y
2 + a2) Sin$ 

~~m 8m Cos$ }~

~~~~ 
8m Sin $+y a Cos $}t] (15 ,3) ~- 

-

5. The Hydrodynami c Distribut ed Forces

Once a set of hydrodynamic coordinates has been obtained , it becomes

a simple matter to represent the hydrodynamic forces for unit length which

are then resolved into r , ir and n directions.
a) Side Force in the ir Direction

- Pode has demonstrated some inherent difficulties that exist in

defining hydrodynamic force. (6) 
Limited data is available to determine tne

functional forms of a side force in the ir direction . However , it is known
- that magnitude of thi s force compared with the other two components is small

and as such is neglected .~~~
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Also * *V X T  = V T Am,n m ,n m,n

Where

4 Am n  is the sine of the angle between the (m ,n)lih cable segment and the

stream and is given by

2 + (8 Cos $—a Sin •)
2 1

m,n m,n m,n

Also .

~ I V(Z)

And
= __________

a2 
+ 8

2 + = 1 ‘

n,m m ,n m ,n

Thus

1tm n  
~~ 1n ~~~~~~ 

Sin $) — 

~ ~
‘m,n Cos $)

4(8m n  Cos m,n Sin $)} 
(11,3)

14. Similarly to express ~m,n =
T
m,n x •tm n  we proceed in the above

manner to get

~m,n 
~~~,n 

{ y ~~~ + Cos $_am,u 8m,n Sin$
) I

+ a2 Sin$ —a 8 Cos $] . j- m,n m,n) m,n m,n

-3’
-
‘ — t y B Si~$ +y a Cos$] k}m ,n m,n m ,n m,n

14. Hydrodynamic Coordinates for the Tie Leg

The tie leg is a single cable and as such , does not involve an index

xi, with the result s the expressions (10 ,3 ) ,  (11,3) and (12 ,3) are valid if

35 

~~~~~ - ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - - -5~~~~~~5---



- 
T~~~~ ”~~ -‘r~ -~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~ “—- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 - ‘ ‘5 -

~~~~~~• --5 ,-_ ,__ -_ 1_ ___  - ~~~~~~~~~ - ‘5--— —I - -.-’- - - .5- - --—,——,— .- - -

b) Normal .D~ag Force In n Dire~ctions

It is known that the normal drag force for unit length which acts in

the r~ direction has a magnitude given by -

~ ,-3

m,n . 2 m,n m,n ~ m,n’ (16,3a)

where

p = the density of the fluid

C~~~= the coefficient of’ drag of (m ,n)th cable segment

dma = the diameter of (m ,n)th cable segment

~xpression for normal drag force in ~ direction for the tie leg array

is essentially the same as (16,3a) except that no index xi exists and as such

is given by

ffl~~~ .0N d ~~~ )2
m m m m (l6,3b)

where ~~ is the coefficient of drag of m th cable segment,the segment being

normal to stream and d is the- diameter of- the - m’bh cable segment.

- c) Tangential Drag Force in t Direction

In most of the work done, this component is neglected being made equal

to zero. However, as suggested by Skop and Kaplan ,~~~ this analysis assumes

that this force can be given by the expression

f’m,u ~ ~~~~ dm,n V (Z)  tm n  (1T ,3a)

where

= the coefficient of drag of (m ,n)th cable segment when the segment

is parallel to the stream.

Similarly the tangential drag force for the tie leg is given by:

T = 
P C~ d v(z) [V. u J

f in 2 (1T ,3b)

V
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where ~fin is coefficient of’ drag of mth cable segment when the segment is

parallel to the stream.

6. The Total Hydrodynamic Force

From the above expressions, then, it becomes clear that the hydrodynamic

force per unit length which is acting on the (m,n)th cable segment can be

written as:

T 
— 

t
fm,n 

— 
fm,n nm ,n + f m n  rm ,n (18,3)

where
p

1-i 
= — d (V (z )A )2

f’m,n 2 m ,n m ,n m ,n
c 2

= 

~m,n ~~~~ 
V (z) 

(l9~3)

and
c 

~~~~~~~~ dm,n 2 m ,n m ,n (20 ,3)

also

ft ~~C~
’ d v(z) [~ .tm,n]m,n 2 m ,n m ,n

‘
~‘x~,n ~~~~ V2(Z)[am n  Cos $+8 m n Sifl$ J (21,3)

where

~~ 
, C~m 1n

- - m ,n _.li
‘~ a,n 22 ,3

Thus having known the expressions for ffl m ,.n and ft m ,n - these can be —

substituted into the equation (18,3) to get the total hydrodynamic force.

Similarly, the expression for total hydrodynainic force in the case o~t e .  ~ie “g
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I
is given by

Total x~ tf = f  r~ + f  r
in m in m m ~.23,3

where f~ and f~ are similar to Eqs. (21,3) and (19,3) with no in).

To derive expressions for the projection of these hydrodynamic force

in the i , j  and k dir” 
, we proceed as follows:

The hydrodynamic force for the tn —moored structure acting in the ~ dir
’1

is given by

0C:x v2(z) (23,3a)m,n m,n

Similarly

h:~~ 
= c~~~ v2(z) (23 ,3b)

= 0
C : Z  v2(z) (23 ,3c)m,n m,n

and for the tie leg by

= ~
c:x V2(z) (214,3a)

= 0c:y v2(z) (214,3b)

~~C:y 
= 0c:y V2(z) (2 14,3c)

where C m ,n ’s are known as the drag constants and they are defined by~

- - 
C~~~ = U~~n 

[Am n  ~~~~~ + ~~~~ Cos * —

A 8 Sin $ +m,n am,n m,n

~~~~ (am n  Cos$ + 8m ,n Sin$ ) a m ,n] (2 5 ,3a)

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I and 

Cc y 
= ~c [A (~2 + a2 ) Sin$—m,n m,n m,n m,n m,n

A a 8 Cos$ +- m,n m,n m,n

~~~~ (a
~~~ Cos$ ‘4. ~~~ ~~

n$)B
~,~ j (25,3b)

- 

~~~ = 
~~~~~~~~~ 

(a
~~~ 

Cos$ + 8m n  siu~) ym,n

+ 
~~~~~~~~ 

Cos$ + 8m n  Sin$hrm,n] (25,3c’

similarly for the tie leg

- 
~ C

[~~ 
(~~~

2 
+ B~~~ ) Cos $ _A

m 
am 8m Sin $+

r~ (a~ Cos$ +8~ Sin$)am] (26,3a)

00:y 
= 1I:[A

~ 
(y~ + a~ ) Sin $ _A

~ 
a
m Bin Cos $ +

rD (a Cos$ +8 Sin$ ) 8 ]  (26, 3b)

and

- 
= 

C
[ _A

~ 
(am Cos*+8 Sin$)y +

- 

(a
~ Cos+ 

+ Sin (26 ,3 c)

- Once the bydrodynainic force on the cable array is found ,the next stage

-: is to lump these forces on the stations . To lump the distributed forces as

a single force which acts at the (m,n)th cable station, the half segment

- 

- 

-, - lumping technique (5) is employed. Then using this technique, the lumped

I bydrodynamic forces are given b) the equations :

- 

ho

-

~ 
- 

- - - 5-- 

~~
- - -
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for in = 2,3 ———M (n )— l n . = 1,2 ,3

~~~ 
C~~~ V (m ,n: 

~~m ,n/2 ’ BL~~~
) +

V’ (m+l,n: O~ ~~m+l ,n/2~ 
(21,3)

and for m M(l) and n =  1

= C~~~)1 V (M(l) ,l: 
~~M(l) , l/2 ,~~M(l) ,l~

+ V (1,2: 0,

+ ~~ V (1,2: 0 , BL1 312) (28 ,3)

where 0 = x ,y or z

The function V (m ,n ,~~~ ) represents the integral of (V2 (Z) )along the

(m ,n)th half segment and is represented by

V (m ,n ,~11E2 ) = fV2 [Z(m n~~ )]d~ (2 9, 3t

where the argument z of V2(Z) is expressed in terms of the integration

parameter F along the (m,n)th cable segment through the relation

Z Z (m ,n:~ ) = ~~~ + y,~~1 (3o ,~ .

where is the direction cosine of the mth segment as defined oy

equation (lO ,3c).

In the case of a tie leg the half segment technique yields the lumped

hydrodynemic forces given by the following expression :

141 
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for in = 2 ,3 ———)~ —1

= 0c:0 
~ (m:B ,2,B ) +

c~~ V (mi.1: 0 , B~~1) (31,3)

where 0 = x , y or z

and expression V (m ,El ,E2) represents the integral of V2(z) along the ath

half segment and iø represented by

V (in ,! ! ) = j~v2 [Z(m ,~ )]  d~ (32 ,3)
1, 2 5

~1
D. DISCRETE EL~~E!1T RYDRODYNAI4IC FORC~~

The direction of drag on the discrete elements becomes parallel to V if

it is assumed that there is no lift associated with them. The magnitude of’

the drag force in that case is given by:

; C~ ,~m n  Ak ,m f l  V2(z) (33 ,3) - 

-

where

= coefficient of drag of the (k ,m ,n)th elemental device

= effective cross—sectional area of (k,m,n)th elemental device

Then if this force be resolved in x , y and z coordinate system, the

hydrodynamic force due to the (k,m,n)th elemental device is found as:

= ~~~~~~ v2(z) (34 ,3a)

= cx , ,  v
2(z) (3b ,3b)

0 (3~ ,3c)

where the drag constants of the (k ,m ,n)th elemental device are given by

~~~~~ = i~~~~~ Cos$ (35 ,3a)

142
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C i , ,  = ~~~~~~Sin$ (35 ,3b)

and being the hydrodynainic coordinate, is defined by
C1

~k ,m ,n 2 k ,in ,n~k ,m ,n (36 ,3)

Similarly , for the tie leg the hydrodynamic force due to the ( j  ,m)th elemental -

device is given as

~~~~ 
= C~~~ V~(z) (37 ,3a)

I1~~~~ 
= ~~~ v~(z) (37 ,3b)

e:zhj ,~ 
= 0 (3T ,3c)

where drag constants of the (j,m)th elemental device are given by

C~~~ = ~~~~~ Cos* ( 38,3a)

~~~~ = Sin$ (38,3b)

and is the bydrodynamic coordinate defined by

e P D
~~~~ 

= ~ C~ Am n  39,3

The next step is to apply the half segment lumping technique to find the

hydrodynamic forces acting at the (m,n)th station and due to discrete

elemental devices. This is given through the following relations:

for in = 2 ,3 . . .M (n ) — 1 and xi = 1,2 ,3

~e:O 
= 

k(m ,n) 
~
E:0 

~
2 [Z(m,n:S ) ]  +m,n k=~(m ,n)+l 

k,m,n k,m,n

~
‘(npsl,n)

.5 

k ~~. ~~~~~ V2[Z(m+l ,n:Sk fl,.,.l )] ( 140,3)
where 0 = x , y or z

4 and form=M(1) a n d n = l
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e:0 
— 

k(M( 1), l) -e1
~M(1),]. 

— 

k.~ (M ( 1) , 1)+l 
C~~M(l) ,l V2 [Z(M(] .) , 1:

~~~ (l) l)]

~(1,2)
+ 

k—I. 
V2 [Z(l,2:Sk1 l2

) ]

~
‘(l,3)

+ a Ce e  
~ 
V2 [Z(1,3:S )i (141,3)

k=1 ‘ ‘  k, , 3

Again, 0 = x , y or z and argument z of (V2(z)) is expressed in terms of

the position of the (k ,m ,n ), the device along the (m,n)th segment through the

relation

Z(m ,n: 
~~~~~~ 

Z
~_i,~ 

+ ‘
~n i n  ~~~~~~ (42 ,3)

Using half segment technique to find hydr odynami c forces acting at the

mth station of’ the tie leg due to diøcrete elements, the following expression

is derived :

~e:0 
— 
j(m)

m — 

E C~~
0 [ V2 Z(m,S ) J

i—T(m)+l 
j,m j,m

E 

j~~
]_ 

V2 [Z(m+i 1 
~~~~~~~~~~~~~~~~~~~~

form+2 ,3 ———MN—1

v h e r e 9 a x , y o r z

L 

- 

E. FINAL EXTERNAL FORCES

Thus, to giimvt~ rize the external force

~~~~~ ~~~~ F ,~)

that is acting at the (m ,n)th cable station for the tri—mooredarray can be given

1414
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as:

= + Ke;x (bh ,3a)m,n m,n m,n

F7 + He;y (414 3b)m,n m,n m ,n

and
• FZ — ~ + He;z (bb ,3c)m,n m,n m,n

Where the lumped weight forces Wm n  are defined by Eqs. (5,3) , the lumped

hydrodynamic forces due to drag forces on the cable segments are defined by

Eqs. (27,3) , and the lumped hydrodynamic forces due to the drag forces on 
-

the elemental devices are defined by Eqs. (140,3). The above equations, however,

do not apply to stations (M (2 ) , 2) and (M(3),3) as imaginary reactions act on these ,

Similarly, the external force

(F , F~ , F)

acting at the in th cable station for the tie leg array can be given by the following -

equations:

j - 

FX _ H
C .X 

+ H~~~ (Ii5,3a)

F7 - ~c~y ?;X
m in + in (4 5 ,3 b)

F: = + H:;z ( 14 5 ,3 c)

Where W~, is defined by Eqs. (4,3), H ’ 0 is defined by Eqs. (31,3) and

H:;0 is defined by Eqs. (43,3).

In the above equations, only the weight forces are constant. The hydra-

dynamic forces depend on the position of the structure through both the onienta—

tion and the depth. As discussed in Chapter I , this problem is solved by using

the Method of Imaginary Reactions in conjunction with the Method of Successive

Approximations.
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CHAPTER IV

ThE CONVERGENCE ALGORITHJ4 USING A BINARY SEARCH ROUTINE

In Chapter II it was suggested that a convergence algorithm is

required to satisfy the force balance condition using a near—minimum

number of subroutine iterations . The force balance constraints suggest

that in order to obtain the tie leg effect in a lambda structure (refer

to Fig. 6) the following equations must be satisfied.

m~ D = _RYlat D (l ,ha)

_FFY*at E = RY1’ t E (1,14b) 
- 

-

where FF1 and FFY* are the resultant forces exerted by the main cable

arrays on the tie leg and RY1 and RY1* are the end reactions that the

tie leg exerts on the main cable array.

If the above set of forces do not satisfy the force balance constraints,

then a different value for FFY and FFY* is used which produces a different chordal

distance D’E’ such that the tie leg fits into this new distance. Now,

-
- the force balance test is applied and if it is not satisfied, the above

process is repeated.

This chapter discusses a technique which determines a new value

for forces FF1 and FFY* so that the number of iterations, before forces

converge to satisfy equations (i ,4) ,  is hopefully made minimal. The

following discussion is restricted to force FYI and reaction RY1; however,

the same discussion holds for fotce FFY* and reaction RY1’.

k ~ Various algorithms to find a new value of FYI (refer to Figure

6) were evaluated; however , a Binary Search Routine was found to be

the most direct method to achieve fact convergence.
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A. BINARY SEARCH ROUTINE

A Binary Search Routine is an algorithm used to find a new value

of FF1 such that It always lies in between the previous two values of

FFY and RY1. If the force FFY produces a reaction RY1 in the tie

leg , then the new value of FYI is given by:

FFY
~

=AE44
~~

I&4 L!!
~IJ + Minimum (AB8IFr4 ,ABSIRY1 1) (2,14)

This new value of’ FYI as given by FYI ’ and used with the proper sign

on the tn —moored array, then , produces another value of RY1. The

force balance criterion is applied and the process repeated until the

condition is satisfied. A typical plot of the result of using this

algorithm in a practical problem is as shown in Figure 10, where the

convergence can be seen. -

I’

1
I

I

1200 I -

• 

- 

FORCE

4/  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.5 

- - - - - 
.- 

• no.., ~of iterations

Figure 10: The Behavior of the Force FYI When Binary Search Routine

Is Used

The details of the Binary Search Routine as used in the problem are

listed below.
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If FYI is the first assumed force that is applied on the main cable ,

then after equilibrium has been attained , a chordal. length into which the

tie leg is to fit is obtained. If this equilibrium configuration of the

main structure is not compatible for the tie leg , then another assumed

value FF1’ (FF1’ > P71) is used on the main cable which reduces the

chordal distance by an amount X ( see Figure 11).

Thus by several iterations a tie leg is made to fit into an

appropriately adjusted chordal distance , as shown in Figure 12. This

produces a reaction Eli. in the tie leg. Now the force balance test

is applied and if it is not satisfied, a new value of FFY”(FFY’~ FFY”~ Rh )

is obtained from the Binary Search Routine using equation (2,4). This

process is repeated until, the force balance condition is met. When

this happens equations (i,14) have been satisfied.

The f orce FF1, drawn as a function of x is:

rrvj~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Yigurs U: Th• Relationship Between the Force FYI and a Displacement X.
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Similarly if a curve of reaction Rh is drawn with respect to X , it will

behave as shown below : RYI d

L I - x

S

Figure 12: The Relationship Between t~ie Reaction R~1Xand a Displacement x.

If both these curves are superimposed, a graph as shown in Figure 13 is

obtained.

- 

- 

Then to summarize , FF1’ produces the reaction RY1 and this is represented

by AR (notation follows Figure 13). Using binary search a new value of FF1
- is found and is represented by CD. Force FFY at D produces a reaction Eli

given by E so that this case is represented by DE. Binary Search Routine is

used again to find the new value of FFY represented by FL.

Force represented by FL is used to find the chordal distance in which

the tie leg has to fit. A reaction represented by point Pis required to do

so. The Binary Search Routine is again used to find a new value for force

FFY, which is nov represented by MN. Thus, this process is repeated until

the forces represented by point K are obtained. At this stage equations (1,14)

- are satisfied. The convergence to the required forces that satisfy the force

- balance condition , in all computer runs and tests made, appears to be very

quick.

- A block diagram representing the stepw~se use of the Binary Search

Routine is shown in Figure i14.

ii
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Figure 13: Representation of the Binary Search Routine.
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Apply the forces

_ _ _ _  

(PFX ,FFY & FPZ)
a on the main array

to the tie leg

This will result in a chordal
distance into which the tie
leg has to fit

Subroutine tie leg
will yield forces

(RI-i, RYI & RZI)
used to f it the
tie ‘leg into the
chordal distance

I
Apply Force Balance
criteria to FFY ,

& R X I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Use Binary Search
Routine to find

another value for

k. - FFX , FFY, FFZ

Fig~ire 1)4: Piock Diagram of thc~ ~inary Searc~i Routine
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B. PRECISION FOCUS

As described in Chapter I, the equilibrium configuration of the array —

system is obtained if the value of E, the measure of error, is nearly zero.

Theoretically, the iteration could continue until E is exactly zero. However,

this is unnecessary for useful accuracy and a cut off value CO?~ E is defined -

that determines the acceptable completion of the iterative process.* In the

course of developing the computer analysis it was found that the tie leg array

would not converge to its equilibrium configuration within specified limits

of COMPE. Thi s was attributed to the higher levels of required forces in

the y—coordinate direction as compared to the other two directions, with the

result that ~ becomes too small for rapid convergence in all three directions .

To overcome this problem, another convergence technique, called Precision

Focus, was used in conjunction with the method of convergence that has been

described in Chapter I. Precision Focus has been used by savage
(13) 

arid is

briefly described in Appendix II.

A brief discussion of COMPE appears in Appendix II
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CHAPTER V

TESTING THE COMPUTER MODEL

The computer program written to simulate the given array system is

listed in Appendix I. This chapter presents a discussion of some testing

of this computer model, arid some aspects of the general behavior of the array

system.

The computer model tested has the following specifications:

The tn —moored structure consisted of three identical legs,

each 25,000 ft. long, in the unstressed state. These legs have a

diameter of 0.6 75 inches and a weight in water of 0.606 lb/ft.
6The extensional rigidity of each cable segment is given as 2.2x10

- 

- 

lb. The co—efficient of normal drag is assumed as 1.140 for the entire

range of current velocities.

The tie leg cable has a diameter of 0.675 inches and an extensional

rigidity of 2.2x106 lb. The length and weight of the cable was

determined internally by the program.

As described in Chapter II, the basic approach in the analysis of the

given system has been to divide the array system into the following coupled

parts:

1. ‘The tn —moored array structure 
-

2. The tie leg array structure

This approach was thought to be most practical because results obtained, namely

• the displacements of the subsurface buoy in the given system, could be compared

readily with the displacements obtained from the analysis of a tn —moored structure

• without a tie leg for which a computer program has been published.~~~ Also,
.5 

it is possible to studT the behavior of the main structure and the tie leg

separately. To check the program output the following extreme cases
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-were analyzed on the computer .

1. When the tie leg is attached near the top of the tn —moored structure,

where the tie leg has negligible length

2. When the tie leg is attached near the bottom of the tn —moored, structure,

where the tie leg is essentially connected between two of three anchor

points

Since both of these are limiting conditions where the tensions will be
p 

taken up by the anchors in one case and where the tie leg is of negligible

length in the other, the system should behave similarly to a simple tn -moored

structure as shown in Figure 1. To look at these extreme conditions and at

the general case of the tie leg attached anywhere on the main structure, the

computer model was used and the results are discussed in the next three

sections.

A. TESTING TEE COMPUTER MODEL WHEN TEE TIE LEG IS NEAR THE TOP OF THE TRI-MOORED

STRUCTURE

The computer program is written in such a manner that it is not possible to

- - place the tie leg precisely at the apex. To cope with this problem, it was decided

to break the main cable into unequal segments such that the first and last segments

were only of 5 feet length. Each of the cables was broken up into 20 segments.

This resulted in a simulation which allowed the tie leg to be put at a distance

of five feet from the top. The displacements obtained from this configuration

were used for comparison purposes. Many different conditions of tie leg parameters

--  
were tried and in each case, the tie leg structural analysis gave similar results

to the already tested program for a simple tn —moored st ucture~~~ . For example, .5

with a tie leg of 6.12 feet in length and the weight per foot of cable at 0.505

lb. /f t . ,  the displacement of the buoy due to a standard test current , for the

case ori’V~i—moored arra~r without this tie leg is:

-

.5 
- 
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f
Horizontal deflection of the buoy = 36.95 ft .

Vertical deflection of the buoy = —1 1.50 f t .

The displacement of the buoy due to the same test current with the tie leg

cable attached between two cables near the apex of the tn —moored system is:

Horizontal deflection of the buoy = 35.12 ft.

Vertical deflection of the buoy = 11.50 ft.

The results obtained from this test condition compare favorably with the results

obtained from the analysis of a simple tn —moored structure.

B. TESTING THE COMPUTER MODEL WHEN THE TIE LEG IS LOCATED NEAR THE BOTTOM OF

THE TEl-MOORED STRUCTURE

For this condition, the tie leg was attached near the bottom (five feet up

each leg), between two of three anchor points.

The length of the tie leg was 30612.8 feet and weight of the cable per

• foot was 0.367 lb. This weight of the cable was determined internally by the

program so as to make the tie leg array slightly positively buoyant.

The displacements of the buoy when placed in the test current with the

tie leg are as follows :

1. Horizontal Deflection of the buoy = 39 .61 ft.

2. Vertical Deflection of the buoy = _12.145 ft.

These results should be compared with the displacements of the standard

tn —moored buoy, as listed above.

C. PRELIMINARY STUDY USING THE COMPUTER MODEL

Besides the above two test cases , the installed position of a tie leg was

varied along the length of the main cables . This was done in order to

study the behavior of the model for different positions of a tie leg.

While the purpose of this report is not to conduct a complete study of

II
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system behavior , enough data was gathered to predict the general behavior

of a tie leg in a tn —moored structure . This behavior is presented in

Figure 15 and 16 wherein the vertical horizontal deflections of the buoy

are plotted against the position of the tie leg. The curves should be

considered only as approximate since the data points were obtained from

calculations using slightly different tie leg cable weights for each

location. This was done as a matter of convenience. The error introduced

does not alter the general behavior or the conclusion that horizontal

deflections of the apex are increased by approximately a factor of two

and. the vertical d,eflections of the apex are increased by approximately

a factor of four . If a prototype system is contemplated , a more detailed

analysis should be conducted.

From the graphs it can be inferred that worse deflections, both

horizontal and vertical , are encountered , as one would expect , when the

tie leg is at a position near the middle . The current used is perpendicular

to the tie leg.
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APP~ IDIX I

THE COMPUTER PROGRAM

A. DESCRIPTION

The computer program, required to simulate a tn —moored buoy with a tie

leg is reproduced in this appendix. This program is written in FORTRPJi IV

and can be compiled and executed on most of IBM—360 facilities. The facility

at the University of New Hampshire is IBM 360— 140 and the computer program

has been specifically adapted to it.

The program consists of i14 subroutines besides the main section. Comment

cards at the beginning of each of these sections describe the nomenclature

and in some cases the purpose of each subroutine.

The program, as written, is restricted to 20 segments and to 10 elemental

devices per segment in each of the main arrays and to 21 segments and 5 elemental

devices in each tie leg array. Thi s is only for convenience and these

numbers can easily be changed by changing the dimensions of the common arrays

in the main program and in the subroutine and functions.

Since the length of the tie leg is dependent upon the pretensioning, the length

of each segment is determined internally. The tie leg is made positively

buoyant by about 2% and as such, the weight per unit feet is also computed

internally.

The total length of the computer program is (FB58)16. If at any facility

the computer memory is inadequate, then K and M dimensions for all the arrays

are reduced to the largest values øf KMAS (m ,n) and JMAX (m) in the case of the tie

leg-—depending upon any particular analysis.

B. INPUT DATA CARDS

The complete input data is controlled by subroutine INPUT Thus, data cards

in the program correspond to this subroutine .
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This subroutine has been broken up into four parts:

First part consist s of reading in of data that is valid for the main

arrays and the tie leg arrays. -

Second part deals with data relevant only -to the main arrays.

Third part consists of reading in of data for ~~ tie leg array.

Finally, the last part deals with the.çrofUes 01 ~L~c hydro iyrLw-~ic current as ?~~ 
:;

attacks the main array and the tie leg respectively.

1. The first input card contains : COMPE , COMPD , STAPSI , DELPSI , ENDPSI , and

TIECOM. FlO.3 FORMAT

COMPE COMPD STARSI DELPSI ENDPSI TIE COM
Comparison Comparison First cur- Change of Final Comparison
value for E— value for rent angle current current value to
Error Function displace— to be angle in angle in meet force

ment I analyzed tdegrees degrees balance
in leg criteria

2. The next three cards contain the Anchor Positions, AA1 = (= x ) , BBI (=Y ) ,

CC1 (=z) —F 10.3 FORMAT

AA1(=x) BB1(=Y) ccl(z)

X of Anchor 1 Y of Anchor 1 Z of Anchor 1 card 2

X of Anchor 2 Y of Anchor 2 Z of Anchor 2 card 3
X of Anchor 3 Z of Anchor 3 Z of Anchor 3 card 4

3. The fifth card contains the number of stations per cable, MMAX(N) — I 5 i~CF-~.-~T

MMAX( 1) MMAX (2) MMAX (3)
No. of stations No. of stations No. of stations
on cable 1 on cable 2 on cable 3

4. The next group of cards contain the physical properties of the cable segnient~
and the discrete elements. Thi s start s with cable 1, which goes f rom anchor

point to subsurface buoy——followed by cables 2 and 3.
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FORMAT OF CARDS DESCRIBING THE PROPERTIES OF THE CABLE SEG?~NTS

BLBAR WC ( M,N) xTHN (M,N ) TDRAG (M ,N )
(M ,N ) F 10.2 F 10.2 F 10.2
F 10.2

Unstressed 
- Weight! Extensional Normal drag

length - ft. regidity coefficient
(rt) (lb./ft.) (lb.)

I. - - _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

CABDIA PDRAG(M ,N ) - KMAX(M ,N )
(M ,N ) F 10.2 1—5
F 10.2

Cable Parallel No. of
Dia. Drag Discrete
(Inches) Coeff. Elements

following each one of these is KMAX(m,n) cards giving the physical propert ies

of the discrete--elements

I SBAR (k,m,n) (kmn )  DRAG CF(k ,m ,n) XREA(k ,m ,n)

Length weight Drag . coeff. X—sectional
.5 - segment lb. .5 area

(m— l,n) -

element

5. The next group of data cards contain input data for the tie leg array .

1. First card in this group contains the number of station on the main

array to which tie leg is attached, — I 3 FORMAT

L - I 3
No. of stations on the

• main array to which tie
leg Is attached
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2. The next consists of number of stations into which tie leg is broken — 

-

I 2 FORMAT

1—2

No. of stations on
tie leg

3. The next group consists of data for the physical properties of the

tie leg array segments .

x~~i (ti) ~I~DRAG(M) CABDA( M) PYDRAG (M) JMAx ( 14)
.5 Extensional Normal Cable Parallel No. of 

-rigidity drag diameter drag discrete
(lb.) coeff. (inches) coeff. elements

following each o~te of these is JMAX(M) cards giving the physical properties

of the discrete elements

WEE(Jj4) DRAGCF(J,M) xx1~ A(J ,M)

Weight (lb.) Drag coeff. X—sectional
______________ area ft.

Finally the last group of data carda deal with the input values for the

current profile.

H(k) F 10.3 v(k) F 10.3
Z coordinate where the The magnitude of
velocity profile changes current at Z H (k )  -

slope ( ft.) (ftlsec.)

- .5]
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CONMON/C !~9/TIE COM ,L

I— COI1tION/C2O1ITUT,JT~~~~,&I€ -SI V NTEST ,LT 1€ ,MCU N  -— - - - —- — — - —- —---- - - - - -  —

p
------ G---— READ AND PR INT INPUT—INF ORfl AI~ION —--___________________________

C 
- -  ~~ L~~- INPUT - -—— - -- - -  --  — -—-- - — - —-- - - ——--- - —- - —---- — — -- —----— -

C
- ---------G-- - - —- — COMPUTE--*IDS EGEM-€N1 O I-ScJP~-T-€- E~~fMENT KT ILDA4M,N--~~

C
90 2 N — 11, 3
MX = M MA X ( N )  -

~~ - ~~~~--~~~~~~~~~MX - - - -- --- -  _ _ _

KX = K N A XIM , N )  
-- -QG-- 47----X- a 1-,-KX -- - - - - - - — - - - -  - --- -- - - — - - —_ _ _ _

IF ( SBA R(k , M,N ) . GT .B L BA R( M ,N ) / 2 .)G O  TO 2
----- ----—-- 1 CONT INUE - ________-— 

- 
- —

K = KX+ 1
- - - --- -- 2 --KT - 1-L-DAI-N,PW -= - - I’.— l-- - - - - -- - --- -  ---—-- - --- - - - - - - --— _ _ _

C 
- •SU8SCRIPT~~ FOR-~~~~~IMAR Y ANCHO-~~~~ 

- -- - - —— --— -  - ———— ---- --- -  -

C
XU,1) A A I ( 1)  - -—---——.—— 

.

YU,1I = BB I(1)
— -— - -- --Z41,1) -CG-1443----—  — — -- — — —  - ___

C 
- -  - - --- — —-— - - - — — - - - - - --------— - ___

LEAP I
--- ——— -• -- -— JUMP - 1

PSI STAPS I
— —-- P4- — --3 41-5~2ê5-- - - --- -- -- - —  - -— - ——--- - - - -—— —-  -- —— -  - -

LOOPE O
- - - - - - -------IO0PA --~-- O----— — — —----- - —- _- -~~~~

__ _~~~~~~~~~~~~~~~~~ 

.5 
—- —- - . 5— -

L T E S T a O
~~-— - --- - -- JTEST — -— — -—---- .5

MT EST 0.  -

6 - - - - - - - — - -- -- -—- -- --- —-— - — -— -- - - - - - - - —-- - - - -—- - - -- -

C I N I T A L I Z E  FORCES FOR T IE  LEG POSIT ION

C -- - - --- — .5 - - -- -- -- - —- - - — - — — - - - --— - — --.5—-—---— .5——- — - - . 5 - -  - . 5—-

D0 2 30 N =1 ,3  
-MX--a M$AX (N) -—— —--------— -

00 230 N ~ 2,MX
- F~ X~M,N4 .z Q~~-~ - -— - -—-- —-- -— -— -— ---- 

F F Y ( M,N )  0.
- - - -  23G F.fZ(M,N4 a~ O. _______ ___ --.5_ ~ __ . 5  

FFX( L ,2)  a 0. -

—.5 -- --— --- - --—-FFY (L ,2) — I0O~ —-— —__________________________________ —

FFZ(L ,2) — 0. 
F F - ~~-O~ -  — — — - - - - — -  - -—-._ - -_ —  .5---

FFY(L ,3)  z — 100.
- -----FFZ-41..,-3)----O . - -- - - - - - - —-- - - —.5---- —- - .5 - 

-
- . 5

C 

—-~ ———— CQMPUTE STAT ION G R A V I T Y  FORCES W ( M ,N) AND INI TIA L  FOKCES F X, F Y, F Z— -—

CALL GFORC -

-c   -- - - -  - — _ _ _ __ - - - -

C COMPUTE CA8L E FORCES RX , R Y, R l— T E N SIO N  T ( M, N)  AND STRESSED LENGTH(M ,N)

- - - C - - - - -  - - - .5. . 5- - — - - —.5 — -—--- ----—--- - - --  - - - - - .5

3 00 7 N N  1,3
.5 - .-- ----—----N.-~~~~4—NN -- --—-- - -- - - - - - - — - — - - — - - -.- .--— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

MX a NMAX(N)
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— - C. The Cc*iputer Program -~~~~ - --

— - - C- - - -  THIS- PROGRAM --BY - SU.~14ASH C PAHUJA -- -  - -— —  - - - - — -  -- - -

C TH IS PROGRAM PER FORMS THE MOTION A N A L Y S I S  OF A TRI— M UORED BUOY
- -C - - -  - - STRUCTUR E HAy-I N-G AN--- AU,x- I L4.ARY --CABI..E-- 8J-~.E~U- TNU C M~ LE LEGS - - -  - ___

C SOLUTION IS BY THE METHOD OF IMAGINARY R E A C T I O N S  AND SUCCESSIVE
- .5 - C - - APPROX~IMAT IONS -  - -- - - - - - -- -  -

C THIS PROGRAM -UTL IZ ES THE CONCEPTS OF THE PR OGRAM DATU~~A W R I IT E N  BY
C -5-KOP AND-KAPLAN (IF THE A~AVAL- R~~SE4&C~~. LA8ORAVJ&Y - -

C NOMENCL ATURE FOR THE MAIN STRUCTURE
---C- -- - —--N -a - CABL E INDEX—- - _ ____ _ __________—_________

C N = STAT ION INDEX
C K = SCR~ TE—EI. EME-NT INDEX - -— -- -  - -- - ------ - - - — - -  — - -  -

C CABL E SEG MENT(M,N)
-C BLBAR IM,.N-)- --a UNSI:RESSE O I. EN GTH  - --- - - - - -  

C BL(M,N ) = STRESSED LENGTH
-- - —C  WC4 M N)~ -a--WE1G I-EOOL----------——---- --——-——---——---— ---—

C XTEN (M,N)  = EXTENSIONAL R I G I D I T Y
C MUIM,N) = DRAG -CHANACaEST-IC- - -- - — - - -  — -
C R0~~M,N) = DRAG COEFFICENT R A T I O
C KMAX(M,NJ -= NO. OF - D-LSC&flE ELEMENI~-S~-. IN-- SEGMENI LM,-N)-- - —- - — - - -

C KTILDA IM ,N )  = NO. OF DISCRETE ELE MENTS [N F I R S T  HALF SEGMENT IM , N) 
T-( *,N-I -a - ~~~~~~~~~~~~~~~~~ N---&- ~~~ -- SEGrMEJt TL-*,N-)-..- - -- -  —-- - - -._________ 

~~~---
C ( A L P H A ( M , N ) , B E T A ( M , N ) , GA M M A I M , N ) )  = DIRECTION COS [ NE S

- C UI-S R E - ~ LEMENT 4K.,$-,N)  - - - - - -  -- - - - - -- - - -

C SBAR (K,M,N ) = UNSTRESSED L ENGTH FROM STATION 4 M ,P ~) IC ELEMENT IK ,M ,N1
C W~~~~L4~~ ,-M , N )  = WEIGHT--U-F- T~~E.-ELEMENL- -- -----—- ---  - -  -- — - —- - - - -- .-  --- -- -

C MUE ( K , M,N) z DRAG CHARATERIST IC 
- . S A ~ WM I N , N I . . . . -—

C (X(M,N ),Y (M ,N),Z(M,N)) = COORDINATES
• C - - - MMAX-I-N-I- NO. OR--- ST.AI1.ONS--ON- CABLE--L-N-)- -— -—- - — ------ —--- -- - - - --- 

C ( A A I ( N ) , B B 1 ( N ) , C C I ( N ) )  ANCHOR C O O R D I N A T E S
C HURl ZI.-4-M,N-l - -= -HOR Ilk —UI SPLACEMENT - F-&U$---T I4E- - CR A VI T Y POSt TWN -  - -  -

C HE IGHT(M,N) = VERTICAL DISPLACEMENT FROM THE GRAVITY  POSITION
.5 C - - £ —.z~ ERROR -F-W4CT-WN---—-- -— .- ------ ----- — -—---- ----------

C COM PE = COMPARIS ION VALUE FOR E -

C T I-ECQM = COMP AR IS-ION- VALUE- F(I&---1H-E ~ O&C-E--BALANC~ - CQNO-I-T-IO~ - -  -~~~~

C PSI = ANGL E OF A T T A C K  OF CURRENT
C -STA P S-I = -ST ART I-NG VA&-UE OF THE ANGLE OF A T-TAC K 0-F - C-URU~ N T - - -

C DELPS I = INCREMENT [N THE VALUE OF THE S IAPS I
C -----f$UP S4 -=---l~-AST- - -VA UE- - -O-F- THE-- .ANGL.~.--O F ATTAC K- U-F CURRENT —-- ---- — - -  -

REAL BL ,BLBAR ,BLT, MU,MUE ,MUU,MUUE
C OMMON/C 1/X F,X (2 1,3) - , Y -f - ,Y (2 1,3) ,ZF ,Z ( -2-4 ,3) -  - -  - - - -

COMMOM /CZIFX (21 ,3),FY(21 ,3),Fl (21,3)
COMMON/C3/W (2 1,3) - ,W G12 1,3) ,WE IIO,2 1,3 )  - - --- -

COMMON /C4/MMAX (3),KMAX(21 ,3),KTILDA (21,3 )
--- COMMoN/C5I AMt24 , 4-2~t,-3),S6~ R (1O,21,3),TI21,3)4B-LTI2L ,3I----
COMMON /C6/AA 1 (3) ,BB1 (3),CC1 (3) ,E ,DEL t~ .JUMP ,1OOPE ,1LJOPA
COMMON/ C 7/HORIZL (21 ,3), -HE IGHT42-t -, 3-) - - - - . — -

CONM ON/C8/CX (21,3),CY (21 ,3),CZ (21,3)
COMNON-/C9IAV ( 5)-,BVI 5I,VF ,~V I 5),KF,$1-5) - - -- - -   -

COMM ON /C IOICOMPE ,COMPD ,PSI ,STAPS I ,DELPSI ,ENDPS I
- COMMON/Ct N-4 2-1 ,.3),MU bWEItO,2L,3)--,RO4 -21~,3~ -- - - - - - - .  - -  -

COMMON/C J 2 / AL PHA( 21, 3h B ETA ( 21, 3) ,GA M MA ( 21 ,3 )
COMMON/C I3/R X (2 1,3 ) , i~Y ( 2 1 ,3 ) - , RZ (2 1 ,3 )    -

COMMON/C 14/XO(21 ,3),YO (i1,3),ZO (21 ,3)
— COMMON/C15/XB (21,3),YB(21,31-,Z8121,-3) - - -

COMM ON/C 1b/ FXP I3 ) ,FYP I3) ,FZP I3) ,XP(3 ) ,Y P (3 ),ZP I3)
COMM UN-I-C11.IOELTA 1,PD~L T A - . - — - - - - -  — - —

COMM OM /C IBI FFX (21 ,jli ,FFY ( 21 ,31,FFL (21,3 )
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GO T O (5 , 4,4 ) , N
--— -- -4 RX(MX,-N4 - =- -F-X-4-MX-,-N4-------- —— ---— -- -— — - - - — - - - - - ——-———- —----— - ---—-

R Y( M X, N)  = FY (MX,N)
— - - - - -  RZ ( MK ,~1) ~ FZ4MX- .,- M4------—--- --—— -  _______—- - 

-

GO TO 6
L — - - - -  5~-RXIMX, 13- =- -F-X-1MX-,- -U-,-R-XI-2-,-2-)*&X4-2,-3-) - -

RY~~MX,1)  = FY~ MX,1)-IRYt2,2)+RYI2,3) 
- —--RMMX,1 )-= F MX,1)I~RZ-I - 2-,--2DR1- (-2-- ,-3-)-— — — - — -- -- ----- -- - - -——-  - - -—--— -  -

~~

6 T (MX,N) = SQRT (RX(MX ,N)**2+RYL MX ,N)**2+RZ~MX ,N)**2)
• — 

.5 -——- —---—-B L(MX,N)- SLBARIMX ,N )*I1.4TIMX,N )/XTEN (MX,NI )
BLT (MX ,N ) = BL (MX,N )/T(MX ,N I 

—- - -- - —MX~~--MX—-~~--—----- —-- - -— - -- --- - --- - -— —-- -— ____ _

~~~

0 0 7 M N 2 ,MX
- - - - M - -= -  MX—NM’2 ---- - -  — - - -  —-

-.
- ----—- — —-- -—  

IF(N.EQ .1)GO TO 8
IF(M.EQ.L)GO TO 220  - -—-_____________________________

8 RX(M,N)  a FX ( M, N)+RX ( M+1 ,N)  
.5---- 9.-Y4M,.Nj- ---=~ -FYLM,N).5 • .RY-(-M+~ .N3- -- -- -- --- - - - -  

RZ( M,N)  = F Z( M , N)  + RZ ( M+L, N) 
GO- T-D-16 - 

220 RX(M,N) = FX (M ,N) • RX ( M+ 1, N)  + F FX ( L , N)
- - - —— - ------—- - R-Y4M ,N) — FY (M,N )~RY (M-’1,N)+-FFY1t,ML — 

-

RZ(M,N)  = FZIM ,N)+RZ (M+1 ,N) +FFZ (L ,N)
--  - — -  ---16 -- T4~M,~P 4) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BL(M ,N) = BLBAR (M,N) * (1 .+T (M,N )/XTEN(N,N))
- -   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—— -- -  —

~~~~~~~~~
—- 

~~~~~~
-— -

~~~
- — -—

C 
-C- —-- - COMPUTE X ,Y,Z COORDINATES UE EACH STATION -
C 
--- - --- - -DO--tO--N ~--1-,-1 - —- --- - ----- — -— -- -- --- - - - - - - -- -- ------- ---— - 

MX = M MA X ( N)
-  — - - —00-9 N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- — - --—--— —-———- --- -— --- ---— - -- -

X(M,N)  = BLT ( N,N)* RX( M,N)+X ( M— 1,NJ
Y L M 4 N)  ~— g LTtN,N~~~RY( M,N)+Y ( M—I,N-)-

9 Z (M,N)  = B L T ( M , N)* R Z( M , N) + Z( M - 1, N)  
- - -  GO----TO(27,-I0) ,N-- — - - —-- -

~~ 
-—--- -— -- - -- -— — —— - -—- - -  -- -- - — -

27 DO 110 NN = 2,3  -
.5 - - -

~~ -X4 1-,NP4)- ---=~~ -X1-MX-,4 )- —--- - -- --- -  ---- - - - --- — -—- --- - -- — - - -  -—— - -- --- -- 

Y(1,NN) = Y ( M X , 1 )  
t~~~~-Zt1,NH )~~~~2 ( MX , 1-~ -—

• 10 CONTINU E
C - - - - - - - - - - - -- —- --—-- - - - - - - - -- .-- .5--- - . 5— -  - ——— .5--—-- - ----—- 

C COMPUTE ERROR FUNCTI ON
.5 C -  - -- -- - - -  - -  - . 5- -—- - — -- —-  .5

LOOPE = LOOP E + t - 

-- - - - - - - - -- -  ___ _______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

DO 11 N * 2 , 3
___ - - - - - - - -  - -—-- —- ------- - —- - — ----- --- - -

11 E = E,((AA ILN )_X (M,N ))**2+(BBIIN )—Y (M ,N))**2+ (CCL (N)-—Z (M,N ))**2 )
-- IFtE .GTICOMPEIGO -ID-I I-c~ 5 4-5~,-t-EA.P-- - — - - -  ___ - - - -

C
-- - -- -C-- ----UPDATED DIRECTION COSINE S —--— —______________ _ _ _ _

v C
- - 00 300 N -Li-I - - -- -- - - — -- —— - . 5  - - -- - —  -

MX — MMAX (N)
.5 ‘4 - - - 00 300- - M = - 2 ,MX - - -  - - - - - -   -- - - - - - - -- - -  

ALPHA ( M,N) = ( X ( M , N ) — X ( M — 1 , N ) ) / B L ( M , N )
- - - - -  &UA4 M, N3- - 4 -YL M,N ) 4-*- L,N))/Bt.1J4- , N-) — -__________

300 GAMMA (M, N I = (Z(M,N)—Z (M—1,N)I/BL (M,NJ

62-C 1,
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C ERRO R FUNCT ION COMPAR I S I ON S A T I S F I E D

C PRINT AND STOR E EQUILIBRIUM POSITION
- —-—-—-— 51. CALL T I E L E C 4 X I t Y Z )Y Y I ~~,-2-) ,-fl t Y 2 ) . XIL , 3 ) V Y ( L . 3 ) V Z 4 L Y 3))

MTEST = MTEST - + 1
- -— - - - . 5  PO€ A-~~ --D~k~~~~~ - - -  - --- ---- -— -- -—— - —- -— -- - 

DELT A = DELTAI
- - - — ------ -—-- —-— -- ----—- --- -- -

IF (JTEST .NE.t)GO TO 3 
CALL ST APOS — ———-—- 

_______________________________-

J U M P = 2  
- 

~~~~~~OPE- = -0 -- - - - — - - -— - - —   — - -- - — - - - ——- --_ _ _  -

00 53 N = 1,3 
- ------ - MX - =- MMAXt-N-$--—-—— —- - —- - - -—- ---—------ --------- -- ----- - -- -- --- -- -

DO 5 3 M  = 2,MX

-- - -- —- - - - - - - - -X - O 4 M , N)  -~-XIM,N) -—-—-----—_________________________________
YO( M,N) = Y ( M , N )

- - - Z -O4 M , N) -=  fl-M-,-N -)--- -- -- - - - - - —---- — - - -  -—--—— -—- 

X 8(M,N) = X IM,N)
- - - - - - -  

~~~(M NI -=--Y-(*,t4)- - -- - ___ -

Z BIM,N) z Z I M ,N)  
5-3 CONTINUE —- -- - — - -  — - - —--— -- —— —

GO TO 61
- C - -  - - - - --- - -- - - -  - - — -  — - -—- - -—--—-- - - - - - - - - --—

C COMPARE ACCURACY OF COORDINATES
C-- - - - - -—- — - --- -  - . 5-  ---—--.5- --—-- --- - - — - - - - - --- - - - .5- - -.5

52 DO 55 N a 1,3 -

L - --— MX -a~-MV -AL~~ #N-)-—---—--- —--- - - —--- - -_____

00 55 N a 2 ,MX 
- - -  - I-FI-A&S4-XtM, 4—X 4-M )-.GT.COMPD .OR .,-— -- ---- —-- ----— -- - ---

1AB S (Y IM ,N )—Y O IM ,N)).GT.C OMPD .OR .
2ABS4Z4-M,N)—ZOIM,N ))--.GT.COMP

~

)GO—4-O--51 --- - ——-—- — 

55 CONT INUE
__- --  - - - - - - - - —---- -“ — -—.5— —-— —

C ACCURACY SkTISF IED—P RINT EQQU IL IBR I UM POSITION -

- - - -C--- - - - - - - - - --- - . - - - - -  -—- -- -- - -- - - - - --- - - - - - - - - -- - - - - -— - —---  - - -—--.5---— 

ITEST = ITE ST +1 -

-- CALL TL€&4G 1X4L,2) Y4t ,21,1( I~,2),~~~~~~~,Y4L~ 3) ,Z I-L ,-334-- - — - -   -

I F( LTEST .NE.200 )GO TO 197
--- - - C  --- - ----- —---—------- -- - -- - --—— ----—- -—--— 

-—________
C

- -  DO---s6-- -N- -=- 1-,3-- - — --- - -  - - - - -  ---- - - --- ----- -— — -— - -- - ---

MX = NMAX ( N)
- D0 -S4-$•a.- 2i~MX- . - - - - - - - -- --- - ---- - -----———------ - ------ --- - -- -~~~ - - - -

HORIZL(M,N) a SQRTL (X (M,N )—XB(M ,N))**2 + (Y (M ,N)—VB(M ,N) )**2)
- .5  - - - -  Hi IGH~ (M.N-)-~~ 24M~~~~~~~~~~~~~~~ 

——__________________

56 CONT INUE
- - CALL -DYN PO S--- - - ___

C 
.5

-- --.5— - -- - - - . 5 - - -- - - - - ----------— - - - — — — - -  - - -  -.5  - - - - . 5 - - -

L O O P A a O  
- - L T E~ T L 0 ~~~- -- -—--—-——--- ----______________ -.

GO TO 60
- C - - ACCIàRACY --*IOT-A QUA-TE—REI-TUA-T-E - -- - - - _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C
51 00 59-Na-1,3 - -  - -  - -- - - - - - -- - - - — - - --— -.-  

MX — MVALUELN)
. -~~~~~. 59J~~~~~~~IX _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

X04 M, N)  — X (M ,N)

62-D

‘— ---.5—. _~~~ ____ .5_~~_____ ;.5_ ~~ .5 - --~~~~~~ — ~~~~~~~~~~~~
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~_ ~~~~~~~~~~~~~~~~~~~~~~~~



.5— -.5- --f— -— -.5.5--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _ _ _  :~~~~~.. - 

-

~~~~~~~~~

YO(M ,N) = Y(M,N)
- - ------- ---- l0(M,N)----=- - -l -t $,N )- - - -  - ----.5-- -- - — - - - - - - - - — - - - —-—-—--- — -- ___

59 CONTINUE
— —-----—----- -- -W TO 6L --- —------------ - ______- —____

C
—- C ERROR --FJJN-( J-ION --- COMP -AR IS-ION t4OT- -SAT L-SFU.D--— - — - - -— —--- ----- - .5— -

C
--  - - --- 50 -1F- ( - E-.LT,€P-I-GO- - TO--2O  -— - ----- — ----

~
-—- -- -

C INCREAS E IN ERROR FUNCT ION 
~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~—- -- - —_ _ _ _ _ _ _ _

C
C- COMPUTE E-RRDR--FUNCI-ION - - - - - - - - - - - — - - - -- - -— -—-— - - - — - -  - -  -

C

- -- - - - - -4~ -0E~ =~ L-TA/-SQRT4-EP3--- --- - - - - - --- - - - - - - - ------ - -- -___ -- - - - - - -—- -----—___ -.5—

DO 13 N = 2 ,3
-- - - -  - -- J4 MM~~(4~~~------— - —  -~~~~

FX ($X ,N) = FXP (N )+(AA L (N I—XP (N fl* DE
- -Y4MX-,N)--~ --f~ P(-N-) B&L I~N4—YP4-N~-)*DE - - -  - - — _

~ - --

F ZIM X , N)  = F~P(N )+ (CC1(N~—~ P (N))*DE
- -  - 1-3 -CONT-INUE -—----  -- - --- —- --- --- - ____

C
- -C- -  —-—CHECK - CHANGES 1-N IMAGINA R Y REACTIONS

C
- -- --- ---0D-- 1-4-N--=----2-,3-- -- - - - - - - -- — - - — - - - - -— - - -— - ---— - - - —

~~~~~~~~~~~
- -— -—- 

MX a MMAX (N) 
—-- -I-FLFX(MX,N).NE.f-XP4N)-.O& ,- ——--— —-—— --—--____

L F Y( MX , N ) . N E . FY P( N) . OR.
- --  - - - - -  2FZ(MX,N-) .NE ..FZ P(N))GO TO—-I-- -  ——

14 CONTINU E 
-k€AP--—= --3- -- -- ---- — - ----------- --------- ----- -—-—-----—-— - —-— -

GO TO 3
- C-- - NO--CHANG E--T IME---T O- - Q U4-T--- - -  -- - - -  — -----___ - - —-- -- - --  - - - - -—  -—

15 CALL EX ITT .5 

—--- -GO- -TO 100- - —-- --— —-----—-—-— — -- -— - — —

C DECREASE IN ERROR FUNCTUON .
- - -19 t~~A P -= - -2--- - - - - -- -- — -  - - - -- - - --—---  -—--— - ------ — - - - - - -- - 

2O E P = E
DO 2 1-N- - - = - 2 - , 3 -  - - - - - - - - - — - — - — - - - -—-— ---— - -- -- - - -- - ----— -

MX = M MAX(N)
-X.P4-N-)-— X(MX-,-N4- - -- - - --—- - - - - - — - - - - — —  —_____________

YP IN ) = Y (MX,N)
ZP-INI- =-- -Z(MX ,N-) - - - - --- ----— ——— -— -— - - - - -   — -

FXP (N ) = FX (MX ,N )
FY94NIL~-= -FY -t MX ,N) - -  - --- -— -—- —---- - -—--- - - - -- - - - ——   - -

FZP (N) = FZ (MX ,N )
--—-21- CONT INU E —---- - -—--- - - - --- - --.5—----——-—- 

________________-_____

GO TO 12
C .  .5

C INCREAS E CURRENT ANGL E —

C -  -  - - - - - - ---- - - - —----- -—— - — -- ---—-— 

60 PSI PSI+DELPS I
1F1P44-..GE ...ENDPSI3.GO—TQ - 100 -- — ——-

61 COSPSI a COS (PSI*PI/180.)
SINPS L = SIN(PSI*PI/18O .)_ -  --  -

GO TO 62
I~ 1 JUMP 2 - .5--- --- -. 5 —- --- - ~~~~~~~~~~~~~~~~~~~~ - .5

LOOPE - 0
_ _ _  - - -  ______________

~o tO 61

62-E 
- .5
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—

62 DELT A = DELTAL
— --- . 5- - -  ---- LEAP -~ -- 1- - -—-- - -—- -— - — - - - -  _ _ _

LOOPA = LOOPA+1
- ---4- - -.5 ---__ -- - -_ - - .5 _ _ _ _ _ _ _ _ _

C DRAG COEFFICIENTS
-- - - - - 4 _ _

00 30 N = 1 , 3
- - - .5 ----MX - ---- MMAX(N) --- - --- -- - - -  - - —.5 -- -----____ — - -- - ----- - —-------- — —--— - --  

DO 30 N = 2, MX 
- C*DELI — SORT4 ( BET At M,N)~~CO SP SI—ALP HA rn,N)~ -sINPsI )~~~2

I + GA MMA (N,N)**2
- -  - - - BUFF-ER -=--- ALPHA(M,-NDCO-SP41---+--8€ AIM,-N)*SINPSI ----—--— - -— - - - - - -  --- . 5 -- ----— - - -

CX(M,N)aMU IN,N)* ICA DELT* .5

- - - - 1 — - -- -4--(~GAHMA4M,N)-**2- • BE TAIM,N-)**24*COSPSI — —-— - --- - -—---- -- - - -

2 — ALPHA (M,N) * BETA (M,N) * SINPSI )
-- 3 --— - - - -  -— -~~~ RO(M ,N) * AL~ HA4M~~~~* BUFFER I

CYt M,N) = MU N ,N ) *( CAD EL.
1 4 IGAMNA(M,N)**-2-4 -ALPH ,-N)**23*-S-U4PS-I- ---—- ------- ----- -- - -  - -

2 — ALPHA (M,N) * BETA(M ,N) * COSP SI )
3 - - - 4- RD( M-,N )---*---B~ETA (M,-N-)--* BUF-F-SR--3-- — -—  — -—-- —- -- -  — - --- --------

30 CZ (M,N )=MU(M,N )*GAMMMM ,N )*BUFFER* (RD(M,N )—CA DELT)
-C-- —---- -- - -_ -- - — - - - -- -  _ _ _ _ _ _ _ _ _ _ _

C COMPUT E CABL E CRAG FORCES HX ,HY ,HZ-AND ELEMENT DRAG FORCES HXE ,HYE
C -  - - -- - - -  - - -  . 5- -  - - - — —

D0 40 N = 1 , 3
- --- ----- --MX ~~~-MV-AUIEtN~ - - - - - - - - - - - - - - - - - - - - -- - -—-  -—— --- - -—— - — - - - - -  

00 40 M = 2 , MX
- - - -  --- - MXMN-HX-MHI

IF IMX MN—2 )2 3,24,24
24 A1- = -AR EAI-M1 -N ,-14---- - - -  - - - --- - - -- -- - - - - -- - - - - - ------ -— -—---—- --- —----—-—- - —  - - -  

-

*2 a AREAIM#1 ,N, 2) 
*

$X-~ CX-IM,N) * AI--4’- ~~ 44 1~-N~~-*--A2---- —-- - - - - -  -— -— — - -  
-

HY a CY IM ,N ) * A l + CY (M+ L ,N ) * A2
- - - - -- - HZ - Cli H • N-I--*- -M --‘--Cl (41i 1,-N ) - #- A-2 — — -——.5-—----—

DT A R E A( M , N,3 ) + A R E A IM + 1 ,N , 4)  
14X€- =- -o;--* -~ i)5p$4 - - _ _  - - -  - -  - - - -

HYE = DT * SIN PSI
- GO T-O-2-4 - - - -- - - - - - -  — - - -- -— - - - - -- - - - - -- - - - -  - - -  - -  -

23 *1 — A REA IMX~ 1, 1)
- - - - -  - - --*2--a- *REA(-2,-2-,-2--)--------—------------ - - - - --- - - - - - -——- -  —--.5  --- - - -  —

A3 — AREA (2 , 3 ,2)  -

MX GX4M,N)-*~~~1 • CX4-2-,2) * *2 + CX42-,3)- -*---A-I-- _ - - - -
WV — CYI M,N) * A l  + CY(2,2) * *2 + C Y(2 ,3 )  * *3
HI - CZ-(M,14)- *- A l -  + -CZ-I-2.i-U * *2-- + ClI-2,-34---* *1 - - - - - -  - -

CT — AREA I NX , 1 ,3 ) + A R E AI2 , 2 ,4 ) +A R E A ( 2 ,3 , 4 1
-— -MKE —DT-—*- COSPSI-—-— - -- --- — ——---  — — - - - - - — -—-- - -

lif E a o~ * SI N P S I
C N€W-- TUT AL FORC€-S -- -  -——--- -- -- - — - - - -- - — - - — - -  - -

26 FX( M ,N) a HX + HXE
F-Y 4M,M)~~~~HY •- i4Y E - - - - ——---—-—------- -- -—- • _ _ .. 

-

FZ (M,N) a HZ + W (M, N I
- -  4O---GWg4NU~~---—--—-—-- -- - - - — - - — - - --—-- - - -  .5-— -—

GO TO 3
IOO STOP-- - - -  - - - - - - - - - — 

END
il
l -- - --------- -- - - - - -—— - -- - - - - -- — - - -   - -

62-F - - -
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-

~~~~~~~~~

—- .5 --- -— - - — . 5- - -- - - -  -—-

-  - -- ~~U8&OUTPLE T I E L ~ G4~~- l 4  2-,Y~2-i-12-~- ---— — --.5- —- - —— —

C SUBROUT INE T IELEG IS USED TO SATI SFY THE FOL LOWI NG CONSTRAINT S
---------C-- THE GEOMATRICAL CDMPAT-I-B -U.-L -1--Y--- -— -

C THE FORCE BAL ANCE
- - -  C -COORDD4ATiS--X--l,-Y4,~Z 1,X2-,Y-2,-l2- ARE--TRANSFERRED FROM MAIN -T-0----ME-E-T--

C THE FIRST CONDITION
- - - -C - T-14-E --5-EGOND COND-IT-ION I 5- -S-4T - L- 5F4-EO—-U-S-I--NG----144E SEA R CH ROU T I NE -- — -- - -  -

C NOMENCLATURE FOT THE TIELEG ARRAY
- -—----C---- - —---K = -STAT ION INDEX — —  -- - - - - - - - - —~~ 

— 
-

C CABL E SEGMENT I M ) 
—

- C - BAR4M-I - -IJNSTRESSED L-ENGT44-- — - - - -- ---- - --— - - --  -- --______ ------ - -- --  -_

C B( M )  = S T R E S S E D  LENGT H
- - C - - -  WW C (N4 =--W-E-I-GHT/-FOOT ---- - ---- - -  _ _ _

C XXTEN (M ) = EXTENSIONAL RIGIDITY
--- -i- --- MUULM) - DRAG C~4A&AC8ESTIC — - - - - —  - —____

C RRD (M ) = DRAG COEFF ICENT RATIO
C JMAXtM-)---=--N0-. 0F--OISCR-ET-~--ELEMENT 5--IN--SEGMENT (M) —--— - - - -

C JTILDA (M ) = NO. OF DISCRETE ELEMEN TS IN FIRST HALF SEGNENT(M )
C STI-M-) = TENS-ION--- LN--SEGNEN-T (-M ) ---- ----- - - - - - - - - ---- - —- --- —- —-—-- -- - —

C (ALPHA (M) ,BETA (M),GAM MA (M)) = DIRECTION COSINES
--- C -- -- - -O1SCRET~ - -EL-EMENT4 .J,MI
C SAR (J ,M) = UNSTRESSED LENGTH FROM STATION (M) TO EL EME NT (J ,M)

-C WEEtS N3 = W~~I~GHI OF IHE_EL EMENT~~~— -  — --—--—~~~~~~~~~~ - - - —  

C NUUE(J ,M) = DRAG CHARATERIST IC
- - - C -  - - S~T-AT- ION I—N) - -  ___ — 

C IX ( M ) , Y ( M ) , Z ( M ) )  = COOR D I N A T E S
---- --C .-—---- ----- NMAX N — N-O-.- -O-F STATiON-S_ ON- T HE TIELEG AR RAY —

C N X I I ) , Y ( l ) , Z ( 1 ) )  a END COORDINA TE S FOR THE TI E LE G ARRAY
C- -  - - 4XIMX$,Y-( -MX -) ,ZIM X) -)--- -= END COORD-IN-A 1-E-S. FOR-THE TIELE G ARRAY —-- -- -

C HORIZL ( M) = HORIZL DISPLACEMENT FROM THE GRAVITY POSIT IC P4
C I4EIG HT4M) - -=.- VEP.~T-1CA& DISPLACEMENT FROM THE-GRAVITY  -PCSITION-- --- — -—

REAL BL ,BL BAR,BLT ,MU,MUE, MUU,MUUE
- -- - - - - - •  CIMEPISION X04 22-)-,-Y04-2a)-1 10422) ,X1122) ,Y & U2) ,Z B (22),  —

IXP(l),YP (1hZP(1),FXP (l),FYP(1),FZP(1),AA(221,BB(22),CC(22),
- -  - - 2w(aa),PR-EM422-)-,--oucRTI 221- - - - -—- -—— — — - ——- — ——- —  --- - - -  --- - - — - -  - —

-

COMMON/Hl/FX(22) ,FY ( 221,FZ ( 22 ) , R X(2 2) , RY ( 2 2 ) , R Z ( 2 2 1  -

- C9MMONJH-2/RX1422),MY~1(22)-,-RZ-l(--221--
CO N MO N/H3/ BA R(22 ) , B (22 ) ,B T ( 2 2 1 ,ST (2 2 ) , X X T E N( 2 2 1  
-COMMONIH4IJ MAX I2-2),JTIL-D A422),SA R(5,223-- — ——- _______

COMNON /H5/MUU (22),MUUE (5,22),WEE (5 ,22),WhC (22),RRO(22 )
COMMON/H-6/ALP$A1 22)-,BETA (221,GAMMA- (--2-2-)----- — — - -  -

CONMONFH7/ CX(22),CY (22),CZ ( 22)
COMMON/ H8/ HORIZL(22-) ,-HE-16t4T( 22$-- -- - —  —— -— - -- - - - -— - — ——

COMMON/H9/X(22),Y (22),Z.(22)
- - -- COMMON/H[O/E,OELTA,L-OORE,LUOPA-- —--——_____

CONMON/Hl1/MMAXN
COMMON/H12/JUMP-,P4)IST-,-OIST - - -  -- - -—  - -— - -  — - -  - — - --

COMNOt4/CI8/FFX(21,3),FFY(21,3),FFZ (2t,3)
COMMONICI9/TI-ECDM,L - —--- - - - -  —- - -- - —- -  --  - - - - - -

COMM ON/C9/ AV ( 5) ,  BV ( 5 ) ,  VF, V ( - 5 I , HF ,H( 5)
-- - - -- CONHONJ -IO./ COMPE-,-COMPD,P-S bSTA PSI,OELPS I,ENDPSI

• COMMON/C2Q / I T E ST , J T E S T , L T E S T , M T E S T , L T I E , M C O N
-
.~ ~~~~~ DAT A -P 1-/-3- 1415926/ - - - - - - - -— - - - - —--  - - -

X l i )  = X l
YI -1$ - =  Y-1 _

r Z ( l )  11 
- NX~- a-- NMAX N--- - - -  - -  -- _ _ _ _ _ _ _ _ _ _ _ _

AA IMX ) = X2

62-G   
-
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8 B ( M X ) = Y 2 
-

-—--- -.5
--

-

01ST = S Q R T C C A A ( M X ) — X ( 1 ) I * * 2 + ( B B ( NX )— Y ( l )  )* *2+( CC(t4X ) — L ( t )  ) **2)
—-—-.5 If1IfCST.GE~ 1)Cfl TO 6-I——-

IFIMTEST .GE.l)GU TO 195
- --- - - - - --GOMP-€--— GOMP-E,’2, - - - - - - -- - - - - - - - - - - — - - ------— --- -- — - - -- - - - - -  - 

P0 1ST a 01ST
C —- - - - - - - -- - - ------- - --——— ---- - - -- -- -- — ---- - - — — - - - - - - - - -— - -— ---- --— - —--.5 — --- - -— -  .5- - - - ---.5- - - - -  

-

C COMPUTE LENGTH OF SEGEMENT
---4- - —-——------ ——-.5 _________  _______

MX a MMAXN
TMAXN~~~- N X — I — - -  - - - - - - - — -   -—-—--- - - - - - — - —-- ——-—--—- 

DO 2 0 0 M = 2 , M X  
= -~~~ T/T M~~(N - -   - - - - - - — -— ——- - ---- - -

200 CONTINU E
_ _ _ _ _  -- - -. 5

C COMPUTE WEIGHT / FOOT FOR EACH SEGMENT
-C - -   - --  -——- - ---- -— --- - —--- - - - —  

00 116 N = 2,MX 

PRE$IM )- --= 0. - -  ___ - 

JX a J MAX ( MP
- — - —- - - --- IFIJX~.€-Q-.0)G4] tO -14-i --- - -______

00 115 J = i ,JX
- PREM4M-$L = PR-EMI-M-)-- - -WE-E-I-J,M-) — ---- - - - —-- - -—- ---------— - - --—  - - -

115 CONT INUE 
W~C4M) PREM(N-)/BA&($)- - -- —--—- - - — -- - - - - - ---- - —— - - - -- - - - - - - -- - --- -- --

WWC (M) a —0.99 * WWC ( M )

117 W WC ( M )  a —0.500 

~~6--40N~~ NUE --- —-- --- - - -- - - — — — ----- - - —- 

C
- - C-  — COMPUTE---01-STANCE- OF -A--OLSCRETE ELEMENT—FROM THE-ST4T-I-QN--- — - - - 

-

C
- - ----— -- --OQ.-7 1—M- -*~--2,NX- ----—-- ---—  - —

JX JNAX (MI
- - - 1F(J-X .€4.0tGU TO ~7-1 - -- --- - — - - - - -- - - - - -- - - - - - - - - -— — - - --- — --- ----— -- 

— SUME O.0  -

- DISC-RT(M) 8ARL MI/ t - J X+1 ) - - - - - - - - ---— --— ----- -- —- - --  - - - - - 

DO 71 K a
- - - - —SUME-~~ SUME • DISGRT-444-----————--—- - - ---— — --- - -- --

SA R( K ,M ) — SUM E
71 CONT IN UE - - - - - -- — - - -- - - -  -- - ---- - - ----— --- - -_ -~~ - - - -  - - -  -

C
-C COMPUTE MIDSEG€ME$T-OISCR ET-E- SII-EMENT -JT ILOA(M)- -- - - -----—--- -- - --- ---- - --- -- --

C
- -MX- -a- -MMAXN-- - - --- --——------------ —-~~----- -~- - -

00 10 N - 2,MX
I~X a-- ,JMAX4M ) - - - - -- - - - - - ---— -- - --- - -- -  - — _ - -— - --- -

00 II K al ,KX
LF-4SA&4K,M-4-.GT.SARLM-)/2 .3GO-TO 10-- -- - --—- -—.----—---— - - - -  - - - -- --— - - -  -

II CONT INUE
____ -—- -— - -- - ____

10 JT ILDA (N) a K—i
C - - -  - - - -  - —- -- - - - -- --- - ---- - - -— - - - - - -- - - - -

L C COMPUT E STAT ION GRAVITY FO RCES W IN ) AND INITIAL FORCES FX ,FY,FZ
C -  - . 5 -- - - - - - — -— - - - - - - - -  

MX MM AX N
- - DO~~~~ -M~~~-4~~ X - -   —-—- -- - - — - - - —  __________ _ _ _

FX (M) = 0.
62-H - - --— -- -- -

F - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- ~~~~~~~ - - -- —‘-~~~~~~~ — .5
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106 FYIM) = 0.
--F,14-1)- z 0. - -  - - - -

W T = 0 .  —
~-----MX =-NMAX~~~~~~- - --

00 6 $ = 2, MX
.5- - - -  --wX- -~~- 0 . _ - -- -  - - -——-- - -- --- - - — - - - - --- - - .5— - - ---

KB JT ILDA IM )+i 

~ X-~~~-J~~~U-M- L - - — -—  

IFIKB .GT .KX)GO 10 77 
-~ --- —-- -- 00-13 K - -L~,4X ----— - — ---— - ---- --.5 -- —_________

13 WX = WX +WEE (K,M )
- - iT JX 1fl1L,OAIM*14 - -  - - .5.5—--

IFLJX.E Q .O)GO TO 78
-i - - - -00 -2 K 1-,-JX  -- - -—-—-- - - -- 

2 WX = W X 4WEE( K,M)
- -— 38- -W4 -M~~-~~~~~-+ 1~~~~L~ J#aARIM1/2.1 1WwC (M’1)~ GA PtM ~1)/2.)

FZ (M) = W IN ) 
-6 ldT - - = -WT - . W IN ) ~~~~~~~~ - - - - - 

MX * MM AX N 
- -FL4~MX-) - = 4-1.11 * ~ T -

C
- - - - C  — -INI-TIAL LZ-AT- WN -  - - - - —-- —_ _ _  ____

C
- - S02=SQRT (2.I-- - - - - — - — -- --- - - -— — - -  

DELTA 1 = ABSI SQ2*WT$
-.5 -- - -  - -  LC0N—a~- --0~- - -~~ - - - - - - - -- -__ -- -_— __— - - --- _ - - - - - - - - — ---~~~ -

L T I E a O  
-- -  ---MCON ~~-l -— -- -- -- -- ----- --- -- --- -— - — - —  ---- —

195 DELTA — DELTAI 
JU$P-~ 1~- - - - - - - - - --  - - -   --- - --— - - - - - - -— - - - - --- --- - -  -- . 5  

L E A P — I
-  - - - -LOOPA---a-- O  ---- - - - - - —- ----— — .5- - -  — - - -

L O O P E — 0
- - - - - C  ----—-- -- - - -- --- -- - - - . 5- -- - --.5—-- —- -—.5 —- — - -- .5—----—

• - 
- C COMPUTE CABL E FORCES RX , RY , RZ  — TENSION T (M,N) AND STRESSED LENGTH

- - -  - - - - - - — -— - - -- - - - - - -

3 M X — M MAXN
RX(MX ) F-XIMX~ - -  -- --   - • - - -  — -- - - - -— -  -- -- -- - - -- - - -  - - . 5

RY IMX ) — FY(MX ) 
--—RZI$X ) .m- F-Z4*X~) 

__________ ___ _ _ _ _ _  ___-

ST IMX) a SQRTLRX (MX )**2+RY(MX )**2+RZ$MX) **2 )
$(MX-) a g~~ (M$~)*I 1.4.-S ),‘XX.TEN IMXI$- ----- - —--—- — -  - -- -- -  -

BTINX ) a
MX ~~-MMAXN - 1 -  ——-- -- —--- - - -  - — - - - - - -  — - - - - - -

00 7 MM - 1 ,MX
-   --  *-~ MX-M$+4 - - —— - -.5

GO T0(9,5),M -

5 RXIM ) a FXI-M)+ILX4M •l) - - - -  - -  -- - -- - -  - — - - -  - 

RY(M ) FY IM ) + RY (M +1 )
* R-Z -IM1 FZLN)+&Z- (M+11 - - -— - -- --—- -- - - -— - --- —- -  - - - -- -  - -

STIM) — SQRTIRXIM )**2+RY(NI **2+RZ (N) **2I 
- l4N)~~ _ 8AHIMJ*44 .*STt~M II .zXTENIM ))  - __________________

BT (M$ B ( M ) / S T ( M )
‘ 9 RX IN) FX (M).RX 1M+1) - -

RY IM) F Y ( M I+ R Y ( M + L )
- 

-~ &Z(M-I f Z ( M ) 4 RZ 4 1 4 + l )  ~~~~~~~~~~~~~~~ -

7 CONT INUE
r ~.  

C - - -- -  - - - —   - --— ______

C COMPUTE X ,Y,L COORD INATES OF EACH STATION
- - ~~~~~

-
~~~~~~~~~~~ - - -

F
~~~~~~~ 

-



— _—,,--,n_ ~~~~~“ “  — --~ .5 “ ‘ ~ “ -‘.5’~~~ - ‘~~~

.5

-- -- - . 5- - --  ~~~~~~- - - - - -  -— ——-. 5- --—

— ——--- ------ MX--. MMAXN-------- ---- - - - -  - - - - - ---— --——------ —.5-——- — -—- — -— --— - -

D O 8 N = 2 , N X
—---— - - - — - Xf l u -— ETdru .Rx(n)-tx (M—44-- -—-—-_

V IM) = BT ( M)* RY IM)+Y ( M— 1)
—- - --— - ---8 -Z IMI--.--MIN)*R -Z 4-M- )-+14--L )--- —-——-—-- ___ -—- —- —- - - — -  ——

C
— 

- C-- - — - CUNPUTE- - € O -FUNCT1O~~- - - - - - - —- - - - ——-___________ - -_ _ -__-~~~~~~~~~ _- -__ _-  ~~~~~~~ -

C
— -- —- -— - - - - -LOUPE - LOUPE -‘---4--

E —  0 
- -- - - - ---- -- ______ _ _ _

E = E+((AAIM)—X (M))**2+ (SB(M)-Y(N))**2,(CC (M)—ZIN))*a2) 
-- - -MX--=- - -MM-AXtI--- - -— -- -  --- - - - - -  --- --- _- _ —___

IFIE.GT .COMPE)GO T01 19,50,15),LEAP
—-—C - -__

~~~~~~~~~~~~~~~~~~ ____  ___________________

C UPDATED DIRECT ION COSINES
- -C  _ _  _ _ _ _

MX a M M AXN
DO 3Q4--M-- a~ 2,-MX- ---- -- -- --  ___ - - - -—  -

AL PHA(MI = IX ( M J — X ( M - - 1 ) J / B ( N )
- - -  — -—----—— $ETA IM4--=-- (YIM)—Y (N—1))/B(M ) - -

G A M M A(M)  = IZ ( M )— Z ( M — 1 ) ) I B ( M )
- ----300- CONTINUE -

C
--- C -€RROR~-- FUNCT-I-ON--COMPAR-I S[ON SAT ISFIE-D----- ------- -- - - - -  -— - - - - - - - - -- -- - - -— -  - -  — - - -  -

C 
-—- --- CO TO 4S1-, 5~~)- JUMP ——----___________________________________
51 MX = MN AXN 

OG--2 35--M -= I-,-MX  -- - - - - -—- -- - - - -- -- -- -  _ _—  - - 

RX1( N)  = R X( M )
— RY4-M-) -- ---- —-  - -—--- - -— - - - -- - - - -- ---— — - - - — -  -- — -  - - —  -- ---- -

RZI(M) = Ru M)
- ---- - - - ~ -3-E- CONT INUE

RXI( l )  — —RX1 U)
-RY4-44-)--a---—RY-14 14 ----— —- -  -_ - - - -- -  —- -—— -  - -

RZ1U) = — R Z L ( I )  -

C- - - - --- -- - - - -  .5 -- -- - 

C CHECK FOR FORCE BAL ANCE UNDER G?~AV ITY FORd S—USE BINARY SEA RCH ROUTINE —

. 5—-- - ——  -—-.5— -—____

CALL SEARCH
C- -FORCE BALANCE--NOT--O&TA-INEO- S-TAR4 A G A I N- - - —  ---—— --- — —- -— -—  - -

IFILTEST.NE.100)GO TO 100
C - FORC E aAL ANCE-OaTA3NED—PR I-NT- -AN-O STORE EQUI.L-L ERI UN POSITION - - - - - --- - - -  - - -

C
- - --- - JT IST-.—- J T EST— i - ~~. - - -

1-TIE a 1-T IE  + 1,
- CAU.. STAT~ - - - - - .  - _ _ .  -

MX — MMAXN
-00-53- N- a 2,M~ --- -  .5 - 

XO ( M$ = X ( N)  
- ----Y04N) - Y IMt —- -— ~ ——- —

ZO IM) — Z ( N)
- X&4-MI---—-X-(-M- 3 -- -  _ _

~~~~~~~~~~ .. ~~~~~~~ _~~~~ _~~~~~~~~~~~~~
_ _

YB ( N)  — Y I N )
ZB IM) a -ZIM )   — --

53 CONTINU E 
-- - -J U M P-- ~~~~~~--- -- - -- --- ---- - — -- - .- — - ---~~~~—- - - -—- — - -

LOOPE O 
-

-~~~ 62-J -

-- - -.5 - --.5~~~~~~~~~~ - .5— -—~~ ---p--—~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .5-—- -.5-.5---~~~—- ~~-~~- -~~-~~~~~ ---—



- —~~

---.5----- - - . 5- - ___ -- -- - - - - - - -——-—-- .-.5- - - - 
~~~

- - —

GO TO 100
-—-

~~~~~~  _ _ _

C COM PARE ACCURACY OF COORDINAT ES 
----~~~~~~~~~-- - - --  _  _ _ _ _ _ _ _ _ _ _ _

52 MX = MMAXN— I. -

- - —  - - - DO- 5-5-N-- =--~2,$X----- -~~~~~~~~~~~~ -— ~_ .  _ -- - -

IF (ABS(X (M )—X O (M)) .GT.COMPD.OR .
IA~S4~ 4M -)-YO4* 3.Gi- .CpMP-g-.QR-,--_   - -- -- - -- -- — - -- - - -—- —-— --- — - - --- - - - -

2ABSIZIM)— ZOIM)).GT.COMPD)GO TO 57
- -------- ----------55 CONT INUE —---- - --—----— ____ — —___________________________

C
- -  C - -  - ACCURACY- - SA-T-I-S-F-I-f~D-- - P~ 1NT----EQUI-~ I8RI UN P0 54-T-LON FO YDRODYNANIC..F JRCU

C
- -- - - - -  -MX--a~ MNAXN~ -

. 
_ _ _

DO 38 N = 1,MX
--- ---- -- -- -— —-RXIt M-)---= -&X (M~) 

-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RY1(M) = R Y I M )
- - -  -RZ l t) t) a Ru —N )  - - - -  - -   - -  - -----------------— --- —-- - - ----—— - --—  - —- —

38 CONTINUE 
--- RZI4 I-) -~~-~~*X~~~W -  -~~~~~~~~_~~~~~~~~~~~~~~~ _ __________ -— —

RYL ( 1 I  — R Y I ( i )
- - ----- —---.-- ~~~ U.~-a~a.RZ-~~1-1- -   - -— -

C
- -C- CHECK -FOR FORCE- BAL ANC E UNDE&---ACT-LNG- FORCES—USE B INARY SEARCH— POUTINI
C 

CALL UA&CH - _--
C FORC E BAL ANCE NOT OBTAINED— STAR T AGAIN 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —

C FORC E BAL ANCE OBTAIN—PRINT EQUILIBRIUM POSITION FOR
- C - -  - - HY OER-OOY-N AM-IC FORCES - - --— -—- - -  — - - — - ---—-—— - —--— -— --- - - — - - - - _~~

MX — MMAXN
- 

00- 56 M--~~- 2,MX - - -- - - - --  -- —— -- -——-—- — --- — _ - - - -_ _ - _ -

HORIZL(M) = SQRT((X(M )—XB IN))**2 + IY (N )—YB (M)) **2) 
- Hi lGNT4~W- ---L4M41~11-jg( M) -—- ________—-— - —  — -____

56 CONTINUE -

- CAL-L-DYNANS - - —  - __ 
~~~~~~._ -

GO TO 100
C ACCURACY NOT ADEQUATE- — RE 1 T&A-TE~--- - - — ____ -- - - -  - -

57 MX = MMAX N— I
— -  - - -OO-4-7-----M-- — 2-.-MX ------ ---

• X O(M I = X(M )
- -VO I-M-) -aY (M) - - — - - - - - - -_ _

~~~_ - .  - -

ZU(M) = 1(M)
37 CONT INUE - ----- — .5 — -

GO TO 62
- C_ —-- - - - - - - -—--  - - - - - - -. 5 -- - - - - - - - -— - --— --- —--—-. 5-- ---

C TEST IF PRECISI ON FOCUS SHO UL D BE APP LIED
C - ---.5 - - -  —--_- -----— -—--—- -.5-- -

50 IF(ABS (AA(MX )—X(MX)).GE .DQMPE .OR.ABS (CC (Mx)—Z(Mx$). GE.
100MPE-)-GO-- TO-734 - - -  -- - - -— — -- -— - - -- -- — - - - -  -L IFIYP (1) .EQ .YIMX ))GO TO 734

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

FY P IL) = FY (MX )
YPt 1) -z YIMX ) - - - - - . -

FY(MX ) = FY (MX )+DELFYP
GO TO 3 -  - -  -  — - - -  - -

C 
C- -- —-ERROR - FUNGi-I-ON- -CQM~A&-LS1-UN b4O4--SA-TISFIE0~~ - - _ _ _ _ _ _ _ _

C
- 

62-K 
- -- .5 -- -- - - - -

~~~~~ 
-- - - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



.5 —.5 !-.-- ------.------ .5 r_ _. 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — — -.5’

~~~~~~

- - -  I— ~~~~~~~~~ —---~~~~-‘ ‘.5.----- - ______ ________________

I ---- - - - -- - - - -- -- - - - - - - - - --- - -- ------_

734 IF(E.LT.EP)GO TO 20
-- —-C -- - -- -  INCR€ASE--1N-€R~0$--fUMC,I4ON -- - - - - — — - - -  - - - — ----—- - - - -- -—-- — -—-- -- ----

DELIA a DELTA/2.
—C ---  COMPUTE IMAGINARY- R AG-I-ION-S - — -— —— —

12 DE a DELTA/ SQRT (EP )
— - -- MX --z MtIAXN --- - - - - -  - —---- --- - - - - - --- - -- - - -— -

FX(MX ) z FXP(1)+(AA (MX)—XP I1))*DE 

~~~ -MX~~--a ~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -

FZ (Mx I * FZPII)+ (CCIMX )— ZP (1))*DE
:--— -C--- -- -- Ci4€GI(, CHANGES IN IMAGINAR Y REACTION S —

IF (FX (MX ).NE.FXP(t).OR,F y ($XI.NE .Fyp (1).OR.
- - - - LFL4MX).N€ .FZP-(- -I-)4G0- TO 3 -  —- - -  -- -  -- —---—- - - — - ——-— - — — -   -—- -

C NO C HANGE IN FORCE l IME 10 QUIT
- L&AP -a- 3- -- - - -   1 ---

GO T O 3
- -I5-IFt4ITW-.-Gf ..L)GO TO 454- — --— .5——

FFYIL ,2)  a 2.0 * i F Y( L ,2 1
FFYI-I.,3-)- - 2.Q- -* -FFYI-1-,-3) - - - - --- - --— -

GO TO 100
-

- I5O M C O N = 2   ____
162 CAL L SEARCH -

[— --- - —-  - ~O—TO--W0 --.5----—-- -— - - -  —-— ----- - ---—_______________ _____- - - -_  -

C DECREAS E IN ERROR FUNCTION
- I-9-- -t.-EAP~~~~~~~ - 2 - - - - -- - --- -

2O E P = E
MX = - - MMAX N - — -  _____  ___ -

X P( 1)  = X ( MX )
Y PI1)-~~VtMX )-- ---—--—-----__________________________________ 

- — - — - - -  -

ZP (1) = Z (MX )
FXPI I-) = F X -IMX )  - -—----- - - ___-  -- _ _

~~~~~~~~~~ 

FYPIL )  = FY(MX I
- - F1-P4 -1-J- z FZ--t-MX-J  -_ ~~~~~~~~~~~~~~~~__ _ _  _

GO TO I2
---C--—--- ADD HY-DRODYNANIC -FORCE TO THE 5-YSTEN

61 COSPSI a COS(PSI*P1/18O.I -

- -SINPS-I- -51N4-P 4-*P-j /450.t - ---- —-—-------- - ----———_ --—— - ---- --- --  -

62 DELTA z OELTA I 
-L - € A P - 1  - -- - -- - - - - —— . 5 -

.
-— — -  

LOOP A a LOOP A + 1

- -C -DRAG COOFIC&~TS  - -—-- ---— —_________________ 

MX — MMAXN
- OO- 31N-2 ,-MX - -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CAPDEL a SQ RT I IB ETA IM )* COSPS I—A L PHA( M)*S INp SI )* * 2+ GAMMA ( M)*s 2 )
- -  - --

- CXIM) — MUU( MI* (CAP0E1* (GA MMA (N)**2+BETA ( N)**2 )s COSp5I~
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—--•  — -

CY IMI  — NUU(M)*( CAPD EL* (GAM MA (M)**2+ALP HA(pq) * *f l *S INPSI—
1AL PHA(M)*$ETAtN)*COSP S4+RRDIN)h8E-TA4MI UFFER).~~~~~~~~.... - - - -—--- -

CZ (M) MUU (M )*GAMMA (M )*BUFFER* (RRD (M)—CAPDEL)
3L CONT IrNUE - — — - -  - - - -- - - -  —- - -- - - -

MX a MM AXN— 1
- -- - --- -D~~4~ -M-*-~~~~L ---__-.  —_ _-  _ _ _ _ _ _-____ _ _

a T A R E A ( M , I )
*2 — -T AREA4M4 1,2) - - - - -- - - -- -- -  -  - - - - - - - -  - -- -- .—__ ---- _ -

-
~~~~ MX - CX( M )*A I+CX IN+1)*A2

MY a -CY LMI *A -1 *CYIM+-1)*A2- - - — - - — -  -

HZ = C Z ( M )*A 1 + C Z ( M + 1 )*A 2
- T ARE~~$~ 3) -• ~~~~~~~~~~~~~ ~~~~~~~~

_ - — —_ ~~ _ --
HXE a DT*COSPSI

62-I.
. 5 -

L - — - - - —--— -- -— ~~~~~
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~ —-r~~~~~~~~~ ~~~~~~~ 

-.5-.--- .5- — .5 
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-—-- 
— ---—---- - -.5 — —-—-—---—-—----—- ‘-.5- __________________________

- - ---SJJSRGUT-I-N€- INPUT- - - - - - - - - - -  —---- ____-- —— - -  - — -  ----- -—— - - ———- - - - -— -— - - - - -—  --- -  -

REAL BL,BLBAR ,BLT,MU,MUE,MUU,MUUE
- -.5- - —.5 - .5- - - COMMONIc3/ b~( ~24-,-3+l!wG 4- alrv-3#t-w€4401-2 . 3) - _______________ _ _ _ _ _ _ _ _ _

COMM ON/C4/MMAX ( 3),KMAX I 21, 3) ,KTILDA ( 21 ,3)
- . - - COMM ON/ G5/ BL&AR-4 -21-, 3 ),8~ 4-2 1-,-34,-S~A~~ &4, 2-I ,-3-)--, T 4-21~ 3 ) ,BLT-(-2 I—,34 - - - --  

CDMMON /C6/AA I (3),BB I(3) ,CCI (33 ,E,DELTA ,JUM P ,LOOpE,lQOpA
----- COMMON/C91M4 54,-8VI--5),VF-,-V - (-5)-,- HF,H(5) ----- -- - — — — - -  —---  - -  --- - - - - ———

L COMMON/C 1O/COMPE ,COMPD ,PSI ,STAPSI ,DELPS I,ENDp SI
-----—--— - - - -  - COMMON/C-11/XT EN(21~~3~ ,-Mu(21,3), MuE(1p~ 21~~3) ,Rp(21 ,3)

COMMON/H3/BAR ( 2 2) , B (2 2) , B T ( 2 2 ) , 5 T (2 2 ) , X X T E N( 2 2 )  -

COMMON/ H4/JMAX4-~ 2 ) , JTU-D A-1 2-24, SA14~~.22) — -—— ---- - -— - - - —- —- - - - - — -— —— ——-

COMMON/H5/MUU ( 22 ) ,MUUE ( 5, 22 ) ,WEE( 5,22) , WW C (22) ,RRD 122)
COMMON/-H 3.1/MPI AX PI - - - -- -- - ---  — — - - - -  - - --—-—

COMMON /C19/TIECOM,C
C _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _

C COMPARIS ON V ALUES AN D CURRENT ANGLE REQUIREMENTS
WRITE(-61-IO 1-) - - -  - - - - - -  -- - - - — - - - - — - - -- - - -  -—-— - -- 

-

101 FORMAT (’1’,I 5x,’INPuT DATA COMM ON TD,BOTH ,THE TIE LEG AN-~ THE
- h R!- MO&R-€D--$TMUCPJRE’/-)--- —--— - --- — - - --- - -— - -- - -- — — -- -- - -  -

WR ITE( 6,35)
- - - - -- 5-- fORMAT (-5- ,--’C41MPARISI0N -V-AL U-E-S~-A NQ CURRENT ANGLE REQ UZREMENTS ’/)--—------— --- ---

READ( 5 ,1)COMPE ,COM PD ,STAPSI ,DELPSI ,ENDp SI ,TIECQM
- - - 1 -FORMATIF-10.2,-5f10-1-O)—----— - - - - - - -_ - -_ -  _ _  -

WR ITE( 6 ,30)COM PE,COMPD ,STAPSI ,DEL PSL ,END PSI,TIECOM
-3D FORMAII-1-5X 1’COMPAI4IS-IW4 VAL UE - -FOR-- E--=--’-,-E 5.-6-!-14X-,-’G-ONPARI$1-O$--VA1- - -

hUE FOR DISPLAC EMEN T = ‘,E 15.6/15X,’INITIAL CURRENT AN GLE = ‘,F8.3,
- — -  Z’D ECR €$‘I-t-54~,- - LP4CREMEP4T OF- -ANCLE ~‘,F 8.3,’OECREES /15X .1~F INA L CUR

3RENT ANGL E =‘ ,F8.3,’DEGREE S’/I5X ’COM PAR I SION VALUE F OR THE TIE LEG 
--- - - - -—- - - - - - - - -—- - - -—- - - - - - -  - - - - - - - - - .

C
-- WR I-T Et6-,-102-) - - - - --—-— --—-—--——- - - - - -  - - -  

102 FORM AT (///15X ,’ INPUT DA TA FOR THE TRI MOORED STRUCTURE’//)
- C _________

C ANCHOR POSITIONS - -

WRI T-E-4-6,40I - - - — - .5--- - -  — — - - - - — - - — - - - - - - -- - - -  - -  - -

40 FORMAT (1OX ,’ANCHOR POSITIONS’ !)
00 31 $ = 1,3 - -  - - - - - -- - - - — — — -  - -  --- -. - - - - - - - -  - - - -  - - —  -

31 READ (5,2)AA L(N ) ,B 81 (N),CCL (N )
- - - - -  2-FORMAT I- -&0-.4-)- -- - --- - -—-- -- ------ -—-—- —~~~~~~~~~~ —----- --—------- - -—- -  — -

C NC . OF STATIONS PER CABLE 
—---- - - - -- -

45 FORMAT (2X ,’AAI—’ ,FlO ,O, ‘BBl— ’,FlO.O,’CCI— ’,FlO.O/)
WRIT€ (6,50-I - - ---- -- - -- - -- -- —  - ___ —----—-- - -— - —-—-- -- —- -  — — -— - - - - - - -- -- -

50 FORM *T (10X ,’NO . OF STATION S PER CABLE’!)
--- -- - - - -Rf A O 4~~,-3-)-~MMAX4N ),N- -L,3) ———--— ----— _

- 

3 FORM AT (315 )
WRI T~EIê,-55)4-$,MMAX- ($)-,Na4,3) — -- --  - - -  - - - - - -- -  - -  - - - --- -- - -------—-- —-

55 FORMA T (2X ,’CABLE NO .’,I1,L5 )
READ4-5-,3o-M. - — -- - - - -- - - - - -  - -- - -- . 5- -  - -

36 FORMAT (I2)
- -  ~MT E(b,60)------ - -—- --------.-— -—----- ——- - —-- --

60 FORM AT (/,5X,’PROPERTIES OF SEGMENTS AND DISCRETE ELE 4ENTS’/)

WR ITE (6,70)N 
- - - -  - -  

-

70 FORM AT(60X ,’CABL E NO.’-,-I-U ) - - - - --- — - - - - -  - - 1
WR ITE( 6,65)

- -65 FQRNAT4 4X , !Mi.,3X -’ SI-*-ESSEO--.LE’4. 1, 3X , ‘-4~E.IGHT/FI.i, 3X,’ EXT- .PLGIOIT — - - - — - -  - -_  -

1Y’,2X,’DRAG CHRAC TER ’,lX , ’DRAG COE . RA T IO’ ,2X ,’K’,

___________ _________ ~~~~~~~



.5——
___  —-- --.5- — - --  

-

- -

HYE a DT*S INPSI

FY( M)  a HY + HYE
—-—- - F M-$.-=..- Hu---*-WIN -I-— —— - -.5--— .5 _ _ _ _ _ _ _ _ _

41. CONT INUE -
---- ----- - - - - -- - - -  GO -T O- -3- -    - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

100 RETURN -
-

- - END - --- - - - - - - -- - -u -
~~~ 

- - - - - -  - - - - -- ------- - - -  

- - - - - - - - - - -- --- --- 

‘

-- -- .5 - -- - - - - - —---- -.—-.— - - - - - - - - -  -- -——_ _ _ _ _ _ _ _ _ _ _

- - .5  -- -.5 -- ---.5--- - --

- .5 - - . 5- -  - .5 -- - . 5 - - - - - - - - -—--- - --- - - - —_ --.5- .5

-.5 62~M - - - —- - - - - - -  -.5- — - - -~

- - - - - 

— -.5- - -- ~~~~ - ~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 5 . l~~ .5 .5 ~~~~~~~~~~~~~~ 
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.5- - —  .5 - —‘--.5 —--.5----- .5-— -.5- -.5 —.5 —------- ------ -~ .-—-.. -.5 .5— .5—

r-  
~~~~~~~~~~~~~~~ ~~~~~~~~~

_ _ _  -

2 6X, ’S BAR ’ ,9 X, ’WE IGHT’ ,11X , ’ MUE’ )
- - - -  - - -  - - -  - -  MM~~ MMAX~~ 4- - - --- -- - - - . 5- - - -- - -  - — -  — - -  - ---- -—— --—______

DO 10 M 2,MMN
- REAp(5,15)8( BA R(M,NJ ,~WC(* ,N34DkAG,CAB pt 1t,P p RA G,~~T EN(M, M),

1 K MAX ( M,N)
-  15-- FORNAT-15F1O-.3,-F-IO.2,-123 -- -—-- -—— - - ---- - - — —- - - - - -- ---- -— -

MU(M,N)=1.94*TOR A G* CABD IA/24.
- - R W1-M,N-)--PD&AG/ T-DRAG~ -- - - --  - - -   --- - — —--—------ ---— -—

laM— i
- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1K MAX(M,N)
24 - -FORNATI - I5,5E-15-.6~,-I-5 )  — --—- - - - - -——- — —-- - - --- --.5 

-

IF( KMAX ( M, N) .€Q .0 )  GO TO 10
L KKP~~K-MAX4M-,N-1--- -- -  — -- --- - --- — —  -

00 5 K=1,KK N 
RE-A04-5-,-,2-0)SBAR(k,M,N) ,W E( K,M - , A& - ) ,DRAGCF ,XARE A —— --_ -

20 FORM AT (4F 10.2)
-  MU€(K,~M,N)z-1.~94*DRAGCF*XAREA/2.~  - -- _

5 WR ITE (6,25)SBAR (K ,M,N ),WE (K ,M,N),MUE (K ,M,N)
25 FORMATL85X ,3-E-15.6) — —- -— — — -- - --—____

10 CONV INU E
- - - -C- - - --------— _ _ _ _ _ _ _

C INPU T DAT A FOR TIELEG
C -- - - - — - - - - - - - - - - -—- -—- - -— - - —- - - - - - - -- - —  - - - - -

WR ITE (6, 103)
103 F-QRMATt• 1J-,15X ,’ INPUT- -0*-TA FOR T E---L-E-GJ-/-bL) _ .  —

WR ITE (6,37)L
-  37 FORMAT-I- 1OX.,-’-IIE -LE-G--jCJ-I-N~S--C-AaIa—.A.L STATION Nfl.’ ,I2/-3 --

READ( 5, 74 )MM AXN
74 FOR)I-AT (-1-33- - - - - - -  --- —- -— - —— — ---—  - -

WR ITE (6 ,72IMMAXN
72 FORNATI- -5X, ’NO.- O-F---5~TAT-I0NS-ON---T-HE--I-IELEG=’,I3-)--- ———  ----- - -

WRITE (6 , 104 )
- 104 F09.MAT I-4X-,- ’M’ ,3X ,’EXT.RIGIDITY ’ ,3X, ’DRAG CHRAC TEL’ ,211’ ORA G CCE.

IAT IO’ ,3X ,’J ’ ,20X, ’W EIGHT ’ , IOX, ’MUUE’// )
- - NX- -z MMAX~ - - - --- - - -— - --— - -- --- 

OO 1 T M = 2 , M X
READ( -5-, 14 )XXT EN( N), T TDR AG,CA3DA,PP-ORAG,J MAX(M) -- - - -  

14 FORM *T(4F10.3,12)
- - - - MUU -I-M4- -z-- 4*1-TCRAG~CA8OA/24-.5 

—________

RRD (M ) = PPDRAG/TTORAG
I = N-I  — -- - - -—---— —

WRIT E (6,16 )I ,XX IEN (M),MUU (M) ,RRD (M ),JMAX (M)
16 FORMAT4[4,3E 16.7,14) - -  - - —  -- — - -- —- - --- — - -—— - --—  

IF (JMA X (M ).EQ .0)GO TO 17
- LMN~-a --..JMAX-IN )~ - ---  ___ -______

00 18 K = 1,LKN
REA O (5,29)UEE(-K,-$),GRAGCF ,XXAREA - - - - - --- - -— -  -—

29 FORM AT (3F10.2)
NUUELX,M$ a 1s94*GR A GCF*XXAR EA/2 r - - - - - --—---- - -- — - -  - -

18 WRITE (6 ,21)WEE (K ,M ) ,MUUE (K,M )
- - - - -2 1 FORMAT-I 75~,2E-L5,.oI-----

- 17 CONTINU E
C PROVIDE VELOCITY PROFILE IN -SULIROUTI-NE VP-~4.OF--I LE-- -- -—

CALL VP ROFL
WR ITE (6,75) - - - - - -  - - -  - - -

75 FORM AT (40X,’XX X X X X X X X X X X X X X X X X X X X X X ’ ,Ti, ’l’///)
RETURN - - - -  - — -- - - -- — - — -  — _ _- - ._ 

END

r 62~9 
-

— — _
~~~ 4

~~~~ ~~~~~~~ ~~ — —-‘—--- -—‘--- ~~~~~I1l ~ .5~~~ &_ - —.5 ~~~~~~~~~~~~~~~ ~~~~~~~~~~~ — - ——-----—-t~- .5-~.5 .5.5-.5.5.5 .5



_ _ _  —

I—--- .5 -- - - SUBROUT-D-€ --SEAR-C 14 - - - - -  - - -- - ----- -— - - —— - -- - - - — -- - - ---

C
---C -- - - --- -  -&U8ROU-T-IN€ 4NVO&~V€S- THE CONCEPTS - OF B INARY SEARCH
C A NEW V ALUE - OF THE FORCES IS FOUN D THAT ALWAYS LIES INBE TW EEN
C - - - - THE TWO --PREV-IOUS VALUES - - - - - -- - - - - - - - - - - - - -- - - - -- - -— 

C THE CONCEPT IS SIMIL IAR TO THE DAMPING FORC E AND AS SUCH BRINGS ABOUT
C FAST CONVERG ENCE - - -- - - -  - - -  - - -  - - -  - - - -- - — - - -—- - - - -—  --

C
- -OIMENSI0N--Z-XP4~~~~ YP42)-, ?4-2-1---- - - -——-- —---—--- —____

COMMON /C 4/MMAX (3), KMAX (21 ,3),KTILDA (21 ,3)
GOMMON/G18/FFX4-2i,3),FFY421,3),FFL (-24-,-3-)- - - -— - -  --- - - — - -  

-

COMMON/C19/TIECOM ,L
COMMON/141-1/MM AX N - - -- - - -- --— -- - - --  -

COMMON /H2IRX I ( 22),RYI (22),RZ1 ( 22)
- CO $ON/G2 W1-T-EST,JTEST,4TEST,MTEST,-k--T-I E,MCQN-- ——

GO T0 (55 ,156),MCON
55 Z X P ( l $  = FFXIL,2)  - - - - - - --- - --—- - - - - - - - - — - - - - -- —-- - - - - -

ZYP I1) = FFY (L ,-2 )
ZZP (1) = F-FZ (-L ,2) -—- - -— - —-— -- ---- -— -  - . 5- ----— -

ZXP (2) = FFX (L,3 )
- - - LYP42)--=---F-FY--(4,3)- -— — - - _—---_--— —-______

ZZP (2) = FFZ (L ,3)
C TEST FOR FORCE BAL ANCE - - - - - - -  - - - — -  - - - -  - - - - - — - -  

MX = M MAXN
- IFI 1 FFX (L ,2)+RX1 (i-))~-GT .-TIECQM.OR- .- ---- -- — -- - —- -  --- - — — - - - - - - -

I (FFY (L,2) -I RYI (i)) .GT.TIECOM.OR .
-2- - - - -  4FF24 ,-2-$e-MZI(1-)4-.GT.TI€COM )G0-—TO 77 —______ ____ ____

76 IF ((FFX(L ,3)-’RXI(MX )) .GT.TIECOM.OR.
I (FFY (L,3)4RY-I (MX)).-GT.T-I-€GOM-.OR~ - - —- --- - ---- -  - - -  ---- -

2 (FFL (L ,3)-oRLh(MX )) .GT.TIECOM )GO TO 77
IF (LT1E .GE~ 1)GO--T0 ~O - - -  - - - -  -~~~~~ —- - --- - — - -- -  - .J -

C FORCE BALANCE UN DER GRAVITY FORCE S OBTAINED —RETURN AND PRINT RESULTS 
- -- -L TW = -&-OO ----- — ---— --- - -- -  - .5-- ---- —-- —- - 

60 10 100 -

C FORC E BALANCE UNDER ACTING- FORCES~-ORT-AINED—-R E 1-URN AND--P-RI-NT R€-.S4J11-S
90 ( TEST = 200

GO TO 100 - - - -  - -  - - - -  - -

156 MX = MMAXN
- RYI-( I-)--= -FFY-I-L-, 2- ) - - - - -- - ----  - -- -—-—- --—-- - - -—-——-—-—-_____ -— --- - - - - - -- -  - - -  —-— I

RY1( MX ) = F F Y( L , 3 )  -

C FORC E BAL ANCE NOT OBTAINED—USE -B1$AR-Y-- -SEARCI4- .1-Q---QB-T-41-N - NEW VALUU-- - !

C AND START ALL OV ER AGAIN
77 FFXIL , 2)  = —RX1 (I) - - - - - — -  - - -

XNO = ABS(RY 1 (1)) 
-

YNO -z - - A&S tZY.P-41I-4_ --— --~~~~~~~~~~~~~ — ____

HNO = AM IN 1(XNO ,YNO )
— 

a ABS (XNO—YNO ) — - - - -  - -- - - -  
-

FFY (L,2) = IZNO/2. + HNO )
FFZI-L ,2) = —R Z1 (1) - - -  — — - - - - — - -— - -  - - -  - -  -

F F X ( L,3)  = — R X I ( M X )
.5 X-&-NO--=---A*54&Y4(NX)-)---- --—- ------- - -—-—-—_____________________

V INO = AB S (ZYP (21)
HIND = AMI N I (XLN O ,Y 1NO ) - - - -  - - —- - - - -

ZINO = ABS IXINO — Y INO )
FFY (L ,3) a —(ZINO/2. • HiND ) - — - - - - -- - -

FFZ (L ,3) = —RZ I(MX )
100 RE TURN _ - - _ ___

END 
- - - - 
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- - - -- - - - - SUBROUI-U4E- GFORC - - - - - - - - - --

REAL BL,BLBAR,BLT ,MU ,MUE,MUU ,MUUE
—.5 — —---- - COMMON! CU FX (2 1~-3~~F ~~~~~&,-3 1--~4-,-3-)----- -- -—

COMMON/ C3/W (21 ,3),WC ( 21,3), WE( 10,21,3)
— -—- - -- - -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -— —-- -- - - - -  - - -  - - --— - —c-- —- -

COMMON/C 5/BLBAR (21,3),BL (21,3),SBAR(10,21,3),T(21 ,3),BLT(21,3)
- -GOMMON/C 6/ AA-L-t -3) ,86 143-) ,CC-1 4 3), E ,OEL TA, JUMP-,LOOPE ,LOOPA ------____ - - -—--- -

COMMON/C17/DELTA I,PDELTA
— —--G-—-------- COMPUTE STAT ION GRAV I-TY FORC.65 ~.4M ,N)— ~AND INIT IA l. FORCES FX -,FY ~FZ

W T — O .  
- -  - - -— - - - - - - -- -- -- - - - - - - -- -—  - - - - - -

MX = MMAX(N ) — 1 
OO- 3---M ---a --2 -,----MX- -  - - - - - - - — - — - - -- - - - - - - -- - - — - - -  -

WX O. .

- 1 - —--—---- - - F-XIM~~~
N4- ---O-.--- -— —-- - -  - - ---- --- - _____________- -—-- - -  — .5

FY(M ,N ) = 0.
K8 - -= KT-4LOA4M,-N )- -4- 1  —- -  -—-- - --- - - -— -—--- - -

KX = KMAX(M ,N)
- 1F4K8.Gl .I(X -4 -GO TO — iD  -— - — - -- --- -- — —- -- - -  - - - - -- - - - - - -  - - - - - -

D O l  K = K 8, KX
- - -  —----1—-WX - -= -WX + W ELX ,M ,N J .— --- -———-  _____________

10 KX = KTILOA (M+L ,N ) 
IF44X~ EQ.0) 60 -TO 30  -— - - - - - -- - - - - - - - - - -- - — - - -- - -- - --- - -

00 2 K = 1, KX
- -2  W~X~~~

a
~~~~WX • W E-4-I(-,$*1-,P4) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --

30 W (M ,N) = WX +WC ( M, N)* BL B A R ( M , N)/ 2 . +W C( M .1 ,N)* B LBAR (M+I ,N)/2 .  
FZ(M,N)-------WI-M-,-$-)---- --— - ------- —--- ---—

3 UT = WI + W ( M , N )  
wX~~~-O .- -  - - - - -  - -  - - -- - - - - - - - - - - ------ -----— .5— - -- -- - —. 5-  - - - - - - - - - -  —

FX( MMAX ( I),1) = 0.
-- -  - - -  FY4NMAX~~1), i) 4,~~ . - ~~~~~~~~~~~~~~~~ -- --~~~~~-_ - - -- - -  - - - - -  - - - - -

KB — K T I L D A ( M M A X ( 1 ) , 1 )  + 1 
- - .KX- -- - KMAX ( HMAK U-)-,44 -——-— - —  —- ---—-——---- - 

IF(K8.GT .KX )  GO TO 20
- - 0O 4----K- --=-- KB7- l~X - - —- --- -—-- -- ---- - - - - - - -  - - .- — - - - - - -  - - - -

4 WX = WX + W EIK ,MMAX (1) ,1 )
2-0 CONT INUE - - -  - - - -  - - - -— - -— - -- - 

0 0 6  N = 2 , 3
- -  - -XX -= ~ T4t DA44,-N~- --

- -- - - - - - -—-——--—---------------______

F X ( M M A X ( N ) , N )  = 0.
FY (MMAX ( -N-4, N) a - --- - — -  - - -

IF( K X . E Q . 0 )  GO TO 6
- :  0 0 5  K = . 1, KX - -

5 WX = UX + WE (K ,2,N )
- - -  ~~-$X- a- ~ X+~~~(2~~ 3~~~ A&t2~~U2. -—— —--  ——- -— .5—--

W (MMAX( i ) ,1 ) = WX +WC (MMAX (1),1 )*BLBAR (MMAX (1 ) ,1)/2.
FZ(MMAX ( lh-I ) a W (MM AX ( 1) , I ) —  - - - -

DO 35 N = 2,3
FX (L ,N I-= FX (MMAX tI) ,i) - - - - - -

FY (1 ,N) — FY(MMAX (1),1)
- - -- 35-F141,N-) a- -F4(MMAX ( 14,&4 --- —-—---— -——— ---- —- ---- - -  -- - -

~ iUT UT + W (MM A X (lh1 ) I -

DO ?  N — 2 , 3 - -  - - -  - -

7 FZ (MMAX (N), I4 1 = —UT / 3.
C - - -
C COMPUTE I N I T I A L  DELTA

SG2-= SQ&T - L- 2, ) “ ~~DE LTA L — ABS (S.~2*WT/3.)
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DELTA a DELTA 1  
- - -  -

RETURN  - 

END
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IO  I4~~I~2~ ~~I. ~~~~~~~~~~~!~ ~‘~: IHII~
2

I I ~~~~~ U~

JIIJJ
L8

u~o ‘ .~25 IIHI~•~ ~HH~
MICROCOPY RESOL UTION TEST Cl-tART



- T-~~~~~r.~~~~~ ~~~~~~~

— -—------- -FUt4C-TION-A&EA($,N, lG03-- -~ ------—--•-• —--
REAL BL,BLBAR,BLT,MU,MUE,NUU ,MUUE

- — -- -•-•—-  Cor.iiowci/x F, Xt21,3hYF-,fl 21,3) ,ZF .1121 .3) —

COMMON/C4/NMAX( 3),KMAX (21,3),KTILDA(21,3)
— C0MMON#C5~~ L~~AR( 2 3,&L 1~2L ,3  ),-58A&4 t~~2-1r-~3)-t-T--4,Z4-,3.3 ,8-L±T1.2-4-,34-.-- - • - - -  —1

COMMON/C9/Av(5),BV(5),VF,V(5),HF,H(5)
- - COMMON/Cj 1/ XT EN( 2 &,-3I~ MU4 24 3I,MUE1•L-O.,-21-,3I .&f~-42-1-,3)—-.~ - -- .

COMMON/C12/ AL PHA(2 1,3) ,BETA(2 1,3) ,GA MMA (21,3)
—-- —-•-GO-~TOt 1O0.2OO,iOO,4OO).3GO—— -—______

C LINE INTEGRAL BELOW STATION
100- CONTINUE— ---— -- --- ----- ----- -_----.--——-_-  _ _ _ _ _

XL LIMIT(Z(M—1,N)+GAMMA(M,NI*BL (M,N)/2.)
• - - . .  • •  ~~~~~~ LIMIT -4- --l-(-$,N3-3 .- - - - -~ ---- ..-‘--.--.-a - ---- -- ---~~-~---r-— .~~~~ - .  ~~~~~~~~~~ 

. -

TOP = BL(M,N)
BUT—a SL(M,N)/2 . —--——- —

2 KMIN MINO I KU, XL )
K

~

4

~

I

~ 

4 .•  IA8S~.(--~~~~~~~~~~-—-- -— -- - --  ____

SUM = 0.
IF(

~

J44N4GT .KTOP)

~

Q U

~

4.a

~ 

—----- .____ _ _ _ _

DO 1 K = KMIN, KTOP
Xl (HIK)—Z ( M— I,N11 / GA MMMM, ’4)

I SUM = SUM + AREAS (M,N,K,XI) — AREAS(M,N,K+1,XI )

~ 

~~~~~~~~ --

RETURN 
LINE—-D4TEGRAL ABOVE. STATION—---.--- .----——- _-.— .

200 CONT I NU E
IIM(T 4- Z ( M—t, N))  —- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

KU a LIMIT (Z (M—1 ,N)+GAMMA (M,N)*SLIM,N)/2. )
- ——-40P ~~S~~M,N~~~~~~ - .-- .—

SOT a
• G~ T-O 2 ~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _.  ________— _____

C . DRAG OF ELEMENTS BELOW STA TI ON
__________________—-________

KB a KT ILDA(M,N) + 1 
1~~~~~K$AX 4M,t44 -

~
- .- --- — ..-- ..---—---—— --.—.—- .-—-.-—-..——

5 SUM a
- IF(k8.GT .KX4.GO TO 4 0 - -  . . .  - ___.—.-- - - - -  -.

DO 4 K a KB, XX 
- ------11 ~~ Z~~~~1,N) • GANMA (M,N) ~ SSAR (K,M,NJ* (14+T(M,N)/XTEN(~~,M)~~~~_J a LIMITI ZT P

- 4$IJM.a$J$~~~~~~ 4~~$,~4)~* 14V4J3..+ BV(,J4.*..lfl*a2
40 AREA a SUM

-- - -RETURN - -—- --—~~~~~~~~~ 
. -.-.- - --—--- --..- 

C DRAG OF ELEMENTS ABOVE STATION
- .  -- —-4~~ - CONT INUE - ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

( B a t
___ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . . . .. . _~~ 

GO T O 5
END - - - - - -  - - - -. - . . —..-— .——---...-—--—-—-—— -- —- -  - 

-.~~~ . .~~~~~~~ - — -  --- .- - -  .. - -._ _.~~~~~-.-.-..-. . .  
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_ _ __ _ ____.1_ - -

- .  RNCTl0~~ARiA~ tM,N, X,~~~~ - - - - —- - 
~~~

- - — — - - - - -_

~~~~~~~~~~~~~~~~

--  -- —

~~

CONMON/C1/XF,X (21,31,YF,Y( 21,3),ZF,Z(21,3)
_
~ - CONNOWC9/AVtS),$VtSI,VF, 4bI~

,Ut
~~ 

— -

~

CONNON/CI2/ALPHA(21,3).BETA I 21,3),GAMMAI2I.,31
- MjA$~a~4AyIkJI$V1K )~Z4*’~-11~NU**2---*- ~~~~~~~~~~~~

_. . - .. - . - - .

1 •IAV (Ki.B V(K)*Z (M I,N) )* BV ( K)* G M
~~

M
~~~ * 

(XI**2)

-2 4tBV 1~~ *GAMMA1~~~~U~~2 * ~~U*~ 3/3-~~~~~~ ——-
~~~~~~~

. -— -— -.- — - - ,

RETURN _________________________ ____ 

ENO-- - ------- 

---- -. - - - - - --- ---- -  

-- - - - - —.- - -- - -,- -.—  ~
---

~~
-
~ 

.. - . — . — ——. — . - - — - - -  - — - -— 

- 
.- . .-
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- .— - - - 5~USROUT-I-N&- VPR0F L - -

COMMOt4/C9/AV(5hBV (5),VF,V(5),HF,H(5) 
4~ L- -—-  --.-- - - - - --  -- ---------——- --— —-  - -H

I READ ~ 5 ,2 ) H( K ) ,V ( K )  -.

-- - - • 2 - FORM At (2F-t0.O) . .  .

IF C H (K) .uE . 40000. 60 TO 3
K = K - + I  - - -. - . - .

GO TO 1 
~~~~~~~~~~~~~ - - - . _ _ _ _ _ _ _  _ _ _  _ _ _ _  ____——

DO 4 Ka2,KX
- BV (K-$ = I.V(-X )--V4S(-’l)) / IH4K3—Hli(-—-4-~-)----- -- ...

~~~~~~ 
- .  . 

A V ( K)  = V (K—1)—BV(K)*H (K—1)
• 4 wRITE4o, g)-AV4K--~,UV PKt ~~

- • •- • —• -- -- - - -  - - . — . - - -—— - - --  - — -  — - - - -

9 FORM AT (IOX,61AV(K) ,E16.5/IOX,6HBV(K) ,EI6.5)
— - - -  R~TU&N -- -- -- — ----~~~~--- - -.- - -—— ~~~~~ — -—— -

END - 

- --- - --.— . - . - .— --.- -—---~•- -—-— -- .——-
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____ 
_ _  _ _ _ _ _  ~111

- FUNC-T 104- TAREA(M,MGO ) - - ---—- - — — - - - --  -- - - - - -  --

REAL BL,BL SAR,BLT,MU,MUE,MUU, MUUE
G0MNON/M3/-BAR4223~ S4--2~4-,~~T4 2 ,-STI-24)- XXT EN I2’24———-- -- - - - - --- -- - --- -  _ _ _ _ _ _

COMMON/ H4/JMAX (22) ,JTILDA( 22) ,SAK(5,22)
- - - • -  £OMMON#H5/$UU4-22-),PW1J€- 22-),WEE45,224,~WG-(2~~),RRO122)-- - - — --- -  -

COMMON/H6/ALPHA ( 22 ) ,BETAI22) GAMMA (22 )
- . - -  COM$ON# M9/X4 22),Y(-22),Z-( a2 ) - - —

COMNON/C9/AV(5),BV (5),VF,V ( 5),HF,H(5)
GO TO41000~200-O~~~~G,40304,NGO-- 

—— -——---___ -.--
~~~~~~~

— - — - — —  - - - -

C LINE INTEGRAL ABOVE STATION
&000- GONTINU€- - - - --- - - --- - - - - - - - - - - -

XL a LI$ IT (Z (M I.L+GAI4MACML*BJMJ/2.) . .-  ..• . - •

KU~~ .LIMIT 1.ZIM))  -— — -  —- - --- -- - - - - —- -- - -. - -

TOP BIN)
--  - - - - -- - -  —SOT -~~~ B l M) ,t2.~~ - - - -- _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2 KNI N a MINO ( KU,KL )
KTOP a -KM 1N~ 1+IABS4KU—KIE~)SUM = 0.

- IF(KMIN.GT.KTOP~ G0-TO 10 . - — - - •  . -— - - 

DO I K = KMIN,KTOP
- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . _-- —_-_---._____ _ _ _ _ _

1 SUM SUM+TA REAS IM, K,X I)—TAREAS (M,K+ 1,X I)
- 10 TA REA a SYGN4.IW—KL.1*SU$ -‘ 1AREA-SU~~~U,1O — A R~-A~-4N-,KL-,B0T-1-- RETU RN
C LINE - INTEGR AL BELOW- STATWN - -— -- — -  — - - - — —- - . - -  ---- -

2000 CONT INUE 
Xt--~~~~ M~~ (Zt ~~ 4~~~— - - -- ---- -— - --- - - -___  ______ _ _ _ _  _ _ _ _ _ _

KU = LIMIT CZ ( M—1 ) +GA MMA IM)* B( M)/2 .)
- TOP- = B (- M) 12.  — - - -- ----- - - -  — -— - -—

801 = 0 .
-GO T0 2 - - -

~~ 
.  - - -— -

C DRAG OF ELEMENTS ABOVE STATION S
-- - 3000--CONT INUE- - — _______

KB = JT IIOA (MP+ 1
XX a.-JMAX ($)   - - -  - --  — - -  - - -

5 SUM = 0.
-IFIKB.GT .XX )-GO TO 2G - --- - -- - -  - .

DO 4 K = KB,KX
- - ZT-.-- Z~ - — I-I4GAMMMIt $M(K,M)*1~I.ISTtN ).1X.XTEN(M) )

J = LIMIT(ZT )
4 SUM SUM,MUUEIK,N)*(AV(J),-8V4J3*ZT)**2 - -  - .-- - -- — 

20 TAREA = SUM
— RETURN  -~~~~~ — - - -_ — 

C DRAG OF ELEMENTS BELOW STATION
- 4000 CONT4NUE- --• ~~~~~- ---- -• ._---- --__ -~~~~~~~ --------

_ _-_

KB a  1
XX a -J-T -ILDA(M) .   - - - - - - - .  -

GU TO 5
END   - -

3 

- ~~~~ - - -
‘ 

- —--. _ _  _ _
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hr. ~~~~~~~~~~~ ~-~- -  - — __#- -~~~~ — — --j ’ a - - -  — 
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- FUNCTION TAREAS (M,K,XI) - - -

COMMON/H6/ ALPHA( 22 ) ,BETA (22 ) ,GAMMA ( 22 )
COMMON/H 9/X422),Y (22),1422) -- - -  --- - - - - - - - -

COM$ON/C9/Av(5), BV (5),VF,V (51,HF,H(5)
TAR E AS~ Z (AV IK)+BV CK )*Z ( N—t ) ) * * 2 * xl

1 +C AV IK)+BV(K)*Z(M—1))*BV (K).GAMMA (M) * (X I**2I
3 +(BV (KI*GAMNA (M))**2 * (XI**313.)
RETURN
END -  — _ - - - - - -- - - -  - -

• • - . —  4 ~ • . - - . . — - S . - .  
~~~~~~~~~ .S .. . .• •.  . - -. - — _  ..4 . . - • -- - - - .•• .

-

~
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—

FUNCTIO$..--II-NITItT--~-—-- - - - -—-------— —--—-— -________

C0NMON/C9~ AV ( 5), BV( 5) ,VF,V ( 5),HF,H( 5)
O O I J — -2,S
IF(ZT—H (J ))2, 2, 1 -

- 
- - -— +- C0NT INU~~ ---- ------- - - —- — -- - - — - -  — - - — —  — --— ——_ _ _

2 L I M I T a J
- --------—-- --UTURN -- -— — --- - - —— -- ~~~~~~~~~

. __ _ _
~~~~~~~~

__
~~~~~~~~~~~~~~~~~

_ _ _ _ _ _ _

END

- 

‘624 
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-

—-------- —-------- -FLPNCT ION MV ALUEINI - -—-- — —------ — —_ _ _ _ _ _ _ _ _ _ _ _ _

CONMON/ C4~MMAX( 3) ,KMAX (2 1,3),KT ILOA(21,3) —

GO TOt t ,2,21,N
1 MV ALUE a NMAX(N)

2 NVALUE a MMAX(N) — 1
- -  RETIMN ---------- - —-- ------- - -- - --- - - --_______________

END

— • •• - •.
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--- -. - — 
~~~
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~~~

- -

~~~~~~~ ~~~~~~~~~~

- - --- ---- -- ------ - - -  - - - - - - - -- -
~~~~~~
----_

~~~~~~~~~~~~~~~

--

~~~~~~~~

- —— FUNCT ION IYGN(J) - —-— —- — — - - ------ -- - - --  —
~~~~~~

- - -—— —_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I F ( J  P 1 , 2, 3
— 1- £Y~N u - —1.

- RETuØs -~ 
-

4 ~—-- - --- --- 2 --SYGN~~ 
p ---.-- -

~~~~
-——- —--— - 

________________-

- RETURN
L —  -3- SYGN -~~~1-.-------- — -- --  __ ----—--—-- ——-- —

-

RETURN

• _~ 
_ _ . , •.e  - . _ .. •.• .  — . - . ..  . . .

I 

ITT. .~ _ _  _ _ _

-- -- -  - - --- —-- ———-
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—- SU8ROUT I$E— OUTPUT - -_______________________ —

R EAL BL,BL8AR ,BLT,MU,MUE,MUU,MUUE
COMMON/C1/X F,X 121,3) ,YF 1Y(21,3) ,ZF,Z(21,3)
COMMOPI/C2/FX(2 1,3) ,FY12 1,3) ,FZ(2 1,3)

-- - COMNON/C4INMAX(3) ,KMAX(2-1-,-3),KTIIDA(21,3) -—-—- ——— —_____

COMMON/C5/BLBAR(21,3),BL(21,3),SBAR (10,21,31,T(21,3),BLT(21,3)
__ CONM0N/Ce/AA.L43),a81C3),CC14.34,E,DELTA ,JUMP.L0O-P~ .tOOPA

CONMON/C7 /HOR IZL(21, 3hHEIGHT( 21,3)
.——-—- -- COIIMON/Cj 0/COMPE,COMPO,PS-I.S1APSI,DELPSL,ENOPSL

COMMON/C II/XT EN(2 1,3),MU(2 1,3), MUE(I0,21,3),RD(2 1,3)
COMNON/CI3/RX(21,3),RY(21,3),RZ(21,3-)- -______

• CDNMON/C17/DELTAI,PDELTA 
• • -

j -———--- -- -ENTRY ST~APOS- -——— - — — -——
~~~~~~~~~~

---—---——- —___

WRITE(6, 13)
—— 16 WRITflo ,5)F,PDELTA ,LOOPE

5 FORN AT ( 1X,4 1H€QUJLIBR IUM POSITION UNDER GRAVITY FORCES,/IIOX,
- ---- - --1- - --- -—- -i$4 ,-f-I,6 -.9-,-IOX, oHOELTA= ,E16.9,IOX,I9HNO.OF ERROR LOOPS= _ — —

2 .15)
-- - -- - --- o oo- - o - -~~ 1,~a- -- - -- — - -- - ----- -- -- --— — --—- — __________

WRITE (6,1)N
- -- -- FORM AT(// ,1~(,iThC~ BLE Nw’BEP— ,I21 -

MX-MMAX (N) 
- D~~~~~~- ~~~~~~~ X ---  - - - - - -  -- _ _ _ _ _ _

laM— i
-- -  - - - -  - --  ~_WR -LT E46,$IL-,.FX (M,N$,FYCM,N) $Z4.M~1U,.X4~M.,.NJ~,.Y tN,N)-,2-L-M,N) , T (M, N )-, -— ----

1BL(N,N)
— - — - - & -  FORNAT I/,51,LEHSIGMENT NUNBER- ,12.i

1 IOX ,SHFX(M ,N).,EL6.9, 10X,8HFY(M,N) ,E16.9,l0X,8HFZ(M,N) ,E16.9/
- - 2 -- _______________ _______________________________

3 LOX ,8H T (M,N)a ,E 16.9,IOX,8HBL (M,N)* ,E16.9) 
—- -- ---WR4T f t6,639)RXLM,N),RYIM,N).&,LtM,N)
639 FORMAT I j OX ,8HRX(M,N)a,E16.9, LOX ,8HRY(M,N) ,E16.9,1OX,

-- ----—------— L9HRZ(M,N)~~,E-16.9 I — 
- -______________

• GO TO (L0,9) ,JUMP
- 

ii FORMAT (15X,12HHORIZLCM,N)a ,E 16.9,IOX, 12HHEIGHT(M,N) ,E16.9)
- - l0- C~0NT-1NUf- ——- — -- ---  —---- - ---— -- - -- -— ——--——-- -- -—- - -—--- - —

RETURN
- - --- -

~~~~~~~~~ ENTRY DYNPOS --— - 
-— ——

WR ITE(6, 13)
- - - WR-IT-€4-4,-1-lé) - ---- — - - ---—------ - - ----- --—-- --- - -- - - -- - -  — -- - -- -- - -— - -- --- - -

116 FORM AT ( 13X ,’EQUILIBR IUM POSITION UNDER ACTING FORCES //)
- - 17 -WR-I-T E4 2~-&,O€I~-TA,LQOPE,LOUPA,PSI--—- 

-
~~~~~~~~

— - -  ——— - --- - - -------- -

• 12 FORMATI IOX,2HEZ ,E16.9, IOX,6HDELTAZ ,E 16.9/13X,L9HNC. CF ERRO R LOOPS
--—-----—- --- .-I . Ii , IOX,2 2HN0. OF ACCURACY LOOPS~ 45/15X,I4HC URRENT ANGLE=, —

,

2F8.3/ )
- -GO --TO 6 --—  - - - -  - - - - -  ---- - ---- - - - - - - -- -- —— - -— —- --  --——-- - - - -

ENT RY EX ITT
L 

- 
- - ---- WR IT-f4-6,-13) - -

~~~~~~~
- -  - - - - - - - - -- -- -- —- - -- -- -—--

~~~~~~
-

WRI TE C6, 14)
----44 FORNAT (1XI/1X,9OHPROBLEN NOT COMPLETFO, DELTA HA S  GOTTEN T~n cMA[ 1

iTO CHANGE THE IMAGINARY REACTiO NS
p 2/ 1-X,400$E~ TM~R ACCUR-ACY- &EQUI&EME~IT -S ARE -TOO- S$ALL (COMP~.4-~OR- .A- --C48 - -

- - ~~ 3LE HAS GONE SLACK (CHECK TENSIONS ) .
4/IX,55-HPRINTQUT- -I S- -GIVEN -F-O&- TROUBLE-SHOQTING 9LUUOSES~ONLY.- - -L

I GO TO( i6,17),JUMP’
- -- _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

END
- - -  - - - - - —_ — - - -- ---- -- - - _ —  - _—-- -  

-  62-AA
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—---——- SUBROUT INE TI-~~U-T -—— ---—--——— -_ _ _ _ _ _ _ _ _ _ _ _ _

REAL BL ,BLBAR,8L ;,$U ,MUE,NUU ,MUUE
— —  COMMON/HI/FX (ZZ),FY (22)-,F1122),RX( 22),RYU2),R1122)

COMPSON/H3/ BAR( 22), B( 22 ) ,BT( 22), ST( 22) , XXTEN (22)
------------C OMMON/H4/JMAX(22-)-,4TILOA( 22), SAR I 5,22) -—____

COMMON/H8/ HORIZL(22) , HE IGHT(22 )
--— COMMON/W?/X(224-,Y-4-2-2-)yZ(22) -- - -  —____________________

COMMON! Hi0I E, DELTA, LOOPE • LOOPA
COMIION/ H i I/ PIIIAXN
COMMQN/H12/JUMP,PDIST,DIST

H--- — --  —-  -CONMON/C10/COMPE. COMPD.PS1-,-&TAP-&I ,DELP-SI ,ENDPSI ——-—
~~~~~~~~~~~~~~~~~~ 

— —

C
- GUTPUT -FO* -E-QUIL--l-8R-IUM POSITION UNDER GRAVITY- FORCES ——-—— --—- - -

C -

• -—-----—— €NTRY STATS
WR ITE(6, 13)

- - -- -  13 - -FORMAT ( &H4-)--- --- - -- - -- - -- - - -—- -—---- - - - -- --- _ _ _ _ _ _ _ _ _ _ _ _ _  -_ _ _ _

WRITE (6, 100)PDIST
- 100- FOPMAT( lOX, ‘~~ENGTH--OF ~Tl4Q~_T~IEL~.GaA ,EIb..9/-I —

____________

26 WR ITE(6 ,25)E, DEL TA,LO(JPE
- - -— 25-- FOk$ AT I.- 1XS1HEQUILIBR IUM POSITION UNDER GRAVITY FORC ES,// LOX,

I2HES ,F16.9,IOX,6HDELTAZ ,E16.9,1OX,I9HNO. OF ERROR LOOPSS ,151
— 23- WRIT~ 4-4,IO4 - )D1S1- - ----- --- —-— -- - -- - - -- — -- — —  - — — ____ ____

101. FORMAT ( IOX, ’CHORDAL DISTANC E BETWEEN END POINTS= ’,El 6.9/,
-MX-- -a- MMAXN- ~~~~- --- . L  -- _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --

00 20 M = 2,MX

- WR ITEI6 ,28) I ,FX(M) ,FYLM) ,F Z I M) , X ( M) ,Y ( M) , Z ( M) ,ST ( M) ,B(M)
-- 28 FORM-AT-4#.- SX-,-’--SEGM ENT- NUMBER ~~~~~~~~~~~~~~~~~~

1 ÔHFX (M )a ,E16.9,LOX,6HFY(M )*,E16.9,IOX ,6HF1(Ml ,E16.9,/IOX , - -

2 - - SNMM-)a,-€44w9,-IOX75HY(M )= ,E 16..-9-,-LGX,5H1(M) -,E i6.-9--,fl-0X-,-- — -- -  - -— — - —-  —
-

3 oHST (N)= ,E16.9,IOX ,5HB (M)a,E16.9)

~
- - - ç  WRITE (6,I000)RX (M) ,RY(M hRZ(N)
‘ 1000 FORM AT( j 0x,6HRX (M)=,E16.9,10X,oHRY(M) =,E16.9,1OX ,6HRZ(M)= ,E16.9)

-

~

-

~

- -

~

-

29 WR IT EI6 ,i i ) HGR IZL (M) ,HEIG HT(M)
• L1 - --FORMATI15X , HHOR IZ& tM3= ,E1& 9-,-10X-,1-OHHEIGHT (M-) ,~ -1-e.~~-)

20 CONT INUE
I-- —RETURN — — -- --- -——-— -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  —

I C   
_ _ _C OUTPUT- - FOR U4L-IBR ION- -POSIT-I-ON UNDER- AC-T ING F0RC~~~--- ---  — —---- -- - —

C
ENTRY OYt4AM-S- --- --  - -- - - - -  -- - --—- - -  . -.-___ . --

WR ITE(6,13) 
--I4RITE(6,i6)-— -____ __________________________________

16 FORM AT ( kO X ,’EQUILIBRIUM POSITION UNDER ACTING FORCES’//)
— 17 WR ITE46,--12)E-,-OE-LTA,-LQOP-E-,4~OOPA- ,PSt— — — - — - -  — —- --- --- ------- - 

12 FORM AT(LOX,2HE= ,E16.9,LOX,6HDEL TA =,E16.9/i3X,19HNO. OF ERRC R LOOPS
Ia, 1-5-, L4X-,22HN0-. O-- ACCU&AC-Y .400-P-$=-,-151-l-5X,I4HCUR RENT -A-NGLEa..--~~ -__  .

~
. - -

2F8.3 / )
______________________________________________

END

TI

~

T III ITIII ITII IITTTII11I
- — — - -- -- - --6248 — - — - - - -- -~~~~~~~~~~~~~~~~~~~~~~~ -
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D. S.AI4PLE OUTPUT

A computer OUTPUT as obtained from the subroutine OUTPUT and TIEOUT is

reproduced in this section. This - is done to present the format in which the

output - should be expected.
- 

t First part consists of the equiiib;ium configuration of the array s;stem 
- -

when only gravity forces are acting. Next follows the configuration under

the action of hydrodynamic forces produced because of the current (in this

case only zero degree angle of attack is considered). The printout for main

cable array is shown only for cable number 1. There is a similar format for

the other two cables. - 
-
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APPENDIX II

SPECIAL FEATURES FOR USING THE COMPUTER PROGRAM

The Computer Program that has been described in Appendix I can be used

by using appropriate data cards. Because of the truncation errors made by

the computer it is. -necessary to choose the appropriate cutoff values that

will, suggest that the method has been used satisfactorily to simulate the

cable- system. A brief description of these cutoff values is made in the

following paragraphs :

A. Cutoff Value to Def’~ne the Acceptable Completion of Im~~inary Reaction

Routine

As described earlier in Chapter I , the equilibrium configuration of the

array system is obtained if E , the measure of error between the end coordinates ,

as obtained by system of forces at hand and the correct ones as specified , is

zero. Theoretically, the iteration would continue until B is identically zero

i • e., until the equilibrium configuration (under the constant applied forces)

is obtained exactly. However, because of computer roundoff errors, it is not

possible to achieve this and as such a cutoff value , that would define the

,‘~cceptable completion of the imaginary reaction rout ine , has to be defined.

If this cutoff value is denoted by COMPE , then the imaginary reaction

routine is considered to have given the satisfactory equilibrium configuration
-

‘ 
of the cable system when

B COMPE (1,11)

[. That is, when

XM(n) ,n : ~M(n),n: 
ZM(n),n for n 2 and 3 for the

main arrays and 
~ i!j : ~ lN: Z~~ for the tie leg array , are all within COMPE

V - from their true anchor values.
61e
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B. Cutoff Value to Define the Acceptable Completion of the Successive

~pproximat1on Iterations

As described in Chapter I COMPD denotes the fixed accuracy value and is

used to suggest the acceptable completion of the successive approximation routine.

That is, the equilibrium coordinates of any cable - station for two successive

iterations are compared. If the coordinates diff er by less than COMPD , the

iteration is considered satisfied.

However , introduction of COMPE as a cutoff value also introduces an error ,

again within ICOMPE from the actual equilibrium coordinates , into the coordinates

calculated for every cable station. With the result , it is important that the

cutoff value COMPD for the successive approximation iteration be chosen outside

the value of this inherent error .

A sate minimum value for C0MPD~~~ is

COMPD = 10 ICOMP’E

C. Cutoff Value to Define the Acceptable Completion of the Force Balance

Condition

The force balance condition, as described in Chapter IV, is said to have

been satisfied if

FFX + Rfl = 0

PT! + Rfl = 0

F F Z + RZ1~~~O

where PT! and RY1 are defined by equations (i,~4). FFX, FFZ and Rfl, RZI. are

similar farces in the X and Z direction respectively.

However , because of computer roundoff error some cutoff value is defined

which would suggest that the force balance condition has been satisfied to an

acceptable degree . This value is defined by TIECOM.
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TIECOM can be made very small , since binary search routine will make the values

of FFY and RY1 converge to an acceptable positive number . An acceptable value

for TIECOM could be 1 lb.

D. PRECISION FOCUS

This convergence concept was suggested by G. H. Savage1’3 and is used

in conjunction with the *5 method of convergence discussed in Chapter I. It

utilizes the past performance of the force and displacement to bring the cable

array to the required coordinates. Referring to Figure 1., the end of the

cable is released from point K’ and imaginary reactions are applied at the

free end. For each iteration, depending upon the position of’ the K end, additive

forces given by equation (20,1) are added to the imaginary reactions. After

a certain number of iterations, it is possible to bring the K end to its X

and Z coordinates within limits of COMPE . Normally the above process would

be applied until y coordinate is also within the limits of’ COMPE. However, it

has been found that this situation: is not always possible to achieve. The

positive number *5 often becomes too small to make any significant difference

in the additive force given by equation (20,1), the E never becomes less

than COMPE and, therefore, equilibrium configuration is not obtained. To

cope with this problem, after x and. z coordinates have been obtained within

flue limits of COMPE, the Precision Focus convergence approach is applied. To

demonstrate this method, Figure 17 represents the plot between force FY,
~~1

which is the end reaction, and the Y coordinate. Pt. H represents a point

of intersection, the point which represents the exact y coordinate to which the

k end of the cable should strive to reach.

S
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- Figure 17: The Precision Focus Concept

If, at the present iteration, the y coordinate (Yp) to which K end of

the cable has reached is represented by point P on the curve, then at this

point, the force Fy pulling at the end is given by OQ. Also at this point,

a record. is kept of previous iteration, wherein the y coordinate of the K

end of the cable was represented. by point M and a force Fy represented by ON

was pulling on it.

— Then between these two iterations, MP represents the slope of the curve.

If B is the angle as shown then
GPtan B = ~~~

wher e G P O Q - O N

~~~~~~~~~~~~ and MG = MN - PQ

Also at this point , the aim is to increase the y coordinat e by (y~ + PQ)

and to do this , a force increase represented by HQ will be required to do so.

Thus , the new additive force is given by

This force is added to force (Fy) which coupled with forces FX and FZ

- 

- 
.,~~ would bring the cable to point R and the process Is repeated until y coordinate

S

is obtained within the limits of COMPE.
- -
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Since the above approach utilizes the past performance and takes into -

account the slope of the curve, this method seems to avoid the problem posed

by the positive number 6 getting too small.

Close to point H, the curv e gets flat with the result that it is

possible to get into a position wherein points P and M are same i.e., PQ — MN = 0.

When this happens the control is reverted back to th’ *revious convergence concept.

This concept is utilized until x and z coordinates are within the limits of’
— 

- COMPE, at which point control is passed over to Precision Focus again. This

provess is then repeated until. E <  COMPE at which point equilibrium configuration

is obtained.

E. ASSUMPTIONS USED IN THE COMPUTER MODEL5

In this section a discussion is made of the assumptions made in the

computer model. These assumptions are made only for the purpose of convenience

and are not necessary from a theoretical point of view.
: 1. Subroutine VPROFL deals with the current profile. In the program,

a profile assuming a series of straight line segment s of arbitrary

length and scope has been used. However, the analysis developed has

been unrestricted. The analysis requires evaluation of the integral

as defined by equations (29,3). Thus, any velocity profile could be

u3ed as long as the above - integral could be evaluated.

However, if current profile consists of series of straight line

segments, as in our case, this integral can be evaluated exactly**.

As such, this profile -was chosen to write the computer program.

2. On all runs made with the computer program as given in Appendix I, a

• uniform current profile was used . Current velocity of 0.6739 per sec .

was assumed all the way fr om the bottom (z = o) to the surface. This

¶ 
- 

~T~ie reader who desires to use the computer program using a different dataset than listed in Appendix I is referred to Sub—Sections 6 and I of this Secti4
‘5The evaluation is performed in Appendix II, Skop and Kaplan, “Statiô Configura
of a Tn —Moored, Subsurface Buoy.”
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velocity profile, as suggested earlier, was broken up into series of straight

line segments. The program is written to take into consideration any velocity

profile, but a constant profile was used in this study to provide easy

comparison of hydrod.ynamic forces at all points on the array system.

3. Only one angle of attack of current was used to study the hydrodynamic

behavior of the structure. The facility to ha~ea .d.ifferent angle of attack

exist s in the program .

It was observed from various computer runs made with the computer program

as listed in- Reference 9, and modified to suit the facility at the

University of New Hampshire,tl~ t the ~~r~t displacements of the Subsurface

Buoy were encountered with the angle of attack of the current as zero degrees

( B=o) . As such, for the analysis of the present array system, current with

only this angle of attack was used.

~~. As described in Chapter IV , a Binary Search Routine was suggested to be used

to satisfy the force balance conditionitiaminimum number of’ subroutine

iterations. Forces in the y — coordinate directions posed the majority of’

problems. As such, this routine was used only in the y - direction. Should

continued use of this program - indicate difficulties in the X or Z coordinate

directions, then the Binary Search Routine may need to be applied there too.

5. The results that are discussed in Chapter V were obtained by using some of’
-

- the data listed in a report by R. G. Paq,uette entitled “Seaspider Hydrodynamics,”

dated 214 April 1969. This uses a surface buoy along with the subsurface buoy

in accordance with the lumped parameter representation. Thi s , however , is

not necessary and any other data set can be used.

6. The length of the tie leg array and length of each segment of the tie leg

- - 
array were determined by the program internally. Thi s also was done only for
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simple convenience. If the length of the tie leg is to be given,

then a change in the program would have to be made accordingly.

7. The tie leg array is used as a neutrally buoyant array. However,

since it is not possible to have this in practice , it was decided

to make the array -1% positively buoyant. This was done by using

floating objects, with their weights in water as -a reference.

From this the weight of’ cable/ft. in water was determined int ernally

by the program. This situation can very easily be reversed. Also,

since the length of each segment was determined internally , it was

also decided. to space the floating objects equally in the segments

by the program internally. This is completely for the purpose

of’ convenience.

F. OTHER CONSIDERATIONS

Besides the above cutoff values there are special cases in which the

program may never obtain the equilibrium configuration i.e., E may-never

obtain the value of COMPE. There can be one of the two possible reasons

for this to happen.

1. The convergence factor 6, as discussed in Chapter 1, approaches

zero as B approaches zero. Consequently, for a very small value of 6

no change will occur in the applied imaginary reactions as a result

of the significant figure limitations of the computer . When this

happens COMPE is too small. This problem can normally be alleviated
— 

by either using Precision Focus or increasing the value of COMPE.
-

- ‘ 2. One of the cable segments has developed zero tension or has gone

slack. In this case the array is statically unstable. This

condition also results from no change in imaginary reaction. The

computer program for the tn —moored array has been equipped to

70
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give out the error printo~xt ; for the benefit of the user .

In Figure 18, a logical diagram,showing briefly step—by—step description of

how the computer program proceeds to determine the equilibrium configuration

of the cable - system,ia presented.

H

a.

‘~1

- - • - - 
- 
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Evaluate the weight Evaluate hydrodynamic
forces for the main - forces under assumed
array and assume values - current profile and
for FPX , FYI , FFZ -“0 calculate the equili- S

- 
- brium configuration

~~~~~~~~~~~~~~~~~~~~~~~~~ under these set of forces
- and FFX , FF1, FFZ

Calculate No-current 
-

-‘ configuration under -

- the influence of forces -

FFX, FFY, and FFZ and Use Subroutine tie leg
gravity forces to calculat e the equili—

- tieleg under the action
1 bnium configuration of

- - of hydrod.ynamic forces
Use Subroutine tie ~eg and.., -

calculate its Equilibrium
configurat ion under gravity
forces . Record the values -

of RX1, RY]. and RZ1. —

- Test for force balance
- I criteria

Test for force balance
a I criteria --I____________________________ If it is not satisfied., —

E

~~~~~~~~ 

use Binary Search to
— - If It is Sati.sfied — recalculate new values

of FFX,FFY ,FFZ
If’ it is not -Satisfied —
Use Binary Se8rch to

“ç calculate new values . of’ If it is Satisfied.
FFX , FFY , FFZ

~~~~~~~~~~ration with
r
the

u configuration under assumed
current profile

Figure 18: Logic Diagram Showing Step—by—Step Description of Computer Program.
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