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ABSTRACT

This report describes computer program NOYFB: a method of
determining the static configuration of sub-surface oceanographic
moorings for the purposes of system design and analysis of per-
formance. Operating instructions and the program listing are
included as appendices.

The program is written in Fortran II specifically for
W.H.O.I. Hewlett-Packard 2100 series shipboard computer systems.
The user acts as the computer operator in a decision-making
capacity, specifying, evaluating, and modifying the mooring
composition and control and environmental parameters. Principle
features of the program are:

a) useable both at sea and ashore,

b) real time selection of output formats and devices,

c) standard W.H.O.I. mooring component characteristics
are stored in the program with the option of user
modif ication,

d) capable of handling complex, non-uniform current
prof iles ,

e) automatic component length adjustment for depth
cri tical instruments,

f) calculation of launch transients and reserve
buoyancy,

g) the ability to imput/output the mooring composition
and characteristics from/to punched paper tape.
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1.0 INTRODUCTION

During the past six years the Moored Array Project of the Woods
Hole Oceanographic Institution has developed and used operationally a
subsurface oceanographic mooring system (Ref. 1). Composed of stand-
ardized mooring components and instrumentation, these moorings are de-
ployed at a rate of approximately 40 per year. Because of the number
involved it was felt that it would be efficient to use modern computer
techniques to assist in the routine design of moorings. Each could
then be conveniently tailored to specific scientific requirements,
water depths, anticipated current regimes and logistical considerations.

Numerous computer programs for determining the static configura-
tion and dynamic response of subsurface moorings exist (Ref. 2) in-
cluding some highly relevant work produced at Woods Hole (Ref. 3).
However, it is judged that on the whole these programs have the un-
desirable feature, for our application, of being geared to sophisti-
cated engineering evaluation of system performance. This generally
requires detailed knowledge of component characteristics, complex
input/output procedures and involves considerable time delay in obtain-
ing final or acceptable results.

Computer program NOYFB was written to eliminate the need for
procedural complexity and to provide, in real time, a description of
the mooring and its performnce from an operational point of view.

It is the intent of this report to describe the composition,
operation, and utilization of computer program NOYFB.

2. 0 OBJECTIVES

The main objective of the program is to provide to the mooring
designer and the person responsible for its construction the statis-
tics of the static configuration of W.H.O.I. subsurface single
point oceanographic moorings. Secondary obj ecti ves are:

To provide a single program useable both at sea and in the
labora tory.

- To permit the operator/designer to act in real time on-line
with the computer in a decision-making role, evaluating and
modifying successive runs.

- To make the program simple to use with a minimum of training
in computer operation.

- To have the program lead the user step by step through
successive input and option procedures.
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- To provide output in a format directly useable by those re-
sponsible for constructing the mooring in commonly used
units (pounds, meters, degrees, etc.).

- To produce a permanent record on paper tape or magnetic tape
of details of the composition of the mooring.
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- To assure a high degree of flexibility so the program would
be readily useable for special purpose applications and be
easily manipulated by the experienced and sophisticated user.

3 . 0 APPROACH

3.1 Computer System

rin The Hewlett-Packard 2100 series computer system was selected
for this application. These computers are readily available at
W. H. O. I. as standard shipboard systems and as general usage systems
ashore. All systems contain 16 K of memory. A variety of periph-
eral devices (CRT terminals, line printers, paper tape I/O, mag-
netic tape, cassette, and disc ) give the opera tor flexibility in
the method of data input and output. The machines are physically
compact and easy to operate with a minimum of instruction.
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3.2 Program Language
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The program is written in Fortran II. This commonly-used
language and the use of frequent annotation in the source program
should permit convenient understanding of logic and flow in the
event program modification is desired.

3.3 Program Operation

ii

The computer systems are designed for on-line program user
control. The program takes advantage of this feature by pre-
senting data to the operator for real time evaluation and provides
the means for convenient alteration of control and environmental
parameters and of mooring components. This permits rapid optimiza-
tion of the mooring design and evaluation of its performnce. In
addition, input errors can be detected and remedied without sig-
nificant time delay.
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To obtain simplicity of operation, all standard mooring com-

ponent characteristics (buoyancy, area, elastic properties, etc.)
are written into the program and stored in arrays at initializa-
tion. The user inputs the mooring component type and the program
assigns characteristic s as appropr ia te .un
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In another attempt to obtain simplicity of operation, step by
step instructions for program operation are displayed to the user

(in English) with the sequence determined by his selection of op-
tions. This eliminates the need for a pre-run prepared set of
control and input parameters with the attendant likelihood for
error.

Flexibility of program application and of operation is attained
by providing the option to change any component characteristic either
at program initialization or at a subsequent run. Provision is made
for the addition of non-standard components with unique elastic
properties and coefficients of drag. Proper manipulation of these
characteristics and of input parameters permits the program to be
used for varied and complex sub-surface mooring systems.

3.4 Features

The program offers the following features:

a. All possible statistics generated by the program of the mooring
configuration and the forces acting upon the mooring can be out-
put. The user selects the information to be presented by
sense switch option control (see Appendix E for details) .

b. I/O flexibility by manual selection of five I/O devices at pro-
gram initialization. Further, by exercising various options
when running, the user can vary the input/output devices
within those five devices. Judicious selection of the devices
will provide for hard and/or soft copy, manual and/or machine
input, and visual and/or machine output.

c. The ability to output to perforated paper tape' (or any similar
read/write device) the composition and characteristics of a
mooring. Similarly, the ability to input a previously designed
mooring from paper tape is provided. This feature provides a
permnent record of the mooring and a means for efficient and
rapid duplication of the mooring for future runs.

d. The ability to input a complex profile of horizontal current
varying with depth in both speed and direction, i . e., not
co-planar.

e. An omni-directional external force (point force) of any magni-
tude can be applied to the top of the upper component. This
feature provides the ability to model the effects of components
which are not integral to the mooring, such as surface markers
and tag lines, upon the system.

f. Operator control of the maximum length of segments used in de-
fining the discrete units for the calculation process. In effect,
this gives the user the ability to vary the degree of approxima-
tion to the true shape of the mooring. It also controls the time
required for the completion of each run.
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g. Operator comments are written in all output options providing
headings and mooring identification.

h. All standard W.H.O.I. mooring components and their character-
istics are written into the program and are accessed by code.

i. The operator has the option of altering any component char-
acteristic or input parameter that is written into the program.
This can be done both at initialization and after each run.

j . The program displays instructions for the operator to lead him
through the proper sequence for initialization and the use of
the change options.

k. The program has an automatic component length adjustment
feature which places components at specified depths. The
lengths of up to ten components will be adjusted so as to
place a paired component at a desired depth.

4.0 COMPUTER PROGRA SOLUTION

It is the intent of this section to describe the basic equations and
logic used to determine the static configuration of subsurface moorings.
Since the solution uses generally accepted theories for resolving and
balancing the forces acting upon a mooring system, the description of the
theoretical background is minimal.

4 .1 Parameters Considered

The following parameters are considered in the calculation of
the mooring configuration.

a. Component buoyancy, area, and length.

b. Component shape: reflected in the assigned coefficients of
drag.

c. Elastic properties of wire and line.

d. Termination length and buoyancy.

e. Method of measuring synthetic lines, i. e., slack or under
200d 2 tension.

f. Depth of water.

g. Horizontal currents varying with depth in both speed and
direction.
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h. Maximum tensile loading during launch (launch transients) .

i. Anchor weight and effective resistive area.

j. Application of an external load at the top component.

4.2 General Description

The program operates on the premise that subsurface moorings
placed in a horizontal current velocity field react to drag-induced
forces by spatial displacement with no significant alteration of
tension. Horizontal displacement results in a subsequent vertical
"dipping" of the mooring in a pseudo-cosine response which alters
the position and attitude of the mooring in the forcing current
regime. The equilibrium condition of the mooring system is de-
termined in an iterative process in which the mooring configuration
is recalculated for successively refined assumed current regimes.
An assumed depth of the top component is calculated for each itera-
tion. When the calculated depth and the assumed depth coincide
(~2 meters), i.e., the true and assumed current regimes are
identical, the resulting mooring configuration is considered to
be in a state of equilibrium.

The mooring is composed of individual components of given
length which creates non-uniform buoyancy and area distribution
over the length of the mooring. For this reason a finite element
method is used to establish the equilibrium configuration and the
loading of the mooring. Components are divided into discrete units
(segments), the maximum length of which is user designated.
Segments are treated as inflexible but elastic cylinders with
nodes of freedom at each end. The gravity and resistive forces
acting on each segment are determined and balanced against the
external restraining forces to obtain the equilibrium condition.
This is done in an iterative process in which the inclination and
azimuth of the segment are evaluated and recomputed (as are the
gravity and resistive forces) until the change between successive
steps is minimal (~O.L degree). Segment elongation is calculated,
if appropriate, and the X, Y, and Z displacements of the stretched
length are determined.

Computation is self-initiated at the termination of/input.
The measured length of all components is totaled and subtracted
from the water depth to establish the assumed depth of the top
component in the current profile. The peak loading of each com-
ponent in a free-falling anchor launch is calculated. Where
appropriate this is used in the calculation of segment elongation.
Starting at the top component and proceeding sequentially along the
mooring, the number of segments in each component is determined.
The length, buoyancy, area, and assumed depth of the mid-point of each
segment and the current velocity at that depth are computed. with
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these values the gravity and resistive (drag) forces are determined
and the resulting attitude, displacement and loading of the segment
are calculated as described above. The displacements of the seg-
ments within each component are summed and stored in arrays as are
the inclination and axial tension of the lowest segment and the
accumulative normal drag and the elongation of the component.
These values are the source of the output statistics.

When these computations are complete the calculated depth of
the top component is compared to the assumed depth used for those
calculations. If the difference exceeds 2 meters a new assumed
depth is determined and the configuration is recalculated. When
the difference is less than 2 meters, the mooring is considered
to be in equilibrium and the routine for automatic component length
adjustment is entered. The depths of specified components are
evaluated and the lengths of their paired component are adjusted
to position them at desired depths. The entire computation sequence
is then re-initiated. When all depth requirements are met the
statistics are output.

4.3 Specific Description

A description of the significant aspects of the computer solu-
tion is given. Sections to be discussed are:

a. Launch transients

b. Current profile and point velocities

c. Gravity and resistive (drag) forces

d. Equilibrium equations

e. Component elongation and elastic properties

f. Displacement of segments and components

g. Automatic component length adjustment

h. Reserve or back-up buoyancy

4.3.1 Launch Transients

The maximum loading of each component of the mooring dur-
ing free-fall anchor descent is calculated. Transients are
considered the history of stress for synthetic lines which is
required for the calculation of permanent elongation. Launch
transients are calculated in the following manner.



8

.Ti I w + v2 l pi. CDAl,i l,i (1)

where

T.i tension in component i in pounds

L Wl,i sum of the buoyancies of components 1 through i

v terminal velocity of the anchor in ft/sec

I C A ~ sum of drag coefficient times effective area
l,i D for components 1 through i

p = mass density, taken to be 2.0 slugs/ft3

The terminal veloci ty* is found as

2
V

w - Wa t
lp (i CDA + CDAaJ

(2 )

where

Wa = weight of the anchor in pounds

Wt net buoyancy of the mooring components at the
anchor

LCDA = sum of the drag coefficient times effective
area of all components

C AD a drag coefficient times effective area of the
anchor

*The program utilizes one set of drag coefficients for all calcula-
tions of hydrodynamic resistance. Coefficients for high velocity
regimes are generally lower in value than those representative of
low velocity regimes because of associated larger Reynolds numers.
Therefore, the calculated terminal velocity may be in error when
the standard (programed) coefficients of drag are used. However,
this fault produces no significant error in the calculated values
of launch tension for standard mooring components.
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4.3.2 Current Velocity

Horizontal current induced drag forces are the prime
source of perturbation to subsurface mooring systems. Ocean
current velocities can vary over the length of the mooring
in a complex manner. The horizontal current field is an in-
put parameter which is entered as a vertical profile of
current velocities (see Fig. 1). The velocity profile is
input as speed and direction at specified depths. The
velocity at any point in the profile is obtained by linear
interpolation between inclusive input values and is indexed
by the assumed depth of the mid-point of the segment under
consideration.

j
1. The velocity of a given point is broken into two com-

ponents (see Fig. 2); one, Vu' lying in the plane of the
segment, which tends to incline, and one, Vv' normal to the
plane of the segment, which tends to rotate. The equations
are

V
u V cos y

T
or V cos (ß-6)

T (3 )

Vv VT sin y or VT sin (ß-6) (4 )

where

V T = current vector speed

ß current vector direction (relative to north)

6 azimuth of segment n

y = current direction relative to the plane of segment n

V = tangential component of velocity (incline)u

V = normal component of velocity (rotate)v

V and V are recalculated with a new e for each segment iteration.u v
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4.3.3 Gravi ty and Resistive Forces

Two forces act on the segments of the mooring: gravity
and hydrodynamic resistance (drag). * Gravity forces act in
the vertical plane and the drag forces act in the horizontal
plane. Each is broken into components relative to the
vertical plane of the segment n (see Fig. 3).

Gravi ty forces act only in the plane of the segment.
They are defined as the buoyancy (+/-) per unit length

(lbs/meter) of the imersed component i. The buoyancy of
the segment is

W
n

W,dsi (5)

and

WN W sin cpn n (6)

W = W cos cpT n n (7 )

where

W = buoyancy of segment n in pounds
n

W. = buoyancy per unit length of component ii
ds = length of segment n in meters

WN normal component of buoyancy

WT tangential component of buoyancy

CPn = angle of inclination to the vertical of segment n.

Drag forces are considered to be
of the segment and are separated into
relative to the axis of the segment:

uniform over the
three orthogonal
one, DNu' normal

length
components
to the

*A third force, the external point force, is not relevant to this
discussion.
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segment in the vertical plane of the segment; one, DNv'
norml to the vertical plane of the segment; and one, DT,
tangential to the segment (see Fig. 3). The expressions
defining these components are

1
C ds AI Vu cos

~ I V cos ~
D -p

Nu 2 DN nun
1

CDN ds AIVvlVvD = -p
Nv 2

DT
1

C n ds A i V u sin ~nlVu sin
~n

-p
2 DT

where

(8)

(9)

(10)

DNu = normal component of drag in the plane of the
segment (acting to incline)

D~ component of drag normal to the plane of the
segment (acting to rotate)

A = area per unit length (m2/m)

DT tangential component of drag (axial)

p mass density of the fluid (assumed to be 2.0)

CDN coefficient of normal drag

CDT = coefficient of tangential drag.

Variations in the shape of mooring components are reflected
in the values assigned to CD and CD permitting the use of
a single set of expressions ¥or dragTcalculations. WN, WT,

~u' DNv, and DT are reclaculated for each iteration.

4.3.4 Equilibrium Equations (see Fig. 4)

A mooring is composed of components which are, for calcu-
lation purposes, subdivided into discrete units of varied
length known as segments. The equilibrium condition of each
segment is calculated in an iterative process where gravity
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and resistive forces are balanced against external restrain-
ing forces. The equilibrium conditions are

W + DT = T - T
1 cos (cjn - cjn-l)

T n n-

WN + D. = T sin (cjn - cjn-l)
Nu n-l

D = T sin cjn-l sin (6 - 6 )
Nv n-l n n-l

(11)

(12)

(13)

where

T = axial tension

cj = inclination of the segment

6 azimuth of the segment.

The state of equilibrium is described by the attitude of
the segment in terms of axial tension, inclination to the
vertical and azimuth. The program converges to the balance
of forces by the following expressions:

cj n = Òcj' + cj' (14)

6 = ò6' + 6'n (15)

where

cj' and 6' the inclination and azimuth from the im-
mediately preceding iteration

òcj' and ò6' the change in inclination and azimuth be-
tween successive iterations

Substituting cj' and 6' for cjn and 6n in expressions (ll),

(12), (l3), and by further substituting the transposed expres~
sions (11), (l2), (13) for Òcj~ and òB', the fOllowing equations
result.
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T = T 1 cos (~' - ~ ) + DT + Wn n- n-l T (l6)

6
n

= tan-i (DNU + WN - Tn-~nSin(~' - ~n-i) l + ~.

= tan-l (DNV - Tn_i sin(~n_i)sin(6' - 6n-i)J + 6'T sin ~n n

(17)
~n

(18)

Gravity and drag force components are recalculated for
each iteration using the values ~' and 6'. Therefore, the
values of ß~' and ß6' tend to converge to zero. The equilib-
rium condition is considered to exist when ~ - ~' and 6 - 6'n n
are ~O. 1 degree.

At the start of each iteration procedure ~' and 6' are set
equal to ~n-l and 6n_i'

At program initialization Tn-i, ~n-l' 6n-i are set equal
to the input values of the external point force at the top
component.

4. 3 . 5 Elonga tion and Elastic Properties

The elastic responses of mooring cables are considered in
this study. Elastic components fall into two categories: wire
rope and synthetic line.

When stressed, wire rope elongates by mechanical deforma-
tion of the cable structure and by the elastic response of its
metallic components.

Structural elongation is found by

E:
m

T= . K
RBS

(19)

Elastic elongation is found by (Hooke's Law)

cr
E: =e E or E:

e
= T
Aw . E

(20)

Expressions (19), (20) are combined in the equation:

E:T
T T(RBS . K + ) x LAw · E 0 (21)
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where

€T ~ total strain or elongation (meters)

€ = structural strain as percent elongation
m

€ = elastic strain as percent elongation
e

cr = stress on the wire or tension/area (psi)

E = modulus of elasticity (psi)

T axial tension on the wire segment (lbs)

RBS = rated breaking strength (lbs)

K coefficient of structural stretch

Aw = metallic cross-sectional area of the wire (in2)

L ~ slack or measured length of the wire (meters).o

In the program, K and E are considered stretch character-
istic constants of wire and are stored in an array as E (l)
and E(2) respectively.

Standard W.H.O.I. mooring wire is manufactured by U. S.
Steel. Structural stretch at the elastic limit (70% of RBS)
is approximately 1% and is assumed to decrease linearly to
zero at no load. The modulus of elasticity (Youngs) of the
wire is 20.5 x 106. Therefore,

E (l) = 0.01/.7 or 1.43 x 10-2

E(2) = 20.5 x 106

The stretch of synthetic line in response to tensile
loading is the sum of permanent and elastic elongation.
Permanent elongation represents the residual deformmtion or
strain resulting from the "history" of stress. Elastic
elongation represents the additional strain caused by elastic
response to instantaneous loading. Elongation is defined in
terms of percent of measured length.
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A single expression is used to define the relationship
of tension to both permanent and elastic elongation of all
synthetic line. Measurement at 200d2 is assumed.*

( L-L ~ B

.. =;1. (--)
d2 Lo

(22)

where

T = tension in pounds

d diameter of the iine in inches

L = stretched length of the line

L slack or measured length of the line
o

A linear coefficient of elongation

B = exponential coef£icient of elongation

Elonga tion of the line is found by

T
1 T. 1

ET ( -- ) Bp + (~) Be
d2A d2A

P e

(23)

where

ET = total strain or percent elongation

T = maximum stress in the history of the line (lbs)
m

..
C

01
2 ~

T.i instantaneous tension (lbs)

-St

d = diameter of the line (inches)

A linear coefficient (permanent)
p

B = exponential coefficient (permanent)
p

A = linear coefficient (elastic)e

B = exponential coefficient (elastic) .e
~pc

*In order to standardize procedures for relaxed measurement of syn-
thetic line manufacturers have adopted the technique of loading the
line to a tension in pounds equal to 200d 2 where d is the nominal
diameter of the line in inches.



20

~ 5
. c:

~
CI

~~..'- 4 ;:
i ~ ~"'

~ ~ ¡:
~

¡¡ ø~ 3 ~,~ l-
~~ ~ ¡¡

~ ~ ~
CJI -c: 2 l-

èì l CI

~ ~
~to

~ 1

t:
~
l¡
ct

10 0 5 10 15

% ELONGATION
(200d2 LENGTH)

Fig. 5. General stress-Strain Relations - DACRQN

(components 6-l0)



~
-
.
 
5

c: ... " C
I ~ ~
 
4

i -. ~ )i ~
 
3

" 
'i

~~ ~
 ~

2
~ ~ l. ~ i: ~ :- ~
 
0

~ ~
Ç

:'9 d
IN ~ ~

~'
9

ø q:

5
10

1
5
 
2
0
 
2
5

o
 
5
 
t
o

%
 
E
L
O
N
G
A
 
T
I
O
N

(
2
0
0
d
2
 
L
E
N
G
T
H
)

~
~~

#~ ~
~~ ~

~'
t

15
 . 

20
25

F
i
g
.
 
6
.
 
G
e
n
e
r
a
l
 
S
t
r
e
s
s
-
s
t
r
a
i
n
 
R
e
l
a
t
i
o
n
s
 
-
 
N
Y
L
O
N

(
c
o
m
p
o
n
e
n
t
s
 
l
l
-
l
5
)

l' ~



3000

2000,
(I
~~
~..
~
~

1000

~J III
32 1

JIII/432 1

DACRO NII 6
1-3/8 -compoII 7
2-7/16 - compoii 8
3-1/2 -compo
4 -9/t6'l-comp. 9 '
5 - 51811 - comp.tO

o
PERMANENT ELONGATION g 5

ELASTIC ELONGATION
0/0 ELONGATION

(200 d21eng t h)

Fig. 7. Stretch Curves - DACRON
(components 6-l0)

22



,-
-.

~.
.;;

~l
ti'

;~
~.

';.
:¡

;~
.:.

-"
...

. ,

30
00

I
 
I
 
I

/
I

I I
/

I
I

/
1

I
I
 
.
'
"
 
2

1

I
I 

II
I

i
-
.
 
2
0
0
0

(I ~ '- ~
I

I 
II

 /
/

N
Y

L
O

N

~
/ I

II
/

1-
3/

81
1 

- 
ca

m
p,

 I
t

~
2 

- 
1 

/2
11

- 
co

m
po

 1
2

i.
3 

-9
/1

61
1 

- 
co

m
po

 1
3

10
00

t-
1/

/1
/

4 
- 

5/
8 

II
 -

 c
om

po
 1

4
5
 
-
3
/
4
 
I
I
 
-
 
c
o
m
p
o
 
1
5

5
 
t
o
 
1
5
 
2
0

P
E
R
M
A
N
E
N
T
 
E
L
O
N
G
A
T
I
O
N
 
0
5
 
1
0
 
1
5
 
2
0

%
 E

LO
N

G
A

T
IO

N
 E

LA
S

T
IC

 E
LO

N
G

A
T

IO
N

(2
00

d2
L

E
N

G
T

H
)

F
i
g
.
 
8
.
 
S
t
r
e
t
c
h
 
C
u
r
v
e
s
 
-
 
N
Y
L
O
N

(
c
o
m
p
o
n
e
n
t
s
 
l
l
-
l
5
)

l\ w



24

The coefficients Ap' Bp' Ae, Be are considered the
stretch characteristic constants of synthetic line. They
are stored (in array E) as a set of four coefficients for
each of the three types of synthetic line : dacron, nylon,
and unspecified.

The coefficients that appear in the program for standard
W.H.O.I. synthetic line components result from a series of
laboratory tests on dacron and nylon line specimens. They
represent the best fit to a series of Stress-Strain curves
obtained for new and used dacron and nylon. Their use
allows a reliable prediction of the elongation of lines of
similar construction and manufacture under normal loading
conditions. Figures 5 and 6 show the general Stress-Strain
relationship these coefficients yield for dacron and nylon
respectively. The stretch curve~ obtained for sizes in
common use at W.H.O.I. are shown in Figures 7 and 8.

4.3.6 Segment Displacement

The configuration or shape of the mooring is described
in terms of depth below the surface and horizontal displace-
ment from the anchor. The relative displacements of the top
from the bottom of each segment are sumed with those of
the segments below to obtain the absolute displacements or
those relative to the anchor. The relative displacements of
each segment are found by:

x = L x sin ~ cos 6 (24)s n n

y L x sin
~n

sin 6 (25)
s n

Z = L x cos ~ (26)s n

where

X = X component of horizontal displacement (meters)

y = y component of horizontal displacement (meters)

Z = vertical height of the inclined segment n (meters)

L stretched length of segment n (meters) .s
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4.3.7 Automatic Component Length Adjustment

j
1

One of the most time consuming and mundane tasks for
the mooring designer is the adjusting of the lengths of elastic
line or wire so as to place instruments at desired operating
depths. The program is capable of adjusting the lengths of up
to ten components each of which is paired with a depth critical
component, generally an instrument. In operation, the config-
uration of a mooring system is determined and the calculated
depths of the designated components are compared with the in-
put objective depths. If a discrepancy exists, the length
of the appropriate component is adjusted and the configura-
tion of the modified mooring is recomputed. Corrections to
component lengths simply are

. ~

L = L, + (D - D ) (27)c i c d

where

L = corrected length of adjustable componentc

L. original length of adjustable componenti
D = calculated depthc

Dd = desired depth.

The evaluation procedure starts at the deepest designated
component in the mooring system and proceeds upward checking
each in turn. Only one component is adjusted at a time. The
depths of all designated components are evaluated at the com-
pletion of each calculation cycle. Adjustment will continue
until all critical depths are satisfied.

4. 3 . 8 Reserve Buoyancy

Reserve buoyancy is the net buoyancy in the mooring
(w/o anchor) below a given component. It indicates the ability
to recover the lower portion of a mooring in the event the
mooring should part at a higher component. For this reason
it is also known as the back-up buoyancy (Ref. 4). The reserve
buoyancy at the top component is the sum of the buoyancies of
all components to and including the release but not those be-
low it (components below the release are not recoverable) .
At the upper end of each component, the reserve is
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R.i ~ I wl, i-l
(28)

where

R. reserve buoyancy at component i (lbs)i
Rt = total reserve buoyancy of the mooring system

I W sum of the buoyancies of all higher components.
1, i-l

4.3.9 Component Terminations

Terminations at the ends of mooring components and the
hardware used to couple components in tandem produce con-
centrations of weight which must be taken into consideration
when calculating buoyancy distribution over the length of the
mooring. The program is designed so that the lowest segment
of each component has added to it, the weight and length of
the hardware at that junction. The weight and length can be
designated by the operator and are considered similar for all
component junctions in the mooring. The area of the termina-
tion is neglected.
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APPENDIX A

OPERATING INSTRUCTIONS FOR NOYFB

(Revision 9.l)

Program NOYFB is written in Fortran II and designed specif~
ically to be run on 16K Hewlett-Packard 2100 series computer
systems.

The user is assumed to have a basic knowledge of computer op-
eration and the ability to load and initialize the program. He
is also assumed to have a basic knowledge of mooring design and
construction.

It is the objective of this appendix to explain the mechan-
ics of running the program and to describe, in detail, the pro-
cedures involved. All known restrictions or limits to the use of
the program are described as are all the recognized pitfalls or
sources of error. Useful tidbits of information, which will assist
the operator in understanding the processes, are included.

The program has three basic modes of operation from the users

point of view: a) program initialization or initial set up,
b) calculation of statistics and output, c) input parameter modifica-
tion. During program initialization or initial set up, the program
leads the user through a fixed input procedure. During the calcu-
lation of mooring statistics, the operator has no control of the
program other than to manually abort the run. In the input
parameter modification mode, the operator selects the sequence of
the input procedure through the use of "change options".

The operator responds to machine instructions by means of
entries on the keyboard input device.

There are sixteen categories of control and mooring parameters
which the operator either must or has the .option of entering into
the computer. The procedures for entering these parameters are
described in the sequence in which machine instructions are dis-
played to the operator. The meaning of each instruction, the
criteria for selection of a response and the input formats are
detailed. The operating procedures are broken down into 22 sec-
tions: 1 through 16 describe the use of the sixteen basic cate-
gories; 17 deals with the use of change options; l8 through 22
provide addition instructions for the use of select change option.
The sections are:
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1. Input/Output Devices

2. Use of Paper Tape

3. Component Constants or Characteristics

4. Stretch Characteristics or Constants

5. Mooring Components

6. Measurement of Synthetic Line

7. Anchor Weight and Area

8. Operator Comments

9. Water Depth

10. Current Profile

ll. Drag Coefficients

12. Segment Length

13. Automatic Length Adjustment

14. Point Force

l5. Terminations

l6. Run or Error Correction

l7 . Change Options

l8. Option 3 - Mooring Configuration

19. Option 6 - Water Depth

20. Option 14 - Rerun w/o Recalculation

2l. Option l5 - Input Mooring from PTR

22. Option 16 - Output Mooring to PP

GENERA NOTES

a) The description in this Appendix can be supplemented by
reference to Appendices B, C, D, F.

b) The use of sense switch options, a form of operator control,
is described in Appendix B.

c) In general, when responding to a machine generated instruc-
tion, the meaning of the following entries are:

1 - for yes or affirmative

ø - for no or negative

99 - terminates an input sequence.
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d) When assigning component codes to non-standard components,
the operator must note these designations in some manner for future
reference. The memory space available on W. H.O. I. HP-2100 computers
did not permit alphanumeric labelling of component types in the out-
put of this program.

l. Input/Output Devices (see text 2.4.b, 3.4.c)

Machine Instruction:

ENTER FIVE I/O DEVICES
SOFT COPY, HARD COPY, PAPER PUNCH, KEYBOARD, PAPER REER
STANARD URN ARE:
2,6,4,1,5

The ~it ~eference ~umers of potential I/O devices are manually
entered at program initialization. The use of these devices is con-
trolled by sense switch and change options (Appendix B). Five device
numers must be entered. Dumy values must be inserted for non-
existent or omitted devices. The operator enters the unit reference
numers of the I/O devices in the formt a, b, c, d, e, where:

a is the soft copy output device

b is the hard copy output device

c is the paper tape punch or similar device

d is the keyboard input device

e is the paper tape reader or similar device

NOTES:

a) Standard W.H.O.I. unit reference numers for I/O devices are:

2 Tektronix 4010 C.R.T. (soft copy)

6 line printer (hard copy)
4 paper tape punch

1 Tektronix 4010 keyboard

5 paper tape reader

b) Magnetic tape, disc, and cassette I/O devices may be used in
lieu of paper tape devices but, because the program is not capable of
file management, their use is awkward and not recommended.

c) Specification of I/O devices as described in this section is
performed only at program initialization. To modify the I/O devices
the program must be reinitialized and the entire initialization
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procedure performed. (This should not be confused with the exercise
of sense switch option control of the I/O devices.)

2. Use of Paper Tape (see text 3.4. c and Appendix E)

Machine Instruction:

INITIAL RUN FROM P. T. ?: 1 - YES, ø - NO

A punched paper tape, generated by a previous run, can be used
to input the mooring composition, component characteristics, stretch
coefficients, drag coefficients, anchor characteristics, comments,
and water depth. Manual initialization resumes at section 10 -
Current Profile.

To read from paper tape the reader should be powered on, the
tape loaded and the reader placed in the "READ" mode before the re-
sponse "1" is input. A "ø" response, indicating full manual initial-
ization, continues initialization at section 3 - Component Constants.

The paper tape input modifies all programmed variables regard-
less of their applicability to that mooring composition. Therefore,
when changing component types to modify the mooring composition,
the operatqr should exercise caution and verify that the desired
component characteristics, stretch constants, and drag coefficients
are in memory.

When the tape is completely read, the soft copy output device
will display the water depth. This informtion is required for a
correct input of the current profile.

3. Component Constants or Characteristics (see Appendices C, D)

Machine Instruction:

CHANGE COMP. CONSTANTS ?: 1 - YES, ø - NO

A "1" response enables the operator to modify any component
characteristic of buoyancy (components l-42), resistive area (com-

ponents l-42), Rated Breaking Strength (components l-24), and cross-
sectional metallic area (components 1-5). A "ø" response by-passes
this section and initialization resumes at section 4 - Stretch
Characteristics.

A "1" response generates the machine instruction:

ENTER CODING: l-W(I), 2-A(I), 3-RBS(I), 4-AW(I)
THEN TYPE COMPONENT CODE NO. AND NEW VALUE
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The operator responds in the format a, I, c, where:

a is the indicator of the variable to be changed.

1 for buoyancy (W (I) )

2 for profile area (A (I) )

3 for Rated Breaking Strength (RBS (I))

4 for metallic cross sectional area of wire (AW(I))

I is the component type code (l-42)

c is the new value

Example: l,23,-8.5

In the example the buoyancy of component type 23, l/2" chain,
is modified to -8.5 Ibs/meter, i.e., W(23) = -8.5.

After the change is entered the machine instructs:

NEXT OR 99

An operator response of "99" will end the sequence and cause initiali-
zation to be resumed at section 4 - Stretch Constants. If another
characteristic is to be modified (or an error in the preceding input
corrected) the operator enters the next change in the format described
above.

NOTES:

a) The new value for buoyancy or area is considered to be the
buoyancy or profile area per meter length. The new value therefore
must be the total buoyancy or profile area of the component divided
by the total component length. For example, the values of W(25) and
A(25) for a VACM with a buoyancy of -75#, a profile area of 0.30001 m2
and a length of l.9 m would be W(25) = -39.4737 and A(25) = 0.1579.
If these values were to be input as changes, the formats would be

l,25,-39.4737

and.

2,25,0.l579

b) The term "area" is considered to be the profile area of a
vertically oriented component measured as meters2 per meter length.
For wire the area should be considered the maximum diameter. For
synthetic lines the area should be considered the diameter of the
line at 200d2 loading. For chain, the area is considered the maximum
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outside diameter of the link. For instruments or any irregular
shaped component of fixed length, the area should be considered as
the total profile area divided by the component length (the average
area per meter). Area characteristics are used for the calcula-
tion of drag. forces and the elongation of synthetic lines. The
single value of area for each component is used for normal and tan-
gential drag calculations for both the static mooring configuration
and the launch transients.

c) Rated Breaking Strength can be obtained from manufacturers i
specs or tensile test results. It is used for the calculation of
safety factors in the loading of wire, synthetic line, and chain
(components l-24). Values should be input as pounds.

d) Cross sectional metallic area of wire rope is used for the
calculation of elastic elongation. Values are obtained from manu-
facturer i s specs and input as inches2.

4. Stretch Characteristics or Constants (see text 4.3.5, Appendices
D, F)

Machine Instruction:

CHAGE STRETCH CHACTERISTICS ?: 1 - YES, ø - NO

A "l" response enables the operator to modify any coefficient of
elongation for wire rope -or synthetic line. A "ø" response by-passes
this section and initialization resumes at section 5 - Mooring
Components.

A "1" response generates the machine instruction:

ENTER: l-WIRE, 2-DACRON, 3-NYLON, 4-UNSPEC

The operator enters a single numer 1, 2, 3, or 4 to indicate the
type component he wishes to modify:

1 for wire (component 1-5)

2 for dacron (component 6-10)

3 for nylon (component 11-15)

4 for unspecified synthetic (component l6-20).

The machine then instructs:

NOW ENTER THE 4 CONSTANTS

The operator now enters all four constants (coefficients) required
for the calculation of elongation for the indicated uype of component.
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The values should be entered serially in the format a, b, c, d.
Four values must be entered and the order is specific.

For wire, the values are:

a coefficient of structural stretch

b modulus of elasticity (Youngs)

c dumy, always ø

d dumy, always ø

For synthetic lines, the values are:

a linear coefficient of permnent elongation

b exponential coefficient of permanent elongation

c linear coefficient of elastic elongation

d exponential coefficient of elastic elongation.

Examples:

Wire 0.0143,20. 5E+06, 0,0
Dacron 2.81E+06,0.607 ,3.83E+06,0. 74

When the constants are entered the machine instructs:

NEXT OR 99

An operator response of "99" will cause initialization to be resumed
at section 5 - Mooring Components. If another set of coefficients is
to be modified (or an error corrected in the preceding input) the op-
erator enters a l, 2, 3, or 4 as if responding to the instruction
"ENTER: l-WIRE, 2-DACRON, 3-NYLON, 4-UNSPEC".

NOTES:

a) The use of exponential notation (20.5E+06, 2.81E+06, 3.83E+06)
as shown in the examples is required when integer values exceed 32,768
(:t215) .

b) The exponential coefficients of elongation for synthetic
lines must be entered as reciprocals, i. e., l/B, where B = exponential
coefficient of elongation. For example: the exponential coefficient
of permanent elongation for standard W.H.O.I. dacron line is 1.647.
The value stored as a constant is 1/1.647 or 0.607. A caution: The
equation for the calculation of elongation uses the area of the line
stored as a component characteristic which is in effect the diameter
of the synthetic line. The unit of measure is meters. It is common
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practice, however to develop stretch coefficients using units of
inches. If this is the case, the input coefficients must be con-
verted for use with metric units.

c) Provisions are made for the use of non-standard synthetic
lines. The variables allotted for the coefficients of elongation
are programed to be = 0.0. Therefore, before using the component
type codes 16 through 20, the coefficients must be input manually
using the provisions outlined in this section. This is not true if
a mooring containing the same type synthetic line is input from
paper tape as the coefficients are automatically modified.

d) All synthetic lines utilize the same equation for the calcu-
lation of elongation. Wire rope has a unique equation. Each grouping
of components (wire - comp.l-5, dacron - comp.6-l0, nylon - comp.ll-l5,
unspecified - comp.16-20) has a unique set of coefficients, All com-

ponents within a group use the same set of coefficients.

e) If component codes 1 through 20 are to be assigned to non-
elastic mooring elements the associated elongation coefficients must
be modified. For components 1-5, set the coefficients = O.0,9.9E+99,0,0.
For components 6-20, set the coefficients = 9. 9E+99, l. 0,9. 9E+99, l. O.
The use of these values produces elongation ~ 0.0.

5. Mooring Components (see Appendices C, D, F)

Machine Instruction:

MOORING COMP. NO., TYPE, LENGTH OR NO. OF BALLS

This sequence provides the mechanism for manually entering the
composition of the mooring. Component types and lengths are specified
starting at the upper end of the mooring, proceeding sequentially'
down the mooring to the lowest component. The anchor is not considered
a mooring component. Component types are specified by code numbers
which are listed in Appendix C (Coding Summary). The lengths of stan-
dard W. H. O. I. fixed length components are listed in Appendix C. The
lengths of non-standard components and components of variable lengths
(wire, line, chain) are determined by the operator. A mooring may be
composed of up to 65 components. Each component is specified indi-
vidually in the formt a, b, c, where: *

a is the sequential number of the component in the mooring

b is the component type by code numer

c is the length of .the component in meters or the numer
of glass spheres in a cluster.

*Caution: This format is used only for initialization. A differ-
ent format is required when modifying the mooring composition
using change option 3 (see Sec. 18).
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Example:

Component ~ Length

l, 38,1
2,23,2
3,40,20
4, 1 ,1000

one,
two,
three,
four,

radio float,
l/2" chain,
1 7" glass spheres,
3/l6" wire,

1 meter
2 meters
20 spheres
1000 meters

After each component is entered, the machine instructs:

NEXT OR 99

A response of "99" terminates the sequence and initialization resumes
at section 6 - Line Measurement. If the mooring is incomplete, 

the
operator inputs the next component in the format specified above, in-
crementing the sequential numer by one.

NOTES:

a) Components 39 and 40 are assigned to the standard W.H.O.I.
buoyancy package consisting of glass spheres mounted in tandem on 3/8"
chain. The spheres are encased in "hard hats" which are attached 

to
the chain at one meter intervals, i. e., 1 sphere per 1 meter of chain.
Therefore, specifying the numer of spheres in a cluster is equivalent
to inputing the length of the cluster in meters. The standard area and
weight characteristics reflect this one to one ratio of length to
numer of spheres. If this ratio is changed, i. e., ~ or ? 1 sphere
per/meter of chain, the operator must enter the length of the chain

rather than the numer of spheres (which is no longer a valid input
criterion). The operator must also modify the area and buoyancy char-
acteristics of the component because the area and buoyancy per unit
length will be different than the standard values stored in the
program.

b) There are no input restrictions to the length of any component.
The output length, however, is limited to 9999 meters.

c) Component codes l6-20, 33, 34, 36, 4l, 42 are not assigned to
standard components. Characteristics of area, weight, and RBS are
assigned values = 0.0, as are stretch and drag coefficients where ap-
plicable. When using these codes and when reassigning standard com-
ponent codes, the operator must modify or assign values to the character-
istics and coefficients. Reference to Appendix D and sections 3, 4, and
11 is useful for identifying the characteristics that need to be changed.

d) The top component of the mooring must be positively buoyant ex-
cept when a point force is applied, provided that the point force is
? the negative buoyancy.
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e) Component code 35, assigned to the anchor release, should not
be reassigned to any other type component. Code 35 is used as a flag
for the calculation of reserve buoyancy. Only one component of the moor-
ing should be specified as 35. If more than 1 release is to be used in
the moor ing, all but the lowest release should be assigned to a different
code.

f) When selecting component codes for use as non-standard components
care must be exercised to assure that those codes utilize the desired
stretch and drag coefficients. Code numbers can be grouped by their use
of specific sets of stretch and drag coefficients. The table shows this
grouping as a function of the coefficient sets. A detailed explanation
of the sets and a description of the coefficients contained in each set
can be obtained by referring to sections 4 (stretch characteristics) and
II (drag coefficients).

Component Code Stretch Coefficient Drag Coefficient

1 5 wire wire

6 - 10 dacron line
II - l5 nylon line
l6 - 20 unspecified line
2l - 24 none * line
25 - 35 none* cylinder
36 - 40 none * sphere

41 - 42 none * unspecified

*Codes 2l through 42 are used for non-elastic
components.

g) Sufficient positive buoyancy must be provided to support the
weight of negatively buoyant components. The condition can exist, when
the tension approaches zero, that a change in inclination of a single seg-
ment exceeds 900 (relative to the preceding segment). This condition is
similar to the one described in section 14 of this appendix, resulting in
negative tension values, negative elongation of components, and other
erroneous statistics. It may even cause the machine to self abort with
an irrecoverable error necessitating a complete reini tialization of the
program.

There are special cases where an extremely slack and pliant mooring
is desired. In these cases, specifying a segment length of 1 or 2 meters
(see section 12) may circumvent the problem.
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6. Measurement of Synthetic Line (see text 4.3. 5)

Machine Instruction:

LINE MEASURED AT 200 (D) SQR?: 1 - YES, ø - NO

This section enables the operator to specify whether the lengths
of dacron and nylon line, as input, are determined by 200 d2 measure-
ment or slack measurement techniques. The lengths of line measured at
200 d2 loading are longer than line measured at slack or zero loading.
The average difference in measured length for standard W.H.O.I. dacron
line is 3.2% and for nylon line is 4.2%. Calculations of the elongation
of dacron and nylon line are based on the length as measured at 200 d2
loading (standard W.H.O.I. practice). The program will compensate for
this percent difference according to the response of this question. A
OIl" response specifies the dacron and nylon are measured at 200 d2 load-
ing. A "ø" response specifies that dacron and nylon lines are measured
at slack or zero loading and all input lengths of these components are
increased by the above fixed percentages.

NOTES:

a) This section is not applicable to synthetic lines assigned to
component codes l6-20 (unspecified).

b) The percentage values of 3.2% and 4.2% are fixed in the program
and cannot be modified by the operator. These percentage values were
determined by testing of used line. The lines were manufactured to
W. H. O. I. specifications where the pic length or tightness of the braid is
specified and rigidly controlled. When lengths of dacron and nylon lines
are determined by techniques other than slack or 200 d2 measurement or
when using lines of significantly different stretch characteristics or
construction, the operator should manually compensate for the difference
between the measured length and that which would have been obtained at
200 d2, and input that calculated length. His response to this instruc-
tion should be "1".

c) The assumption is made that the same measurement technique is
used to obtain the lengths of all dacron and/or nylon line components of
the mooring.

7. Anchor Weight and Area (see text 4.3.1)

Machine Instruction:

ENTER ANCHOR WT. (+ LBS), AREA (M) SQR)

The wet weight and effective resistive area of the anchor are entered
in response to this instruction. These values are required for the calcu-
lation of terminal velocity and transient peak loading of components during
free-fall anchor launch. Weight and area are entered in the formt a, b,
where:
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a is the wet weight of the anchor in + pounds,
2

is the effective resistive area during launch in meters .b

NOTES:

a) The anchor is not considered to be a mooring component and its
weight and area are ignored when calculating the configuration of the
mooring. Care must be taken when applying a point force at the top com-

ponent that the tension in the lowest component does not exceed the
anchor weight or holding power. Also, when using anchors that do not
imbed or otherwise resist horizontal movement, the operator should cal-
culate the horizontal component of the tension on the anchor to determine
the force acting to drag the anchor along the bottom. The horizontal
component of tension at the anchor is sin ~ . T, where ~ is the inclina-
tion of and T is the tension in the lowest component of the mooring.

b) The input anchor weight must be greater than the net buoyancy
of the mooring. If not, an incorrect arithmetical operation occurs (l-
of a negative number) resulting in an error message and incorrect values
of terminal velocity and component launch transients. Launch transients
are critical to the calculation of permnent elongation of dacron and
nylon lines. Of course, if the mooring were deployed in this manner it
would float away.

c) Area is the total resistive area of a free-falling anchor. Only
the normal component of drag forces on the anchor acting to retard its
descent are considered. A unique drag coefficient of l.l5 is used for
this application. The value is fixed in the program and cannot be modi-
fied by the operator.

d) If the combination of the drag coefficient 1.15 and the true or
measured area of the anchor produces incorrect drag forces at the anchor,
the input value of the area should be adjusted to obtain the desired
result. For example, if the terminal velocity or the anchor shape is
such that the drag coefficient should be 0.6 then the value entered for
area should be approximately 1/2 the true area. It should be noted that
it is not likely that failure to make this adjustment would produce sig-
nificant errors in the configuration of the mooring.

e) The length or height of the anchor is zero. If the anchor module
should have an extended component, such as a length of chain, then that
extension should be input as the last or lowest mooring component with a
specified length and assigned characteristics (area, buoyancy, etc.).
The weight of this extension should be subtracted from the input anchor
weight.

8. Operator Comments

Machine Instruction:

ENTER COMMNTS - 1 LINE MA.
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The operator may enter comments for the purpose of labelling or
otherwise identifying the mooring or computer run. Comments are out-
put on all hard and soft copy and on paper tape. Any combination of
alphanumeric characters in standard ASC code may be used. Comments
are restricted to a single line of ~72 characters.

9. Water Depth

Machine Instruction:

ENTER: DEPTH OF WATER (METERS)

The operator enters the depth of water at the mooring site in
meters. Any depth may be entered but output is limited to 9999 meters.

NOTE:

The depth of water must be greater than the total length of the
mooring including the elongation of lines. This will not always be
the case when making preliminary rough estimates of line and wire
lengths for long and near surface moorings. It is common practice in
these cases to specify or input significantly shorter lengths of wire
and line components than those known to be required and to use the auto-
matic length adjustment feature to adjust those components to the correct
length.

LO. Current Profile (see text 4.3.2, Appendix F)

Machine Instruction:

INPUT CURRNT PROFILE DEPTH (METERS) , SPEED (CM/SEC), DIRECTION (DEG)

The operator must enter a current profile consisting of horizontal
current velocity values indexed by depth. The current velocity at sig-
nificant points or levels in the water column are entered sequentially
from the top. The velocity of each point is entered as speed and direc-
tion. The format used to input each point in the profile is a, b, c,
where:

a is depth in the water colum in meters

b is too speed of the current in cm/sec

c is the direction of the current relative
to North in degrees

The speed and direction may be entered as any positive value.
profile may be unidirectional, may rotate either clockwise or
clockwise in a complex manner, or may be reversing. Up to 20

The current
counter-
velocity
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points may be input. At least two points must be input. The first

point must be above the top component and the last point must be at
a depth equal to the entered value for water depth. Examples of valid
profiles are given below.

No machine instruction is given after the entry of each point.
When a point at a depth ~ the water depth is entered the profile is
considered to be complete and initialization is automatically resumed
at section II - Drag Coefficients.

NOTES:

a) For the calculations of the drag forces acting on a segment,
the program determines the depth of the mid-point of the segment and,
using this value, linearly interpolates between inclusive points of the
input current profile to determine the current speed and direction at
that intermediate level.

b) Examples of various profiles are given. In each case, the
water depth is iOOO meters. In some cases an incorrect method is
shown with the correct.

i) A zero current profile is input as:

Correct
0,0,0
1 000 , 0 , 0

ii) A unidirectional current profile varying uniformly with
depth is input as:

Correct Correct
0,50,0
1000,10,0 - or -

0,10,0
1000,50,0

iii) A unidirectional current profile, varying nonuniformly
with depth, i.e., with knuckles, would be input as:

Correct Correct
0,50,0
200,50,0
400,25,0
1000,10,0

- or -

0,40,0
iOO, 50,0
200,50,0
400,25,0
iOOO ,10,0

iv) A current profile varying with depth in both speed and
direction can be entered. For a simple profile with â clockwise sense
of rotation, the input would be:
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Correct Correct Correct
0,50,0
1000,10,090 - or -

0,50,270
lOOO,lO,360 - or -

0,50,315
LOOO, l5 ,405

Note that in each case the rotation is 900 and when passing through
0000 (North), 3600 must be added to the direction. This is because,
although direction is specified, it is the amount of angular differ-
ence that is important. An incorrect example would be:

Correct Incorrect
0,50,3l5
1000,lO,405

0,50,315
1000,10,045

The incorrect example would be interpreted as a 2700 angular difference
with a counter-clockwise sense of rotation.

v) A simple profile with a counter-clockwise sense of rotation
would be input as:

Correct Correct Correct
0,50,090
LOOO, 10,000

- or -
0,50,360
LOOO,LO,270

- or -
0,50,405
1000, LO, 315

Note that again the rotation in each case is 900 and when passing through
0000 (North), 3600 is added. Incorrect examples would be:

Correct Incorrect
0,50,360
1000,10,270

0,50,0
LOOO,10,270

Correct Incorrect
0,50,405
1000,LO,3L5

0,50,045
1000, LO, 315

Both incorrect examples would be interpreted as a 2700 angular differ-
ence with a clockwise sense of rotation.

vi) A complex current profile varying with depth in both speed
and direction would be input as:

Correct Correct
0,40,0
100,40,010
200,50,090
300,50,070
450,25,180
500,10,155
705, LO, 205
lOOO, LO, 270

- or -

9,40,3l5
100,40,325
200,50,405
300,50,385
450,25,495
500,LO,470
705,10,520
1000, LO, 585
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Note that the above examples are identical in depth, speed, and angular
change. They differ only in that the direction of the initial point at
the surface in one is North (000°) and the other is Northwest (3l5°).
These profiles with the opposite sense of rotation would be input as:

Correct Correct

0,40,360
100,40,350

. 200,50,270
300,50,290
450,25, l80
500,10,205
705,10,155
1000,10,090

- or -

0,40,3l5
100,40,305
200,50,225
300,50,245
450,25,155
500,10,180
705,10,l30
LOOO, 10,065

vii) A reversing current profile without a sense of rotation,
i. e., an abrupt shear reversal or change in the direction would be input
as:

Correct Incorrect

0,50,0
200,50,0
20l, 50, l80
1000,10, l80

o , 50 , 0
200,50,180
1000,10,180

The incorrect example would be interpreted as having a rotational direc-
tion change (clockwise sense) in the top 200 meters. Interpolation for
current direction at the LOO meter depth would result in the erroneous
value of 090°.

An abrupt shear in the current speed would be input as:

Correct Incorrect

0,50,0
200,50,0
201,25,0
lOOO, lO, 0

0,50,0
200,25,0
LOOO ,10,0

The incorrect example would be interpreted as having speed decrease
uniformly from 50 to 25 cm/sec. Interpolation for current speed at
the LOO meter depth would result in the erroneous value of 37.5 cm/sec.

ll. Drag Coefficients (see text 4.3.1, 4.3.3)

Machine Instruction:

CHANGE STANDARD CD?: 1 - YES, ø - NO
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The operator has the option of changing the standard or pro-
gramed coefficients of normal and tangential drag. A "ø" response
to this instruction indicates no change and initialization resumes
at section 12 - Segment Length. A "l" response produces the machine
instruction:

ENTER: l-WIRE, 2-LINE, 3-INSTR, 4-BALLS, 5~UNSPEC.
THEN CD (N), CD (T)

There are 5 pairs of drag coefficients (normal and tangential) .
The pairs are used with specific component types grouped according to
shape and/or texture. The groups are: 1) wire or smooth textured
long cylinders, 2) line and chain or rough textured long cylinders,
3) cylindrical instruments, 4) spherical instruments or components,
and 5) components of unspecified or irregular shape (non-standard).
The table in section 5 - Mooring Components, shows the grouping of
component types and applicable drag coefficients. The operator in-
dicates which set of coefficients is to be modified and modifies those
coefficients by responding to the above instruction in the format
a, b, c., where:

a is the indicator of the pair to be changed

1) wire (components l-5)

2) line or chain (components 6-24)

3) instruments, cylindrical (components 25-35)

4) spheres, spherical instr. (components 36-40)

5) unspecified (components 4l-42)

b is normal drag coefficient

c is tangential drag coefficient

An example of a modification of the normal drag coefficient used
for wire would be:

l,1. 5,0.007

After each entry the machine instructs:

NEXT or 99

An operator response of "99" will end the sequence and cause initiali-
zation to resume at section l2 - Segment Length. If another pair of
coefficients is to be modified (or an error in the preceding entry cor-
rected) the operator enters the next modification in the format
described above.
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NOTES:

Commonly used drag coefficients for standard W.H.O.I. components
at typical Reynold' s numers are stored in the program. The values are:

(1)
Wire

(2 )
Line

(3 )
Instrûents

(4 )
Balls

(5 )
Unspeèified

Norml (CDN) 1.3 1.3 1.2 0.5 0.0

Tangential (CDT) 0.007 o . 007 0.9 0.5 0.0

l2. Segment Length (see text 3.4.f, 4.2, and Appendix D - Segment Stats)

Machine Instruction:

SEGMENT LENGTH (METERS)?

The term "segment" defines the discrete units into which each com-

ponent is broken for the purpose of calculating gravity and resistive
forces. A segment is considered to be an inflexible but elastic bar.
The operator must specify the maximum length of a segment in meters

(non-zero). For tall moorings a segment length of 50 meters, and for
short moorings a segment length of LO meters are typical satisfactory
input values, however, any length may be input. A rule of thum is
to set the segment length equal to approximately l% of the total moor~
ing length.

13. Automatic Length Adjustment (see text 4.3.7 and Appendix F)

Machine Instruction:

AUTO LENGTH ADJUST ?: - ø TO iØ COMPONENTS

The operator has the option of having the program automatically
adjust the lengths of up to 10 components, generally wire or line.
A response of "ø" to this instruction indicates no adjustment is to
be performed and initialization resumes at section 14 - Point Force.
If adjustments are to be made the operator enters the total numer of
components (1-10) to be adjusted. The machine then instructs:

ENTER: CRITICAL COMP., DESIRED DEPTH, ADJUST. COMP.

The purpose of this feature is to place critical components,
generally instruments, at specific depths. A depth critical component
is paired with a lower component, the length of which is to be adjusted
to obtain the depth which is specified. This is accomplished by
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entering the sequential numer in the mooring of the components of
a pair along with the objective depth, using the format a, b, c,
where:

a the sequential numer of the depth critical component

b the desired or objective depth of "a" in meters

c the sequential number of the adjustable component

Examples:

4,900,5
6,iOOO,9

In the first example, component numer 4 is to be placed at a 900 meter
depth by adjusting component 5. In the second example, component numer
6 is to be placed at a depth of LOOO meters by adjusting component 9.
(Note that the paired components need not be adjacent to each other.)

The operator continues to input
numer he has specified are entered,
resumed at section 14 - Point Force.
tions are generated between entries.

the component pairs until the total
at which point initialization is
No intermediate machine instruc-

NOTES:

a) The length of any type of component will be adjusted because the
adjustment process is keyed to the sequential numer of the component in
the mooring not the code numer. The operator should assure himself that
the code öf the component he is adjusting is not assigned to a component
of fixed length, such as an instrument.

b) It is recommended that the component pairs be entered in se-

quence starting at the top of the mooring. This reduces the time re-
quired for a run.

c) A component pair must not lie between or overlap the components
of any other pair. This is best described by the following examples,
both of which show an improper pairing.

Incorrect Incorrect

1 ,500,9
4,1000,6

1 ,500,6
4,LOOO,9

In each example the process of adjusting the length of component 6 ~ 9
produces a simultaneous change in the depth of both 1 and 4. The result
is that one of the components is always at an incorrect depth. This
condition produces, in effect, an endless loop which can only be over-
ridden by abrting the run (sense switch 14). In the se examples com-
ponent 1 may only be paired with component 2 or 3.
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Other improper entries are: 1) specifying the same depth for two
or more critical components, 2) specifying a depth greater than the
depth of water, 3) specifying the depth of a component at the top of
the mooring to be deeper than that of a component lower in the mooring,
4) specifying a component to be depth critical more than once in a
series, and 5) specifying a component to be adjustable more than once
in a series.

d) The program will adjust the critical component depth to
within 1 meter of the desired depth.

l4. Point Force (see text 3.4.e)

Machine Instruction:

ENTER MAGNITUDE, INCLINATION, AZIMUTH OF P.F.

An external static point force may be applied to the top of the
first component in the mooring. The purpose of this feature is to
provide a means of observing the effect upon the mooring of forces
generated by components not integral to the mooring. This feature
is designed for special purpose applications. For example, it has
been used to model the effects of surface marker buoys and to determine
the static zero current configuration of each leg of a multi-legged
moor ing .

To enter a point force, the operator must enter its magnitude,
inclination to the vertical and azimuth using the format a, b, c,
where:

a is the magnitude in pounds

b is the inclination to the vertical in degrees

c is the azimuth (direction) relative to North in degrees

Esample:

250,030,135

In the example a point force of 250 pounds is acting on the top com-
ponent. It is pulling 300 from the vertical in a direction of 1350.

If a point force is not to be applied, as is the usual case, the
operator enters 0,0,0.
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NOTES:

a) The magnitude may be any positive value. The inclination may
be ÔO - 1800. The azimuth may be 00 - 3600.

b) The program cannot handle a change in inclination of a single
segment greater than 900 (the cosine of the angle goes negative result-
ing in negative tensions). This may occur when the inclination of the

point force is ~900 and the ratio of the values of the point force
magnitude and segment buoyancy (at the top component) is large. When
the segment buoyancy is ~~ the magnitude of the point force a reduction
of the segment length, thereby reducing the buoyancy, will eliminate
the problem. When the magnitude of the point force is ~~ the segment
buoyancy, the problem cannot be overcome.

15. Terminations

Machine Instruction:

CHANGE IN TERMINATION CONSTANTS ?: 1 - YES, ø - NO

A termination is the unit consisting of the fittings and hardware
used to connect mooring components in tandem. The length and buoyancy
(area is neglected) of the termination are added to the lower end (last
segment) of each component of the mooring. Terminations are considered
to be the same throughout the mooring. Standard W.H.O.I. terminations
are composed of two l/2" shackles and one l/2" sling link. At initiali-
zation the program sets the length and buoyancy of termination units to
the standard values of 0.203 meters and -2.19 pounds.

If no change of the termination constants is wanted, the operator
enters "ø" in response to the machine instruction and initialization
resumes at section l6 - Run or Error Correction. A response of "1"
indicates a change is desired and the machine generates the instruction:

ENTER TERM. LENGTH (METER), WT. (LBS)

The operator enters the new termination length and buoyancy in the for-
mat a, b, where:

a is the length of the termination unit in meters

b is the buoyancy of the termination unit in pounds

16. Run or Error Correction

Machine Instruction:

GO? - (99) OR OPTION? - (1 TO 16)
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At this point initialization is complete. The operator has thé
option of correcting input errors or of going to the run mode to
calculate the mooring statistics and configuration. A response of
"99" initiates the run mode. Sense switch selection should be made
at this point for the type of output desired (see Appendix B) .

If a modification to the input values is desired, the operator
responds as if exercising a change option at the end of the run.
Instructions for this procedure are given in section l7 ~ Change
Option.

l7. Change Option (see Appendix B)

At the completion of a run, the computer halts in a "PAUSE" mode
and displays the following instruction on the soft copy device:

SENSE SWITCH? - PUSH RUN

If the operator wishes to continue, he pushes the run button on
the computer control panel and then may select the sense switch op-
tions for the next run. The following machine instruction is
generated:

CHANGE OPTIONS
1 COMP. CHAR.
2 STRETCH CHAR.

(*) 3 MOOR. CONFIGURATION
4 200 (D) SQR Measure
5 ANCHOR WT.

(*) 6 WATER DEPTH
7 CURRNT PROFILE
8 DRAG COEFF
9 SEGMENT LENGTH
lO AUTO ADJUST STATUS
11 P.F. AT TOP
l2 TERM. CONST.
13 COMMNTS

(*)14 CONTINUE W/O RECALC.
(*) 15 INPUT MOOR. FROM PTR
(*) l6 OUTPUT MOOR. TO PP

This display is meant to assist the operator in his selection of
a change option. It indicates all possible options (except sense
switch options) that can be exercised. An amplified definition of
the displayed categories may be found in Appendix B. Any number of
change options may be exercised in any order.

The bperator initiates a change by entering the option code
numer (1-16). The program branches to the applicable section and
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generates the appropriate instructions for the completion of the
modification. The formats for completing a modification are the
same as those for the program initialization procedure, found in
sections 2-l5 of this appendix. There are notable exceptions
however. These are indicated by asterisks (*). The operating
procedures for exercise of options 3, 6, and 15 require an addi-
tional or an entirely different set of instructions . Options l4

and 16 have not been described elsewhere in this appendix. Op-
erating instructions for options 3, 6, 14, l5, and l6 are described
below in sections 18-21.

At the completion of each option, the following instruction
is displayed.

GO? - (99) OR OPTION? - (l TO l6)

The operator enters the code numer of the next option he wishes
to exercise (1-16) or enters "99" to initiate the run mode for
Calcula tions .

18. Option 3 - Mooring Configuration

This option provides the means of modifying the composition of
the mooring. Existing components (i.e., from the previous run or from
a paper tape input) may be changed or deleted or new components may
be inserted. Selection of this option generates the machine
instruction:

TYPE l-CHANGE, 2-INSERT, 3-DELETION THEN
MOORING COMP. NO., TYPE, LENGTH OR NO. OF BALLS

The operator may make a series of modifications, altering 1 or
more components. Each modification is entered using the format a, b,
c, d, where:

a is the type of modification to be made

1 for change the specified component

2 for insert after the specified component

3 for delete the specified component

b is the sequential number of the component in the mooring
that is to be changed, inserted after, or deleted

c is the code numer of the new component

d is the new value of the length or number of spheres of the
component specified in "c".
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After each entry or modification, the machine instructs:

NEXT OF 99

If more modifications to the mooring composition are to be made,
the operator enters the next change using the format described
above. When no further modifications are desired, the operator
enters "99" which terminates the sequence and generates the machine
instruction "GO? - (99) OR CHAGE OPTION (1 TO 16)" described in
section 1 7 .

Examples:

Component numer 10 is a VACM instrument (type code 25) with a
length of l.9 meters. This component was input during initializa-
tion in the format: 10,25, l. 9 (see section 5).

1) To change component 10 to an 850 current meter (type code
27) which is 1.8 meters long, the operator would enter, in the for-
mat described above:

l,10,27,1.8

2) To insert the 850 current meter into the mooring string
between components 10 and 11, the entry would be:

2,10,27,1.8

3) To delete or remove the VACM from the mooring string the
entry would be:

3,10

Note that the component code and length are omitted.

NOTES:

a) Any numer and any type of modifications may be made to the
mooring composition in a series. It is recommended that component
modification proceed in an ordered sequence starting at the top of
the mooring string. This reduces confusion and the risk of assigning
components to the wrong "slot" when using the insert and/or delete
features. The modification procedure "keys" to the type of change
and the component sequence numers stored from the preceding run.
The program "keeps track" of the order of components from the pre-
ceding run, allowing the operator to refer to those sequence numers
despite the insertion or deletion of components during the modifica-
tion process. This eliminates the need to determine the new sequence
numers in the modified mooring. This relationship is lost when the
operator enters a "99" and cannot be recovered.
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b) To insert more than one new component in a single "slot"; al-
ways enter the lowest component first, i.e., invert the order in the
mooring string. For example, if it were desired to insert two com-

ponents (a 20 meter length of 3/l6" wire and an 850 current meter)
immediately below component numer lO (a VACM) so that the final
ordered sequence would be VACM, wire, 850, the operator would make
two entries: 2,10,27,l.8 followed by 2,10,1,20.

The same procedure would be used when inserting more than
one new component below the last component of the preceding run.

c) To insert new components above the top component of the moor-
ing, the procedure is more complicated. First, component 1 must be
changed to the new top component. This produces a "single slot" between
components 1 and 2. Second, the old top component is inserted below com-
ponent 1 (the input would be 2,1,-,-). Third, additional new components
(if more than one) would be inserted after component 1 in the manner
described in (b) above.

d) The function of this option is to allow the operator to modi-
fy the existing mooring configuration without having to re-enter the
entire mooring or go through the entire program initialization pro-
cedure. However, when numerous and complex modifications must be made
to achieve the new mooring configuration, with the attendant likeli-
hood of operator error and confusion, it might be simpler and more
efficient to reinitialize the program and start from scratch.

e) When using this option, the criteria for the selection of com-
ponent types and the assigning of lengths are identical to those
used for the inital entry of the mooring composition. If he has not
already done so, the operator should read section 5 (Mooring Components)
of this appendix.

19. Option 6 - Water Depth

The criteria for selecting and formats for entering a new water
depth are the same as those described in section 9 of this appendix.

When a new water depth is entered, the program automatically in-
structs the operator to enter a new current profile. The instruction,
criteria, and format for entering the current profile are the same as
those described in section LO of this appendix. This procedure should
not be construed to mean that the current profile cannot be changed
independently of the water depth by use of Change Option 7.

20. Option l4 - Continue w/o Recalculation

This option allows the operator to output the statistics of the
preceding run without the need to recalculate the mooring configura-
tion. It is generally used in conjunction with the sense switch
options to change the type of output and the output devices (soft
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to hard copy). At the completion of the output sequences initiated
by this option the computer halts in the "PAUSE" mode as described
in section 17 of this appendix. The operator proceeds from that
point.

21. Option 15 - Input Mooring from PTR

The operator has the option of entering an entire new mooring,
and its associated characteristics from punched paper tape. The in-
structions for doing so and a description of the parameters there-
by modified are identical to those given in section 2 of this
appendix. Use of this option is equivalent to a reinitialization
of the program. The change option sequence is aborted and when the
paper tape is read, the machine automatically resumes the initiali-
zation procedure as described in sections LO through 16 of this
appendix.

22. Option 16 - Output Mooring to PP

The operator has the ability to output the mooring composition
existing in memory to a punched paper tape. In addition to the moor-
ing composition, the entire contents of the arrays storing component
characteristics, stretch coefficients, and drag coefficients, regard-
less of their applicability to the mooring, are output. The water
depth, anchor characteristics, characteristics of terminations, com-
ments, and type of synthetic line measurement are also output.

To obtain a paper tape output, the operator should turn on the
punch device and manually punch a leader on the tape. He then enters
"16" at which point the machine automatically punches the tape output.
When output is complete, the operator must manually punch a tailer
on the output tape. He then removes the tape from the device and
stores it for future use . When output is complete the machine instruc-
tion "GO? - (99) OR OPTION (1 TO 16)" is generated and the operator
proceeds as described in section l7 of this appendix.

NOTE:

It is advisable, although not necessary, to exercise this option
before any other option (except Option 14). This avoids the possibil-
ity of inadvertantly altering any characteristics or coefficients
vital to the mooring to be output.
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APPENDIX B

OPTIONS

Output Options (Sense Switch)

Sense Switch Option

1 - ON output the input parameters

2 - ON output detailed segment statistics

3 - ON output supplemental statistics

4 - ON output sumary of mooring statistics

5 - ON output component characteristics

10 - ON output to soft copy device

10 - OFF output to hard copy device

14 - ON abort run

The sense switch options may be exercised at any time and in any
combination in the course of a run with the following exceptions:

1) once output begins the device cannot be altered,

2) the order in which the output is generated is fixed,

3) the run will abrt only at the completion of a calculation
or output sequence.

Change Options--Manual Input

At the completion of each run the operator has the option of chang-
ing existing (in memory) component characteristics, environmental and/or
operational parameters. Sixteen options exist and can be exercised in
any combination or sequence.
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10

II

12

13

14

15

16
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Description

1 change component characteristics:

area - array A - types 1-42

buoyancy - array W - types 1-42

rated breaking strength - array RBS - types 1-24

metallic area - array AW - types l-5,

2 change elastic characteristic constants of wire, dacron
line, nylon line, or unspecified line,

3 alter mooring composition by changing, inserting and/or
deleting components from the existing (in memory) mooring
configuration,

4 2
restate whether measurement of synthetic line is at 200d
loading or slack,

5 change anchor weight and effective area,

6* change depth of water,

7 change current profile,

8 change normal and tangential drag coefficients,

9 change segment length,

instate auto adjust status (evaluate component depths and
adjust lengths accordingly),

change external point force at top of mooring,

change termination length and weight,

new operator comments,

continue; output the imediately preceding run without
recalcula tion ,

input new mooring in entirety from paper tape reader,

output existing (in memory) mooring to paper tape punch.

*Exercise of option 6 automatically requests new current profile.
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APPENDIX C

CODING SUMRY

Standard WHOI Components

Code ~ Code Type Length-'
1 3/16" Wire, Jacketed Instruments - Cylindrical

2 l/4" " " 25 VACM 1.9 M

3 5/16" " " 26 850 - Lt. 1.8
4 3/8" " " 27 850 - Hvy. 1.8
5 unspecified wire 28 Engr . C.M. 0.8

6 3/8" Sampson
29 Inclinometer 0.8Dacron,

7 7/16" " " 30 Depth Rec. 0.8

8 1/2" " " 31 Tension Rec. 0.8
9 9/16" " " 32 Tensac 1.6

10 5/8" " " 33 Unspecified

11 3/8" Nylon, Columia 34 Unspecified

12 1/2" " " 35 Release 1.8

13 9/16" " "

l4 5/8" " " Instruments - Spherical

15 3/4" " " 36 Unspecified
37 Pressure Rec. (MIT) 0.4

l6 Unspecified line 38 Radio Float 1.0
17 " "

l8 " "
Spheres on Chain

19 " "
39 16" Glass balls 1.0

20 " "
40 17" Glass balls 1.0

2l l/4" Chain

22 3/8" " Undefined
23 1/2" " 41 Unspecified
24 3/4" " 42 Unspecified
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APPENDIX D

STANDAR COMPONENT CHARACTERISTICS

a) The characteristics for each mooring component are given as area,
weight, rated breaking strength, and metallic cross sectional area
as appropriate and stored in arrays in the following convention.

1) Area per unit length - stored in array A (1-42) -
units = meter2/meter.

2) Buoyancy per unit length - stored in array W(l-42) -
units = pounds/meter.

3) Rated breaking strength - stored in array RBS (1-24) -
units = pounds.

4) Metallic area (wire) - stored in array AW(1-5) -
uni ts = inches 2 .

b) Constants used for the calculation of the elongation of wire and
synthetic lines under tensile stress are stored in array E (1-l6) .
The coefficients of elasticity of standard W.H.O.I. wire and line
components are listed in the appropriate sections of this appendix.
Their usage is described in the text (Equations (21) and (23) areapplicable) . .

c) A total of 42 components are classified under the following
headings by code numers:

a) wire f) cylindrical instruments

b) dacron line g) spherical instruments

c) nylon line h) complex components (spheres)
d) unspecified line i) undefined
e) chain

d) All components of W. H. O. I. moorings are considered to be connected
in tandem and bear tensile loads. Termination hardware typically
consists of two l/2" shackles and one 1/2" master link. The weight
(as buoyancy) and length of this hardware unit are stored as constants.

Buoyancy (TERM) = -2.19 Ibs

Length (TERM) 0.203 meters
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WIRE - U. S. Steel torque balanced, jacketed

Code Size Area * Buoyancy R. B . S . Metallic Area

1 3/l6" . 0065786 -0.154 4000 o . 01611

2 1/4" .0083566 -0.266 6750 0.02738

3 5/16" .0099568 -0.41 10300 0.04206

4 3/8" .0115824 -0.594 14800 0.06015

5

E (1) =

E (2)

E (3) =

E (4) =

0.01428571

20.5 x 106

0.0 (dumy, not used)

0.0 (dumy, not used)

*Area is, in effect, the outside diameter of the wire.

DACRON - Sampson, single braid, W.H.O.I. specs.

Code Size Area * Bu~yancy R.B.S.

6 3/8" .00890588 -0.0375 5700

7 7/l6" . 0103902 -0.0516 7000

8 1/2" .0118745 -0.0667 9000

9 9/16" .0133588 -0.0851 11200

10 5/8" .0148431 -0.1082 14000

E (5) = 2 . 81 x 106 (A ) **
P

E (6) = o . 607 (l/B )
p

E (7) = 3.83 x 106 (A )e
E (8) 0.74 (l/B )e

*Area is, in effect, the outside diameter of the line. Listed
value is 93.5% of nominal diameter, an approximation to the
true diameter as measured.

** See the text (Section 4.3.5).
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NYLON - Columia, plaited, W. H. O. I. specs.

Code Size Area * Buoyancy R.B.S.

11 3/8" .00890588 -0.011 3700

12 1/2" .0118745 -0.0204 6400

13 9/16" .0133588 -0.0261 8200

14 5/8" .0148431 -0.033 10400

15 3/4" .0178118 -0.0457 14200

E (9) 1 . 56 x 105 (A )
P

E (10) = 0.516 (l/B )
P

E (ll) = 1. 3262 x 105 (A )e
E (l2) 0.535 (1/B )e

*Area is, in effect, the outside diameter of the line. Listed
value is 93.5% of nominal diameter, an approximation to the
true diameter as measured.

UNSPECIFIED - Synthetic Line

Code Size Area Buoyani;y R.B.S.

16

17

18

19

20

E (13) = 0.0 (A )
P

E (14) = 0.0 (l/B )
P

E (15) = 0.0 (A )e
E (16) = 0.0 (l/B )e

Note: The elongation of components 16-20 is computed by the
same equation as dacron and nylon.
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CHAIN - Proof Coil, galvanized

Code Size Area* Buoyancy R.B.S.

21 1/4" .0274 - 2.33 5400

22 3/8" .037 - 5.12 12150

23 1/2" .048 - 9.02 21600

24 3/4" .0685 -19.52 48600

*Area is, in effect, the maximum diameter of a link.

CYLINDRICAL INSTRUMENTS

Code ~ Area * Buoyancy** Length

25 VACM 0.30001 -75.0 1.9

26 850 - Lt. 0.32251 -40.0 1.8

27 850 - Hvy. 0.32251 -50.0 1.8

28 Engr. C .M. 0.l2834 -40.0 0.8

29 Inclinometer " " "

30 Depth Rec. " " "

31 Tension Rec. " " II

32 Tensac 0.27 -70.0 1.6

33

34

35 Release 0.26982 -80.0 1.8

*The listed value is the total effective area (meters2) of
irregularly shaped cylinder viewed in profile. Array A
stores this value divided by length.

**The listed value is the total wet weight of the instrument.
Array W stores this value divided by length.
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SPHERICAL INSTRUMENTS

Code ~ Area* Buoyancy** Length

36

37 Pressure Rec. (MIT) .0828 - 18.0 0.4

38 Radio Float .26 +41.0 1.0

*The listed value is the total effective area (meters2)
of irregular basically spherical instruments (radio
float assumed to be spherical) viewed in profile.
Array A stores this value divided by length.

**The listed value is the total wet weight of the in-
strument. Array W stores this value divided by
length.

COMPLEX COMPONENTS - Spheres mounted on 3/8" chain

Code ~ Area * Buoyancy* * Length

39 16" Sphere .25138 +43.5 1.0

40 17" Sphere . 26962 +53.0 1.0

*The listed value is the area of the sphere with "hard hat"
plus the area of one meter of 3/8" chain. Assumption is
made that one sphere is mounted on one meter of chain.

**The listed value is the sum of buoyancies of one sphere and
one meter of 3/8" chain.

UNDEFINED - (Unique drag coefficients)

Code ~ Area B~ôyancy Length

41

42
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APPENDIX E

DESCRIPTION OF OUTPUT

There are five visual output options obtained by front panel
sense switch selection. They are:

1 - Input Parameters

2 - Mooring Statistics - Sumary

3 - Supplemental Statistics

4 - Segment Statistics

5 - Component Characteristics

Collectively they present to the user, with some repetition,
virtually all statistics on the configuration of the mooring and the
forces causing that configuration that it is possible to generate
wi th the program. The combined use of the Input parameter and
Component Characteristic options provides all information required
to duplicate the mooring.

It should be noted that the mixing of units (English and Metric)
is deliberate in an attempt to produce output in a format readily
understood by those not coached in engineering terminology. (Inform
the Bos'n aboard ship that an anchor weighs 454 kilograms or 4448
newtons and the results may be rather amusing.)

Another form of output is available to the user; the paper tape*
output (change option 16). This output "dumps" on perforated paper
tape, all data on mooring composition, component characteristics and
comments stored in memory for the existing run. This gives the user
a permanent record of the mooring and the ability in the future to
rapidly and conveniently reload the mooring into the machine.

The notations of xX.xx are meant to illustrate the resolution
of the output, i.e., the places to the right of the decimal point.

When the automatic length adjustment feature is used the input
lengths of the specified components are changed. The new calculated
lengths are output rather than the input values which are lost.

*Magnetic tape and cassette units may be used in lieu of paper
tape. However, in the absence of a File Management Executive
their use is awkward.
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1) INPUT PARATERS - List, in a heading formt, of the unique
features of the mooring not appearing elsewhere. Also lists the cur-
rent prof ile and external point force acting on the moor ing .

INPUT PARATERS

DRAG COEFFICIENTS

WIRE LINE CYLIND SPHERE UNSPEC

CD (N) X.xxx x'. xxx x . xxx X.xxx x . xxx

CD (T) x . xxx x . xxx X.xxx x . xxx X.xx

WATER DEPTH X.x ANCHOR WT (LBS) X.x

P.F. MAGNITUDE X.xx ANCHOR ARE X.xx

P.F. INCLINATION X.xx TERM. VELO. (M/MIN) X.x

P.F. AZIMUTH X.xx SEGMENT LENGTH X.x

TERM WT X.xxx TERM. LENGTH x .xxx

DEPTH

x.x
x.x

CURRNT PROFILE

SPEED DIRECTION

x.x CM-SEC

x. x CM-SEC

x. x DEG

x . x DEG

a) DRAG COEFFICIENTS~

CD (N)

CD (T)

WIRE

LINE

CYLIND

SPHERE

UNSPEC .

(dimensionless), normal drag coefficient, array CDN(l-5)

(dimensionless), tangential drag coefficient,
array CDT (1-5)

components 1-5, smooth cylinder

components 6-24, rough cylinder

components 25-35, cylindrical instruments

components 36-40, spherical instruments

components 4l-42, undefined

b) WATER DEPTH - (meters)

c) P . F. MAGNITUDE - (pounds), magnitude of the external point force
at top of mooring

d) P.F. INCLINATION - (degrees from vertical), inclination of the
external point force at top of mooring

e) P.F. AZIMUTH - (degrees, horizontal), orientation of the external
point force at top of mooring relative to north
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f) ANCHOR WT. - (+ pounds), weight of anchor in water

g) ANCHOR AREA - (meter2), effective surface area of free-falling anchor

h) TERM. VELO. - (meter/min.), terminal velocity of free-falling mooring

i) SEGMENT LENGTH - (meters), maximum incremental component length

j) TERM. WT - (pounds), buoyancy of termination, one per component

k) TERM. LENGTH - (meters), length of termination, one per component

1) CURRNT PROFILE - lists current profile as input by operator

DEPTH

SPEED

- (meters), from surface

- (cm/sec)

DIRECTION - (degrees), relative to north
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2) MOORING STATISTICS - SUMY - Listing on a single page of the
composition of a mooring, starting at the top component, and the basic
data required to evaluate its performance and configuration.

MOORING STATISTICS - SUMMRY

COMP TYPE LENGTH WEIGHT DEPTH INCLIN TENSION EXCUR DRAG BACK-UP

xx xx X.x X.x X.x X.x X.x X.x X.x X.x

a) COMP - sequential numer of component

b) TYPE - code designating the component type (refer Appendix C)

c) LENGTH - (meters) , the measured or unstretched length of the
component

d) WEIGHT - (pounds) , the total immersed buoyancy of the component

e) DEPTH - (meters) , the depth of the lower termination of a
component below the surface

f) INCLIN - (degrees), inclination of the lower end of a component
from the vertical (in components with ~l segment, the
inclination of the lowest segment)

g) TENSION - (pounds), axial tension at the lower termination of
each component

h) EXCUR - (meters), vector magnitude of the horizontal displace-
ment from the anchor of the top of the component

i) DRAG - (pounds), that component of the drag forces acting
to incline the component (accumulative)

j) BACK-UP - (pounds), reserve buoyancy of the mooring below the
component (the weight of the components below the
release is neglected)
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3) SUPPLEMENTAL STATISTICS - Listing of additional statistics
of the mooring useful for evaluäting its performance.

SUPPLEMNTAL STATISTICS

COMP TYPE CD (N) AR STR.LT PERC. STR S.F. XEXCUR YEXCUR LAUNCH TENS

xx xx X.x X.xxx X.x x.XX X.x X.x X.x x.x

a) COMP

b) TYPE

c) CD (N)

d) ARA

e) STR. LT

f) PERC. STR

g) S.F.

h) XEXCUR

i) YEXCUR

- sequential numer of component

- code designating the component type (refer Appendix C)

- (dimensionless), normal drag coefficient applicable to
the component

(meters2), total profile area of the component

- (meters), stretch length of component

- (pph), percent stretch of measured length of component,
total elongation

- (RBS/tension), safety factor

(meters), horizontal displacement in the X direction
of the top of the component from the anchor (+ = north)

- (meters), horizontal displacement in the Y direction
of the top of the component from the anchor (+ = east)

j) LAUNCH. TENS - (pounds), axial tension at the lower termination of
the component during free-fall anchor launch.
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4) SEGMENT STATISTICS - Listing in order from the top o,f the moor-
ing, the configuration of each segment and the resistive forces acting
upon it.

SEGMENT STATISTICS

COMP TYPE LENGTH INCL XEXC YEXC C.SPD C.DIR M.AZI UDRAG VDRAG TDRAG

xx xx X.x X.x X.x X.x X.x X.x X.x X.xx X.xx .xxxxx

a) COMP - sequential numer of component

b) TYPE - code designating the component type (refer Appendix C)

c) LENGTH - (meters), unstretched length of segment, termination length
added as appropriate

d) INCL - (degrees), inclination of the segment to the vertical

e) XEXC - (meters), horizontal displacement in the X direction of
the top of the segment from the bottom of the segment

f) YEXC - (meters), horizontal displacement in the Y direction of
the top of the segment from the bottom of the segment

g) C .SPD - (cm/sec), speed of the current acting at the mid-point of
the segment

h) C.DIR - (degrees), direction of the current acting at the midpoint
of the segment

i) M.AZI (degrees), orientation of the segment in azimuth relative
to north

j) UDRAG - (pounds), norml drag force acting on the segment tending
to incline (not accumulative)

k) VDRAG - (pounds), norml drag force acting on the segment tending
to ~otate (not accumulative)

1) TDRAG - (pounds), tangential drag force acting on the segment (not
accumulative)
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5) COMPONENT CHARACTERISTICS - Listing of the composition of the
mooring by components with their associated characteristics. Also the
constants used in calculating total elongation.

COMPONENT CHACTERISTICS

COMP TYPE LENGTH A (I) W (I) RBS (I) AW (I)

xx xx x.x . xxxxxxx x . xxxxx x.x . xxxxxx

STRETCH CONSTANTS

COMP (1) (2 ) (3 ) (4 )

(1 - 5) . xxxxxE+xx . xxxxxE+xx . xxxxxE+xx . xxxxxE+xx

(6 - 10) " " " "

(ll - 15) " " " "

(16 - 20) " " " "

a) COMP - sequential number of component

b) TYPE - code designating the component type (refer
Appendix C)

c) LENGTH - (meters) , the measured or un stretched length
of the component as input

d) A(I) - (m2/m) , ~rea per unit length

e) W (I) - (lbs/m) , È.uoyancy per unit length

f) RBS (I) - (pounds), £ated È.reaking ~trength

g) AW (I) (inches2) , cross-sectional metallic area of wire

h) STRETCH CONSTANTS - (dimensionless), values stored in array E (1-16)
used as constants in the calculation of component
elongation. Four values are assigned to each type
component. Components 21 through 42 do not elongate.

i) COMP (1 5) - components 1 to 5, wire

j ) COMP (6 - lO)
" 6 to LO, dacron

k) COMP (ll - 15) " 11 to 15, nylon

l) COMP (16 - 20) " 16 to 20, unspecified
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APPENDIX F

SAMPLE RUN

The accompanying computer run is intended to illustrate program
instructions, the operator input, and the resulting hard copy output
for a typical W.H.O.I. intermediate mooring. Certain component
characteristics, stretch constants, drag coefficients, and termination
constants were modified solely to demonstrate the processes involved.
A subsequent run with an altered current profile is included to demon-
strate the use of a change option. The first run is made with sense
swi tches 1, 2, 3, 4, and 5 - ON and the second run with sense switches
1 and 4 - ON.

The machine generated instructions are normally displayed on the
soft copy device.

The sample mooring is composed of thirteen individual components.
In order from the top of the mooring, they are:

radio float
1/2" chain (2 meters)
main buoyancy (20 glass spheres)
instrument (VACM)
3/l6" wire (1000 meters)
intermediate buoyancy (2 glass sphßres)
instrument (850 - CM)
3/8" dacron line (1000 meters)
backup buoyancy (8 glass spheres)
release
1/2" chain (5 meters)
3/4" nylon line (20 meters)
1/2" chain (3 meters)
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ENTER FIVE i/o DEVICES
SOFT COPY,HA COPY,PAPER PUNCH,KEYBOAR,PAPER REER

STANAR URN AR:
2,6,4,1,5

2,6,4,1,5
I NIT I AL RUN FROM P. T. ?: ~-YES. 0-NO

°
CHANGE COMPo CONSTANTS?: ~-YES. 0-NO

1

ENTER CODING: ~-W( I). 2-A( I). 3-RBS( I). 4-AW( I)
THEN TYPE COMPONENT CODE NO. AND NEW VALUE

1,23,-8.5
NE::-.:T OR 99

2 ,23 , ° . 46

NE::-T OF:: 99
99

CHANGE STRETCH CHARACTER I ST I CS?: ~-YES. 0-NO
1

ENTER: ~ -W IRE. 2-DACRON. 3-NYLON. 4-UNSPEC.
3

NOW ENTER THE 4 CONSTANTS
1. 5E+05 ,0. 52 ,1. 33E+05 ,0.54

P.4E~-. OR 99
99

MOOR I NG COMPo NO.. TYPE. LENGTH OR NO. OF BALLS

1,38,1
NE::'::T OR 99

2,23,2
NEHT OF:~ 99

3,40,20
NEXT OR 99

4,25,1.9
NE~-':T OF:: 99

5,1,1000
NE:'i: OF.: 99

6,40,2
NE::'::T OF:: 99

7,26,1.8
NE:':T OR 99

8,6,1000
NEXT OF: 99

9 , 40 , 8

NE:::T O~~ 99
10,35,1. 8
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NE::-T OR 99
11,23,5

NEXT OR 99
12,15,20

NE:X:T 01": 99
13 ,23 ,3

NE::H 01": 99
99

LINE MEASURED AT 200 (D) SQR?: i-YES. 0-NO

1
ENTER ANCHOl": L.J. (+L8S::., AREA ( (t-:: SQI":)

2500,1.0
ENTER COMt-ENTS - iLl NE MAX.

SAMLE RUN OF TYPICAL WHOI SUBSURFACE MOORING - OCT 1975

ENTER: DEPTH OF WATER (METERS::
3000

I NPUT CURRENT PROF I LE DEPTH (METERS). SPEED (CM/SEC::. DIRECT ION (DEGR::
0,30,90
1000,30,90
1500,20,180
2000,15,135
3000,10,90

CHANGE STANDARD CD?: i-YES. 0-NO
1

ENTER: i-W IRE. 2-L I NE. 3- I NSTR. 4-8ALLS. 5-UNSPEC. THEN CD (N). CD (T)
4,0.5,0.5

NE::H OR 99
99

SEGMFNT LENGTH (t-ETERS)?
100

AUTO LENGTH ADJUST?: -0 TO i0 COt-PONENTS

2

ENTER: CR I TICAL COMP.. DES I RED DEPTH. ADJUST. COMPo

4,900,5
7,1900,8

ENTER MAGN I TUDE. I NCL I NAT ION. AZ I MUTH OF P. F.

0,0,0
CHANGE I N TERM I NAT I ON CONSTANTS?: i-YES. 0-NO

1

ErHEI": TERM. LENGTH (I'1ETER)., L.J. (L8S)

0.2,-2.2
GO? - (99) OR OPTION? - (i TO i6)

9

SEGMENT LENGTH(METERS)?
50

GO? - (99) OR OPTION? - (i TO i6)

99
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SAMPLE RUN OF TYP I CAL WHO I SUBSURFACE MOOR I NG - OCT i975

CO':N)
CO ( T )

l.JIRE
i.3:00
.007

L.IATEF.: DEPTH
P. F. t'1AGNITU()E

P. F. INCLINATION
P. F. AZH1UTH
TERM. L.J

INPUT PARAt'1ETERS

DRAG COEFF I C I ENTS
LINE C'T'L I ND

i. 3:(10 i. 200
. 007 . 90(1

SPHEF.:E
. 500
. i59

UNSPEC.
. L:;100

.000

3:000. 0
. 00
. (10

. 00
-2. 200

ANCHOF.: L.JT. .: LBS )
ANCHOR AF.:EA
TEF.:t'1. '...LO.': M....t.1 IN)

SEGt1ENT LEt'KiTH
TERt'1. LENGTH

DEPTH
. (1

iØ00. 0
i50Ø. 0
2000. (I
3000. (I

CUF.:RENT PF.:OF I LE
SPEED

3:0. (I CN-SEC
3:0. (1 Ct'1-SEC
2(1. 0 CI'1-SEC
i5. (1 CI'1-SEC

i0. 0 Ct'1-SEC

D I F.:ECT ION
90. 0 DEG
90. 0 DEG

i::0. (1 DEG

i3:.5. 0 DEG
90. (1 DEG

2500. (1
i.00

69.7
50. (1

.2(10



SAMPLE RUN OF TYP I CAL WHO I SUBSURFACE MOOR I NG - OCT ~975

caMP TYPE LENGTH I NCL1 38 ~. 2 2. 4

1.0
1.1.
1. :"J

1-:....

~J.: 23:
-.

.:. 4Ø
4 25
5
i=._,

i=._,

i=
._'

~
1.

1.

1.

1.

:1

1.
1.

1.

1.

1.

1.

1.

1.

1.

~
~
~
:1

~
4fj

5
5
5
5
5
i=
-.'"

5
5
5
5
i=
....'

5
5
i=
.~.1

5
i=
"_.I

6
..
I.

-"....i:t:1

E:

:=~

...
1::'

c.'..'

...,=.

:::
c....

:::

.=i

...c.

E:
...
1::1

...
'::)

C.i~.i

:::
c.'-

:=:

E:

:::
.-.
i::i

...c.

Si 41::', -
3:~~

23:
1.5
23:

2.2
20.2
2. 1.

50. (1

513. (1
50. (1

50.0
5Ø.0
50. (1

513.0
50.0
5(1. (1

50. (1

5Ü. ø
50. (1

5~::1. ø
50. (1

50.0
5t.:l. (1

50. (1

50. (1

50. (1

45.3:
2.2

l=.

2. ø
50.0
5Ø. (1

50.0
50. (1

50. (1

$':1. (1

512. (1
512. (1
50. (1

50. (1

50. (1

512. ø
5l1. (1

512. ø
5tj. ø
5l1. (1

5Ø. (1

512. ø
50.0
5Ø. ø

E;

6
6
E;

E;

i'.

6
i:
i=;

E;

1:.

1:.

.:1

6
6
6
6
6
6
t;. 6.9

:::.2
2.0
5.2

213.2
3:.2

3:3:,7
2. (1

2.4
2.7
-:: i:
"'" .;.
J:.5
-. ~"'" (
3:. 9
4.0
4.2
4.2
4. ~:

4.4
4.4
4.5
4.5
4.6
4.6
4.7
4. :::
4 9
5.0
4. ~5

4.8
4. :=:

4.9
5. (1

5.1
5.2
~ "7:
5.4
5.5
i= r.
"_I, ,_I

5. t:~

5.7
r= r',
,_I, '::1

5.9
~5. 9
6. 0
6.1
6.1
6.2~ -.
ti. ...

6.3:
1:', ~.

4 ",.
4 i=
5. (1

~i. (~

C" ..-.
"_I. .:

SEGMENT STAT I ST I CS

::-::E::'~:C:.

-.0
--. ø
'-.0
-. ø
-.0
-.0
'-. (1

-. ø
-.0
-.1
-.2- '.
-.4
-.5
-.6
-. ..

.-.
"-. 1=.

-.9
-1.0
-1. :1

-1.. 1
-:1. 2
-'1.. :3:

-,1.2
-.1
-.1

-1.. 4
-,,1.4
-1.. 5
-1.5
-1.6
--1.6
-,1.6
-':1. 6
""1.. 7
-1.7
..n.i.. 7

--,1. 7
-':L ::
"-:1. :::
"'-~1.. :=:

.._~t. f:
-1.9
..- J. 9
-1.9
'-1. 9- .:
-.2
-.1
-.1
"-. 6
'-. 1

'T'E::.':C.

1.2

2.4
oj' _
_. 1:.

.-1 1-'

.:. .=,

3:. 1.

J:,3:
3:. 4
3:.5
3:.6
-. ~
"'" ..
3:.7
3. :=:

3. ::;
--. ,=,~'. '_I

3:, ::::

3:.9
3:.9
4.0
4. ø
4. 1.

~: :=:

4 .-.. .:
4. .:,:
4.4
4.5
4 !=

4.6
4.7
4.7
4. :=:

4 ':-;
5. ø
5. ø
5. :1.

5. ;;:
5.2
!= ~:

!= "7:

5.4
5.4
r: c-
,_I, ._,

.4
1.9

. :1

C. SF-i)

3:Ø. ø
J:O. ~::I

3:0.0
3:0.0
3:0.0
3:0.0
29.4

. i'

. 1.

2::::.4
2'7. J:
26.3:
25.3:
24.3:
;;~3:. 2
22.2
21.. 2
2(1.2
19.6
19. :1

:1::::. 5
H::.0

. ;;~

.2

1.7. 5
l? (1
1.6. 5
16. ø
15. :::
15.7
1~3. 5
1.~5. 0
14.7
1.4. 5
14.2
1.4. 0
:13:. 7

c. ci H"~

9Ø. ø
90. ø
90. (I
90. (1

90. ø
9Ø. ø
95.5

lØ4.7
:114. Ø
:123:.2
:1.J:~~. 4
141.6
:1.5(1. 9
160. ~
169. :3:
:17::::. 6
176.1
1'?1.5
166.9
:162. 3:

157.6
1~53:. 0
14:::.4
144. Ü
141.. ::
14:1. 6
:13:9. 2
13A. ::
:13:2. 5

t.i nz i
9(1.0
90.0
9(1. (1

9(1.0
9(1.0
9Ø.0
90.0
9(1. J:
9Ø.9
9:1. 7
92.9
94.2
95. .?
97.4
99.0

1.00. 6
:1.02.0
:1.03. J:
104.4
10~5. 3:
106. 1.
1(16.7
LÜ7.2
107.5
H::17.7
:10:::. 0
LÜ::::.3:
1.0:::. 5
:1.0::::. .?

13:(1. 2 10:::. :::
1.2'(. 9
:125.6
1.23:. J:

13:.2
:1.2.9

13:. 4 1.21. ø
:11.::. 6

:12. 7
:1... 4
:t2. ~~

. :::

1:1. 9
1.1. 6
~1. 4

1.:1.. 1
10.9
1.0. 6
:10. 4
:10. 2
10.2
~O. 2
1.0. :1.
~0. 1

1.0. 0

.6

.2

, 3:

116. ::~:
11.4. (1

111. '7
:1.09. 4
10'? 1
104. :::
102.5
1.0(1. 2

97. :""
9~5. 6
93:.3:
92. ø
91.. 6
9~. 4

9:1, 2
90.6
90. :1

1.0::.9
109.0
109. :1
109. :1
109. :1
:109. :1.
109.2
:1(19. ~:;~

:1Ø9.2
109.2
1(19. :1.
1(19. :1
1.(19. 1
1.(19. :1

1.(19. 1
1.(19. 1
1.(19. (1

:1.09. 0
109.0
1.(1::::. ::~

:.1~:1:=:. 7

108.6

U(:f'~f1Ci

~t. 6~~~

9.50
;;~ ::: . ~~~ ~.::

4.14
4.45
4. 4~3

4.23:
:3:.72
J:.12
2.4::::
:1. ::::::
1.. 3:3:

'-i-
. ':1..

.51

.25

. (19

. 1.4

.25-.~

. ~.t:i

40:', 1_'

1:,-,
. ,_11:1

, 6~~

.76

.74

. Sf:
,-,l=

, '::1,_1

1. l?
1.20
:1. 2:1
1.. ;?1
~. 20
:1. :1.9

1. 1.7

1. :1.5

J. :12

1.09
J. (16

:1. (12
.9::::
.94

1::.1::
, 1_1_,

i-ie'
. CI,_1

. :=:~)

.71

.66

.09
1.. ;?(1

,3:9
3:.3A

:1. s~:::

74

'...' (: P A G

.00

. Ü0

. Ø0

.oø

.00

.00

.04

T(:iF.:FIG

, 0(12E:~3

. ~T?13:1

. (1J:~:554

. 0:1.74'7

. 0(101. 7

. 0Ø02(1

. 0(IÜ23

.000;;:4

. (10022

. 00Ü:19

. 000:1.6

. 001212

. 00(10::::

. ØØØ05

. 0ÜÜØ2

. 00001

. 000Ü:i

. 01212123:

. Ü0Ü04

. 000125

. 000(17
'?5 . 0000::::

. ØÜ009

. 0001.Ü

, ~~5
C'-:

. ,_1 (

. S(~:

1.. 2::~

1.. 5:::

1. ::::(1
1. S(~:

1 q--. _' I

1.93
:1. 75
1.. 55
:1. 3: .:
1. :13:

. 93

. ~39

. 4:1

. ;;:7 . OØ3:59

. ~::::: , j.3:.J::=:::~
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. 42 . ØØØ14

. 29 . ØÜÜ1.5

. ;;:4 . 00016

. :1.9 . ØO(116

. 1.4 . øøø:u'

. 1.1 . Ø00:1~::

~-:1::: . ØØÜ17
. 05 . ØØ017
. (C . OØØl7
. Ø:2 . 00017
. (1:1. . ÜÜ0l?
. øø . (10(11'7

. oei . OÜÜ1~?
.... _ (1ø . 00(117
-. 01 . OØ016
..'. 01 . OÜÜ:16
-. 02 . ØØØ15
- rf7:: . Ü(10:CS

-. Ø4 . OØÜ14
-. (15 . (10(1:13

-. (11. . ØÜØÜ2
-. :1.2 . 006::::3

-. 04 . 0~::159::::

-. 3A . (1004::

'-. 05 . Ø~::(1Ø64'.
-. ;;:~2 . 0(1~:12:::
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SAMPLE RUN OF TYP I CAL WHO I SUBSURFACE MOOR I NG - OCT 1975
MOOR I NG STAT I ST I CS - SUMMARY

COI'lP T'T'PE LENGTH L.~E I GHT (:'EPTH ir~CL.IN TENS I ON E::.::CUF.: DF.AG BfiC:k-UP
:t 3:::: 1. (1 4:1. ø ::::"75. ..

.-, 4 ..:::~.
.=. :1.H. F :t. ~ :1167. 2.:. '-' -' 1:'-, 23: 2. ø r- (1 :=:'(7. 6 -,'-.

:L7 2 :1:::(1. 4 11. :t :11::: 6. 4,:- -" ... '. "
,.,

... 4(1 2Ø. (1 1(16C1. (I ::::97. :::: N' Ü lÜ~;::t. ,-, l'~q .. .'f'= 5 :12:::. 6~. 1=. . l" ..." .

4 25 i. 9 -= C' 0 :=: 
i:; 

g 2. 4 994. 7 l'7Q 'r 43:. - :~J.J5.-I. ,_I, .=1 l _". t':t ':.
co 1 995. 1 -1~33:. .-, :1:::95. 5 i=

C1 f::3:9. 6 :10:::. 4 "?r. Ü 3:'; :1. 2'-' .: ._1, I "_I.

t; 4(1 2. (1 :106. 0 :t::::97. 7 4. i= 943:. 0 1.0::::. 2 75. (~ 257. 4._,

7 26 i. r, --40. C1 :1::::99. 7 4. c' 901. ø 1m::. 0 7f3, 4 29S". 6.=1 '-'

r, 6 10Ø6. 7 -"7:7 .-, 29~3:=:. 6 6. 3: ::6:t. .-,
"'" 5 S.t6. ~7. _::::::::. 6.::- 1:- .:

~3 40 r, (I 424. ø 2966. ~:: 4. ..:. :12:::::t. 3: l=. 9 9:=:. 1. -:::~:;.
;;~':',

:l(1 :3:5 1. ,-, ~E:~). ø 296::::. ::: 4. 6 1199. -=. 2. .. 9:::. 5 (1i::r "

:1:1 23: 5. Ø -42. 5 2974. Ü 5. 0 1154. ':;1 2. ... :t01. ...., ø'-' ,=,

:l.2 15 20. 0 _. 9 2S.a96. ,-, r: ø 1151. .. ... lÜ2. -~. ÜC' ._J.

:1..::. '.:n' 3=, 0 -25. r: 30Ø0. 0 5. 2 1124. 1 (1 104. -. ø--" ._, -~.
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SAI'IPLE PI.JtJ OF T'r'P J C:fiL L.JHO I ~:1JE51..PFACE t'10CIP I NG -- OC:T 1::r7~5

SUPPLEMENTAL. STAT I ST I CS

Ccit'1P T'T'F'E CD 0:: N ) flPEF1 5TP. LT F'EPC. '::.TP 5. F. ::~: E ::.::c:UP 'T'E:'::CUF. LflUNCH TEI'~~:.

:1. J:!:: ~5 ~:~6Ø :t. fa øø ø -,-46 7' L?5. i: !5S-i. ¿~'-'

~:~ -:.:¡. :t. 9:'-2Ø ~:z. (1 øø C" r. -, ,,-46. .. :1'?4. '. 43:. :1-~-' -,. ,_I._' ì .

..:. 4(1 C" 5. 3:~::.c;;2 ~~ø. ø Üø ø -46- .. :t73. I:) ~t~523;. ()'-'

4 -,c' 1. 2 3:øÜ 1. 9 ør:i (1 --46. 7 i --. i: 16t11. 6~-_' ~ (.i., .~.i

C" 1 1. '. t::. 546 QQI::~ .-, :::a 4. ~:)
-'-::~:: 1(1;:~. ~5 146:::. ..~

,_, -' _" _' 1_', .: ." ..

is 4Ü 5 ~33:9 2. ø (1i2 (1 -3:!5. ~~~ 1(12. ..:: :1614. '?

2E; :t ,,,:. --.....,'-:. 1. r, (1(1 (1 --::5. :1(12. :1 1..4.::.. ....r
.. "' '...0 'i .=1 ~-'",_.,' ~-

:::
~

:1.
'-.

:::, 96l=~ :1(163:. 9 C" 6:::: 6. ... --1. :1. 173:4 :..1:. ... ,_I, ":" -=.

51 4(1 c'
:;~ . :157 r.

(1 (1Ü 12 _...
~:: 2. ::: 2=~:24, f:._, 1::1,

:1.(1 3:5 :1. 2 2'(' (1 1. ::: 0(1 (1 - 51 2. iS 23::=:~t . t:.

:l.1 23: J.. ... ;;: . 3:Üø 5. 0 00 :1::::. ~::1 - .. 2. 2 2:::A4. .-,
" e'

12 :15 :t. - 3:515 22. 7 :1 -:: 6::;: :12. 3: - 1. .~":. 2J:42. 9
1.::. -J-:' :1.

-.
:1. 3:::::"3 ":" 12 øø 1.'='

.-, ø (1 2~:20. ø... '-'. .=1
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~::AI'lPLE PIJN OF T'T'P 1 CAL L.JHO I S;UE:5UPFACE 1"100P I NC - OCT i::r?5

COt1PONEtH CHAF.:ACTEF: 1ST I C:S

COIlF' T'T'PE LENGTH Ft( I ) L.J ( I ) PE:5 ( I :: AL.Ji: I ::

1, 3::=: .i. ø 26ØØØÜ(14i. (1 L:.1 (1 ø Ü ØÜ(10(1i:
~~ 23: 2. ø 46ÜL:;1ÜØØ-:=:. 5ÜØL:1 2i6Üø. (I (HJÜØOØ
_::. 40 2~3. (i 26S.c62L)L3 53:. OÜÜø ø ÜøØÜøø
4 ""ie: i. 9 i5790(1Ü _--~g 4'74 ø ØOØÜ00':,_1
i= i 995. i (1(1E:~57E:6 - i54øø 40ÜØ.Ü øi6iiÜ.J
6 4(1 2. Ü 26962(1Ø 5::~. ØÜøø Ü ÜÜÜØÜL;:¡
7 26 i. f: i 79i ~?Ø0 -22. 22;;~ Ø üøøooø
:::: 6 :1.Øø6. 7 (1Ü89(159 - 0:3:'?5'~; 57(1(1. ø øØÜØÜø
9 40 ~3_ ø ;;~6962ØÜ 53:. øø(1ø ø 0Ü(1(1(1(1

:1.0 :-35 i. :3 i499ÜÜÜ-44. 444 ø 0(IØL:.iÜØ
:1:1 2:3: r.::

(1 46ØÜØÜØr. !5000 2:16ØO. 0 ØOÜÜØØ,_I, -1='.

:1;;: i5 2(1. Ø Ø:1 7 :::: i :: - Ü457(1 :142t::0. Ü ØOOøØt2
:13 23: 3:, ø 4600ØØØ-:::. 5Ø00 2:16ØØ.Ø ØØ0ØØØ

STRETCH CONSTANTS
C0t1P. (i::

. i42:::6E-Ø2

. 2f:::OÜE+Ø7

. i50øøE +06

. ØøØOØE+(10

(2) (3:) (4)
. ØØØØOE+Ü0
. 74ØØ0E +Oø
. 54ÜOØE +ø(i
. ØØØOØE +00

(1. - !,i)
(6 - :UJ)

(:11. _. :15)

'(:16 - 2(1)

. 2Ø5ØOE +Ü:::

. 6Ø7Ø0E+ØØ

. 5~~ØØØE+ØØ

. ØØØ00E +0(1

. ØØØØÜE +Ø(i

. :3:8:3:00E-iÜ'?

. :1:CØÜE+(16

. ØØØØØE +ø(1
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CHANGE OPT IONS
1 COt'1P. CHAP.

2 STPETCH CHAR
3 MOOR. CONF iGURAT I ON
4 200 ( D ) SOR MEASUPE
5 ArlCHOP LH.
6 L.JATER ()EPTH
7 CURRENT PROF I LE
E: DRAG COEFF
9 SEGt'1ENT LENGTH
10 AUTO ADJUST STATUS
11 P. F. AT TOP
12 TERt.1. CON:=;r.

13: COt.1t'1EtHS

14 CONT I NUE W/O RECALC
15 I NPUT MOOR. FPOM PTP
16 OUTPUT MOOR. TO PP

7

INPUT CURPENT PROF I LEDEPTH (METERS), SPEED (CM/SEC). DIRECT I ON (DEGR)

0,0,0
3000,0,0

GO? - (99) OR OPTION? - (1 TO 16)

99
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SAMPLE RUN OF TYP I CAL WHO I SUBSURFACE MOOR I NG - OCT ~975

CD (tÜ

CD(T)

i,i I RE
~. 300
.007

l.JATER ()EPTH
P. F. t1AGN I TUDE
P. F. It~CLIUATION
P. F. AZ I MUTH
TERM. WT

I NPUT PARAMETERS

DRAG COEFF I C I ENTS
LINE C'-'LIND
~. 300 ~. 2012
. 1207 . 900

SPHEF.:E
,500
. ~59

UNSPEC.
. ei0ø
.OØ0

30ØO. 0
.00
.00
. Ø0

-2. 2012

ANCHOF~ LH. (LBS)
ANCHOR AF.:EA
TERM. VELO. (t't....N IN)
SEG/'ENT LENGTH
TER/'. LEUGTH

DEPTH
. ø

3Ø0Ø. 0

CURF.:ENT PROF I LE
SPEED

. 0 Ct1-SEC

. ø CN-SEC

(: I F.:ECT I ON
. ø DEG
. ø DECi

2500. 0
~. 00

69.7
50.0
.200
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Ç;AI'1F'LF PUr- OF T'/F' J (:AL. l,lHO I ~~UE:SUPFFiCE r'100p I NC:i - OCT :197~;
MOOR I NG STAT I ST I CS - SUMMARY

COt'lF' T',.'PE LEtKiTH l')E I GHT DEPTH I t~CL I N TENS I ON C.:: CUP DPf=IG E:¡:IC~:::'-Up
:1- 3:::: 1. (1 41. 0 ::::t.:;7. .-.

(1 ..:;=:.
1'-. ø 0 1J.I::,.. . 2o' I::',-

~? 2:3: 2. (1 --17. (I ::::69. 4 (i :t9. t:. Ü (1 J.1::::6. 4
'. 4~J 20. Ü :106(1. ø :::::::9. E: (1 1077. 4 Ü (1 12::. 6
4 25 1. ~7.

-: c-
(1 ::::91. -:

(1 10(1(1. (1 0 ~:;~r15. Ci-t ....t. .. ,..
i: 1 995. :1 ..':1.53:.

,'-.
:t ::~ ~::.¡ L::1, 1 0 ::::4. f: p (1 3:6:1. 2"_.- .: -'

I::: 4(1 2. (1 ::U:16. ø J.. :::~::~ 2. .oo (1 ::-14:::. 6 ø (1 ;;~5'? 4
-: 26 1. :::: --4Ü. Ü :1::94. (1 906. 4 0 0 '::11:1-=1 6i - '--' ~.'.

f: 6 :1.0Ø6. 7 -3:7. r::, 295:=:. 5 (1 :::~.:~;. 4 (1 (1 ,"7,'q 6'-'

si 40 .-.
(1 424. ø 2966. -:

(1 12~=::::. ;;~ ø ø -,::::2. ;;~'=', ..

10 -:.1::: 1. .-, -:::(1, (1 296:=:. 7 ø :1.;;:Ø6. (1 (1 (1 (1":,,_1 '=,

:1. :1. -:/'::. c- O -42. i: 2S.f73:. 9 (1 1:16:1. ,i. (1 ø 0~-' ,_I, ._,

:l~? :15 20. (1 - ~~:i -:C,I=l'- .-.
(1 :1:15:=':. ;;~ ø r:i (1__" _.t;r. .=1

1..~:. ",")..;:. ø -25. 5 3:0(10. (1 ø :1:13:0. 5 (1 ~-. 0.:... ";'. .:.1



A

ANCR

ANCRA

ANINC

AW

BKUP

CALC

CDN

CDT

CLI

CLIN

CONST

CP

CPK

DB

DCP

DN

DONE

DPT

DRAG

DRGT

D200

8l

APPENDIX G

GLOSSARY - PROGRA VARIABLES

array, 42 components, characteristic of area (m2/m)

wet weight of anchor in positive pounds

effective area of anchor (m2)

angular difference of inclination between adjacent segments
(cfn - cfn-l)'

array, 5 wire components, characteristic of cross-sectional
metallic area (inches 2) .

reserve or back-up buoyancy at top of each component (lbs)

subroutine, calculate mooring configuration

array, 5 normal drag coefficients

array, 5 tangential drag coefficients

length of segment n (meters)

inclination of segment n-l (radians)

subroutine, standard component characteristics

array, current profile, speed (cm/sec)

conversion constant (cm/sec) 2 to (ft/sec) 2

array, selected depths for critical components in auto adjust
feature (meters)

array, depths of current profile points (meters)

estimated depth of mid-point of segment n (meters)

output flag when set ~l, indicates start of output sequence

wa ter depth (meters)

accumulative norml drag acting to incline the mooring (pounds)

tangential drag force (pounds)

stretch factor, dacron line, compensate stretched length for
slack line measurement



E

ELT

FUOG

FPM

I

IBKUP

IC

IDA

IDM

IDZ

IHDG.

ISLEW

IT

iv

Il
I2

I3

I4

J

JC

JCD

Jl

J2

K

82

array, 16 stretch coefficients

percent of total elongation of segment n (xx/ iOO)

factor applied to segment depth correcting for "dip" of
mooring in current profile

conversion constant, meters to feet

input dumy, control variable primary loop

flag, reserve buoyancy calculation

numer of components in mooring

array, critical components in auto adjust

array, adjustable components

numer of components to be adjusted

array, user comments

new output page instruction

array, sequential order of mooring component types by code

numer of points in current profile

component i type by code

counter, mooring component change option

dumy

dumy

input/output dumy, control variable

counter, current velocity interpolation

function, subscript for drag coefficient

drag coefficient subscript

indicator, type of elastic component

control variable, secondary loop



L

LI

LIl

LL

Wl

L02

L03

N

~w

PCLIN

PTIO

~
QBKUP

QCLIN

QN200

QR

QS

QSL

QTENS

~
~
QY

83

numer of segments in component i

uni t reference numer, manual input device

unit reference numer, paper tape input device

flag, initial/subsequent run

uni t reference number, soft copy output device

unit reference numer, hard copy output device

unit reference numer, paper tape output device

input dumy, subscript

input change option code

inclination of segment n (radians)

subroutine, paper tape I/O

2output dumy, total area (m )

reserve buoyancy at top of mooring

inclination of segment n, from the preceding iteration

(radians)

stretch factor, nylon line, compensate stretched length
for slack line measurement

output dumy, safety factor

output dumy, percent stretch

output dumy, stretch length (meters)

tension at bottom of segment n (pounds)

output dumy, total buoyancy (pounds)

output dumy, component depth, X displacement (m)

output dumy, Y displacement, excursion (m)



RBS

RC

RCP

RD

ROT

ROTN

SEG

STRL

TCLIN

TENS

TERM

TERM

TL

TLD

TRAS

TSTR

TTENS

TVELO

TVHT

TW

TXEX

TYEX

84

array, 24 components, characteristic of rated breaking
strength (pounds)

assumed depth of the top component

array, current profile direction (degree)

radians per degree (0.01745)

current direction at mid-point of segment n (radians)

orientation or azimuth of segment n (radians)

maximum segment length (meters)

stretched length of segment n (meter)

inclination of the external point force to the vertical
(degrees)

tension in segment n-l, tension at top of segment n
(pounds)

termination length (meters)

termination buoyancy (pounds)

total unstretched length of mooring (meters)

depth of the bottom of segment n-l (meters)

subroutine, calculate launch transients

total stretched length of component i (meters)

magnitude of point force at top (pounds)

terminal velocity of anchor (meters/min)

total vertical height of component i (meters)

array, launch transient peak loading of each component
(pounds)

total horizontal displacement of component i in X direction

(meters)

total horizontal displacement of component i in Y direction

(meters)
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Tl array, store component i "u" drag (pounds)

T2

T3

T4

T5

T6

T7

UTV

UDRGN

VDRGN

VHT

VN

VSQ

VTV

w

WT

WT

WTT

X

XEX

XL

Y

YEX

Z

" inclination (degrees)" It "

It " It tension (pounds)It

" It It height (meters)"

" " It x displ. accumulative (meters)"

It " Y dispL. accumulative (meters)" It

It " stretched length (meters)" "

component of current speed acting to incline segment n (ft/sec)

normal drag acting to incline segment n (pounds)

normal drag acting to rotate segment n (pounds)

vertical height of segment n (meters)

current speed at mid-point of segment n (ft/sec)

velocity squared ((ft/sec) 2)

component of current speed acting to rotate segment n (ft/sec)

array, 42 components, characteristic of buoyancy (pounds/meter)

buoyancy of segment n (pounds)

component of buoyancy normal (acting to incline) to segment n

(pounds)

component of buoyancy tangential to segment n (pounds)

dumy

horizontal displacement in X direction of segment n (meters)

array, input length of components (meters)

dumy

horizontal displacement in Y direction of segment n (meters)

dumy, component of tension in segment n-l tending to restrain
rotation of segment n
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APPENDIX H

PROGRA LISTING

The following is the listing of the source programs, subroutines,
and functions of NOYFB, Rev. 9.1, March 1975.

The language is Fortran II as listed in Hewlett-Packard
manual "A Pocket Guide to the 2100 Computer."

The listing includes in order:

1) Program NOYFB

2) Subroutine CALC

3) " CONST

4) " TRAS

5) " PTIO

6) Function JCD



J
fl

J
~

~¡

:+:

:+

000:1
0002 C
ÜÜ03: C
0Ü04 C
0005 C
00Ü6 C
0007 C:
0008 C
0009 r'
0(110 C
0011 C:
0012 C
00:1:3: C

0014 C
00:15 C
0(1:16 C
0(1:1 7 ,-.

001:::: C

(1(119 C
(1020 C
0021 f"
0L:;122 C

0023: C
0024
0025
0026
0027
(t (f 2::::

0029
003:0
0(1: :1

0(1:2
00? 3:
003:4
00?5
003:6
0(1:3:7
"3(13::::

003:9
0040 C
004:1 C
0042 C:
0043: C
0044
0045
0046
0047
0048
Ü049
005Ü
0Ü51
(1052
0C153:
0Ü54 ,-.
0Ü55 C
0056 ,-.
0Ü57 C
0(158
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PPOGPAt'1 tJO'T'FB

PROGRAM NOYF8. REV I S I ON 9.:1, MAPCH 1975
PPOGRAMMEP MOLLER OF W. H. O. I.
REQU I RES SU8POUT I NES CALC, CONST. TRANS. PT I 0
PEQU I RES FUNCT I ON JCD
FOR USE WITH HEWLETT PACKAPD 2:1Ü0 SERIES, :16K COMPUTERS

DE TERM I NES THE STAT I C CONF I GURAT I ON OF SU8-SURFACE
MOOR I NGS WHEN ACTED UPON 8Y NON-COPLANAP CURRENT PROF I LES

MA I N PROGRAM CONTROLS I/O AND OPT I ON SELECT I ON
SENSE SW I TCH OPT IONS ARE:
s. s. 1 ON

- ON -
ON
ON -
ON
ON -
OFF-
ON -

LIST I NPUT PARAMETERS
OUTPUT SEGMENT STATS.
OUTPUT SUPPLEt'1ErnAL STATS.
OUTPUT SUMMARY MOOR I NG STAT I ST I CS
OUTPUT COMPONENT CHARACTER I ST I CS
OUTPUT TO SOFT COPY DEV I CE
OUTPUT TO HAPD COPY DEV I CE
A80RT PUN - GO TO II PAUSE II

" - 2
II -.- '. -
II - 4
II c-- ,_1 -
II -1Ü -

-:1Ü
-14

II

II

COMMON W(42), A(42), R8S(24), AW(5), E(:16)
COMMON IT(65), XL(65), TW(66), CDN(5), CDT(5)
COMMON DCP(20), CP(20), PCP(20). IHDG(?6)
COMMON T1(65), T2(65), T?(65), T4(65). T5(65), T6(65), T7(65)
COMMON IDA(10), IDM(:10), D8(:1Ü)
COMMON DPT. QN200, D200, FPM. L I 1, LO, LO?, NEW, TERMW, TEPML
COMMON RD, PI, TL, I C. I V. FUDG, RC, SEG, DONE
COMMON TCL I N, TTENS. TROTN, Q8KUP, TVELO, ANCP, ANCPA
LL = 0
IC = (1
NEi.J = 15
ISLEL.J = 148

C
C
,-.-'

SET STANDARD WHO I COMPONENT CONSTANTS

CALL Cor.6T

ENTEP I/O UN I T PEFERENCE NUM8EPS.
STANDARD U. P. N. FOR WHO I /8UOY COMPUTER ARE L I STED

L.JPITE (2..1)
1 FOPMAT (22HENTEP FIVE I/O DEV I CES/

:15?HSOFT COPY, HARD COpy, PAPER PUNCH, KEY80APD, PAPEP PEADEP//
218H STANDARD URN ARE: /
3:10H 2, 6.. 4.. :1 5)

READ (1,:+) L01, L02, LO?, L I, L 1:1
L.JR I TE (L01.. 46)

46 FOPNAT (" INITIAL PUN FF.:ot'1 P. T. ''?: :1-'T'ES.. Ü-NO")
READ (L I, :+) I
IF (1-1) 59.,55

I NPUT MOOR I NG COMPONENTS AND CONSTANTS FPOM PAPER
TAPE OP OTHEP SOUPCE

55 CALL PT 10



121359
0Ø60
(106i
0062
0063: C
0064 C
(1065 C
0066 C
01267 C
006::::
0069
(1070
Ü07i
(1072
0073:
0074
0075
(1(176

WRITE (LOi,5i) DPT
5:1 FORt'1AT (F6 i)

LL = 0
GO TO iÜ5

88

THE FOLLOW I NG SECT I ON PERM I TS I NPUT OF VAR I ABLE
PARAMETERS FOR THE I NIT I AL AND SUBSEQUENT RUNS
FORMAT STATEMENTS DESCR I BE THE OPERAT IONS

59 corn i r~UE
60 WRITE (LOi,2)

0: FOPt'lAT ("CHFINGE CCt'lP. CONSTAI'HS?: i-'T'ES., Ü-NO")
F.:EAD (LI.. =+) I

IF i: I-i) 75,61
61 L.JR I TE 0: un., J:)

3: FORt'lAT 0: 43:HENTEF.: COO H~G : 1 -L.J ( I )., 2-A ( I )., 3:-F.:BS 0: I )., 4-AL.J i: I )
1/42HTHEN TYPE COMPONENT COOE NO. AND NEW VALUE )

62 READ O:LI, =+) I, J, X
0077 63 GO TO (65) 66) 67) 68) 70) J I
007::::
0079
00:::Ø
00::::1
Ø0E:2
Ü(183:
Ü084
(1~J:=:5

00::::6
"~1€1:::7

(10::::::
0(1:::::~1

0090
0(191
0092
(109:3:
ÜO::4
Oø::5
0096
009~~'
009::::
0099
010Ü
0101
0:1Ø2
CiiO::
C::104
0:105
0106
0107
0108
(11(19
(I1iO
0:1il
12:112
01i3:
0114
(1115
01i6
0117
01i::::

65 L.J(.J) = ::.::
GO TO 69

66 Ai:.J) = ::.::
GO TO 69

6'? F~E:S (,..) = ::-::
GO TO 69

6:::: Ali~ (IJ:: = ::.::
i=o:~ L.JR I TE 0: L01, 4)

4 FORnAT 0:" NE:.':T OR 99")
GO TO 62

70 r F i: LL-l) 75, 340
75 L.WITE (LOL (5)

::i FOPt'11=IT ("CHANGE STF:ETCH CHRF:ACTERISTIC::;-?: i-'r'ES.. Ü-NO")
F:FAD (L. I., =+) I
IF i:. I ---i) 1':5:1.. 7'6

~::'¡:: I..~F: I TE (LO:1, 6)
f.;, FC:iF,:t'1RT (;i ENTEP: 1-L.J F.:E.. 2-DFICRon. 3:-t-NLON.. 4-Ut-6PEC. ":)

77 READ (LI, =+) I
IF 0: 1-99) 7::::, ::::(1

7~=: f.;JF~ I wrE (LCI:1.."?)
7 FOPMAT (" rWL.l ENTEF.: THE 4 CONSTANTS")

I = I :+4- :~:

READ (LI, =+) EO:I), EO:I+i), EO:I+2), EO:I+3)
t.I¡=: I TE i:: LOL 4)
GO TO 7~::
IF 0: LL-1) 151, 340:=:~J

C
C
i-'

15L:;1

:=:

:151
9

1 C' ..:.,_I":.

1~i5

1~:=:

160
C

II 12" IS THE COUNTEF.: FCiR INSEF:T Fir-) ()ELETE.

L"I¡:: I TE 0: L01.. ::::)
FOPt'1fiT (I; T'lPE 1-CH~:iNCiE.. 2- I NSEFH., J:-(:ELET I m.~ THEN")
L.JF: I TE i: LO:L 9)
FOF.:t'lRT I:: "t'100PING COt'lP. NO.., T',"F'E., LENGTH OF. NO. OF BALLS")
12 = (1
IF 0: LL-1) 158, 155
PEAD i:LL :+:) N.. i. ,J.. ::.::
GO TO 0: 175, 1812, 190, 3412), N
READ i: L I, =+) I, J, X
IF 0: 1-99) 160,92
IC = I



0:1'1::-
0:1 :2(.1

0:12'l
(1:122
0:123:
0:124
0:125
(1:126
13:127
Ü:12::::
L:):129

13:1 3:(1

12:13::1
0:1:: 2
0:1:::3:
0:13:4
(1:13:5
Ü:13:6
Ü:137
Ü:13:::::

0:13:9
(1:14(1
ø:14:t
0:142
Ü:143:
(1:144
13:145
0:146
13:147
0:14::
0:149
0:1513
13 1. 51

ø15~::
0:15:::
L;H54
0155
L;:11.56

13:157
(1:5 ::
0:159
0:160
016:1
13:162
0163:
(11.64
(11.65
13166
0:167
1316::::
13:169
Ü:170
Ü17:1
0:172
13:173:
13:174
0:175
13:176
13:177
(11. 7:=:

c
L CHANGE COMPONENT 89

:175 1:1 == 1+12
ITO: 1:1) == .J
::.:: L 0: I :1 ) == ::.::

GO TO :195
C
C I NSERT COMPONENT
C

:1::::0 1:1 == ie:
:182 IF 0: 1:1- 0: I + I 2)) :186, 186, 184
:184 XL 0: 1:1+1) == XL 0: 1:1)

i TO: 1:1+:1) == IT 0: 1:1)
11 == 1:1-:1
GO TO 1::::2

:1::::6 ::.::LO:I:1+:1) == ..
IT': 11+:1) == .J

IC == IC+:1
12 == 12+1
(30 TO :195

C
C DELETE COMPONENT
(".

190 13: = I + I 2
14 = 1C-:1
DO :192 1:1 = I::, 14
XL': 1:1 ) = XL 0: 1 :1+:1 )
IT 0: í:1) = IT': 1:1+:1)
COt-n I NUE
IC = 1(:-:1
12 == 12-:1
I..H::: 1 TE i: LO:1.. 4)
(;¡O T() :15~~:

IF i:: LL -':1) 92.. ~¡:40
L.JP 1 TE 0: LOJ., ~LØ)
FORt'1AT 0: II L. I NE t'1EASUPED AT 2Ü0 ((:i) ~:;OF(~:': :1-'T'ES, O-NO II )
PEAD 0: L I, :+) I
IF 0: 1-:1) 9~;., 94
G!N200 == :1. 0
D200 == :1. 0
GO TO 96
ON200 == :1. 042
D20Ø == i. CC2
IF i: LL -:1) 9::::., 3:40
i..JP I TE i: LCH., :1:1)
FOPt'1AT 0: "EtnEP fiNCHOR i.a. (+LB::~).. APE A 0: O'DSOR) ")
PEAD (L I, :+) ANCP, ANCPA
IF': LL-:1) 215, ::40
L.JP I TE (LO:1:19)
FOPt'lFIT 0: II EtnEF.: COt,wlEtrrS - 1 L I t~E t'1A::'::. ")

:192

:195

:197
92
1.0

94

95

96
51::::

:11-

2:15
:19

C
C
C

217

3:5

:100

SET II COt'1!'1ENT II AF.:PA'T' TO BLANKS

(:10 2:17' K == :1 3:6
I HDG ( K ) == 0200408
cor-n I NUE
PEAD (LI,35) (IHDG(K), K - :1, ::6)
FOPt'1AT (3:6 (A2) )
IF 0: LL-:1) :100, ::40

l.JP 1 TE .: LO:1 41_)



01. ~?9

01.::::0
1:::1::::1.

(11.:::2
01.:::::3:
1:::1:::4

131.::::5

131.::::6

(~1:=:7
(11. :=: :=~

131.89
01.913
1;:1:191.

0192
131.9:3:

131.94
131.95
131.96
01.97
131.9:::
131.99
13::;00
(120:1
0202
ø:~~O::
(1204
132135
13206
0207
t12(1:=:

ø~:;09
021.0
(-21.1.
021.2
021.:3:
ø;;~1.4
1321.5
021.6
021. ~?

1;:121.::::

021.9
L~122L::1

0221.
1)222
13223:
0224
L~1225
~::1226

~3227
(122::::
~3229
023:0
02:3:1.
L323:2
L::12J:3:

023:4
L::123:5

~::123:6

(123:7
L:123::::

90
41. FOPt'lAT 0:" ENTEP: (:iEPTH OF L,JATEP .: t'lETEPS)" )

PEAD (L. I., :+) DPT
1.05 corn I NUE

1.1.0 I V = 1.
L.JP I TE (L01.., j2)

1.2 FORMAT (21.H I NPUT CURRENT PPOF I LE
1.44H DEPTH (METEPS). SPEED 0: CM/SEC). D I PECT ION 0: DEGP) )

1.1.2 PEAD (LI. *) DCP(IV). CP(IV). PCP(IV)
I',,' = I '",' +1.

IF (DCP( rV-1.)-DPT) 1.1.2.1.1.5
1.1.5 I'.." = I './-1.

IF (LL-1.) 1.20. 340
1.20 WRITE (L01..1.3)

1:3:FO~:t'lAT ("CHFINGE STANDFtPD C(:I.,::: 1.-'T'ES., (i-NO")
PEAD O:LI.:+) I
IF (r -1.) 1.:3:0., 1.22

1.?? WPITE (L01..1.4)
1.4 FOPt'lAT 0:" EtHEP: 1. -L.J PE.. 2-L I NE.. 3- I NSTF.:., 4-BALLS., 5-UNSPEC.

1. THEN C:D (t'D. CD CD " )
1.23 PEAD O:LI.:+) I. X. Y

IF .: 1-99) 1.24. 1.27
1.24 CDN( I) = ,..,

CDT 0: I) = 'T'

IF 0: 1-4) 1.26. 1.25. 1.26

C
C
C
r'

:125
1.26

1..-.-:.: t
1. -::r1

1.5

200
1.6

2(12
1.7

~~ø4
2L36
21.0

:1:::

21.1.
4'-'~

212
43:

C

21.:3:

Y/P I FOR CDT OF SPHERES ALLOWS USE OF THE'
EOUAT I ON FOP THE TANC;¡ENT I AL DPAG OF C'T'L I tmEPS;

CDT': I) = 'T1....'p I
L.JF.: I TE i: L.01.., 4)
GO TO 1.2:3:
IF (LL-1.) 1.30. 340
L.JP I TE i: un., 15)
FOPt'lAT i:" SEC:it'1ENT LENGTH (t'lETEF5)?" )
PEAD i: L I. :+) SEG
1 F (LL-1.) 200. 340
L,JPITE i:LOL 1.6)
FCIF.:I"lAT (" AUTO LENGTH A(:i.JUST?: -0 TO 1.0 COt'lPONENTS")
¡:~EA(: 0: L I., :+) I DZ
IF (IDZ-1.) 206. 202
L.JPITE (LCI1.., 1.7)
FORt'lAT (" EtHEr;:: CR I T lCAL COt'lP.., DES I PED DEPTH. AD,JUST. Cot'1P.
DO 204 I = 1... I DZ
READ i:LI.. =+:: IC'AO: I )., DB': I)., I N'l 0: I)

corn i NUE
IF 0: LL-1.) 21.0. 340

L'JRITE (LOi. 1.::::)
FORt'1AT i: "EtHER t'lAGNITUDE.. INCLINATION., AZH1UTH OF P. F. ")
READ i: L I. :+) TTENS. TCL I N. TROTN
IF i: LL-1:: 21.1.. 340

L,JPITE (L01... 42)
FOPt'lAT 0: "CHAt'~GE IN TERt'lINATION Cor~S;TANTS?: 1-IT'ES., ø-NO")
PEAD i: L I.. :+:: I
IF i: I -1.) 2~tJ:.. 21.2

L.JRITE (L01..43:)
FORt'1AT (" EtHEP TEPt.1. LEt'K:iTH Q'lETEP::. L.J. 0: LE:S) " )
PEAD i: L I. :+) TEPML. TERMW
SET LL=2: I tJC I CATES I NIT I t:¡L I ZAT I or.~ COt'lPLETE
LL = 'j
GO TO :3:413



0239 C
Ø240 C
~::124:1 C

O~:42 C
Ø243:
0244
0245
0246
(12'-l7
(124~:~
0249
0;':50
025:1
(1252
(1253:
0254
L3255
")256
(1257
L~125:::

0259
0~:::60
026:1
(1262
Ø:;~63:
0264
~::1265

0266
L::126'?

L;.~26:=:

(1269
L~127(1

(127:1
L)272
0273:
0274
(1275
L:1276
L~1277

Lj27:::
~~1279
L:12 :=: L:1

..32::::1
L~12:::2

02:::3:
02:::4
")2::::5
(12::16
"32:=:7
(12:=:::::

02::::9 C

0290 r'
029:1 r'
L::1292 C:

9l

::;TAFn t~EL.i CQt'1PUTAT I ON

RESET CR I TICAL VAR I ABLES TO O. 0

220 cor-n i NUE
TL.i i: :1 ) = (1. Ü
TL = O. (1
E:KUP = O. 0
(:IONE = ø. 0

c
C CALCULATE LAUNCH TRANS I ENTS
C

CALL TRAt.6
pr: = (:iPT - TL

FUDG :: O. (1
C
C SET HARD / SOFT COPY DEV I CE FOR OUTPUT
C

244 IF i: DONE-:1. 0) 255. 245
245 L.O :: LO:1

IF i: ISSWi::10)) 247. 246
246 LO :: L02

r'
r WR I TE I NPUT PARAMETERS
C WRITE HEADING
r' II I SLEL.i II A(:.,'ANCE::: PAGE TO NEL.i SHEET

C
247 IF i: ISSWi::1)) 248,253
248 WRITE i:LO,20) ISLEW

20 FORr'1AT i: A2)
WRITE i:LO,35) i: IHDGi:K), K :: :1. 36)
L.JPITE i:LO.. 2:1) i:CDr.~i: I )., I = :1..5). (C:(T(.J)...J = 1..5)

21 FORMAT (/20X, :17H INPUT PARAMETERS//16X, 18H DRAG COEFF I C I ENTS
:1/10X, 43H WIRE LINE CYL I ND SPHERE UNSPEC.
2/6H CD( N), 5( 4X, F5. 3), /6H CD( T). 5(4X, F5. 3))
WR I TE (LO, 22) DPT, ANCR, TTENS, ANCRA. TCL I N. TVELO.

lTROTN. SEG. TERMW, TERML
22 FORMAT (//l:1HWATER DEPTH, 6X, F6. 1. 9X, 15HANCHOR WT. (LE:S).

17X. F7. 1, /13HP. F. MAGN I TUDE. 4X, F7. 2. 8X, :11HANCHOR AREA,

213X, F5. 2, /:15HP. F. I NCL I NAT ION, 2X. F7. 2, 8X.

3:1::::HTERt'1. './ELO. 0'1,....t'1 tn. 4::,::, F5. :1.. .....:11HP. F. AZ H1UTH.. 6~'::.. F7. 2..
48X. 14HSEGMENT LENGTH, 7X. F6. 1. /7HTERM. WT. iox. F7. 3.
58X. :11HTERM. LENGTH, :11X. F5. 3)

L.ip i TE (LO.. 23:)
23 FORMAT i: //6X. 16H CURRENT PROF I LE/

132H DEPTH SPEED DIRECT I ON)
DO 2 !:i (1 I := :1, I'.,'
WR I TE (LO. 24) DCP ( I ). CP ( I ). RCP ( I )

24 FORMAT (iX. F6. 1. 2X. F5. :1. 7H CM-SEC. 2X. F5. 1, 4H DEG)
25ft cor-n I t~UE

L.JP I TE HEAD I NG FOR SEGt'1EtH STATS. IF :;.:;.-;¿ I S ON
AN() PEEtnEF.: SUR CALC

0293 253 IF (ISSW(2)) 254.269
0294 254 WR I TE (LO. 20) I SLEW
0295 WRITE (LO.35) (IHDG(K).K :: 1.36)
0296 WRITE (LO.33)
0297 33 FOPMAT (//28X. 18HSEGMENT STAT I ST I CS )
0298 WPITE (LO.34)



92
0299 34 FORMAT (//70H COMP TYPE LENGTH I NCL XEXC. YEXC. C. SP
0300 1D C. D I R M. A2 I UDRAG VDRAG TDRAG)
0301 r
0302
0303
03:04
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0~2~
0322
0323
0324
0325
0326
0327
0~28
0329
0330
0331
03~2

C
C

SU8ROUT I NE CALC PERFORMS ALL 8AS I C CALCULAT IONS

~~~~~~ CALL CALC
IF (ISSW(14)) 320. 257

r
C
r
C
C
C
C

CHECK DIFFERENCE 8ETWEEN ASSUMED DEPTH (RC) AND THE
CALCULATED DEPTH OF THE TOP COMPONENT. LESS THAN 2. 0 M. ?
I F YES - CHECK AUTO ADJUST STATUS.
I F NO - CALC NEW FUDG. SET NEW RC.
(X-RC) *0. 7 TO HASTEN CONVERGENCE I N LARGE CURRENT SHEER

.~~~~~r IF (DONE-i. 0) 258. 269
258 x = DPT-T4( IC)

IF (ABS(RC-X)-2.0) 260) 259
259 FUDG = FUDG+ (X-RC) *0. 7

RC = (DPT-TL) +FUDG
GO TO 255

C
r
C
C
r
C

AUTO ADJUST EVALUAT I ON - CHECK SPEC I F I ED INSTRUMENT
DEPTHS. I F AT DES I RED DEPTHS - SET (DONE=2. 0) AND
GO TO OUTPUT. I F DEPTHS ARE INCORRECT - ADJUST
LENGTH OF (I DM) AND GO TO (220)

260 IF (ID2-1) 266.261
DO 264 K = 1. I D2261

r
1-J
1-J

CHECK AND ADJUST LOWEST ELEMENTS FIRST

J =
I =
Z =

(ID2-K)+1
I DA ( J )
((DPT-T4( IC) )+T4( I) )-D8(J)

0333 IF (A8S(Z)-1. 0) 264. 262
0334 262 I = IDM(J)
0335 C
0336 C 99% OF 2 TO PART I ALLY ALLOW FOR STRETCH
0337 C
0~3:8
0339
03:40
0341
0342
0343
0344
03:45
0346
0347
0348
0349
0350
0351
0~52
0353
0354
0355
0356
0s57
0358

XL( I) = XL( I )+2*0. 99
GO TO 220

264 CONT I NUE
~6b DONE = 2. 0

GO TO 245
C
C IF SS-4 ON OUTPUT SUMMARY OF MOOR. STATS.
C

269 IF (ISSW(4)) 271. 281
271 WRITE (LO,20) ISLEW

WRITE (LO.35) (IHDG(K).K = 1.36)
272 WRITE (LO.25)

25 FORMAT (22X. 28HMOOR I NG STAT I ST I CS - SUMMARY
1//69H COMP TYPE LENGTH WE I GHT DEPTH I NCL I N TE
2NS I ON EXCUR DRAG 8ACK-UP )
I8KUP = 0
8KUP = Q8KUP
DO 280 K = 1. IC
Ii = IT(K)
IF (I 8KUP) 274. 274. 273

273 8KUP = ø. ø



03:59
0::60
~::13 6:1

Ø3:62
Ø::63:
(G64
Ø::65
Ø366
~33:67
03:6:::
Ø3:69
0370
03:7:1
~33:72
03:73:
03:74
(G 75
~::1376
0377
(f3: 7:::
Ø3:79
ø::::ø
Ø3::::1
l::13E:2
€13:::3:

03:::4
l~(~:E:5

03:::::6
03:87
(13:88
(f3: E: 9

03:90
03:9:1
~:Ü92
(Ü93:
~::G94
(1395
(1396
(\3 9 7
L13:9:;:

(ß99
04ØO
040:1
Ø402
Ø403:
Ø404
0405
12406
04127'
04(18
12409
04:10
04:1:1
04:12
124:13:
04:14
04:15
Ø4:16
04:17
04:1::::

GO TO 276
274 8KUP = 8KUP- (XL (K) *W ( 1:1) +TERMW)

93

IF (IT(K)-35) 276~ 275.1 276
275 I BI-'UP = 2
276 QW = XL(K)*W( 1:1)

QX = (DPT-T4( IC) )+T4(K)
QY = SQRT( (T5( IC)-T5(K) )**2+(T6( IC)-T6(K) )**2)
L.JRITE (LO..26) K.. IT(K).. ::.::L(K).. m.J.. Q;:::.. T2(K)..

:1T3:(K). QY. T:1(K). BKUP
26 FORMAT (14. 3X. 12. 2X. F6. :1. :1X. F7. :1. 2X. F6. :1. :1X.

:1F5. :1. 3:X. F6. :1. :1X. F6. :1. :1X. F5. :1. :1X. F7. :1)
IF (ISSW(:14)) 3:20.280

280 CONT I NUE
C
C IF SS-3: ON OUTPUT SUPPLEMENTAL STAT I ST I CS
C

281 IF (ISSW(3)) 282) 291
282 WR I TE (LO. 20) I SLEW

WRITE (LO.35) (IHDG(K). K = :1. 36)
i.JRITE i::U:I..27)

27 FORMAT (~24X. 23HSUPPLEMENTAL STAT I ST I C5
:1~~::9H COMP TYPE CD (N) AREA STR. LT PERC. STR
232H S. F. XEXCUR YEXCUR LAUNCH TENS )

DO 290 V = :1.. IC
1:1 = IT(K)
..1:1 = .JCD ( 11)
IF (IT(K)-25) 283~284

2::3: QR = RBS ( 11) ~T3: (K-1)

GO TO 2:::5
284 GH:~~ = ~::l 0
2::5 QA = XL(V)*A( 11)

QS = (T7(K)~XL(K) )*:100. 0
QSL = T7(V)+XL(K)
QX = T5( IC)-T5(K)
QY = T6( IC)-T6(K)
WRITE (LO.28) V. IT(K). CDN(J:1). QA. QSL. QS. QR.

:1 C! :.::. C! 'r'.. TL.J 0:: )

2:: FORMAT (14. 3X. 12. 3X. F3. :1. :1X. F6. 3:. 2X. F6. 1. 3:X. F5. 2. 3X.
1F4. 1. F7. :1. F7. 1. 3X. F6. 1)

290 CCtH I HUE
,-.-'

C
C

IF S5-5 ON OUTPUT COMPONENT CHARACTER I ST I CS

291 IF (ISSW(5)) 292.320
292 WRITE (LO.20) ISLEW

WRITE (LO.3:5) (IHDG(K).K = :1.::6)
L.JRITE (LO..47)

47 FORMAT (~:16X. 26H COMPONENT CHARACTER I ST I CS
2~~5:1H COMP TYPE LENGTH A ( I ) W ( i ) RSS (i )

DO 3:00 V = :1.. I C
I1 = ITOC:i
::.:: = 0. (1
'T' = 0.0
IF (IT(K)-6) 293.294

293: ::.:: = m.J ( 11)
294 IF (IT(K)-25) 295.296
295 IT- = ~:E:5 ( 11.)

AL.J ( I ) )

296 WUTE (LO..4:::) V.' I TOC:i.. ~'::LO:::i.. A(I1).. L.J(11). ""., ~'-:
4::;: FORt'1AT (14. 3:::.::. 12.. 2::.::.. F6. 1.. :1::(. F9. 7.. 1:::.. F7. 5.. 1K. F7. :1.. 1::,':.. F:: 6)

IF (ISSW(:14)) 32Ø.300



9404i~:: 3:0~:;1 corn I NUE
0420 WRITE (LO.49) (E( I). I = 1.16)
0421 49 FORMAT (//19X. 18H STRETCH CONSTANTS
0422
(1423:
0424
0425 C
0426 C
(1427 C
042::: r'
0429 C
043:(1
043:1
043:2
043::
043:4
043:5
043:6
043:7
043:8
043:9
(1440
0441
~::1442

0443:
0444
(1445
0446
0447
044:::
0449
0450 C
(1451 C
0452 C
0453: C
0454 C
0455
0456
(1457
(145:::
0459
(1460
0461
0462
END OF

1/2X.6H COMP. . 8X. JH(l). iox. JH(2). iox. JH(J). 10X. 3H(4).
2/9H (1 - 5). 4(E13. 5), /9H (6 - 10). 4(E1J. 5).
3/9H(11 - 15). 4(E13. 5). /9H(16 - 20), 4(E13. 5))

Et.m OF RUN
"PAUSE" TO TH I tW. I F SO I NCL I NED
WR I TE OPT IONS FOR POSS I8LE CHANGES

3:20 CorH I NUE
L.HU TE (L01.. 29)

29 FOF.:t'1AT (" SENSE SL.J ITCH? - PUSH RUN")
PAUSE

3:21 I D2 = 0
L.JR I TE( L01.. 44)

44 FORMAT (14HCHANGE OPT IONS/13H 1 COMP. CHAR.
1/16H ~ STRETCH CHAR. /21H 3 MOOR. CONF I GURAT I ON
2/20H 4 200 (D) SQR MEASURE/13H 5 ANCHOR WT.
3/14H 6 WATER DEPTH/18H 7 CURRENT PROF I LE
4/13H 8 DRAG COEFF/17H 9 SEGMENT LENGTH
5/21Hl0 AUTO ADJUST STATUS/14H11 P. F. AT TOP
6/14H12 TERM. CONST. /11H13 COMMENTS
7/22H14 CONT I NUE W/O RECALC/22H15 I NPUT MOOR. FROM PTR
8/20H16 OUTPUT MOOR. TO PP )

323 READ (LI. *) NEW
C
C OPT ION 1 2 3 4 5 6 7 8 9 10 11 12

GO TO (61. 76. 150. 92. 98. 100. 110. 122. 130. 20(1. 210. 212.
1215.. 245.. 55.. 3::6.. 220). t~EL.J

13 14 15 16 99

OUTPUT E::.:: I ST I t~C: t'10CIF.: I tKi AND CONSTANTS TO PAPEF.: TAPE

3:3:6 CALL PT I 0
340 WRITE (L01.31)
::1: FORMAT ("GO? - (99) OF. OPTION? - (1 TO 16)")

GO TO 3:23:
3:45 cmH I NUE

STOP
END
EN(:$

TAPE.



:+

:+

000:1
0Ø02 C
00Ø3: C
12004 C
0005 C
0006 C
00127
000:3
0009
00:10
~~n):1 :1

0(1:12
00:1:3:
00:14
00:15 C
00:16 C
120:17 C
120:18
00:19
0020
002:1
0022
0023:
0024
12025
0026
~::1lZ127

002:::
12029
0(130 C
00:::a C
003:2 C
~::10J:3:

0ØJA
0(135 c.
003:6 C
003:7 C
00:3::::
Ø(139
0040
004:1
0042
Ø04J:
0044
0045
0046
0047
004:::
0049
0050
005:1
OØ':i~~

95

SUBPOUT I NE CALC

SUBPOUT I NE CALC - USE WITH PROG. NOYFB. REV. 9.:1
PPOGPAt'1t'1EF.: t'10LLEP OF L.i. H. O. I.
CALCULAT I m.~ TO DETEPt'1 I NE ALL t'100R I t~G STAT I ST I CS

COMMON W(42). A(42). R8S(24). AW(5). E(:16)
COMMON IT(65). XL(65), TW(66). CDN(5). CDT(5)
COMMON DCP(20). CP(20). RCP(20). IHDG(3:6)
COMMON T:1(65). T2(65). T3:(65). T4(65). T5(65). T6(65). T7(65)
COMMON I DA(:10). I DM (10). DB(:10)
COMMON DPT. QN200. D200. FPM. L r 1. LO. LO? NEW. TERMW. TEPML
COMMON PD. PI. TL. I C. IV. FUDG. RC. SEG. DONE
COMMON TCL I N. TTENS. TROTN. QBKUP. TVELO. ANCR. ANCRA

RESET VAP I ABLES TO I NIT I AL I ZE

TU:i = DPT - TL
DRAG = O. (1
.JC = 2
TSTR = O. 0
T','iHT = 0. 0
CL I t.J = TCL I t.h:PD
PCLIN = CLIN
TENS = TTENS
F.:OTN = TPOTth:F.:D
TXE::.:: = (1. 0
T'y'E::.:: = 0. 0
CPK = :1. 0763:9:1E -0:1

PP I t'1AP'y' LOOP

DO 570 I = :1.. IC
1:1 = IT(I)

DETERM I NE DPAG COEFF. SUBSCR I PT (FUNCT I ON JCD)

,.T:1 = ..TC(:' ( 1:1)
C

C DETERt' I NE NO. OF SEGI"1EtH::; IN COI'PONEtn (I)
C

500 L = :1+IFIX(XL( I )/SEG)
c.

C SECONDARY LOOP FOR SEGMENT CALC.
C

505 DO 562 K = 1. L
C
C SET SEGt'ENT LENGTH (CL I) AND BUOYANCY (WT)
C CALC. CURRENT: - MEAN DEPTH (DN). SPEED (VN).
C DIRECT I ON ( ROT) . FOR EACH SEGMENT
C

IF (K-L) 509.507
0053 507 CL I = (XL ( I ) -SEG:+FLOAT (K-1) ) +TERt'L
0054 WT = W ( I1):+ (CL I -TERt'L) +TEPI'W
0055 GO TO 510
0056 509 CL I = SEG
0057 WT = W( I1):+SEG
005:3 510 DN = TLD+ (CL I /2. 0) +FUDG:+ ( (DPT- (TLD+CL I /2. 0)) /TL)



0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072

C
C
I~-

96

ASS I GN DEEPEST CURRENT VALUES IF DN EXCEEDS DPT

IF (DN-DPT) 514. 512
512 VN = CP( IV)*CPK

ROT = RCP( IV)*RD
GO TO 519

514 IF (DN-DCP (JC)) 518. 516
516 JC = JC+1

GO TO 514
518 VN = (CP(JC-1)+( ((DN-DCP(JC-1) )/(DCP(JC)-DCP(JC-1)))

1*(CP(JC)-CP(JC-1))) )*CPK
ROT = (RCpeJC-1)+( ((DN-DCpeJC-1) )/(DCP(JC)-DCP(JC-1)))

1*(RCP(JC)-RCP(JC-1))) )*RD
0073 C
0074 C SET ROTN=ROT WHEN TENS I ON = 0
0075 r
0076 519 IF (TENS) 522, 522. 524
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088.
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0116
0117
0118

522 ROTN = ROT
C
C
,--
C
C
C

CALC. DRAG FORCES. TENS ION. I NCL I NAT I ON AND AZ I MUTH OF SEG.
ITERATE UNT I L CHANGE LESS THAN O. 1 DEGREES FOR
I NCL I NAT I ON - LOOP 526 TO 530
MOOR I NG AZ I MUTH - LOOP 526 TO 527

524 X = ROTN
Y = ROTN
Z = TENS*SIN(CLIN)

526 QCLIN = PCLIN
ANINC = QCLIN-CLIN
UTVN = VN*COS (ROT-ROTN)
VTVN = VN*S I N (ROT-ROTN)
DRGT = A( I1)*PI*CLI*CDT(J1)*(SIN(QCLIN)*UTVN)*

1(A8S(SIN(QCL IN)*UTVN))
UDRGN = A( I1)*CLI*CDN(J1)*(COS(QCLIN)*UTVN)*

1(A8S(COS(QCLIN)*UTVN) )
VDRGN = A ( Ii) *CL I *CDN (J1) *VTVN*A8S (VTVN)
WTT = WT*COS (QCL IN)
WTN = WT*SIN(QCLIN)
QTENS = TENS*COS (AN I NC) +WTT+DRGT

C
r
C

(-WTN) CHANGE SIGN OF WTN FOR CORRECT SENSE

PCL I N = ATAN (( UDRGN-WTN-TENS*S I N (AN I NC) ) /QTENS) +QCL I N
r
C
C

AVO I D /0. 0 I N STATEMENT 523

523
IF ( QTENS*S I N e PCL IN)) 523. 529. 523
ROTN = ATAN( eVDRGN-Z*SIN(X-Y) )/(QTENS*SIN(PCLIN)) )+X
IF (ISSW(14)) 570.525~?q~~-

r
C
C

ASSURE +PCL I N

525 IF (PCL IN) 531. 530. 527
1--
C
I~-

RATE OF CHANGE IN AZ IMUTH ~ 0. 1 DEGREE?

527 IF (A8S(A8S(X)-A8S(ROTN) )-(0. 1*RD)) 530.528
528 X = ROTN

GO TO 526



011.9
0120
~::1121
0122
(1123:
Ü:l24
0125
0126
(1127
l):12:::
0129
013:(1
(113:1
(113:2
013:3:
(11JA
(113:5
(113:6
(11::?
01.3:::::
121.3:9
(114(1
0:l41
(11.42
(11.43:
0144
01.45
~::~146
014';:
1214::::
0149
01.50
0151
0152
(11!:;:::
0154
12155
01.~16
(11~i'?
121. 58

0159
0160
121.61
(116~~
0163:
0164
(1165
0:t66
0167
016:::
0169
131. 70
12171 ,-.
12172 C
12173: C

C ~
C RATE OF CHANGE I N I NCL I NAT I ON ( ø. 1 DEGREE?
C

530 IF (ABS(QCLIN-PCLIN)-(0. 1*RD)) 532.526
C
C HANDLES 180 DEG. ROTAT I ON OF AZ I MUTH WHEN VDRGN = 0. 0
C

531 PCLIN = -PCLIN
ROTN = ROHHP I
GO TO 524

532 TENS = COS (PCL I N-CL IN) *TENS+WT*COS (PCL IN) +DRGT
CLIN = PCLIN

C
C STF.:ETCH CALC. - .J2 = 1 FOR l'~ I F.:E (53:8)C 2 FOR DACRON ( 544 )r 3 FOR NYLON (544)
C 4 FOR UNSPEC I F I ED (544)
C

STF.:L = CL I

EL T = 0. 0
534 IF (11-21) 536. 554
536 J2 = (( 11-1)/5)+1

~i3::::

C
C
C
C
r'

540

542
544

C
r'-'
C
C

546
54:=:

550
~~.-I,_1,_1':

1-.

r'

C

IF (J2-2) 538J 540
ELT = (( TENS/RBS( 11) )*E(1) )+(TENS/(E (2)*AW( 11)))
GO TO 546

I NTERPOLAT I ON BETWEEN TW ( I ) &TW ( 1-1) FOR LAUNCH TRANS I ENTS
FOR PERMANENT ELONGAT I ON CALC.
ELT = PERMANENT ELONGAT I ON + ELAST I C ELONGAT I ON

x = TW( 1-1)+( ((TW( I )-TW( 1-1) )/XL( I) )*(SEG*FLOAT(K-1)+CLl))
IF (X-TENS) 542. 544
~.:: = TENS
N = (.J2-1) :+:4+:1

ELT = (( (X/(E(N)*A( 11)**2) )**E(N+1) )+( (TENS/
1(E(N+2)*A( 11)**2) )**E(N+3)) )/1012. (1

CALC. SEGMENT STRETCHED LENGTH (STRL)
LENGTH * PERCENT STRETCH * 200 (D) SQR ME AS. K

GO TO (5481 550~ 552) 548) ~ J~
STRL = CLI*(1. 0+ELT)
GO TO 554
STRL = CLI*(1. 0+ELT)*D200
GO TO 554
STRL = CL I * (1. 0+ELT) *QN2(1Ø

CALC. HOR I Z. E::.::CUR (::'::E::~:8:'T'E::'::) AND VERT. HE I GHT ('..,'HT) OF SEG.

554 ::.::E::.:: =
IT'E~-:: =
'./HT --

(STRL*SIN(CLIN) )*COS(ROTN)
(STRL*S IN(CLIN) )*S IN(ROTN)
STF.:L*COS (CL IN)

OUTPUT SEGMENT STAT I ST I CS

0174 Z = CLIN/RD
0175 557 IF (DONE-1. 0) 560. 558
0176 558 X = ROT/RD
0177 Y = ROTN/RD
(117:=: './N = './N.....CPK



13:1 ;::9

01::13
ø1E:1
13182
12183
121:::4
12185
£1186

98
WR I TE (LO, 32) I, 1:1, CL I, Z, XEX, YEX, '.N, X, y, UDRGN, VDRGN, DRGT

32 FORMAT (13, 3X, 12, 3X, F5. :1, 1X, F4. 1, 2 (:1X, F5. 1), 1X,
:13: (jJ.(. F5. 1).1 2(:1~'::, F5. 2),1 :t~-::.i F6. 5)

C
C SUM SEGMENT STATS. WITH COMPONENT TOTAL
C

01.:=:7
13188
13189
12:190
0191
0192
0193:
12194
0195
0:196
0:197
0198
0199
0200
122131
0202
02123
02134
0205
12206
END OF

560 DRAG =DRAG+UDRGN
TVHT = TVHT +VHT
T~-::E::-:: = T:::E:~::+l=:E~::
l"rIE::-: = T'T1E:::+ITIE:::

TSTR = TSTR+ (STRL-CL I )
TLD = TLD+CL I .

562 CONT I NUE
,-.-'

r'-'
C

TRANSFER COMPONENT STATS. I tHO T AF.:F.~A'TIS



:+

:f

00(1:.1
0(1(1:2
øi;m:-:
/:10(14
0005
0006
12007
00(1::::
0Ø09
0C1:t0
00:1:1.
00:1.2
00r:~~
(if1:l4
0(i:15
00:16
00:1.7
001:::
001.9
002:0
(,ø;;~1.
0022
00:?3:
(,0:?4
1:0;?5
1:026
1:1:27
12028
0(,:=~9
0Ø:::0
003::1
003:2
l;10:n
ØØ::A
ø(i3:~5
0(i3:6
0(i3:7
12(1:::::::

003:9
0(1.:1-(1

(104:1
(i042
0043:
0(144
0045
0Ø46
0(147
0(14:;:
0049
Ø0SØ
005:1
0Ø5~~
0(153:
0(154
0055
0(156
0Ø57
005:;:

í.-'

C

C
r-

C
C
C
C
C
C
C",-'

r.-'
C
C

c
C
C
C

C

99

c:

C
í'-'

C
,-.-'

::~UBF.:OUT I NE CONST
SU8ROUT I NE CONST - FOR USE WITH PROG. NOYF8. REV. 9. 1.
PROGRAMMER MOLLER OF W. H. O. I.
I NPUT STANDARD WHO I 8UOY COMPONENT CHARACTER I ST I CS
AND STRETCH CHARACTER I ST I CS AND DRAG COEFF I C I ENTS

COMMON W(42). A(42). R8S(24). AW(5). E(1.6)
COMMON IT(65). XL(65), TW(G6). CDN(5). CDT(5)
COMMON DCP(20), CP(20), RCP(20). IHDG(36)
COMMON Ti(65). T2(65), T3(65). T4(65). T5(65). T6(65), T7(65)
COMMON IDA(1.0), 101'(1.0).08(1.0)
COMMON DPT~ QN200. 0200. FPM, L I 1.. LO, L03, NEW. TERMW, TERML
COMMON RD, PI, TL, I C, IV. FUDG. RC. SEG, DONE
COMMON TCL I N, TTENS. TROTH, Q8KUP. TVELO. ANCR, ANCRA

TERI'U"¡ :: -,2. 1.9

TERt'lL :: (1. ~~(G

RD :: 0. (11.7453293
PI:: J:. 1.41.~592654

FPN :: :3:. ;,2::::0::::4

A ( I) - AREA OF COMPo IN SQR. METER PER METER LENGTH
(LINE. WIRE. CHAIN :: DIANETER IN METERS)

W ( I) - WE I GHT OF CONP. I N POUNDS PER METER LENGTH
(+:: POS I T I VE 8UOYANCY, -:: NEGAT I VE BUOYANCY)

R8S ( I) - RATED 8REAK I NG STRENGTH I N POUNDS
AL.~ ( I) -- CROSS SECT IONAL l'lETAL APEti OF L.~ I F.:E I N SOP. I NCHE::::

L.~IRE CONSTtiNTS: (1.)-.3:.....1.6"., (2)-'1./4"., (3:)-~5,,"':L6", (4)....3:....':::".. (5)-'")
U. S. S. . TORQUE BALANCED JACKETED 3X1.9 WIRE

A (1.) :: 6. 5786E-03
L.,¡ (1.) :: -'-0. j.~54

PE:5( 1.) :: 400f1. (1

AL.~ (:1.) :: 0. 01.61.:1

R(2) = 8. 3566E--03
L,~ (2) :: -0. 21'::6

~:E:5 (2:; = 675(~. L~l

AL,j (2) :: (1. 02'?~~:::::

A (3) :: 9. 9568E-03
L.j (3:) :: -'~::1. 4:1-

R8S (3) :: 1.0300. 0
AL,j (J:) :: 0. 04206
A (4) = 1.. 15824E-02
L.i(4) :: -0. 594
PBS ( 4 ) :: 1. 4::H::10. 0

AL.j(4) :: 0. 06015
F"i(5) :: 0. (1

L.h5) :: (1. ø
F.~BS(5) :: 1.. (1
AL'~(5) :: :L 0

SAMPSON, SINGLE BRA I D DACRON. WHO I SPECS
DHC:RON LINE C:or'JSTFiNTS: (6) -- 3:,....:::".. (7) --7.....:1.6". (::::) -:1.,"2"..
(~~) "'R9 ",":1i::: II., (:t~J:: -51,,"f::: II
DIAMETER is 93. 5% OF NOMINAL SIZE



r1059 C:
0(160
01261
0062
Ü063:
01:64
Ç1Ç'1h~.. - .,. .. ..
0666
0(16';:
0(168
01;69
01271:
007:1
0Ø7;;~
(1(17~:
(1i:74
ÜI:75 C
0Ø76 C:
0(177 C
007:;:: C

(11;79 C
01280 C
00::::1
00f:~~
00:::3:
00f:4
0085

, 0(1:::(::

(112:::7
r1~1:~:f:

01289
0f.9ø
0(1:::':.
009~?
0093:
01:94

.0f.95
0096 C
0l!97 C
005':::: C

0129:::'
0:li?Ø
010:1
0:1.1;2
0:1123:

.0:1J::q.
01~::i5
0:li?6
0:1.127
0:tøt:::
011:9
01:1(1
0:1:1..
(1:1 :1.2

01::1:'::

0:1.1.4 C
0:1:1.5 C

, 0:1.:1.6 C

01::17
(1:1:1::=:

iOO

A (6) = 8. 90588E-ø03
L'(6) == -0. i2::'?5
PBS (6:: == ~57ØÜ. (1

R (7:: :: :1 03902E-02
H (';::: :: ...(1. 05:16
PBS(7) = '7000. L:;1
R(8) == 1. 18745E-02
L.l(::::) :: -0. 01,":;6'?

PBS':::::: = 9ør10. 0
R(9) = 1. 33588E--02
L. (:3) = -(1. (1::::5~L

R8S (9) == :11200. 0
A': 10:: == :1. 4843:tE-02
L.l.: HJ) == ,.,0. :10:=2
PBS'::10) - :14000. 0

COLUMB I A, SINGLE BRA I D PLA I TED NYLON, WHO I SPECS
N'r'LON L I I"~E CONSTANTS: .: J.:l) -3.....8".. .: :1;;~) ..-:t,"~?".. (:13:) -9""1.6 II
-: :14:: --5i"'1f:: II., l: :1~5) -"':~:I,,"4'J

DIAMETER is 93. 5% OF NOMINAL SIZE

A'::11) :: 8. 905:=8E-03
L.~ (:1:1) = -(1. (1::1:1

RBS'::1:1) == 3700. 0
A (:12) == :1. :18745E-(12
L.l(1.2:: = -,0. 02(14
PBS (:12:: = 6400. 0
A(1.3) = :1. 33588E-02
L.l( 1.3:) == .'.0. Ø26:1
RBS (:13) == 8200. 0
A (:14) == :1. 4843:tE-02
L.l(:t4) :: -ø. 033:

RBS (:14) == :10400. 0

A (:15) = 1.. 78:t:t8E-(12
L.l( :15:: == -(1, 045';:
R8S (:15:: == :1420(1. 0

UNSPEC I F I ED SYNTHET I eLl NE (:16::-? THROUGH (20::-?

A(16:: == Ü, I2

L'l(:16) :: O. (1

F.~E:S CL6) = :1. (1

f'1i::t'7) == ø. ~J

L.l(:t?:: :: ø. ø
F.E:S Ct.7:: :: :1. 0

Ai::t:::: == O. (1

L.l(:t::i) = 0. 0
PBS(:U::::: = L 0
A(:19) == 0. 0
L'l(1.:::I) =: 0. (1

PB~; ( :1.9 ) :: :L (1

Ai::20:: == ø. (1

L'l(20:: :: 0. ø
F.B~; ( 20) :: :1. L;:1

C:HA I t.~: (.~~1.) "-:1""'411" (22:: -- 3:1,.'1::: II" (23::: -:11,.-'211 ,1 (¿~4::'- 3:1....4 'i

A(21) - 2. 74E-02
L.J(21.:: = '-2. "::'''~'



r-:1:19
0:1.2(1
0:1.21.
0:1.22.
0:123
0:124

. 0:1.25
01.26
O:1;;?
01.2E:
Ø:129 C
0:13Ø C
12:13::1. C
0:13:;:; C

12:133 C
12:13:4 C
12135 C
0:136 C
0:1.3:7
01.3:8
0139

.0:1.40
12:1.4:1.

0:1.4;?
0:1.43:
0:1.4.:1-

0:145
0:146
0:1.47
0:1.48
0:1.49
0:1~)n
0:1.5:1.

0/ 0:1.5::;
0:1.53:
0154

. 0:155
0:156
01.57
ø:1. 5f::

0:1.59 C
0:1.6Ø C
Ø:1.6:1. C

01.6:? C
0:1.63: C
0:1.64
01.65
0:1.66

. 0:1.6-;"

0:16:=:
0:1.69
01.7(1 C
0:17:1 (:
01. 72 C
ø:1 T~: C
0:1.74 C
Ø175
0::176
'J1.77
0:1.78

101

F.:ES (;:~:l) =: '54Ø~::1. (1

A(2::;~) :: 3:. '7E-'02

L1~(22) = -5. :12

R8S (22) :: :121.512. 0
AC;:~3:) :: 4. 8E-Ø2
L.~ I:: 23:) :: --9. ~::12
R8S(23) :: 2:16øØ. 12
A (24:: := 6. E:r:5E -"(12

L,~ (24) :: --:1.9. 52

RBS(24) :: 48. 6E+Ø3

CYL I NDR I CAL INSTRUMENTS:
D I V I SOP I S THE LENGTH OF THE INSTRUMENT (METERS)
(-25) -VACM~ (26) -850 (LT)) (27) -850 (HEAVY) J
(2:::) --Etm. 0'1.. .. (29) - I NCL I I'mt'1ETEF.~.. (3:Ø) -DEPTH F.~EC. .'

(31.) -TENS I ON REe. . (32) -TENSAC
(33)-? (34)-? (35)-RELEASE. AMF TRANSPONDING

A (;;;5) :: ø. :15'79
L'~(25) - -7r- ø.....:1. 9
Fi -: 26 ) :: ø. :179:17
L.~( ;;~6) - -412. 0.....:1. ::::

Ai: 2"() :: (i. :1'?~:::17
L.~ 2"?:: :: -5~::1. ø..,':1. .-.

1:1

R 2E:) :: ø. :16~j4J:
L.j 2::::) - -,040. 0.....0,

,'R,
,=-

A 29) - 0. ~l6ø43:
L.j 2t;) - -40. ~:),,"'ø.

,-.
1=1

A 3:0) - 0. ii:~ Ü 4 J:
L.j (3:Ø) :: --040. ø.....ø. .-..:-

A ( 3::1. ) .- 0. :16(;43:
L.j ( 3:::1 ) :: '''AØ. 0.....Ø. .-.

.::.

A ( 32 ) :: 0. :1.6::::75
L,~ ( 3:~::) - --70. 0.....:1. 6
R(::~~:: :: 0. ~::I

L.j i.. .~. .::. .,1 = ø. ø
t1 ( 3:4 :: _00 0. ø
L.j (J:4) = 0. 0
A ( 3:5 ) - 0. :1.499
L.~ ( 3:5) - --:::(1. 0.....:1. :=:

SPHER I CAL INSTRUMENTS:
D I V I SOR IS THE LENGTH OF THE INSTRUMENT (METERS)
C3:6)'''''?.. C3?)-t'1T P....'T. (3:8)-'F.~A(:IO FLOFIT

A(3:6 ) :: 0 0
L.j C3:6) :: 0. (1

Ai: ..... .. - 0. ::;:0';:
L.~(J?) - -:l~::. 0.....0. 4
A(J:::::) .- 0. 21';

L.j( 3::::) :: 4:1. 0.....:t. (1

SPHERES MOUNTED ON 3/8 ii CHA I N.. :1 METER COMPONENT LENGTH
(3:9)--:16" SPHEF.:E - :17.5" O. (:'..' (4(1)-:17" SPHEF.~E-,,:t:::. 5" O. D.

A (3:9:: - (1. 25:t3:::::
L.j ( 3: ~~":l) :: 4-3. 5
A (40) :: (1. ::;~6~:)62

L.J( 40) :: :::ï. (1



øi';:':oi c.:
O:l::::~:) C
01:::::tC:
OJ ::~:;? C
rH::::~:
01::::4
(1:1. ::.: ~'i

Ø:l::::i~:;

0:1.::::7' C

0:1::::=': C
OJ W:: C
0:1::::10 C:

(1:1:::1:1 C
0:1.::);::'

(i1:::I:-':

(1J 9"-1

0:195
(1:1:::16

r1:.97
O:i:::a::
0:1.99
(1 ;:;' ~-:I i?

0::0:1.
(i :: Ci ;~:' C
r1?Cn: C
0~~:Ø4 C:

ø;::ø':~ C

0;?Ø6
(1~'?ø'?

(1;::00:=:

0:::1((;;
0;:':1.0
O;;':1:l.

O:?:l ;?
0::':1:::
O;:::J..:I.

(1;?:t~::

0;:':16
0:::17
(1¿~J. f:

0::J:~1
(12?(1
0:::2:'1

l02

UNDEF I NED C:Clr'lF'ONEI'~T~7, i.~..."Ur.~ I f::UE i)F.:f--:Cj COEFF.
.; 4:1.:: "-?' .;: 42:: ._'~)

H .; 4J '.
i '- 0 pi

H i
.'

.:..:1
'.

i - ¡j ~;j'.

R i
.' 4;2 i - (I ('I

l'~ 1
,

4';:' ), _. iJ (1

DRAG COEFF I C I ENT5 - CDN- NORMAL, CDT -TANGENT I AL
.; ~L) "-l'~ 1 RE., i: ;~?:: --.L:r NE 8: CHFi I N, i: 3::: ._. I lJ:::Tr';:U¡'IENT~::,..
0: 4) --SPHERE::-., .; ':;:: -"UN~:,F'EC I FlED

CI::N i
.' :t - :1. ~..'

CDT ,
J. - ¡?lO?'

Cl:iN :~~ - 1. .:

ci::T i.... - O. ~:~ (l?

C:DN .: _. J. ~2

CI::T - ._. O. '3

CDN 4 .- 0 ~5

CDT 4 - ø 5,."F' I
CDN 1= i - (i. 0.~,1

CDT ~5 :: - (I (I

STRETCH CHARACTER I ST I CS
0: 1-4:: -WIRE, (5-8) -DACRON, (9-12 ::-NYLON, i: ~3'-16) -UNSF'EC IF I ED

E ,, :1 -
E ,

~~ -
E .~: --

E 4 -
F ~5 .-

E t:, =
E ,. .\ .-

E 1::1) -

:1_. 42:::"S?:1E--i;C:
2i3. ~5E+I;:ì6

E'..9)

iJ. l:i
ø. (3

2. :::::LC'I-I;:1(:
.60?
:~:. C::::F+06
. ('4

- L ~5C;E+(15
= .5:1.':'E (1(1)

EO:~L:l) -

Eo:.12:: _..
E(:13:) --
Ei::14:: -

:1. . :3: ;? I:) ;~~ f~ -f. ~.::I ~j
r.-:'l:::

. ,_I~::",.,I

(i. ø

E.' j C".1.,: ..,_,..

Ei::16::

ei. i;1

.... ø. I::
'"'' ø. 0

0222 CONT I NUE
022~ RETURN
0::';::'.:1 EI'~(:i
0?25 ENI)$
FND elF Tf=tF'E.



:+

*
Ø001
ØØØ2
Ü003:
Ø0Ø4
00Ø5
0006
0007
0(10::
(1009
ÜL::110

0Ø11
0012
0013:
0(114
0015
0016
001?
001::
0019
0020
0021
0022
0023:
(1024
(1025
0026
00~:?
002::::
0029
003:0
(10:a
0(13:~::

003:3:
0133:4
003:5
0(G6
003:7
003:::: r'
øL:n9
Ø040
ØØ41
0042
0043:
Ø044
Ø045
0046
0047
Ø(14::
(1049
00~i0
0051
0052
0053:

:'0054
- 0055

0056
(1057
005::::

l03

SUBF-:OUT I NE TRANS
C

C SUBROUT I NE TRANS - FOR USE WITH PROG. NOYFB. REV. 9. 1
r' PROGRAt'1t'lER t'1ILLEF-: OF L.t H. O. I.

C CALCULATE AND STORE I N ARRAY (TW). PEAK TENS I ON 0* EACH
C COMPONENT EXPER I ENCED DUR I NG ANCHOR LAST LAUNCH
r I NIT I ATES EACH RUN BY DETERM I N I NG TOTAL RELAXED LENGTH (TL)
r AND RESERVE BUOYANCY AT COMPONENT NO. 1 (QBKUP)
C CALC. TERM I NAL VELOC I TY OF FREE FALL ANCHOR (TVELO)'
C

COMMON W(42). A(42). RBS(24). AW(5). E(16)
COt'1t'10N 1 T (6!:i)., ::'~L (65)., nJ (66)" CDN (5)., CDT (5)
COt'l1'10N DCP ( 20 )., CP ( 20 ). RCP ( 20 )" . 1 H,DG ( 3:6 )
COMMON T1(65). T2(65). T3(65). T4(65,. T5(65). T6(65). T7(65)
COMMON IDA(10). IDM(10). DB(10)
COMMON DPT. QN200. D200. FPM. L 11. LO. L03. NEW. TERMW. TERML
COMMON RD. PI. TL. I C. I V. FUDG. RC. SEG. DONE
COMMON TCL IN. TTENS. TROTN. QBKUP. TVELO. ANCR. ANCRA
::.:: = 0. (1
,J = 0
DO 420 I = 1., IC

401 11 = 1 T ( I ::
r'-'
C
C
1-'-'

SUM 1 NPUT LENGTHS ( TL) AND COMPo BUOYANC 1 ES ( T1 ( I ) ::
T1 ( I) 1 S USED FOR TEMPORARY STORAGE

TL = TL + XL ( I) + TERML
X = X+TERMW+W( 11 )*XL( I )
T1(I) = ::0::

r'

C RESERVE BUOYANCY (QBKUP) AT TOP COMPo = SUM OF WE I GHTS
C OF RELEASE (35) AND ALL COMPONENTS ABOVE IT
C

IF ( ,J -1) 4(12., 405
402 G!BKUP = ::.::

IF ( 11-35) 405. 403. 405
403: .J = 2

C DETERM I NE DRAG COEFF. SUBSCR 1 PT (J1). FUNCT, JCD
C

405 .J1 = ,.TC(:' ( 11)
1-.-'

C CALC. TOTAL AREA*CD FOR EACH C(~PONENT AND SUM
r GO TO 410 - WIRE. LINE AND CHAIN
C 412 - INSTRUMENTS (CYL I NDERS)
C 410 - SPHERES
C 412 - UNSPECIFIED
C Y = CDT*SURFACE AREA
C

Y = CDT (J1) *p I *A ( 11) *XL ( I ) *FPM**2
GO TO (410. 410. 412. 41(1. 412). J1

410 TW( 1+1) = TW( I )+Y
GO TO 420

412 TW( 1+1) = TW( I )+(CDN(J1)*(Pl/4. 0)*A( 11)**2
1*FPt'l:l::+2) +Y

420 CONT 1 NUE
C
C CALC. VELO, :+*2 ( VSQ ) , CD*AREA OF ANCHOR APPL 1 ED



0059 C
0060 C
0061
0062
0063
0064
0065
0066
0067
0068
END OF

THEN CALC. TERM I NAL VELOC I TY AND TRANS I ENT PEAK LOAD l04

VSQ = (ANCR-T~ ( I C) ) / (TW ( I C+~) +ANCRA*FPM**2*~. ~5)
DO 425 I = ~. I C

4~6 TW( I) = T~( I )+TW( I+~)*VSQ
425 CONT I NUE

TVELO = (SQRT (VSQ) /FPM) *60. 0
RETURN
END
ENDS

TAPE.



*
*
0001.
0002
0003
0004
OøØ5
OøØ6
0007
OOOE:
0009
001.0
001.1.
001.2
001.J:
001.4
001.5
001.6
001. 7
001.:::
001.9
0020
0021.
01222
002J:
0~::124
0025
0026
0027
12028
0029
0030
00J:1.
00J:2
003:3:
0034
01335
'2(136
Øø3:7
003:8
003:9
0040
0041.
0042
0Ø4J:
EN(:' OF

l05

SUBPOUT I NE PT I 0
C
C
C
c.-'
C
i-'-'

C
C
C
i-'-'

SUBPOUT I NE PT I 0 - FOP USE WITH PPOG. NOYFB. PEV. 9. 1.
PPOGPAMMEP MOLLEP OF W. H. O. I,
INPUT/OUTPUT SUBPOUT I NE FOP PERMANENT RECOPD OF MOOR I NG
SPEC I F I CALLY FOR USE WITH A PAPEP TAPE READER AND PAPEP TAPE
PUNCH BUT USE ABLE WITH OTHER I/O DEV ICES
READS/WP I TES NUMBER. TYPE AND LENGTH OF MOOR I NG COMPONENTS
READS.....l.JF.:ITES CONSTANTS ANO VAF.:IABLES USE(:' FOR MOOPING CONFIG
READS/WR I TES OPERA TOP COMMENTS

COMMON W(42). A(42). PBS(24). AW(5). E(1.6)
COMMON IL(65). XL(65), TW(66), CDN(S). CDT(5)
COMMON DCP(20), CP(20). PCP(20), IHOG(36)
COMMON T1.(65), T2(65), T3(65), T4(65), T5(65),T6(65), T7(65)
COMMON I OA( 1.0), I OM( 1.0), DB( 1.0)
COMMON OPT, QN20Ø, 0200, FPM, L I 1., LO, L03, NEW, TEPMW, TEPML
COMMON RD, PI, TL, I C, I V, FUDG, PC, SEG, DONE
COMMON TeL I N, TTENS, TROTN. Q8KUP, TVELO, ANCP, ANCPA

36 FOPMAT (4F1.3. 7)
37 FORMAT (12, F1.3. 7)
38 FORMAT (36(A2))
39 FORMAT (7F8. 3, 12)

IF (NEW-1.5) 1.01.0, 1.006, 1.000
1.000 WR I TE (L03, 39) OPT, QN200, 0200, ANCR, ANCRA, TERMW, TERML. I C

L.JRITE (LeG,.3:6) q.J( I )., A( I )" I = 1..- 42).. (F.:8S( I )., I = 1..- 24).-
1. (AL.J ( I ) " I = 1..- 5).. (E ( I ).- I = 1.. 1.6).- (CDN ( I ).- COT ( I ).. I = 1. 5)

()(i 1.002 I = 1.,- I C
WRITE (L03.37) IT(I).XL(I)

1.002 CONT I NUE
WRITE (L03.38) (IHDG( I). I = 1..36)
GO TO 1.01.0

1.006 READ (L I 1., 39) OPT. QN200, D200. ANCR. ANCRA, TERMW, TERML. I C
F.:EA (:. (LI1..- 3:6) q.J( I )., A( I )., I = L 42).. (RBS( I ).- I = 1.,- 24)..

1. (AL.j( I), I = 1...5).. (E( I )., I = 1...1.6),. (CON( I )., COTe I )., I = 1.. 5)

(:'0 1.00::: I = 1.., I C
READ (LI1..37) IT( I). XL( I)

1.00::: CONT I NUE
READ (LI1...3:::) (IHDG( I )., I = 1..- 3:6)

1.01.0 CONT INUE
F.:ETUF.:N
END
EN(:$

TAPE.



:+

:+

ØØL:.11.

ØØÜ2
(1003:
Ø004
ØØØ5
ÜÜ06
ØOØ?'
OÜÜ8
0009
001.(1
001.1.
001.2
00:.3
001.4
ØOi':;
001.6
noi -;
o ~::11. 8

Ø01.9
OØ20
0021.
0022
Ø023:
0024
Et.m OF

C
i-'

C
C
C
C
1-.-'

C
r'-'

C

l06

FL~CTION JCD( 11.)

FUNCT I ON JCD - USE WITH PROG. NOYF8. REV 9. 1.
PROGRAMMER MOLLER OF W. H. 0, I,
SET SU8SCR I PT FOR COMPONENT DRAG COEFF I C I ENTS
(5) - /. 41. AND 42
(4) - " 36 THRU 40

('J 1. )

(3:) -

(2) -
II 25 II "".C'"'.,_1

II 6 II 24
II

1. II i:,_,(1.) -

IJC:() = 5
IF (11.-41.) 483. 487

4::::3: .JeD = 4
IF (11.-36) 484. 487

4:::4 ,JCD = 3:
IF (I~-25) 485) 487

4::::5 ,.. C: (:1 = 2
IF (Ii. -6) 486. 487

486 .JCD = 1.
487 corn I NUE

PETU¡::N
END
END$

TAPE,
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