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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
modification,

d) capable of handling complex, non-uniform current
profiles,

e) automatic component length adjustment for depth
critical 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.



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 performance 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 objectives are:

- To provide a single program useable both at sea and in the
laboratory.

- 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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3.0

- 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.

- 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.

APPROACH

3.1 Computer System

The Hewlett-Packard 2100 series computer system was selected
for this application. These computers are readily available at
W.H.O0.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 1/0, mag-
netic tape, cassette, and disc) give the operator flexibility in
the method of data input and output. The machines are physically
compact and easy to operate with a minimum of instruction.

3.2 Program Language

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

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 performance. 1In
addition, input errors can be detected and remedied without sig-
nificant time delay.

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 characteristics as appropriate.



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/0 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. dJudicious 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
permanent 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.



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 PROGRAM 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
2004% tension.

f. Depth of water.

g. Horizontal currents varying with depth in both speed and
direction.



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
e _ 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 (<0.1 degree). Segment elongation is calculated,
if appropriate, and the X, ¥, 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



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.



2
v, = Jw+viip Yea (1)
i . 2 ., D
1,1 1,1
where
Ti = tension in component i in pounds
Z W = sum of the buoyancies of components 1 through i
1,1
V = terminal velocity of the anchor in ft/sec
2 C_ A = sum of drag coefficient times effective area
. D .
1,i for components 1 through i

3
p = mass density, taken to be 2.0 slugs/ft

The terminal velocity* is found as

(2)

where
Wa = weight of the anchor in pounds
Wt = net buoyancy of the mooring components at the
anchor

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

C 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 numbers.
Therefore, the calculated terminal velocity may be in error when
the standard (programmed) 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.

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

'ponents (see Fig. 2); one, Vy+ lying in the plane of the

segment, which tends to incline, and one, Vy, normal to the
plane of the segment, which tends to rotate. The equations
are

Vu =V,cos Yy or VT cos (B-6) ' (3)

VV =V, sin v or VY, sin (B-0) (4)
where

Vv, = current vector speed

B = 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)

V_ = normal component of velocity (rotate)

Va and Vv, are recalculated with a new 0 for each segment iteration.
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4.3.3 Gravity 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).

Gravity forces act only in the plane of the segment.
They are defined as the buoyancy (+/-) per unit length
(lbs/meter) of the immersed component i. The buoyancy of
the segment is

W = W.ds (5)
n i
and
WN = Wn sin ¢n (6)
WT= Wn cos ¢n (7)
where
Wn = buoyancy of segment n in pounds
Wi = buoyancy per unit length of component i

ds = length of segment n in meters

WN = normal component of buoyancy
WT = tangential component of buoyancy
¢n = angle of inclination to the vertical of segment n.

Drag forces are considered to be uniform over the length
of the segment and are separated into three orthogonal components
relative to the axis of the segment: one, DNu' normal to the

*A third force, the external point force, is not reélevant to this
discussion.
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PROFILE VIEW PLAN VIEW
Vy '

/ /
/ I
\ \: SEGMENT n
~ |PLANE OF

CURRENT |
VECTOR (Vy)

SEGMENT.n ©

AN

Wy=W,, sin &

W =W, cos P

Dyg= 1/2p Cop ds A| Vy cos @V, cos @
Dy = 172 p Con ds A Vy| Vy

Dy =1/2 p Cpy  ds A| Vy sin ®|Vy sin

Fig. 3. Normal and Tangential Components of Hydro-
dynamic Resistance and Gravity Forces.
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segment in the vertical plane of the segment; one, Dy,
normal to the vertical plane of the segment; and one, Dy,
tangential to the segment (see Fig. 3). The expressions
defining these components are

1
==p C 8

DNu 5P o ds A Vu cos ¢n‘vu cos ¢n ( )_
D =1p c__ dsa|v|v (9)
Nv 2 P DN v v
D_ = L C.__7ds AlV sin ¢ {V_ sin ¢ (10)

T 2 P DT u nt u n

where
D = normal component of drag in the plane of the
Nu . . s
segment (acting to incline)

D = component of drag normal to the plane of the
Nv .

' segment (acting to rotate)

. 2

A = area per unit length (m" /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 Cp . and C__ permitting the use of
a single set of expressions ¥or drag calculations. Wy, Wp,
Dy’ 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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'PROFILE VIEW

PLAN VIEW

Fig. 4. Equilibrium Conditions - The
Balance of Forces.
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and resistive forces are balanced against external restrain-
ing forces. The equilibrium conditions are

WT + DT = Tn - Tn—l cos (¢n - ¢n—l) (11)
We+Dg =T , sin (¢ - ¢ ;) (12)
DNV = Tn-l sin ¢n-l sin (Gn - en—l) (13)

where

L]
!

axial tension

¢ = inclination of the segment

<D
]

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:

6 = bor + ¢ (14)
8 = AB' + O (15)
n .

where
¢' and 6' = the inclination and azimuth from the im-

mediately preceding iteration

Ad' and AB!'

the change in inclination and azimuth be-
tween successive iterations

Substituting ¢' and 6' for ¢, and 0, in expressions (11),
(12), (13), and by further substituting the transposed expres-—

sions (11), (12), (13) for Ad* and AD", the following equations
result.
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Tn =T _ ©os o' - ¢n_l) + DT + WT (16)
—D + W -T sin(¢*' - ¢ )
-1 " "N -1 -1 .
¢n = tan - + ¢ (17)
| n
41Dy, =T . sin(¢p__.)sin(6' -6 _.)
6 = tan 1 Nv n-1 ? 1 n-1 + 8 (18)
n T sin ¢
L n n

Gravity and drag force components are recalculated for
each iteration using the values ¢' and 0'. Therefore, the
values of A¢' and AB' tend to converge to zero. The equilib-
rium condition is considered to exist when ¢ - ¢' and 6 - O
are <0.1 degree. n n

At the start of each iteration procedure ¢' and 6' are set
4 0 .
equal to ¢n—l and 6 _,
At program initialization Th-1- ¢n—l’ en—l are set equal
to the input values of the external point force at the top
component.

4.3.5 Elongation 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

T
m “®es ~ ¥ (19)

Elastic elongation is found by (Hooke's Law)

e =2 e = —T 20
=8 % ¢ T aw - E (20)

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

T T
= — — X
€T (RBS K+ Aw E) LO (21)
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where

€ = total strain or elongation (meters)

T

Em = structural strain as percent elongation
€ = elastic strain as percent elongation

e

0 = stress on the wire or tension/area (psi)
E = modulus of elasticity (psi)
| T = axial tension on the wire segment (1bs)
RBS = rated breaking strength (1bs)
K = coefficient of structural stretch

. . . . 2
Aw = metallic cross-sectional area of the wire (in")

=
#

slack or measured length of the wire (meters).

In the program, K and E are considered stretch character-
istic constants of wire and are stored in an array as E(1)
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 10°8. Therefore,

2

E(1) = 0.01/.7 or 1.43 X 10

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 deformation 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 20032 is assumed.*

T L—Lo B
d (o]
where
T = tension in pounds
d = diameter of the line in inches
I, = stretched length of the line
L = slack or measured length of the line

A = linear coefficient of elongation

B = exponential coefficient of elongation

Elongation of the line is found by

Tm ég- Ti gL -
€p = ( )P+ (=) e (23)
d A dA
o) e
where
ET = total strain or percent elongation
Tm = maximum stress in the history of the line (1lbs)

Ti = instantaneous tension (1lbs)

d = diameter of the line (inches)

Ap = linear coefficient (permanent)

Bp = exponential coefficient (permanent)
Ae =. linear coefficient (elastic)

Be = exponential coefficient (elastic).

*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% where d is the nominal
diameter of the line in inches,
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The coefficients AP' Bp, Aos By 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.

24

The coefficients that appear in the program for standard

W.H.O0.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 curves obtained for sizes in
common use at W.H.0.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 summed 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 =1L X sin ¢ cos § (24)
S n n
Y=L X sin ¢ sin 0 (25)
S n n
7z = X
Ls cos ¢n (26)
where
X = X component of horizontal displacement (meters)
Y = Y component of horizontal displacement (meters)
7 = vertical height of the inclined segment n (meters)
L = stretched length of segment n (meters).
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4.3.7 Automatic Component Length Adjustment

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

N

L =1L, + (Dc - Dy) (27)
where

Lc = corrected length of adjustable component

Li = original length of adjustable component

Dc = calculated depth

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, =R =~ ) W (28)
* 1,i-1
where
Ri = reserve buoyancy at component i (lbs)
Rt = total reserve buoyancy of the mooring system

~1
=
il

sum of the buoyancies of all higher components.

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 9.1)

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; 18 through 22
provide addition instructions for the use of select change option.
The sections are:
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i. 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
11. Drag Coefficients
12. Segment Length
13. Automatic Length Adjustment
14. Point Force
15. Terminations
16. Run or Error Correction
17. Change Options
18. Option 3 - Mooring Configuration
19. Option 6 - Water Depth
20. Option 14 - Rerun w/o Recalculation
21. Option 15 - Input Mooring from PTR
22, Option 16 - Output Mooring to PP

GENERAL 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:
1l - for yes or affirmative
@ - 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.

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

Machine Instruction:

ENTER FIVE I/0 DEVICES

SOFT COPY, HARD COPY, PAPER PUNCH, KEYBOARD, PAPER READER
STANDARD URN ARE:

2,6,4,1,5

The Unit Reference Numbers of potential I/0 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
numbers must be entered. Dummy values must be inserted for non-
existent or omitted devices. The operator enters the unit reference
numbers of the I/O devices in the format a, b, ¢, d, e, where:

a - is the soft copy output device
b - 1is the hard copy output device

~ is the paper tape punch or similar device

o}
|

is the keyboard input device

e - 1is the paper tape reader or similar device

NOTES :
a) Standard W.H.O0.I. unit reference numbers for I/0 devices are:

- Tektronix 4010 C.R.T. (soft copy)
- 1line printer (hard copy)

paper tape punch

- Tektronix 4010 keyboard

v = O N
|

- paperbtape 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) sSpecification of I/0O 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/0 devices.)

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

Machine Instruction:
INITIAL RUN FROM P.T. ?: 1 - YES, @ - 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 "¢g" 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 operater 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 information 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, @ - NO

A "1" response enables the operator to modify any component
characteristic of buoyancy (components 1-42), resistive area (com-
ponents 1-42), Rated Breaking Strength (components 1-24), and cross-—
sectional metallic area (components 1-5). A "@" response by-passes
this section and initialization resumes at section 4 - Stretch
Characteristics.

A "1" response generates the machine instruction:

ENTER CODING: 1-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 - 1is 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 -~ 1is the component type code (1-42)
¢ - 1is the new value

Example: 1,23,-8.5

In the example the buoyancy of component type 23, 1/2" chain,
is modified to -8.5 lbs/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 1.9 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

1,25,-39.4737
and -
2,25,0.1579

b) The term "area" is considered to be the profile area of a
vertically oriented component measured as meters? 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 20032 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'
specs or tensile test results. It is used for the calculation of
safety factors in the loading of wire, synthetic line, and chain
(components 1-24). 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's specs and input as inches?.

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

Machine Instruction:
CHANGE STRETCH CHARACTERISTICS ?: 1 - YES, g - NO
A "1" response enables the operator to modify any coefficient of
elongation for wire rope or synthetic line. A "@" response by-passes
this section and initialization resumes at section 5 - Mooring
Components. :
A "1" response generates the machine instruction:

ENTER: 1-WIRE, 2-DACRON, 3~NYLON, 4-UNSPEC

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

- for wire (component 1-5)

1

2 - for dacron (component 6-10)
3 - for nylon (component 11-15)
4

- for unspecified synthetic (component 16-20).
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 type of component.
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The values should be entered serially in the format a, b, ¢, 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 - dummy, always @

d - dummy, always @ .
For synthetic lines, the values are:

a - linear coefficient of permanent elongation
b - exponential coefficient of permanent elongation

- linear coefficient of elastic elongation

[T}
I

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 1, 2, 3, or 4 as if responding to the instruction
YENTER: 1-WIRE, 2-DACRON, 3-NYLON, 4-UNSPEC".

NOTES:

a) The use of exponential notation (20.5E+06, 2.81E+06, 3.83E+06)

asvigown in the examples is required when integer values exceed 32,768
(x2+2).

b) The exponential coefficients of elongation for synthetic
lines must be entered as reciprocals, i.e., 1/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. 1If 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 programmed 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.6-10, nylon - comp.11-15,
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 =0.0,9.9E+99,0,0,
For components 6-20, set the coefficients = 9,9E+99,1.0,9.9E+99,1.0,
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.0.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 format a, b, ¢, where:*

- is the sequential number of the component in the mooring
- is the component type by code number

¢ - 1is the length of the component in meters or the number
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 Type Length
1,38,1 - one, radio float, 1 meter
2,23,2 - two, 1/2" chain, 2 meters
3,40,20 =  three, 17" glass spheres, 20 spheres
4,1,1000 - four, 3/16" wire, 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 number 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 number 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
number of spheres. 1If 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 number 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.

¢) Component codes 16-20, 33, 34, 36, 41, 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 uyseful 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 mooring, 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
11 (drag coefficients).

‘Component Code Stretch Coefficient Drag Coefficient

1-5 wire wire

6 - 10 dacron line

11 - 15 nylon line

16 - 20 unspecified line

21 - 24 none* line

25 - 35 none¥* cylinder

36 - 40 none* " sphere

41 - 42 none* unspecified

*Codes 21 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 90° (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 reinitialization of the
program.

There are special cases where an extremely slack and pliant mooring
is desired. 1In 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, @ - 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 a2
loading (standard W.H.0.I. practice). The program will compensate for
this percent difference according to the response of this question. ‘A
"1" response specifies the dacron and nylon are measured at 200 d2 load-
ing. A "@" 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 16-20 (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".

¢) 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 format a, b,
where:
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a = 1is the wet weight of the anchor in + pounds,
. . - . . 2
b - 1is the effective resistive area during launch in meters .
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. 1If not, an incorrect arithmetical operation occurs A
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 permanent 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 1.15 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 COMMENTS - 1 LINE MAX.
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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 thoseknown to be required and to use the auto-
matic length adjustment feature to adjust those components to the correct
length.

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

Machine Instruction:

INPUT CURRENT 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:

- 1is depth in the water column in meters
- 1is the speed of the current in cm/sec
¢ - 1is the direction of the current relative

to North in degrees

The speed and direction may be entered as any positive value. The current
profile may be unidirectional, may rotate either clockwise or counter-
clockwise in a complex manner, or may be reversing. Up to 20 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 11 - 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 interpolatesbetween 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 1000 meters. In some cases an incorrect method is
shown with the correct.

i) A zero current profile is input as:

Correct

0,0,0
1000,0,0

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

Correct Correct
0,50,0 - or - 0,10,0
1000,10,0 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 0,40,0
200,50,0 100,50,0
400,25,0 Toor - 200,50,0
1000,10,0 400,25,0
1000,10,0

iv} A current profile varying with depth in both speed and
direction can be entered. For a simple profile with a clockwise sense
of rotation, the input would be: ‘
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Correct Correct Correct
0,50,0 - or - 0,50,270 —or - 0,50,315
1000,10,090 1000,10,360 1000,15,405

Note that in each case the rotation is 90° and when passing through
000° (North), 360° 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
0,50,315 0,50,315
1000,10,405 1000,10,045

The incorrect example would be interpreted as a 270° 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 - or - 0,50,360 - or - 0,50,405
1000,10,000 1000,10,270 1000,10,315

Note that again the rotation in each case is 90° and when passing through
000° (North), 360° is added. Incorrect examples would be:

Correct Incorrect
0,50,360 0,50,0
1000,10,270 1000,10,270
Correct Incorrect
0,50,405 0,50,045
1000,10,315 1000,10,315

Both incorrect examples would be interpreted as a 270° 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 9,40,315

100,40,010 100,40,325
200,50,090 200,50,405
300,50,070 300,50,385
450,25,180 - or - 450,25,495
500,10,155 500,10,470
705,10,205 705,100,520

1000,10,270 1000,10,585
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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 (315°).
These profiles with the opposite sense of rotation would be input as:

Correct Correct

0,40,360 0,40,315

100,40,350 100,40,305
-200,50,270 200,50,225
300,50,290 300,50,245
450, 25,180 - or - 450,25,155
500,10,205 500,10,180
705,10,155 705,110,130
1000,10,090 1000,10,065

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 0,50,0
200,50,0 200,50,180
201,50,180 1000,10,180
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 100 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 0,50,0
200,50,0 200,25,0
201,25,0 1000,10,0
1000,10,0

The incorrect example would be interpreted as having speed decrease
uniformly from 50 to 25 cm/sec. Interpolation for current speed at
the 100 meter depth would result in the erroneous value of 37.5 cm/sec.

1l. Drag Coefficients (see text 4.3.1, 4.3.3)

Machine Instruction:

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

ENTER: 1-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 irreqular 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, ¢, where:

a - is the indicator of the pair to be changed
1) wire (components 1-5)
2) 1line or chain (components 6-24)
3) instruments, cylindrical (components 25-35)
4) spheres, spherical instr. (components 36-40)
5) unspecified (components 41-42)

b - 1is normal drag coefficient

¢ - 1is tangential drag coefficient

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

1,1.5,0.007
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 12 - 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.0.I. components
at typical Reynold's numbers are stored in the program. The values are:

(1) (2) (3) (4) (5)

Wire Line Instruments Balls Unspecified
Normal (CDN) 1.3 . 1.3 1.2 0.5 0.0
Tangential (CDT) 0.007 ~ 0.007 0.9 0.5 0.0

12. 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 10 meters are typical satisfactory
input values, however, any length may be input. A rule of thumb is
to set the segment length equal to approximately 1% of the total moor=-
ing length.

13. Automatic Length Adjustment (see text 4.3.7 and Appendix F)
Machine Instruction:
AUTO LENGTH ADJUST ?: - @ TO 1@ 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 "@" 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 number 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 number in the mooring of the components of
a pair along with the objective depth, using the format a, b, ¢,
where:

a - the sequential number of the depth critical component
b - the desired or objective depth of "a" in meters
¢ - the sequential number of the adjustable component
Examples:
4,900,5
6,1000,9

In the first example, component number 4 is to be placed at a 900 meter
depth by adjusting component 5. 1In the second example, component number
6 is to be placed at a depth of 1000 meters by adjusting component 9.
(Note that the paired components need not be adjacent to each other.)

The operator continues to input the component pairs until the total
number he has specified are entered, at which point initialization is
resumed at section 14 - Point Force. No intermediate machine instruc-
tions are generated between entries.

NOTES: .

a) The length of any type of component will be adjusted because the
adjustment process is keyed to the sequential number of the component in
the mooring not the code number. The operator should assure himself that
the code of 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 1,500,6
4,1000,6 4,1000,9

In each example the process of adjusting the length of component 6 or 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 aborting the run (sense switch 14). In these 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.

14. 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
mooring.

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 = 1is the magnitude in pounds

b . - 1is 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 30° from the vertical in a direction of 135°.

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 0° - 180°. The azimuth may be 0° - 360°.

b) The program cannot handle a change in inclination of a single
segment greater than 90° (the cosine of the angle goes negative result-
ing in negative tensions). This m may occur when the inclination of the
point force is >90° 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, @ - 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.0.I. terminations
are composed of two 1/2" shackles and one 1/2" 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 "@" in response to the machine instruction and initialization
resumes at section 16 - 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 - 1is 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)



50

At this point initialization is complete. The operator has the
option of correcting input errors or of going to the run mode to
calculate the mooring statistics and configuration. A response of
"ggo" 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 17 = Change
Option.

17. 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 CURRENT PROFILE
8 DRAG COEFF
9 SEGMENT LENGTH
10 AUTO ADJUST STATUS
11 P.F. AT TOP
12 TERM. CONST.
13 COMMENTS
(*)14 CONTINUE W/O RECALC.
(*)15 INPUT MOOR. FROM PTR
(¥)16 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
number (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 2-15 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 14
and 16 have not been described elsewhere in this appendix. Op-
erating instructions for options 3, 6, 14, 15, and 16 are described
below in sections 18-21.

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

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

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

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 1-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 - 1is 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 =~ 1is the sequential number of the component in the mooring

that is to be changed, inserted after, or deleted
¢ - 1s the code number 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 CHANGE OPTION (1 TO 16)" described in
section 17.

Examples:

Component number 10 is a VACM instrument (type code 25) with a
length of 1.9 meters. This component was input during initializa-
tion in the format: 10,25,1.9 (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:

1,10,27,1.8

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 number 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 segquence 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 numbers 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 numbers
despite the insertion or deletion of components during the modifica-
tion process. This eliminates the need to determine the new sequence
numbers 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 3/16" wire and an 850 current meter)
immediately below component number 10 (a VACM) so that the final
ordered sequence would be VACM, wire, 850, the operator would make
two entries: 2,10,27,1.8 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.

¢) 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 10 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 14 - 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 10 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 17 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
1l - ON output the input parameters
2 - ON output detailed segment statistics
3 - ON output supplemental statistics
4 - ON : output summary 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 abort 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.



Option

6*

10

11
12
13

14

15

16
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Description

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 1-5,

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

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

restate whether measurement of synthetic line is at 200d2
loading or slack,

change anchor weight and effective area,
change depth of water,
change current profile,

change normal and tangential drag coefficients,

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 immediately preceding run without
recalculation,

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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10

11
12
13
14
15

16
17
18
19
20

21
22
23
24

APPENDIX C

CODING SUMMARY

Standard WHOI Components

Type

3/16" Wire, Jacketed
1/4 n " "w
5/16 " [1] [1}
3/8 n » n n

unspecified wire

3/8" Dacron, Sampson
7/16" " "
1/2" " "
9/16" " "
5/8" " "

3/8" Nylon, Columbia
/2" " "
9/16" " "
5/8" " "
3/4" " "

Unspecified line

1/4" Chain
3/8" v
/2" "
3/4" "

Code

25
26
27
28
29
30

31
32
33
34
35

36
37
38

39
40

41
42
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Type Length
Instruments -~ Cylindricalv
VACM 1.9 M
850 - Lt. 1.8
850 - Hvy. - 1.8
Engr. C.M. 0.8
Inclinometer 0.8
Depth Rec. 0.8
Tension Rec. 0.8
Tensac l.6
Unspecified -
Unspecified -
Release 1.8
Instruments - Spherical
Unspecified -
Pressure Rec. (MIT) 0.
Radio Float .
Spheres on Chain
16" Glass balls 1.0

17" Glass balls

Undefined
Unspecified

Unspecified
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b)

c)

d)
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APPENDIX D

STANDARD COMPONENT CHARACTERISTICS

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.

l) Area per unit length - stored in array A(1-42) -
units = meterz/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) -
units = inches?.

Constants used for the calculation of the elongation of wire and
synthetic lines under tensile stress are stored in array E(1-16).
The coefficients of elasticity of standard W.H.0.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) are
applicable). '

A total of 42 components are classified under the following
headings by code numbers:

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

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 1/2" shackles and one 1/2" master link. The weight

(as buoyancy) and length of this hardware unit are stored as constants.

Buoyancy (TERMW)

-2.19 1bs

Length (TERML) 0.203 meters .



WIRE - U. S. Steel torque balanced, jacketed

e i

Code  Size Area* Buyoyancy R.B.S. Metallic Area
1 3/16"  .0065786 -0.154 4000 0.01611
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 - - - - -
R E(l) = 0.01428571
| E(2) = 20.5 x 10°
E(3) = 0.0 (dummy, not used)

E(4)

0.0 (dummy, not used)

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

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

Code Size Area* Bugyancy R.B.S.
6 3/8" .00890588  -0.0375 5700
7 7/16"  .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 10° (Ap)**

E(6) = 0.607 (l/BP)

E(7) = 3.83 x 10°® (a,)
E(8) = 0.74 (l/Be)

*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).




NYLON - Columbia, 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 10° (AP)
E(10) = 0.516 (l/BP)
E(11) = 1.3262 X 10° @)
E(12) = 0.535 (1/B)

*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 Buoyancy  R.B.S.

16 - - - -
17 - - - -
18 - - - -
19 - - - -
20 - - - -
= A

E(13) 0.0 (. p)

E(14) = (l/BP)

E(15) = (Ae)

E(16) = 0.0 (l/Be)

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




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 419.52 48600

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

Code
25
26
27
28
29
30
31
32
33
34

35

*The listed value is the total effective area (metersz) of

Type
VACM

850 - Lt.
850 - Hvy.
Engr. C.M.
Inclinometer
Depth Rec.
Tension Rec.

Tensac

Release

Area*
0.30001
0.32251
0.32251

0.12834

0.26982

Buoyancy** Length

=75.0

-40.0

-50.0

-40.0

-80.0

1.9

1.8

1.8

0.8

1.8

irregularly shaped cylinder viewed in profile.
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.




SPHERICAL INSTRUMENTS

Code Iype 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 (metersz)
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 Type 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 buovancies of one sphere and
one meter of 3/8" chain.

UNDEFINED - (Unique drag coefficients)

Code TZ pe Area Bugyancy 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:

Input Parameters

Mooring Statistics - Summary

Supplemental Statistics

Segment Statistics

i b W Ny
i

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
with 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 PARAMETERS - List, in a heading format, of the unique
features of the mooring not appearing elsewhere. Also lists the cur-
rent profile and external point force acting on the mooring.

INPUT PARAMETERS

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 . XXX
WATER DEPTH X.X ANCHOR WT (LBS) X.X
P.F. MAGNITUDE X.XX ANCHOR AREA 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

CURRENT PROFILE

DEPTH SPEED DIRECTION
X.X X.X CM-SEC x.x DEG
X.X x.x CM-SEC X.X DEG

a) -DRAG COEFFICIENTS:

CD (N) - (dimensionless), normal drag coefficient, array CDN(1l-5)
CD(T) - (dimensionless), tangential drag coefficient, »
array CDT(1-5)
WIRE - components 1-5, smooth cylinder
LINE - components 6-24, rough cylinder
CYLIND - components 25-35, cylindrical instruments
SPHERE - components 36-40, spherical instruments
UNSPEC. - components 41-42, 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



f)
9
-h)
i)
3)
k)

1)
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ANCHOR WT. - (+ pounds), weight of anchor in water

ANCHOR AREA - (meterz), effective surface area of free-falling anchor
?ERM. VELO. - (meter/min.), terminal Velocityiof free-falling mooring
SEGMENT LENGTH - (meters), maximum incremental component length
TERM. WT - (pounds), buoyancy of termination, one per component
TERM. LENGTH - (meterS), length of termination, one per component
CURRENT PROFILE - lists current profile as input by operator

DEPTH - (meters), from surface

SPEED - (cm/sec)

DIRECTION - (degrees), relative to north
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2) MOORING STATISTICS - SUMMARY - 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.

COMP TYPE
XX XX
a) CoOMp

b) TYPE

c) LENGTH

d) WEIGHT
e) DEPTH
f) INCLIN

g) TENSION

h) EXCUR
i) DRAG

j) BACK-UP

MOORING STATISTICS - SUMMARY

LENGTH WEIGHT DEPTH INCLIN TENSION EXCUR DRAG BACK-UP

X.X X.X X.X X.X X.X X.X X.X X.X

sequential number of component
code designating the component type (refer Appendix C)

(meters), the measured or unstretched length of the
component

(pounds) , the total immersed buoyancy of the component

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

(degrees), inclination of the lower end of a component
from the vertical (in components with >1 segment, the
inclination of the lowest segment)

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

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

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

(pounds), reserve buoyancy of the mooring below the
component (the weight of the components below the
release is neglected)



67

3) SUPPLEMENTAL STATISTICS - Listing of additional statlstlcs

of the mooring useful for evaluatlng its performance.

COMP TYPE CD(N)

XX

a)
b)

c)

d)
e)

£)

9)

h)

i)

3)

XX X.X

COMP
TYPE

CD (N)

AREA
STR.LT

PERC.STR

S.F.

XEXCUR

YEXCUR

LAUNCH.TENS

SUPPLEMENTAL STATISTICS

AREA STR.LT PERC.STR S.F. XEXCUR YEXCUR LAUNCH TENS

X . XXX X.X X.XX X.X X.X X.X X.X

sequential number of component
code designating the component type (refer Appendix C)

(dimensionless), normal drag coefficient applicable to
the component

(metersz), 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)

(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 of 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 JXXXXX

a) COMP sequential number of component

b) TYPE - code designating the component type (refer Appendix 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), normal drag force acting on the segment tending
to incline (not accumulative)

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

1) TDRAG - (pounds), tangential drag force acting on the segment (not

accumulative)



5)
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COMPONENT CHARACTERISTICS - Listing of the composition of the

- mooring by components with their associated characteristics. Also the
constants used in calculating total elongation.

COMP

XX

C

(1
(6
(11
(16

a)

b)

c)

d)
e)
£)
g)

h)

i)
5))
k)

1)

COMPONENT CHARACTERISTICS

TYPE LENGTH

OMP

- 10)
- 15)
- 20)

COMP

TYPE

XX X.X

(1)

« XXXXXE+XX

LENGTH

A(I)

W(I)

RBS(I)

AW(I)

STRETCH CONSTANTS

COoMP

COMP

COMP

COMP

(1 - 5)

(6 -~ 10)

(11 - 15) -

(16 - 20)

A(I) W(I) RBS (T) AW(I)

« XXXXXXX X o« XXXKXX X.X « XXXXXX

STRETCH CONSTANTS

(2) (3) (4)

- XXXXXE+XX « XXXXXE+XX < XXXXXE+xX

sequential number of component

code designating the component type (refer
Appendix C) ‘

(meters), the measured or unstretched length
of the component as input

(mz/m), area per unit length
(1bs/m) , buoyancy per unit length
(pounds) , rated breaking strength
(inchesz), cross-sectional metallic area of wire
(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.
components 1 to 5, wire

" 6 to 10, dacron

" 11 to 15, nylon

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
switches 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)

3/16" wire (1000 meters)
intermediate buoyancy (2 glass spheres)
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)



ENTER FIVE 1I/0 DEVICES
SOFT COPY,HARD COPY,PAPER PUNCH,KEYBOARD,PAPER READER

STANDARD URN ARE:
2,6,4,1,5

2,6,4,1,5
INITIAL RUM FROM P T. 7: 4-YES., @-MNO
0
CHRMGE COMP. COMSTANTS?: 1-YES. G-MO
l .
ENTER CODING:A~MCIo, 2=~ACI0, I-RESCI Y, 4—AMC D)
THEM TYPE COMPONENT CODE MO, RAND MEW YALUE

1,23,-8.5

HEXT OR 99
2,23,0.46

HEST OF 29
99

CHAMGE STRETCH CHARARCTERISTICST: 1-YES. B-NO
1 -

ENTER: 1-WIRE. Z-DACRON. Z-hHYLOM. 4-UNSPEL.
3

NOL ENTER THE 4 COMSTANTS
1.5E+05,0.52,1.33E+05,0. 54
NEXT 0F %9
99 |
MOORIMG COMP. MO, . TYPE. LENGTH OR MO, OF BALLS
1,38,1
NEXT R 2o
2,23,2
NEXT 0OF =9
3,40,20
NEXT 0OF

6,40,2

- 8,6,1000
NEXT OF 23
9,40,8
NEXT OR =23

10,35,1.8
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NEXT 0OR 29

11,23,5
MEXT OF 33

12,15,20
NEST 0OF 23
13,23,3
ME=T OF 25
99
LINE MEASURED AT ze@dcDozoR?: 1-YES, a-MHO
1
EMTER AMCHOR WT. C+LEBS»., AREACCMISERD
2500,1.0
ENTER COMMEMTS - 1 LINE MAX
SAMPLE RUN OF TYPICAL WHOI SUBSURFACE MOORING - OCT 1975
ENTEF:: DEFPTH OF WATER ‘METERZD
3000
INFUT CURREMNT FROFILE DEPTHiMETEHSEJSPEEDﬂEHJSEC}JDIEECTIDH&DEGE}_-
0,30,90
1000,30,90
1500,20,180

~ 2000,15,135
3000,10,90

CHANGE STRWDARD CD?: 1-YES. 8-NO
1 .
ENTEF: 1-WIRE. 2-LIMNE. Z-IHNSTR. 4-BALLS, S-UNSPEC. THEMN CDuMNI, CDOT?
4,0.5,0.5
MEXT OR
99
SEGHMEMNT LEMGTHOMETERS 2?2
- 100
AUTO LEMNGTH RADJUST? -8 TO 18 COMPOHENTS
2
ENTER: CRITICAL COMP. ., DESIRED DEPTH. ADLJUST. COMF
4,900,5
7,1900,8
EMTER MAGHITUDE. IMCLIMATION, AZIMUTH OF F.F.
0,0,0
CHANGE IN TERMIMATION COMSTRMTS?: 1-YES, S8-HO
1
ENTER TERM. LEMNGTHIMETER?». WT. JLES>
0.2,-2.2
GO - 039y OR OPTIOW? — 1 TO 16D
9
SEGMENT LENGTHOMETERS»?
50
GO?F — o329 OR OPTION? — C1 TO 1&d
99 '

=«

)



SHMPLE RLUN HF TYFICAL KHOI JHEJHFFHIE MOORING - QCT 487

INFUT PRRAMETERS

DRAG COEFFICIENTS

UN'FE:

Do i |
‘

) _,,n IS!
Rt 15

HWIFE LIME YL IHE SFHERE
ChOoMy 1. Zai 1. 26 1. 288 . SERG
CDCTo . Bay . aay . DA 15
MARTER DEPTH ZEaE @ FAMCHORE WT. CLBS
F. F. MAGHNITUDE . B3 AMNCHOR HEEA
F.oF OIRNCLIMATION G TERM., WELQ MAMIND
F.F. AZIMUTH . A SEGMEMT LEMGTH
TERM. WT -2, 285 TERM. LEMGTH
CURRENT FROFILE
OEFPTH SPEED DIRECTION
. B8 88 CHM-SEC SEB 8 DEG
18668, & ZA. 8 CHM-SEC 28 a8 DEG
1583 a 28, 8 CHM-SEC 128 @ DEG
Z0eE, A 15 & CHM-SEC 1325 @ DEG
Zapa. o 14 8 CM-SEC S5 8 DEG

l-.'

ZSEE. §
1. 88

3.7

b1 5 R
2603

73
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SAMPLE RUR OF TYPICAL MHOI SUBSURFACE MOORIWG - 007 197

L

SEGMENT STHTISTICS

WEWCL

1]
m
Lo
[a]
22

M AZD UDRAG WDRAG TRRERAG

COMP TYPE LENGTH THCL HES ! g
e 1. 2. - & Boos0a 1 a2 B L 5 1 s =)
= I3 - 1. 5 S N - SLLS S B R
2. 5 25 :

[t
A]
T

k)

R R R o N R o P S RN RERRRE )

[ |
A
L3
D Tkl R P OO R AA R MNP SO D 0D~ R A E BRI AW DD R
i

T
B B Y By
[yl

T
'l
T
iy I I ]

MY
't

TR B Ry By B

DGR DT
OO R O R T R R P A b el L B R D@D

ORI LRI ORI I O Y s B By B e B oy By 0 Acx B kt B Bt B B et Bt B B B s B B e B B By O T P o B icon B o B By Iy I oy B T e By L Wy s Bt B s B icn B By B O I CA QR A
-
oy}
L I % B A Bt P
A

T
L

ST AT RO N0 D D D
R I Y S iy B o % % LS

T T

DA k]

&
&
(5]
(5]
&
E)
=
T

0L LT A0 LS w0

LI IS B I I [ AR R I

B
8§« Ja LY S B8 0N I oy B oy B
S a

S Bat IO B SR DU et U Ol g A

. 204 1 25 . @
@, - 273 114, 5T L@
. - 26, 3 123 I L@
. ~ 25 F A3 28 . @
. - =2 SE 8
(58 o

e,

I
P N R RS DO SRS DD
B P

BT bed B A0 Ty e B - 0
S R Sl
-l !

5 - o 1. & av
@, -. = = = =i
. - = 38 1TE 75
£, - o 8 A T B % bl

- = o = L

(XN

RN

il ol o 0
£

LE,
157,
153,
145,
144,
11,
144
1._.:‘1::'

134,

DR B0 B S B W R S R I B R I

X
L

~j

g
1P T LD

b o ga fo bad dad bed b bl e Laf Ll bl bl bef Lol bad 3 R P

FRPPRPRPPEPREPRPRERPRRERERRRBR BB

S A
oo
iy B O oy s TR PY I

Rl R RN

DRI R et Bt B R U I
IR IR W s O R P
RX]
-3
A

G E B g D R
('-.
h

! !
R el ol ol o i

B B B ¥ B N R SR AT ST NS S S OO B o CN SR PY I R B i S 0 2

[ny]
=
=
i
0 [xx|
el el il el el el il el el ol el el e el ol el e el N T T

R EC TR B R R B N R R B B B B |

hJ&

70 OO A A O s O O A

a0
U OV 3

20

o100

] !Ti oo o0 _"-.] .'v.J '-.j }_T'. 5]", !:_ﬂ _L

[ A2 TS T o Y B 0y T oy o T % e

P U N DU

ux]
]
=1
Y

1
i
AT L0 P T

Ll ool SO AR LY IS DU

(X RS Bt B o A T B S A PY I (4 I (A
[
£

Rl b R D 00 =g L L D o) 2 RS R Ll B L DT

ey
g

B A PY L o DRI R~ D A
Pl
3

"t

0

X
T

D R
.' .i
X - DI I ]
LU TR S G LR S R R A

T

i
a2 T e o L O RA BN Y 2 O

IRy R n
-
{
DI ]

R N L

L0 WL WY LD D

=1
1]
Y
al

]

Lt
[ax]

-l

i
fex]

b 1. . 1.
] =" <. 1.
5 1. 4, 1.
3 1. 4. 1. !
2 5. —1. 4, ey S 1. .14 LT
a . —~1. 4, 1 25, H5. 1. B e § 7
= S, e 4. 13 12303 18, 1. 5bY
= T, -1, 4. 1= 121, 8 18e% 1.1 L ES
o = ]S -1, 4. 1= 18 Sy 112 CBE. g
] = s —1. 4. = 12 1ie 2183 1. 8= CEZ2 g
o =] T, -1 Ea 1= 114 6 12 2 1 gs LB R
& =] S, -1, TE 12 i i ISR 1 5 R IO b4 B = 1 B
] = b5 =1L & |2 1202 183 4 18% 2 g B % &
& = B, -1, & o2 113 187, 1 1a% =k . & 1
2 = S . -1 3 o2 11, 1eég, & d1es 2R - Bl a8
& = TR, b S 11. 18 & 25 - 81 8 =
2 = b5 -1 9 3z 14 1B, |5 28 - @2 g S
LS = b -l.2 54 ] B A%
5 1. o4 &l ¥
b 1. 505 & S
. &
5]
&
5

O 3 D LD RO T

Tt I

=
Pl
xR
I
P B o

BG
{

..
B
F Y
LY R
¢
T
T A

PR i B SO O I T M 3 O ]
PRSI R N s b e VS BT RN
=
per]
P S SR LT NI R (ST QYK A

[
=
OO e CU T P I Y
RUIRE I  A s
[
3
I N N IS A B A R F SN x Yy BN )
DS E PR W

tod LN b
I

i

[s FRERY )
=

5

ax]

|

]

1= = - x £, 1 46 P



SAMPLE RUM OF TYRICAL WHOT SUBSURFACE MOORING — OCT 1875
MOORING STATISTICS — SUMMARY |
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SHEAPLE RUM OF TYRTCAL WHOT SUBSURFACE MOORIRG - Q0T 1875
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SAMPLE RLUIM OF TYFICAL WMHOT SUBSURFACE MOORING — O0T 1975
COMPOMERNT CHARARCTERISTICES

COMP TYPE LEMGTH

o
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ANCR
ANCRA

ANINC
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BKUP

CALC
| CDN
CDT
CLI
CLIN
CONST
CPp

CPK

DB

DCP
DN
DONE
DPT
DRAG
DRGT
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APPENDIX G

GLOSSARY - PROGRAM VARIABLES

array, 42 components, characteristic of area (mz/m)
wet weight of anchor in positive pounds
effective area of anchor (mz)

angular difference of inclination between adjacent segments

(¢n - ¢n—l)'

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

reserve or back-up buoyancy at top of each component (1bs)

subroutine, calculate mooring configuration
array, 5 normal drag coefficients

array, 5 tangential drag coefficients

length of segment n (meters)

inclination of segment n-1 (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 >1, indicates start of output sequence
water depth (meters)

accumulative normal drag acting to incline the mooring (pounds)
tangential drag force (pounds)

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



ELT

FUDG

FPM

IBKUP
IC
DA
IDM
IDz
IHDG .
ISLEW
IT

Iv

Il

I2

I3

I4

JC
~ JCD
J1

J2

82

array, 16 stretch coefficients

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

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

conversion constant, meters to feet

input dummy, control variable primary loop
flag, reserve buoyancy calculation

number of components in mooring

array, critical components in auto adjust
array, adjustable components

number of components to be adjusted

array, user comments

new oﬁtput page instruction

array, sequential order of mooring component types by code
number of points in current profile
component i type by code

counter, mooring component change option
dummy

dummy

input/output dummy, control variable
counter, current velocity interpolation
function, subscript for drag coefficient
drag coefficient subscript

indicator, type of elastic component

control variable, secondary loop



LI
LIl

LL

Lo2

LOo3

PCLIN

PTIO

QA
OBKUP

QCLIN

ON200

OR
Qs
QSL
QTENS
oW
(0)
QY

number of segments in component i

unit reference number, manual input device

‘unit reference number, paper tape input device

flag, initial/subsequent run
unit reference number, soft copy output device
unit reference number, hard copy output device

unit reference number, paper tape output device

input dummy, subscript

input change option code

inclination of segment n (radians)

subroutine, paper tape 1I/0

output dummy, total area (m2)
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 dummy, safety factor

output dummy, percent stretch

output dummy, stretch length (meters)

tension at bottom of segment n (pounds)

output dummy, total buoyancy (pounds)

output dummy, component depth, X displacement (m)

output dummy, Y displacement, excursion (m)
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RC

RCP

ROT

ROTN

SEG

STRL

TCLIN

TENS

TERML

TERMW

TL

TLD

TRANS

TSTR

TTENS

TVELO

TVHT

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-1, 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-1 (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)



T1
T2
T3
T4
TS
T6

T7

UTVN

UDRGN

VDRGN

VsQ

VTVN

XEX

XL
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array, store component i "u" drag (pounds)

inclination (degrees)
" " " " tension (pounds)
height (meters)
X displ. accumulative (meters)
Y displ. accumulative (meters)

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)?]

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)

dummy
horizontal displacement in X direction of segment n (meters)

array, input length of components (meters)

dummy

horizontal displacement in Y direction of segment n (meters)

dummy, component of tension in segment n-1 tending to restrain
rotation of segment n
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APPENDIX H

PROGRAM 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) " TRANS
5) " PTIO

6) Function JCD
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E "TZLEMW" ARMVAMCES PARGE TO MEW ZHEET
N

A
%
&
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IF ©ISSHOLy 248, 253
WEITE «LO. 283 ISLEM
FORMAT CF2)
WRITE L0 CIHDGECR Y, K = 4, Z60
MEITE «L0, 213 fCDMOID. I = 1, S COTodn. T =
21 FORMAT < 26H, 17H INFUT PRRAMETERS. A6+, 15H DRAG COEFFICIENTS
1180, 43H WIRE LINE  CYLIND  SPHERE  UNSFEC
2/EH CDOMD, SC4 FS. Z0, S6H COOTo, Sodi, F5. 200
WRITE «LO. 22 DFT. ANCR. TTEMS, ANCRA. TCLIN, TVELD,
LTROTH, SEG. TERMM, TERML
22 PORMAT o 1LHUATER DEFTH, £ FE. 1, S0 ASHANCHOR WT. (LES).
F7. 1. #LEHP. F. MAGNITUDE, 41, F7. 2 LAHANCHOR ARERA.
A,FL 2o PLSHF. F. IMCLIMATION. 2H. F7. 2, 83,
TAEHTERM. WELDL CPMING, 43 FS. 1, AL1HE. F. RZIMUTH, 65 F7. 2,
LAHEEGHEMT LEHGTHJZZ,FE.i- FHTERM, WT, 160, F7. %
S, LAHTERM. LEMGTH, 115, F5. 30
WRITE L. 230
2T FORMAT ©//8H, LEH CURRENT PROFILES
1ZZH  DEFTH SFEED CIRECTIOND
(o 2% 1 = 1 1
MRITE (LD, 243 DOPCIN. CRODY, ROPODY
24 FORMAT o1 FE 1, 2 FS. L, TH CHM-SEC, 26, F5. 1, 9H DEGD
256 COMTINUE
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MRITE HEARDINMG FOR SEGHENMT 2TRTS. IF 55-2 IS OW
AHD REEMTER SUBR. CALC

=

g
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25F IF CISslo2ay 254, 269

=54 WRITE YL 28 ISLEW
WRITE JLos 253 CTHDGOE 2, K
MEITE G0 ZE>

2 FORMAT oA A LEHSEGHMEMNT STHRTISTICS
WRITE L. 3 '
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Z4 FORMAT COSVEH COMP TYFE LENGTH INCL #EXC. YEXD © SP
10 CODIR M AZT LDREGS YORAG TORAGH
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SUBROUTINE CALC PERFORMES ALL BRSIC CALCULATIOMS

CALL CALD
IF CISShodldssy 220, 257

[

I R I R R

00T R RS D
I
n
i

CHECE DIFFEREMCE BETHEEM ASSUMED DEFTHORDY HMD THE
CALCULATED CEFTH OF THE TOF COMPOMNEMT. LESS THAM =2 & M. 7
IF YES - CHECE AUTO ADJUST STATUS.

IF WO~ CALC HEW FUDG, SET MEM RO

CH-RCH#E. T OTO HASTEN COMYERGENCE IM LARGE CURRENT SHEEE

o

]

IF CDOME-1. @) 258 269
Moo= DPT-T40I0)

IF (ABSCRO-MI-2 @3 260, 259
FUDG = FUDGHH-FI 0 #a@,

RO = CDFT-TL3+FLIDG

GO TO 255

LI O]

ot in

XY

e Ty T T T T T
DA DA s DA B B B I B R I W )

i
0

A}

P Y

SEER I O P K R IR I Y B OO [ O O I |

WENERER RN EREN

LA

I I o SO ]

ALUTO ADJUST EMALUATION - CHECKE SPECIFIED IMSTRUMENT
DEFTHE. IF AT DESIRED DEFTHS ~ SET CDOME=Z2. @3 AMND
GOTO OUTRUT, IF DEFPTHS ARE INCORRECT - ADJUST
LEHGTH OF CI0MD AND GO TO C2280

Ty Ty
ey

IF CIDZ-40 288, ]
DO 2ed B = 1.1

Py P

i CHECE ANC ADJUST LOWEST ELEMEMWTS FIRST

CIDE—-kr+1

IDECT

CLDPT=T4 O I 0 24+TAC L 2 a—DEC T
FOOoRBSOE—1. @3 284, 262

IDMCT

o

- [a] o iy

L 2RE 0OF 2 TO PARAETIALLY ALLOK FOR STRETCH

o
ML Ty = HLCT 2 +5wE w0
GoTO 225
2ed CONTIMUE
2ea DOME = 2 @
GO TO 245
[
[ IF ZZ-4 O DUTFUT SUMMARY OF MOOR. STATS
[

28 IF CISSWodns 274, 281

271 MRITE oL, 2682 ISLEW
MEITE <L

272 WRITE (L, ;

25 FORMAT (22w, 2EHMOORING STATISTICS — SUMMARY
14783 COMF TYPE LENGTH  MWEIGHT DEFTH INCLIW TE
ZHZI0ON  EXCUR DREAG BACE-UP 3

dOCIHDGYE L E o= 4 360

B
IF ¢ IEKLF:
2T BEUFRF = 6. &

274, 2T, 2TE

922
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GoTO 2V
BHUF = BERLF=CHLCK L T+ TERM
IF (ITEK»=35) 276, 275, 276
IBKUF = =
SO = LR RS T

Qe o= COPT-T40 IO +T40KD

By = SERTCCTSCICI =TSO k@ TEC T —TE KD 1k
MREITE L 260 K. TTOR . BLOK D, Ol 0, T2 0K,

ATZ R, G, TLOK D BEUR

26 FORMAT 14, I, 12 2¢ FE. 1, 48 F7. 4. 24, F&. 1. 1%,

1FS, 4, 36 FE. 4, A FE. Lo s FS 4, A4 F7. 4
IF CISSHOL4ss IR, 280

2EE CONTIHUE
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DO QUTRFUT SUPPLEMEMTARL STRTISTICE

o
D

[3cn M}

w2l IF TSSO EN Y B2, 291
2 WRITE L0, 26;
WRITE «LO: Z52 CTHOGOK K = 4, 38
WREITE CLiD. 270
27 FORMAT <24, ZEHSURFLEMENTAL STRTISTICS B
14¢Z23H CofP TYRFE CDONDY ARER STR. LT PERC. STR
=222H ~ F. HESCUR YESCUR LAKNCH TEHS 3
Lol Bo= 4. IC
I1 ITOK
Ja JOLer T
IF CITOK»—250
IEE OR = RBESC
GO TO

EREEER

Do I I 5 I v
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N

S T
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SRR ENENERERE)
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S AR o= E1
285 OF =

G
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EL = TFOE! '+ L I 2

e o= TSOID =TSR

Y = TeoICx-TECkK

WREITE <LOL 28 kL ITORE D, CONOILDY, OR: OIS0, 05, 2R,
dehe, G THOR

28 FORMAT CI4, ZH, 12

1F4 1, F7 1. F7F. L, 3

=298 DOMTINUE
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HLFE L LK FE. 3.3 FE. 4, I, FS. 2. 30,
L FE, L
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IF S5-5 @b OUTPUT COMPOMENT CHARACTERISTICS

)
o

[xy ]

IF CISSWOSHy 292, 226

MRITE <LO, I5LEM

WRITE LD, CTHDGEK . K = 1. 360

LRITE L0, 47!

47 FORMAT ¢ 16%, 26H COMPONEMT CHRARACTERISTICS
24UEAH COME TWFE LEMGTH BCIy MO RESCIY  AMCIxD
OO ZEE K o= 1, IC

I1 = ITCKED
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IF ¢ITeH —6) 29%, 204
FIbC T

IF CITEK»=25) 295, 296
Y o= RESCILD
PR WMRITE L0, 430
@417 FORMAT © 14, 2
SERE IF cISSHO1430

X
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i
ha

G413
@14
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Lo L0 00D
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ZO8 CONTIMUE
WRITE oL, 43y CE
45 FORMAT 18, 18
1o2sn e COMP. L2, ZH
GH 01 - S50, 40ELE
SEHTLL — 450, 40ELE

=
o )

cdED
COMNSTANTS
MO LA THOZ 0 18 ZHC ),
.= oA CELE S,
AoGCELE Sl
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(I "FARUSE" TO THINK, IF S0 IMCLIMED
WRITE CQFTIONS FOR POSSIBLE CHAMGES

A R A
LEEREER R R RE R

Do}

T2E COMTIMUE
WRITE LOd. 290
22 FORMAT 0 YSENSE SHITCH? — PUSH RLHYS
© PAUSE
Il IDE = o
WMREITE L0, 445
44 FORMAT CL4HCHAMGE OFTIOMSA13H 1 COMP. CHAE
SLEH 2 STRETCH CHAR. ~21H 3 MOOR. COMNFIGURATION
SEEH 4 ZERCDISOR MERSUREALIH S AHCHOR LT
A14H & WATER DEFTHALEH 7 CURRENT FPROFILE
2 DRAG COEFF-17H 9 SEGMEMT LEMGTH
SELHLE AUTO ADJUST STATUSA14Hi1 P F. AT TOF
SLAHLEZ TERM. CONST. <14HLE COMMENTS
2EH14 COMTIMUE L0 RECALC/22HAS IMFUT MOOR. FROM PTE
AEEHAE DUTPUT FMOOR. T PR3
FEE READ LI, 3 MNEW

XA B R
[ I I ]

X}
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[FX]
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47 O oPTION t+ 2 =
ST GO TO Cad. PELLSH, 9
1215, 245, 55, 3
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QUTFUT EXISTING MOORING AHD COMNSTANTS TO FAFPER THFE

CALL PTID

WRITE ¢LOd, T4

FORMAT <007 — ©393 OF OPTIONT? — o4 TO 4639
GOOTO EEE
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SUBROUTIMNE CALC
SHEROUTINE CALC — USE WITH FROG. HNOYFE., REY. =01

FROGEAMMER MOLLER OF L H O 1.
CALCILATION TO DETERMIMNE ALL MOORING STATISTICS

COMMOM odZa, Rog2 s, RESC24 0, Al E 1

COomMMorM ITOES s, '=~':L-:Iv':'-522-' T EF"- L LD H' S, DTS
COMMOM DCRC 5_ SOPC2Rs, ROPC2EDS, IH[-'_v" 3=

SO0 T oes T.:..' E50, TS0, THCES T== S, TECES
COPMoe 1 E.'H-..J.u Do T0MeAEs, DECLIG

COMMOM DRPT, G208, DG, FRM. LI, LD, LD HEL, TERMM, TERML
oMM B0 PIL TLY IO, IW FUDG, BC SEG, DONE

COoMMaN TOLIN. TTEMS, TROTH. QEELFE, TVYELD, ANCE. AMCEH

ll'l

deTPCES

.'ﬂ

FESET WARRIAEBLES T IMITIARLIZE

TLD = EF'T TL
DREAG
Joo=
TSTE
TWHT
CLIM T LI HsRD
POLLIM = CLINM

TEH= TTEMNS

FOTH TFl ITI'HF['
THEEHS
THEH
Pl o= 4. HTF‘ﬁlE 5l

L I L PO

Hunh

(]
-
] l_,,l

-
o
o
L

FRIMARY LOCOF

= 1., IC

DETERMIME DREAG COEFF. SUBSCRIPT CFUMCTION JCDo
JLo= JOLal Tl

CETERMINE MO OF SEGHMENTS IM COMPOMENT oI

L = 1+IFIECHELI T 3 A5EGY

SECOMNDAREY LODF FOR SEGHMEMT CALC

OO So2 K o= 1L

SET ZEGMENT LEMGTH CCLI AMND BUGYAMNCY CWT
CALC. CURRENT :— MEAMN DEFTH CDk>. SPEEDCWND,
DIRECTIOMCROT s FOR EACH SEGMEMT

IF ck-L2 Seas, 207

CLI = CRLOIx—SEGHFLORT JK—12+TERML

WT = MWoIi0#CCLI-TERMU 3+ TERMI

GO T S1d

CLI = SEG

BT = WoId»+5EG

DH = TLO+OCLIAZ B0+FUDGH CDPT—C TLOHCLTA2, @0 TL
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AZSIGH DEEFEST CURREMT WALLES IF OW EXMCEEDS DFT

IF CDHN-DFT» Si1d, 512
WH = CPCIVY*CPE
FOT = RCFCIVI*RD
GO TO Sis
IF COMN-DCPCJICYY 518, S
JOo= JC4+1
GOTO S14
LT C I e S [ nE Tt ) SO T S ek I I TP T < (e R i e =D { s I
Lt CF 0 JC 0 —CF CIC—1 000 2 s CPE
EOT = CRCFCIC~La+ 000 DN=-DCPCI0=1 3 0 A0 DO I 0 =DCP O T0—L 0 20
I S S DR S T R R

SET ROTH=ROT LHEM TEWNSION = &
IF CTEMS» 52z, 522, 524
ROTH = ROT

CALC. DRAG FORCES, TENSIOMN, TNCLINATION AMND AZIMUTH OF SEG
ITERATE UNTIL CHAMGE LESS THAM @ 1 DEGREES FOR
IMHCLIMATION — LOOF 528 TO S3Z6

FOORIMNG RZIMUTH - LOOF 5328 TO 527

FOTH
FOTH
TEHS#SIMNCCLIMND
v L IN = PCLIN

AMING = QCLIN-CLIM

UTWH = WH#COSOROT—ROTH?

MTWH = WS ITHOROT-ROTH

DRGT = ACILxPICLTSC0T CIL o S TMOCTL TH 2T 3o
LOABS CSTMORTL T UTWR D 5

UDEGH = AT L TeCDMOITL b D O0S C Rl TH el T D %
1 CABS CODS CRTL T LT 2

WORGH = ACILawCL THCDN T bl TYRERES CY TR D

HTT = LT+COSCQCL I :

HWTH = WT#SIMOOCLIND

HTEHS = TEWNS#COSCANINC Y +MTT+DRGT

'T|

ot

-

<

C=WTHY CHAMGE SIGH OF WTH FOR CORRECT SEMSE

FOLIN = ATAN CCUDRGH-MHTH-TEMS#SINCAMING D 2 AOTENS 2 +GCL TH

AWVOID S0 @ IW STATEMEMT S23

o

IF CQTEMZESINCPCLINID 523, 529, 523
= A aACETENS#STHNOPCLIMND 2 242

IF CISSkCLdly 570, 525

HSSURE +FPCLIM

IF CPCLIM: SEiJEEQ;SEF

RATE OF CHAMGE IM AZIMUTH < & 1 DEGREE?

IF TABSOABSCEI-ABSCROTHI 208 LeRDr )y SZ6, 528 '

W= ROTH
GO TO 526
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RATE OF CHANGE IMN INCLIMATION < & 1 DEGREET

532G IF CABRSCRCLIMN-POLIMY— & 1#RD> 7 SZ2, 528

HAKNDLES 126 DEG. ROTATION OF AZIMUTH WHEN YDRGN = 6. 8

ZEL FCLIM = —PCLIN

FEOTH = ROTH+FI

GOOTOD 529
522 TEHS COZCPCLIN-CLIN Y # TENS+WT+COSCPCLIND+DRGT
CLIN FOLTH

STRETCH CRLC. @ - J2 = FOR HWIRE «5Z80

FOr DRCREOM CS4d0

FOR MHYLION CS440

FOR LUHSPECIFIED o Sdd
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THTERFOLATION BETWEENWN THOIX&TWOI-13 FOR LAUMCH TRANSIENTS
FOR FERMAMNENT ELOMGATION CARLL,
ELT = FERMANENT ELONGATION + ELASTIC ELOMNGATION

o
4=
()

T T=L 0+ ST =T T =L 3Rl 0 T 3 ok SEGHELOAT (=13 +CL T 20
IF CH-TEHS) 542, S44

¥ = TENS

TRETN =R P ]

ELT = CoiseSCECHI®R T b2 2k 4L T 2+ ¢ & TEHS
LOETHAE kR T dbekZ 0 ek E ORI 20 0 3 108, &

(RN
e
NN

CHLC. SEGMEMT STRETCHED LEMGTHOSTRL
LEMGTH + FERCENT STRETCH *+ ZO@([LiSDR MEAS., K

G0 T S48, 358, 552, 5480,
FSTRL = CLIs0Ll B+ELT

GO To 554

STEL = QLI+l B+ELT D266
GO TO 554

STREL = CLI#CL G+ELT O

Iz

KO 8
DI

Lfoun

o
1l
]

P |
L

r

CALC. HORIZ ERCUR. CHEXSYEX) AMD VERT. HEIGHT:WHT> OF SEG.

tn
o
Ky

HEH
WEH

l..ll H T

CETRELSTMCCLINI pCOn ROTH
CRTRLASINCCLIMS S THCRITH
STRLSCOS OO TN

QUTPUT SEGMENT STATISTICS

s CLINARD

IF CDOME-1. 6y Sei,
= ROTARD

Y o= ROTHARD

WM o= WHSCPE
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END OF THRFE.

WEITE L. Z2> I, X4, CLIL 2. HEX, YER. WN, M. %, UDRGH, YDRGM

FORMAT (I3, 3, I-;_ﬁ-Fc 1odkaFa 1, 2016, FS, 40, 4K,
LECLR, FSo40, 2049 FS, 20, 48, F&, S
SUM SEGMENT STATS. WITH COMPONENT TOTAL
DRAG =DRAGHUDREGH
TVYHT = TWHT+YHT
THEX = THEHS+XER
TYEH = TYEX+YEN
TESTR = TS TF+'HTPL—ILI
TLED = TLOD+CLI
CONT IHUE
TRHH FER COMPOMENT STATS. IMTO T ARRAYS
T1c1y = DERG
T2y = 2
TZIIY = TEMS
T4CIy = TWHT
TSI = THEX
Teolr = TYEX
Foly o= TETR
TSTRE = @ @
CONTINUE
FETURM
ErL
ERCE

+ DRGT

28
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CSURROUTINE COMST

SUBROUTINE CONST —~ FOR USE WITH PROG. HOYFE., REY. =1
FROGRAMMER MOLLER OF W H. 0, I

THPUT STAMDARD WHOT BUO0Y COMPOMENT CHARARCTERISTICS
FND STRETCH EHHRHETEHISTICS AMD DRAG COEFFICIEMNTS

COMMON 144 4L'-H'4¢'~PE”Q;4'-HHW“ R i

COMMOMN TTOES 0, HLOSS THOES, CDMNOSY, CRTES

CommMon Do CEPC2E5, ROPCZAD . THDMGY 3S

COMMON TLOES ), TEOEG N, TEOES Y TAES, TSOES), TECESY, TFCES)
COMMOM TDACLEY, TOMO1a, DECIA)

COMMON DFT. BNZE6, DEGE, FFM. LI1, L0 L0, HEW. TERMM. TERML
COMMOM RDG FIL TL I, IV FUDG, BT, SEG, DONE
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SUBROUTINE FTIO

SUBROUTINE FTIO - FOR USE WITH PROG. NOYFE. REY. @01
FROGRAMMER MOLLER OF W H O I

THRUTSQUTFUT SUBROUTINE FOR FERMANENT RECORD OF MOORIHG
SPECIFICALLY FOR UISE WITH A FAFER TAFE READER AND FARFER TAFE
FUNCH BUT USEAREBLE WITH OTHER 1.0 DEVYICES :
FEADSAWURITES HUMBER. TYFE ABND LEMNGTH OF MOORIMG COMPONEMTS
EEADZA/WRITES COMSTANTS ANMD WARIABLES UZED FOR MOORING COMFIG
EEHDE.HEITEL OFERATOR COMMENTS

COMMOMN bog20, RO, PE¢V“4U-HquW-EE16} :

COPMON ITCES), HLOESa, THOSE, CONCSN . CDTCS)

COPPC DIF'*B FPV”M'-FIP'jﬁJ.IHDuﬁEEﬁ

COMMON TLOES TJ'r s TEVESN, TGS, TS, TEIES, TPIESH
SO IDthU}.IDHnlUJJDEuluh

COMMON DFT. ONZOE. Dead, FRM, LT, L0 LOZ, HEW. TERM, TERPL
COMMON RC. P TL, TG, IV FUDG. RO SEG, DO lHE

COMMON TOLIN, TTENS, TROTH, BEEUR. TYELD. AHCE. AMNCRA

FORMAT C4F1Z 72 )

FORMAT I3 F1Z 72

FORMAT "“FfH*3W

FORMAT ¥R
IF CHEM-1%50
HRITE «LOZ.

AMCRA. TERMM, TERML. IC
WRITE CLOZE,

ZxCRESCING T = 4, 240,
CCDHCTI O  COTIIN T = 4, 5

[T = P |
WRITE <Lz,
CONTIMUE
MRITE CLOZ, Z8% CIHDGCI N I = 4, ZE0
S0 OTO 1818

F FMCREA. TERMM, TERML. IC
Sy VEBSCIN T = 4. 240,
'J{CDHiIEJCDT{I?sI = 1,32

FERC CLId, 2l

—
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I——II"
'L_
l

Ly d@Ez I = 4, IC
FREAD CLIi.ZEVe ITCIx, HLOIn

t COMT IMUE

FEAD cLI1, 282 CIHDGOIN, I = 1, 360
CONT IHUE

FETILIRM
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