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ABSTRACT

The Simulation Time Hiastory Computer Program, STH,
has been developed at the Carderock Divigion of the Naval
Surface Warfare Center to provide realistic, random wave
time histories of the six-degree-of-freedom (6DOF) ship
responses, i.e., surge, sway, heave, roll, pitch, and yaw.
The 6DOF "origin" time histories are developed using
transfer functions obtained from the Navy Standard Ship
Notion Computer Program, SMP84. The random waves are
simulated using a two-parameter Bretschneider wave spectral
model. The random waves are represented as either
unidirectional (longcrested) or spread : 90 degrees about a
predominant direction (shortcrested).

A separate Access Time History Computer Program,
ACTH, has also been developed to provide additional
displacements, velocities, and accelerations at various
locations on the ship. Force time histories, which include
gravity, are computed in the ship’s body axis coordinate
system. The ACTH program utilizes the origin time
higtories generated from the STH program.

The computer programs, STH and ACTH, are written in
FORTRAN 77. The response time histories are written from
the ACTH program in binary format but can optionally be
written instead in an ASCII format for ease in transferring
between computers.

ADMINISTRATIVE INFORMATION

Funding for this project is authorized and provided by the Naval
Sea Systems Command (NAVSEA) in FY88 under Work Request 10472,
Project Element 63546N and in FY89 under Work Request 10447, Project
Element 64270N, identified at the Carderock Division (CARDEROCKDIV)
as Work Units 1561-810 and 1561-859, respectively. Additional
funding to complete the documentation was provided by the Naval
Research Laboratory (NRL) in FY92 under Work Request 20057, Project
Element 62270N, identified at CARDEROCKDIV as Work Unit 1561-887.

INTRODUCTION
In 1981, CARDEROCKDIV* documented and released a frequency
domain ship moticn prediction program called the Navy Standard Ship
Motion Program, sMP81.! This computer program, and the subsequently
updated version, SMP84,2 calculates the translational and angular
ship statistical responses in irregular (random) seas.

* formerly the David Taylor Research Center (DTRC).
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Although originally encompassed within the scope of the SMP
developmental work, response time history generation has never been
formally documented as a computer tool. 1In 1976, using the theory
and equations from References 3 and 4, a longcrested, origin time
domain data base was assembled for a set of destroyers and frigates.
This data base, in turn, could be accessed and manipulated to obtain
either longcrested or shortcrested response time histories via the
Time History Access Progranm, THACPS. This report will provide the
software and documentation for generating origin time histories and a
new access program for utilizing them to obtain additional response
time histories.

The need for a time domain versus a frequency domain methodology
lies in the phase relationship between ship motions. Frequency
domain analysis eliminates the phasing information while developing a
universe of single amplitude, statistical answers for ship responses
over a range of ship headings, ship speeds, and modal wave periods at
specific wave heights. Frequency domain answers, such as those
predicted in SMP84, are independent, earth-referenced, absolute or
relative displacements, velocities, and accelerations at various
locations on the ship.

On the other hand, time domain analysis retains the phasing of
one motion with respect to another. Thus a data base of origin time
histories can be operated upon at any point in time to obtain
additional response time histories at various locations on the ship.
It also allows for the translation from an earth-referenced system to
a ship-referenced system whereby the forces on an object on the ship
can be determined. This is required when evaluating forces, apparent
in the ship’s body axis coordinate system, due to the component of
gravity contributed by angular displacements.

Applications for using time domain data are many and varied.
For example, ship motion time histories can be

o input to flight simulators for launch and recovery of
aircraft on moving decks;
o used for determining forces/effects on equipment,

aircraft, munitionss, or anything on or in the ship;




o utilized for human factors considerations and the
occurrence of Motion-Induced Interruptions (MII)7;

o helpful in developing/evaluating limitations on
shipboard systems.

The remainder of this report is divided into four major
sections:

Theoretical Background - a description of the theory used to
develop ship response time histories in random waves. Expressions
are provided to obtain responses at various locations on the ship.
The transformation from earth coordinate system to ship coordinate
system for forces is described.

Computer System ~ a description of the hLardware and software
used in the development/execution of the programs;

Simulation Time History Program, STH - a description of the
program used to generate wave time histories and associated
six-degree-of-freedom (origin) ship response time histories. 1Input
and output for the STH program is discussed. An example of running
the STH program is provided; and

Access Time History Program, ACTH - a description of the program
used to compute ship response time histories at various locations on
the ship from the data base of STH origin motion time histories.
Input and output for the ACTH program is discussed. An example of
running the ACTH program is provided.

This manual was written with the intention of providing simple,
easy-to-use methods for generating ship response time histories in
random seas. A necessary requirement is the availability of SMP84
Origin transfer functions for specific ships. Although time
histories can be used for a wide range of purposes and each user’s
need may be different, careful reading and wunderstanding of the
illustrated examples is considered the fastest method for learning
how to utilize the software tools.

THEORETICAL BACKGROUND
The theory necessary to develop ship response time histories in

random seas is outlined in the following sections. These response




time histories are generated using regular wave response transfer
functions obtained from the Navy Standard Ship Motion Program,
SMP.‘]"2 A basic set of six response time histories is generated at
the longitudinal center of gravity of the ship by the Simulation Time
History Program, STH. This base set of time histories is then used
to generate response time histories at other locations on the ship by
the Access Time History Program, ACTH.

SHIP RESPONSES IN REGULAR WAVES

There are a basic set of six ship responses (surge, sway, heave,
roll, pitch, and yaw) at the ship’s longitudinal center of gravity
(LCG) from which motions at all other locations on the ship can be
developed. These responses are referred to as the six degrees of
freedom (6DOF).

The strip theory of Salvesen, Tuck, and Faltinsen8 is used to
obtain the 6DOF responses for a ship advancing at constant forward
speed with arbitrary heading in regular sinusoidal waves of unit
amplitude. The theory of Reference 8 is implemented in the Navy
Standard Ship Motion Computer Program SMPall and the subsequently
updated version, SMP84.2

The 6DOF responses are assumed to be small, linear, and harmonic
with respect to a wave whose maximum elevation is located at the
origin of the x,y,2z coordinate system shown in Fig. 1. This
right-handed coordinate system is moving at the constant mean forward
speed with the origin lying in the undisturbed free surface and
located at the LCG.

It should be noted that a ship advancing through regular waves
responds to the wave frequency of encounter given by,

wp = | w - (wzv/g) cos (u) | (1)

where V is the mean forward speed of the ship, pg is the heading
angle, and @ is the wave frequency. The absolute value is taken to
avoid using negative encounter frequencies. The definition of
heading angle is shown in Fig. 2 for waves advancing from the




starboard side of the ship.

Although the 6DOF ship responses are assumed to be linear,
experiments with ship models in regular waves, as reported in
Reference 6, show that the roll response exhibits nonlinear behavior
with increasing wave amplitude. 1In addition, the experiments of
Reference 9 show that the roll damping coefficient of the eqQquations
of motion at the natural roll freguency tend to be nonlinear with
increasing roll angle. This nonlinear behavior of roll is treated in
SMPJ"2 through modifications made to the roll damping coefficient
which is assumed to be a function of mean roll angle. SMP computes
the lateral responses (sway, roll, and yaw) for a set of eight mean
roll angles, 0.5, 1, 2.5, §, 10, 15, 25, and 40 degrees.

The 6DOF ship responses to regular sine waves are defined as
ship origin transfer functions which vary with wave freqQuency, ship
speed, ship heading relative to the waves, and, in the case of the
lateral responses, mean roll angle. The SMP84 program outputg a file
of the 6DOF origin transfer functions (amplitude and phase) with
respect to regular waves called the Origin file. This file is used
to provide a data base of transfer functions which are used in the
generation of time histories of ship responses in random seas which
is discussed in a latter section.

SHIP RESPONSES IN RANDOM SEAS
The SMP84 program principally predicts the translational and
angular ship statistical responses in random (irregular) seas using

calculations performed in the frequency domain. Two basic
assumptions are used in making ship motion predictions in random
seaslo, namely:

1. The random sea waves can be represented as a sum of simple
sine waves whose arplitudes are obtained from specified wave spectral
densities and whose phases are random with a uniform distribution;
and

2. The responses of a ship to the random sea waves can be
obtained as the sum of the ship responses to the individual sine
waves that compose the random sea.




The instantanecus wave elevations of the random seas have a
narrow-banded Gaussian distribution with zero mean. The wave single
amplitudes (1/2 the peak to trough values) have a Rayleigh
distribution,

The responses Oof the ship in random seas represent a linear
tranformation applied to the Gaussian random waves. Thus the
instantaneous ship responses are assumed to be Gaussian with zero
mean and the ship response single amplitudes are assumed to have a
Rayleigh distributicn.

Table 1 provides a set of single amplitude Rayleigh statistical
constants which can be applied to either a wave or ship response
standard deviation to obtain estimates of various amplitudes such as
the average of the one-third highest amplitudes (significant value),
the highest expected amplitude in 200 cycles, etc.

The roll single amplitudes are assumed to have an underlying
Rayleigh distribution which is modified by the nonlinear behavior of
roll damping with increasing roll amplitude. SMP84 provides roll
predictions in random seas for a user-specified Rayleigh statistic,
such as significant single amplitude, see Table 1, and a specified
significant wave height (average of the one-third highest wave double
amplitudes). The user is referred to the SMP81 user’s manuall for
more details concerning the method used to obtain roll predictions in
random seas.

SEAWAY DESCRIPTION

A two-parameter Bretschneider wave spectral model is used to
define the frequency content of the random sea waves. The two
parameters are, by definition, significant wave height, (fw)l/a' and
modal (peak) wave period, To. The wave spectral density, S{(w), is
defined as:

-5 2

sg(w) = Aw - ¢ exp(-Bw") in m?-s or £t2.g , (2)

where,
2

2
A = 487.0626 - (;w)1/3/To in m“-s or £t“:s8 , and (3)




B e 1949.2444/'1'0‘ in 8% , (4)

and w is the wave fregquency in radians per second.

It should be noted that the area under the spectrum is equal to
the variance or mean square value of the waves. The square root of
the variance is called the standard deviation. The significant wave
height is defined as four times the standard deviation. The wave
spectral shape is a function of the modal wave period. Examples of
the wave spectra are shown in Fig. 3 for modal wave periods of 7, 11
and 21 seconds. Note that the same significant wave height value of
12 feet is used for each of the three wave spectra shown.

The distribution of wave spectral energy as a function of
heading with respect to the ship is considered either to be
unidirectional (longcrested) or spread :+ 90 degrees about a
predominant di-ection (shortcrested). The shortcrested wave spectral
density, S{(w,v), is defined as:

2 .
Sf(w,v) = B (v-p) Sg.(w) , (5)

where Sr(w) is the longcrested wave spectral density defined in Eq.
2

2. The cosine-squared spreading function, B®, used to spread the
wave energy from longcrested to shortcrested seas, is defined as:

Bz(v-u) = (2/7) - cos? (v-u) . (6)

The heading u in the case of shortcrested seas represents the
predominant heading containing the principal amount of wave energy.
The heading angle v repiesents one of the component heading angles.

SMP84 uses a l5-degree heading increment to define v. Thus,
there are thirteen component headings, six on either side of the
predominant heading angle. The cosine-squared spreading function for
each of these component headings is:




Xk+dX/2

B2 = (2/m) cos? (x,)ax , (7)

Xk°dX/2

where X, = vy, ~ 4 is the wave direction relative to the predominant
direction. Thus,

2 . 2
Bk 1/6 cos

(Xk) ' (8)
where xk = kn/12, K = -6,6.

An example of the shortcresting method is shown in Fig. 4 for an
output predominant heading angle of 45 degrees. Note that the
heading convention for computational work in SMP84, as defined in
Fig. 2, defines 180 degrees to be head seas, 90 degrees as starboard
beam seas, and zero degrees as following seas. The heading angles
presented in the SMP84 output however differ from the internal
computational heading angle by 180 degrees, i.e.,

180 -

Boutput * Bcomputational ° (9)

Thus, for output purposes, zero degrees represents head seas, 90
degrees represents starboard beam seas (unchanged), and 180 degrees
represents following seas. This output heading convention was
gselected to bring consistency between program output and conventions
employed by the ship and aircraft operator communities.

DEFINITION OF TIME HISTORIES

Time histories in random seas are defined as time series sampled
at equal time intervals for a period of time sufficiently long to
provide stable statistical results. Typically this time duration is
15 minutes or longer. These time histories contain approximately 100
cycles which have varying amplitudes and periods. The amplitudes
follow a Rayleigh distribution.




Wave Time Histories at the Origin
Time histories of encountered waves located at the origin of the

fixed earth coordinate system which is moving at constant mean
forward speed are computed for either longcrested or shortcrested
seas using the method of Zarnick3.

The longcrested (unidirectional) wave time history, {Lc(t), is
defined as:

N

fLe(®) = D (5 cos (ugE + 1) } (10)
k=l

where e is the encountered wave frequency defined in Eq. 1 for wave
frequency Wy and T {8 a random phase angle with uniform distribution
at wave frequency Wy -

The wave amplitude, fk‘ at wave frequency Wy is defined as

wk+dw/z

fe = [ 2] spwae ¥, (11)
W ~dw/2

where 3;(“) is the wave spectral density defined in Eq. 2.

The number of frequencies, N, used to compute the wave time
history should be large in order to obtain an representative Rayleigh
distribution of single amplitudes. The value of N used in the
Simulation Time History Program, STH, is 150.

The range of wave frequencies is determined in SMP84 when the
origin transfer function file is generated. The frequency increment
used to generate the wave time history is:

Qw = (W, - Upyp)/(N-1) (12)
vhere Wrnax and Wnin aT@ the maximum and minimum wave frequencies used

9




in SMP84 for a particular ship. SMP84 uses different values for Wrnax
depending on the ship’s roll period.

For most headings and ship speeds, the encounter frequencies
computed by Eq. 1 and used in Eq. 10 are incommensurate. Thisg is an
important requirement which prevents the longcrested time histories
from repeating after a period of time. This requirement is violated
in beam seas or for a ship speed of zero knots. For this situation,
the wave frequencies are adjusted slightly using a random frequency
increment to guarantee that they are incommensurate as:

- (dw/2) + (1 - 2-RAND,) (13)

where RANDk is a random number selected at frequency Wy with a value
between 0 and 1 and which has a uniform distribution.

The shortcrested sea condition spreads the wave directions & 90
degrees from a predominant wave direction relative to the ship. The
shortcrested wave time history, {sc(t), is defined as:

M N
fgelt) = 2 Z { (l:>j ) co8 {wgt + 'ij) } . (14)
J=1 kel

where bj is a factor for angular spreading of the wave energy
(assumed independent of wave frequency). A cosine-squared function
is used to spread the wave energy from longcrested to shortcrested
seas, i.e.,

Xj+dX/2
bj = { (2/m) cos? (xj)dx }% , (15)

wvhere xj is the wave direction relative to the predominant direction.

10




Origin Motion Time Histories
Time histories of ship responses to longcrested seas, rLc(t),
are defined as:

N
rLC(t) = :E: { (RAk . {k) cos (wEkt A ePk) ) (16)
k

where RAk is the amplitude of the ship response transfer function at
the wave frequency of encounter, ek The phase angles €pk refer to
the phase of the ship response with respect to the maximum elevation
at the origin of the x,y,z coordinate system shown in Fig. 1.

Note that velocities and accelerations of the ship responses

computed in the ACTH program are obtained by digital differentiation
in the time domain.

Motions at a Point Time Histories
The translational displacement time histories of any point on
the ship (x', y*, z*) are obtained as

ELy(t) = x(t) y' sin y(t) + z' sin 6(t)

+ x' [cos y(t) + cos 8(t) - 2] (17)
EL, () = y(t) - z sin ¢(t) + x" sin y(t)
+ y' [cos ¢(t) + cos y(t) - 2] , (18)
EL,(t) = z(t) - x” sin 0(t) + y* sin ¢(t)
+ 2" [cos 6(t) + cos ¢(t) - 2] (19)
where ELO, ELA, and ELV are the ship displacements in the

longitudinal, lateral, and vertical directions, and x, y, 2z, ¢, 40,
and ¥y are surge, sway, heave, roll, pitch, and yaw, respectively.

Wave Time Histories at a Point
Time histories of encountered waves at any point on the ship

11




(x*, y') in longcrested seas are obtained as:

N
I*Lc(t) - }E: { f) co8 lug,t -
k=1l

K(x*cos u o+ y*sin H) + ykl } . (20)

where K is the wave number defined as K = wz/g, and u is the
computational heading angle.

Encountered wave time histories at point (x', y*) in
shortcrested seas are obtained as:

M N
j=1 k=1

K(x*cos Byt y'sin gﬁ + 7jk] } . (21)

Relative Motion Time Histories
The relative motion of any point on the ship (x', y*) is
represented by:

RM(t) = EL,(t) - ¢ () (22)

where EL,, is the absolute vertical displacement and {* is the
undisturbed wave elevation at that point.

Ship System Force Time Histories
There are two types of forces applied to a body at any point

(x', y*, z*) on the ship. The first type consists of the inertia
forces due to the accelerations of the ship and the second type is
due to the acceleration of gravity. No friction forces or wind drag

forces are computed in the Access Time History Program, ACTH.
The forces per unit mass in the fixed earth coordinate system
are defined as




FL,(t) = -ELg(t) (23)
FL,(t) = -ELy(t) (24)
FL,(t) = -ELy(t) - 1 , (25)

where EL&' ELK, and ELV are the earth system accelerations in the
longitvdinal, lateral, and vertical directions, and 1 represents the
acceleration due to gravity (i.e., 1g). Note that the inertia forces
are the negative of the ship accelerations.

The forces are more appropriately applied in the ship coordinate
system where the longitudinal and lateral forces are parallel to the
deck and the vertical force is normal to the deck. The ship systenm
force time histories are obtained from the fixed Earth axis forces
using an angular rotation matrix as:

—
SLo(t) Mll(t) le(t) H13(t) FLo(t)
SLA(t) = M21(t) sz(t) “23(t) . FLA(t) ’ (26)
SLv(t) M31(t) M32(t) H33(t) FLv(t)

where SLO and SL, are the ship system forces in the longitudinal and
lateral directions parallel to the deck, and SLy, is the ship syster
force normal to the deck. The angular rotation matrix elements Mij
are defined as:

Mll(t) = cos 6(t) cos Y(t) , (27)
le(t) = cos O(t) sin ¢¥(t) , (28)
M13(t) = -gin 6(t) , (29)

le(t) = -cos ¢(t) sin ¢(t) + sin é(t) sin 6(t) cos ¢Y(t) , (30)
M,,(t) = cos d(t) cos ¢(t) + sin ¢(t) sin O(t) sin ¢(t) , (31)
My, (t) = gsin ¢(t) cos O(t) , (32)
M,,(t) = sin ¢(t) sin y(t) + cos $(t) sin 6(t) cos Y(t) , (33)
M,,(t) = ~sin ¢(t) cos Y(t) + cos ¢(t) sin 8(t) sin Y(t) , (34)
M,,(t) = cos ¢(t) cos O(t) , (35)
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where the rotation is in the order of first yaw, then pitch, and
finally roll.

COMPUTER SYSTEM

The Simulation Time History Program, STH, and the Access Time
History Computer Program, ACTH, were developed on a COMPAQ 1386
Personal Computer (PC) running at a machine clock speed of 20 MHz.
This computer is compatible with the IBM Personal Computers. The
operating system used was Microsoft Disk Operating System (MS-DOS),
Version 3.31.11 The computer had an INTEL 80387 co-processor
installed to provide increased speed for floating point calculations.

Both the STH and ACTH programs were written in FORTRAN 77 using
the Lahey Fortran Compiler.12 The only special compiler option used
was to make integer and logical variables four bytes each. The IBM
Link program provided with the MS-DOS operating system was used to
link the compiled versions of the STH and ACTH programs to obtain
executable program files.

The STH and ACTH programs use a large number of files when they
are executed. Fortunately, MS-DOS supports the use of directories,
paths, and file names and extensions which allow the user to organize
these files in a meaningful way. Generally, PC’s are purchased with
hard disks having a minimum capacity of 21 Mbytes. The MS-DOS
operating system allows you to easily divide a hard disk into
subsections called directories. Each directory is given its own
unique name by the user. A path is defined as the series of commands
and directions to the particular section of the disk or directory
where a particular set of files is stored. Each file can have a name
containing up to eight characters and an extension containing up to
three characters.

The organization of directories and files used to develop the
STH and ACTH programs is shown in Fig. 5. Files in this figure are
denoted by extensions (e.q., .EXE) while directories and
subdirectories carry no extensions. Details concerning the specific
files used by the STH and ACTH programs are discussed in the latter
sections of this report which describe these programs.
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The hard disk on the COMPAQ 386 where these programs were
developed had » 42-Mbyte capacity which was divided into two parts
called volumes o1' drives in MS-DOS, each with a 21-Mbyte capacity.
Each volume has ics own drive letter where C is the drive letter for
the first 21-Mbyte section and D is the drive letter for the second
21-Mbyte section. The first directory on a drive is called the ROOT
directory. All other directories on the drive are called
subdirectories. Note that subdirectories may also contain their own
subdirectories. Refer to the COMPAQ MS-DOS Reference Guidel!!l to
obtain further information about directories and file naming
conventions.

SIMULATION TIME HISTORY PROGRAM, STH

The Simulation Time History Program, STH, was developed to
provide a data base of six-degrees-of-freedom (6DOF) ship response
time histories (surge, sway, heave, 1roll, pitch, and yaw) in
longcrested and shortcrested random seas. The STH program uses a
file of 6DOF origin transfer functions output from the Navy Standard
Ship Motion Program, SMP84, to generate the 6DOF ship response time
histories. This 6DOF time history data base is then used by the
Access Time History Program, ACTH, which is des~ribed in a later
section of this report, to generate time histories for additional
ship responses at various user-specified locations on the ship. The
STH program takes a long time to execute, approximately 43 minutes
for a 20-minute simulation run done at 3 samples per sacund. By
contrast, the ACTH program executes very quickly, approximately 22
seconds to use the same 20-minute STH run to generate additional time
histories.

In order to run the STH program you will need to set up various
directories on your hard disk(s) to contain the executable program
file, input files, and output time history files for the STH program.
An example of this setup is shown in Fig. 5. The STH executable
file, identified by the "EXE" extension, and input file, identified
by the "INP" extension, are contained in the STH directory on the C
drive. The STH output files, identified by the "DAT" and "TEX"
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extensions, are located on the D drive in a subdirectory called
"SODD965A" under a directory called "STHDATA". The example ship name
used for running the STH program is the "DD965" which is part of the
subdirectory name. The letters "SO" in the subdirectory name are
fixed and are shorthand for "simulation time history at the origin".
The letter "A" following the ship name identifies a hull variant. A
summary of files used by the STH program is provided in Table 2.

SMP84 will output different origin transfer functions depending
on whether a ship is untrimmed, trimmed, has a different appendage
suite, uses passive fins or active fin stabilization, etc. These
variations of the same ship are called hull variants and are assigned
different variant letters, A, B, C, etc. The SMP84 origin transfer
function file for variant A of the DD965 ship, identified by the
"ORG" extension, is located on the D drive in a subdirectory called
"DD965" under a directory called "SMPDATA".

Both the STH and ACTH programs were designed to run in a BATCH
mode. The information required to run each program is contained in a
text file with an "INP" extension in the STH directory which the user
edits using a screen editor (not provided) prior to running the
programs. Both progams can then generate a number of origin or
response time histories during one execution and thus may be left to
run overnight. There are commercially available programs for PCs
that allow multi-tasking which would allow the STH and ACTH programs
to run in the background during the day. Note that the ACTH program
requires origin time histories previously generated by the STH
program.

STH INPUT DESCRIPTION

The input required to run the STH program is contained in a text
(ASCII) file called STH.INP in the STH directory. There are 10 sets
of information, called Data Sets, contained in this file. Each data
set may contain one or more lines of information. The method used to
describe each data set is to list each line, its FORTRAN format, and
the variable(s) contained on it. A summary of the 10 STH data sets
is provided in Table 3. An example of the STH.INP file is provided
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in Table 4. Note that comments may be added to the STH.INP input
file after Data Set 10 to provide assistance in identifying the
information on each data set when making changes.

Data Set 1, SMP Data Path
One Line - Format (A)
(1) SMPDATAS, alphanumeric, columns 1-80, path indicating where
the SMP84 origin transfer function file can be found.

Data Set 2, STH Data Path
One Line - Format (A)
(1) STHDATAS, alphanumeric, columns 1-80, path indicating where
the origin time history files output from the STH program
will be saved.

Data Set 3. Ship Tvpe

One Line - Format (A)

(1) SHIPTYPS, alphanumeric, columns 1-8, identifies ship type.

A convention used when running SMP84 is to identify each ship by
its type. This name is used as a directory name where the SMP84
input files for ships of this type are stored.

Data Set 4, Ship Name
one Line - Format (A)
(1) SHIPS, alphanumeric, columns 1-5, identifies ship name.

Data Set S, Hull Variant

one Line ~ Format (A)

(1) VARIANTS, alphanumeric, column 1, identifies hull variant.

The hull variant is used to distinguish between different SMP84
origin transfer function files which may have been generated for the
same ship. For example the ship may have been run in SMP84 for
different displacements, trims, appendage suites, or passive/active
fin stabilizers.




Data Set 6. Cycle No

Qne Line - Format (A)

(1) CYCLES, alphanumeric, columns 1-2, cycle number.

A cyle number is assigned to the SMP84 input and text output
files when SMP84 is run for a given ship. This cycle number is not
assigned however to SMP84 data files, specifically the origin
transfer function file.

Data Set 7, Units

Qne Line - Format (A)

(1) SUNITS, alphanumeric, columns 1-6, the desired displacement

time history engineering units (feet or meters).

SMP84 can be run for a given ship using either feet or meters.
The user can specify the engineering units to be used for the STH
origin time histories which will overide the units used in the SMP84
run. Only the displacement motions, surge, sway, and heave, are
affected by the selection of different units. Note that the units
identified in this data set apply to the information contained in the
succeeding data sets for the STH program as well as the data sets for
the ACTH program.

Data Set 8, Title
one Line - Format (A)
(1) TRIALS, alphanumeric, columns 1-40, the ship title.

Rata Set 9, Wave Point Input

Eirst Line - FORMAT (A)

No variables, blank line used for spacing.

Second Liine - Format (18X,IS5)

(1) NWPOINT, integer, columns 19-23, number of wave points.

NWPOINT is set to zero if you do not want to compute relative
motion time histories in the ACTH program. Note, however, that if
relative motion is desired at a later date, the user must rerun the
STH program and include the wave points where the relative motion is
to be computed. Lines 3-5 are always included even if NWPOINT=0,
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Third Line - FORMAT (A)

No variables, blank line used for spacing.

Fourth Line - FORMAT (A)

No variables, comment used to identify wave point table.

Eifth Line - FORMAT (A)

No variables, comment identifies columns for wave point table.
NOTE: The next line is included only if NWPOINT > 0. There is one
line for each wave point.

Sixth Line - Format (I4,3F8.1,3X,A20)

(1) IWPNT, integer, columns 1-4, wave point number.

(2) WPNTXLOC, floating point, columns 5-12, x-coordinate of wave

point (station number, where O=Forward Perpendicular).

(3) WPNTYLOC, floating point, columns 13-20, y=-coordinate of

wave point (positive to port from centerline).

(4) WPNTZLOC, floating point, columns 21-28, z-coordinate of

wave point (positive up from baseline).

(S) WPTNAMES, alphanumeric, columns 29-48, the name of the wave

point.

The reference system used to input locations on " he ship in the
STH and ACTH programs is shown in Fig. 6. This input reference
system is identical to the input system used in the Navy Standard
Ship Motion progranm, smps1.l

Data Set 10, Run Invnut
Fixst Line - FORMAT (A)
No variables, blank line used for spacing.
Second Line - Free Format
(1) NRUNS, integer, number of STHEK runs
NOTE: The next line is repeated for each STH run.
Third Line - Free Format (variables separated by commas)
(1) RUNNUMBER, integer, the run number. )
(2) SAMPLERATE, floating point, number of samples per second.
(3) TSTART, floating point, start time in seconds.
(4) TEND, floating point, stop time in seconds.
(5) SPEED, floating point, ship speed in knots.
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(6) HEAD, floating point, SMP output heading in degrees.
(0°=head seas, 90°=beam seas, 180°=following seas)

(7) SIGWH, floating point, significant wave height in feet or
meters.

(8) TMODAL, floating point, modal wave period in seconds.

(9) STATIS, floating point, statistic used for roll iteration in
irregular seas. For example, the statistic used for the .
significant roll single amplitude is 2 (twice the standarad
deviation for roll).

(10) SEATYPES, alphanumeric, seaway type.

The seawvay type is identified as LC (longcrested seas) or
SC (shortcrested seas). The seaway type can be enclosed in
double quotes but it is not necessary.

The selection of sample rate affects the resolution of the STH
time histories as well as the amount of computer time required to run
the STH program. For the majority of runs it is recommended that a
sample rate of 2 samples per seconi be used. However, for high
speeds in bow to head seas, encounter periods as low as one second or
less may be computed which will require increasing the sample rate to
3 samples per second to avoid frequency aliasing.

STH OUTPUT DESCRIPTION

Information describing each STH run is displayed on the

computer’s screen. This information consists of:

1. STH program identification;

2. Date and time;

3. Ship identification and particulars, which include desired
engineering units (feet or meters), gravity, ship length,
longitudinal center of gravity, LCG, (referenced from the
Forward Perpendicular), and the distance from the ship
baseline to the waterline;

4. STH run identification which includes run number, comment,
and sample rate. The run conditions are identified, which
include ship speed, heading, seaway type (longcrested or
shortcrested), significant wave height, modal wave period,
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the statistic used for roll iteration, and the number of
channels;

S. Listing of wave point locations (required for relative motion
calculations in the ACTH program);

6. Listing of first 20 seconds of wave height at the LCG and the
six degree of freedom responses (surge, sway, heave, roll,
pitch, and yaw); [Note that the time histories for wave
height at wave point locations are computed (optionally) but
not shown on the screen. The screen is then blanked out
until the run finishes)

7. Listing of the statistical results obtained from the time
histories for wave height (LCG), the 6DOF responses, and wave
heights at wave point locations; ([These statistics include
the mean, standard deviation, maximum and minimum values for
each channel. The frequency domain predictions for the
standard deviation for each channel are provided in the last
colunmn. ]

8. The elapsed computer time for the particular STH run.

The information displayed on the screen is saved in a text
(ASCII) file for each run. This file is called SRN.TEX where N is
the run number. The SRN.TEX file is stored in a ship subdirectory
under the STHDATA Qdirectory, e.g., D:\STHDATA\SODD965A. An example
of this file for STH run number 3 is shown in Table 5.

The STH time histories are written to a standard FORTRAN
sequential binary data file called SRN.DAY which is stored in the
same subdirectory as the SRN.TEX file. The first record in this file
contains two integer variables, the total number of samples and the
number of channels. The remaining records, one for each sample,
contain the time histories for all the channels in the desired
engineering units.

A separate text file called STHLOG.TEX is updated for each run.
This file contains a summary of the STH runs that have been made.
The summary consists of a separate line for each run that contains
the run number, data format type (binary), simulation run time in
minutes, DATE-TIME-GROUP (day, hour, minute, L(local), month, and




year), and the run comment. The run comment shows the seawvay type,
ship speed, heading angle, significant wave height, and modal wave
period. An example of the STHLOG.TEX file is shown in Table 6. The
STHLOG.TEX file is stored in the same subdirectory as the SRN.TEX
and SRN.DAT files.

ACCESS TIME HISTORY PROGRAM, ACTH

The ACTH program uses (origin) time histories generated by the
STH program to generate response time histories for a given ship at
various locations on the ship. The STH time histories for various
ships are located in ship subdirectories under the STHDATA directory.
The ACTH program uses the STH data path described above to locate the
STH time histories. For example, the STH data path shown in Fig. 5
is D:\STHDATA\SODD965A where D is the drive letter, STHDATA is the
STH data directory, and SODD965A is the ship subdirectory for the
DD965 ship.

The ACTH response time histories for various ships are located
in ship subdirectories under the ACTHDATA directory. For example,
the ACTH data path shown in Fig. 5 is D:\ACTHDATA\SPDD965A where the
letters SP are the abbreviation for simulation response time
histories at various liocations on the ship. A summary of files used
by the ACTH program is provided in Table 7.

ACTH INPUT DESCRIPTION

The information required to run the ACTH program is contained in
a file called ACTH.INP 1located in the STH directory. This
information is organized into 10 Data Sets described below and
summarized in Table 8. An example of the ACTH.INP file is provided
in Table 9.

Rata Set 1, STH Data Path
One Line, Format (A)
(1) STHDATAS, alphanumeric, columns 1-80, path indicating where
the origin time history files output from the STH program
are located.




Rata Set 2. ACTH Data Path
One line - Format (A)

(1) ACTHDATAS, alphanumeric, columns 1-80, path indicating where
the ACTH response time histories will be saved.

DRata Set 3, Ship Name
One Line, Format (A)

(1) SHIPS, alphanumeric, columns 1~5, identifies ship name.

Rata Set 4, output Data Format

One line, Format (7X,IS)

(1) ASCII, integer, columns 8-12, specifies data format to be
used for the ACTH response time histories. Use 1 for binary
output format and 2 for ASCII output format.

The ACTH response time histories are saved in either a binary
format or an ASCII format. The default format is binary. The ASCII
format is useful for transferring these time histories to other
computers via either a modem or magnetic disks. Note that the ASCII
format uses more storage (bytes) than the binary format and takes
longer to write.

Data Set 5, Wave Point Input

Eirst Line - FORMAT (A)

No variables, blank line used for spacing.

Second Line - Format (18X,15)

(1) NWPOINT, integer, columns 19-23, number of wave points.

NWPOINT is set to zero if you do not want to compute relative
motion time histories in the ACTH program. Note, however, that if
relative motion is desired at a later date, the user must rerun the
STH program and include the wave points where the relative motion is
to be computed. Lines 3-5 are always included even if NWPOINT=0.

Ihird Line -~ FORMAT (A)

No variables, blank line used for spacing.

Eourth Line - FORMAT (A)

No variables, comment used to identify wave point table.
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Eifth Line -~ FORMAT (A)

No variables, comment identifies columns for wave point table.
NOTE: The next line is included opnly if NWPOINT>0. There is one
line for each wave point.

Sixth Line - Format (I4,3F8.1,3X,A20)

(1) IWPNT, integer, columns 1-4, wave point number.

(2) WPNTXLOC, floating point, columns 5-12, x-coordinate of wave .

point (station number, O=Forward Perpendicular).

(3) WPNTYLOC, floating point, columns 13-20, y-coordinate of

wave point (positive to port from centerline).

(4) WPNTZLOC, floating point, columns 21-28, z-croordinate of

wave point (positive up from baseline).

(5) WPTNAMES, alphanumeric, columns 29-48, the name of the wave

point.

Wave point locations are required to be input only if relative
motion time histories are desired. Wave time histories at these
points must have been previously generated by the STH program. The
same wave point locations should have been used in the STH input.
The ACTH program compares the wave point locations used in the ACTH
and STH input and stops if they are not identical.

Data Set 6, Point Input
First Line - FORMAT (A)
No variables, blank line used for spacing.
Second Line - Format (13X,1IS5)
(1) NPOINT, integer, columns 14-18, number of points on the ship
vhere response time histories are computed.

NPOINT is set to zero if you do not want to compute response
time histories at a point. Lines 3-5 are always included even if
NPOINT=0.

Third Line - FORMAT (A)

No variables, blank line used for spacing.

Fourth Line - FORMAT (A)

No variables, comment used to identify point table.




EFifth Line - FORMAT (A)

No variables, comment used to identify columns for point table.
NOTE: The next line is included oply if NPOINT>0. There is one line
for each wave point.

Sixth Line - Format (I4,3F8.1,3X,6A20)

(1) IPNT, integer, columns 1-4, point number.

: (2) PNTXLOC, floating point, columns 5-12, x-coordinate of point
(station number, O=Forward Perpendicular).

(3) PNTYLOC, floating point, columns 13-20, y-coordinate of

point (positive to port from centerline).

(4) PNTZLOC, floating point, columns 21-28, 2-coordinate of

point (positive up from baseline).

(5) PNTNAMES, alphanumeric, columns 32-51, the name of the

point.

Pata Set 7, Channel Input
Eirst Line - FORMAT (A)
No variables, blank line used for spacing.
Second Line - Format (15X,I5)
(1) NCHAN, integer, columns 16-~20, number of channels.
Third Line - FORMAT (A)
No variables, blank line used for spacing.
Fourth Line - FORMAT (A)
No variables, comment used to identify channel table.
Eifth Line - FORMAT (A)
No variables, comment used to identify columns for channel
table. There is one line for each channel.
Sixth Line - Free Format
(1) ICHN, integer, channel number.
(2) IRSP, integer, response number.
1 = gurge; longitudinal response at a point (earth system);
longitudinal force at a point (ship systam)
2 = gwvay; lateral response at a point (earth system);
lateral force at a point (ship system)




3 = heave; vertical response at a point (earth system);
vaertical force at a point (ship system)

4 = roll; relative motion at a point (earth system)

5 = pitch

6 = yaw

7 = wave height at the origin or at a wave point location.
(3) ITYP, integer, response type.

1 = displacement

2 = velocity

3 = acceleration

4 = angle
(4) 1ISYS, integer, response system.

1l = earth systenm

2 = ghip system

(5) IPNT, integer, response point number from Data Set 5 or 6.

The method used to select the ACTH channels is outlined in Table
10. Each channel is defined by five numbers; channel number,
response number, response type number, reference system desired, and
point location. The first step is to select a point number. If the
point number is zero, the response numbers are limited to 1-6 for the
6DOF reponses and 7 for wave height at the LCG. Only the earth
reference is allowed. Displacemsnt, velocity, or acceleration (types
1,2,3, respectively) are alloved for any of these responses.

If user selects a point number greater than 2zero, then both
earth and ship reference systems are allowed. The available response
numbers for the earth system are 1-3 corresponding to longitudinal,
lateral, and vertical responses at a point, 4 for relative motion at
a wave point, and 7 for wave height at a wave point. Displacement,
velocity, or acceleration (types 1,2,3, respectively) are allowed for
any of these responses. If the user selects the ship reference
system, then the response numbers allowed are 1-3 for the
longitudinal, lateral, and vertical forces at a point. The response
type is restricted to 3 which is acceleration (force per unit mass).
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Data Set 8, Start ACTH Run
Eirst Line - FORMAT (A)
No variables, blank line used for spacing.
Second Line - Format (15X,I5)
(1) STARTRUN, integer, columns 16-20, start ACTH run number.

DRata Set 9, No of ACTH Runs
one Line - Format (16X,1S)
(1) NRUNS, integer, columns 17-21, number of ACTH runs

Data Set 10, STH Run Input
First Line - FORMAT (A)
No variables, blank line used for spacing.
Second Line - FORMAT (A)
No variables, comment used to identify STH run input.
There is one line for each STH run.
Third Line - Free Format
(1) STHRUN, integer, STH (origin) time history run number.

ACTH OUTPUT DESCRIPTION

The ACTH program only displays three items on the screen for
each run; the ACTH program identification, the total number of ACTH
runs to be made, and the run that the ACTH program is currently
working on. An example of the ACTH screen display is provided in
Tabl= 11.

The information describing each ACTH run is written to a text
file called ARM.TEX where M is the run number. The ARM.TEX file is
stored in a ship subdirectory under the ACTHDATA directory, e.q.,
D:\ACTHDATA\SPDD965A. An example of this file for ACTH run number 3
is shown in Table 12. The ARM.TEX file is comparable to the SRN.TEX
file written by the STH program. The information contained in the
ARM.TEX file consists of:

1. DATE-TIME-GROUP;

2. Ship identification;

3. ACTH run identification which includes run number, comment,
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sample rate, and run times (the corresponding STH run number
is identifieq);

4. Ship particulars;

5. Run particulars including ship speed, heading, sea type,

etc.;

6. Table of STi statistical results which compares time domain

and frequency domain calculations of the standard deviation .
for the STH channels;

7. Listing of wave point locations (required for relative motion

calculations in the ACTH program);

8. Listing of point locations (required for motions, velocities

and accelerations at a point and forces in the ship system);

9. Listing of channels and there associated points (the channel

number, name, type, unit, system, and the point number and
the point location associated with the channel are also
given);

10. Listing of the statistical results obtained from the ACTH
time histories (these statistics include the mean, standarad
deviation, maximum and minimum values for each ACTH channel);

11. The total number of samples for the run.

The ACTH time histories are Jritten in one of two possible
formats depending on the value of the variable ASCII in Data SET 2 of
the ACTH input. If the user chooses ASCII=1, then the time histories
are written to a standard FORTRAN sequential binary data file called
ARM.DAT. The ¢first record in the file contains two integer
variables, the total number of samples and the number of channels.
The remaining records, one for each sample, contain the time
histories for all the ACTH channels in the desired engineering units.
The ARM.DAT file is stored in the same subdirectory as the ARM.TEX
file.

If the user instead chooses ASCII=2, then the time histories are
written to a formatted FORTRAN sequential ASCII data file called
ARM.ASC as:
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Record 1., Header
one Line -~ Format (2I5)
(1) COUNT, integer, columns 1-5, total number of samples.
(2) NCHAN, integer, columns 6-10, number of channels.

Records 2-(COUNT+1), ACTH time historv data

Line 1 - Format (215,8F8.3)

(1) CNT, integer, columns 1-5, sample number.

(2) KL, integer, column 10, line number (set to 1).

(3) ACTHDATA, floating point, columns 11-18, 19-26, etc., up to
eight channels of ACTH time histories at sample CNT. The
time histories are ir eagineering units.

A second line is required if there are more than eight channels.

Line 2 - Format (5X,I15,8F8.3)

(1) No variable, first § columns skipped.

(2) KL, integer, column 10, line number (set to 2).

(3) ACTHDATA, floating point, columns 11-18, 19-26, etc.,
remaining channels of ACTH time histories at sample CNT.

An example of the ARM.ASC file is shown in Table 13. The

ARM.ASC file is stored in the same subdirectory as the ARM.TEX file.

A separate text file called ACTHLOG.TEX is updated for each run.
This file contains a summary of the ACTH runs that have been made.
The summary consists of a separate line for each run that contains
the ACTH run number, data format type (binary or ASCII), simulation
run time in minutes, DATE-TIME-GROUP (day, hour, minute, L(local),
month, and year), and the run comment. The run comment shows the
seawvay type, ship speed, heading angle, significant wave height, and
modal wave period. An example of the ACTHLOG.TEX file is shown in
Table 14. The ACTHLOG.TEX file is stored in the same subdirectory as
the ARM.TEX file.

There is also a file called ERROR.TEX that is created when the
ACTH program is executed. This formatted sequential file contains
any error megssages that may have occurred while the program was
executing. A message telling the user that all STH runs were
successfully completed is written if no errors occurred . A summary
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of the error messages is provided in Table 15. The ERROR.TEX file is
stored in the STH directory.

PROCEDURE USED TO DEVELOP SHIP RESPONSE TIME HISTORIES

The ACTH program is used to develop response time histories in
random seas at various locations on the ship. In order to run the
ACTH program the user must perform a number of tasks which involve:

1. Selection of ship,

2. Reviewing SMP84 output/running SMP84 program,
3. Reviewing STH runs/running STH program,

4. Editing ACTH input/running ACTH program.

The input required to run each of the three programs, SMP84,
STH, and ACTH is specific to a particular ship. Each program however
uses a generic input file name, SMP.INP, STH.INP, and ACTH.INP,
respectively. The user must maintain these input files using both
generic names as well as ship specific names. 1In order to change a
ship, the user should first save the generic input files for the
current ship to files that are identified by the ship name. For
example, using the MS-DOS copy command at the MS-DOS prompt,

C:\COPY C:\STH\STH.INP C:\STH\DD965SA.STH,
where the extension STH would identify the file as the STH input for
the DD965A ship. The extensions SMP and ATH should be used for the
input files for the SMP84 and ACTH programs. Next the user should
copy the input files for the new ship to the generic files, i.e.,
C:\COPY C:\STH\FFGS8A.ATH C:\ACTH.INP,
where the new ship is the FFGS8A.

SMP84 is a frequency domain program that predicts statistical
ship responses in random seas at various locations on the ship. The
SMP input consists of ship offsets as a function of station, and
loading information such as nominal GM, displacement, roll radius of
gyration. Other input information describes the appendage suite,
point 1locations for ship responses, and sea conditions. The
information required to run the SMP84 program can be found in
References 1 and 2.

A file called the origin file, DD965A.0RG for the DD965SA ship,




is output from SMP84 and stored in the SMPDATA subdirectory. This
file contains the 6DOF (surge, sway, heave, sway, heave, roll, and
yaw) transfer functions computed at the LCG of the ship in the
waterplane as a function of ship speed, heading, wave frequency, and
mean roll angle. This file is required by the STH program to develop
6DOF time histories for specified speeds, headings, and sea
conditions.

An additional text file containing the statistical ship
responses is output from SMP84 and stored in the SMPDATA
subdirectory. This file is called DD965AN.OUT where N is a cycle
number which represents the last SMP84 run made for the DD96SA ship.
This output file can provide assistance in selecting conditions for
which STH runs can be made. Note that one of the reasons for running
the STH program is to obtain phase correlation between responses
which 1is not provided in the SMP84 statistical tables. The
statistical tables do identify the speeds, headings, and the modal
wave periods where the maximum values occur for a large number of
responses. Examples of the statistical response tables for roll as
well as the vertical velocity at the helicopter deck bullseye are
shown in Tables 16 and 17, respectively.

Once the STH run conditions have been selected from the SMP84
output and the SMP84 Origin file has been saved, the next task is to
edit the STH input file. The user can review the STHLOG.TEX file to
determine which STH runs have already been made. Note that the
STHLOG.TEX file is located in the DD965SA subdirectory of the STHDATA
directory. The STH runs take a long time to execute, approximately
43 minutes per run on a 20-Mhz COMPAQ 386 personal computer, and
should be run overnight or over a weekend.

The STH time histories form the data base from which response
time histories are developed in the ACTH program. Once the STH time
histories have been run, the last task is to edit the ACTH input file
to select the point locations on the ship and the desired responses.
The ACTH program executes very quickly, approximately 1 to 2 minutes
for 16 channels, and can easily be run many times using different
ACTH run numbers for different sets of channels or point locations.
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TIME HISTORY EXAMPLE
SELECTION OF SHIP AND SEAWAY PARAMETERS

The DD965 destroyer is the example ship used to demonstrate the
procedure regquired to develop response time histories. Four
locations were selected as shown in Fig. 7. These locations are
identified as:

1. Sonar dome,

2. Starboard side of the bridge,
3. Helicopter deck bullseye,

4. Port side of the stern.

The following nine responses were selected for running in the

SMP84 and ACTH programs:

1. Wave height,

2. Roll angle,

3. Pitch angle,

4. Heave,

S. Relative motion at the sonar dome,

6. Earth system vertical acceleration on the starboard side
of the bridge,

7. Earth system vertical velocity at the helicopter deck
bullseye,

8. Earth system lateral acceleration at the helicopter deck
bullseye,

9. Ship system lateral force at the helicopter deck
bullseye.

The SMP84 program was run using a significant wave height of 12
feet and a roll statistic of 2. The origin transfer function file was
saved as DD965A.ORG and the statistical response results were saved
in the DD965A6.0UT output file. The input used for running SMP84 |is
shown in Table 18. A plot of the hull lines is shown in Fig. 8 and
the ship hydrostatics are shown in Table 19. SMP84 optionally
outputs the 6DOF Response Amplitude Operator (RAO) magnitudes and
phases as a function of encountered wave frequency, ship speed, and
relative wave heading. Note that the RAO magnitude is the square of
the transfer function magnitude. An example of the RAO magnitudes
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and phases for the 6DOF responses is shown in Table 20 for a ship
speed of 20 knots and a relative wave heading of 45 degrees (bow
waves) .

Three representative STH runs were made using ship/sea
conditions selected from the SMP84 statistical response tables.
Shortcrested seas were used for all three runs. The significant wave
height used was 12 feet. The modal wave period used was 9 seconds
which is the most probable wave period for this significant wave
height. The ship conditions selected were:

1. Beam seas (90 degrees), zero Knots was used for STH
run 1 to illustrate the wave time history,

2. Bow seas (45 degrees), 20 knots was used for STH run 2
to illustrate large pitch and vertical mode response
time histories, and

3. Quartering seas (135 degrees), 20 knots was used for STH
run 3 to illustrate large roll and lateral mode response
time histories.

The STH input file is shown in Table 4. Note that two wave
point locations, for the sonar dome and the port side of the stern,
were used in the input in order to compute relative motion time
histories at these points in the ACTH program. Each STH run took 43
minutes to execute for a total of 129 minutes. Each STH data file,
SRN.DAT, used 133,900 bytes of storage.

Finally, three ACTH runs were made using the three STH runs as
input. Response time histories were generated for the 9 responses
previously identified. The ACTH input is shown in Table 9. Each
ACTH run took 22 seconds for a total of 66 seconds using the binary
data format option. The data storage for ARM.DAT was 133,900 bytes.
If the ASCII data format is selected, the ACTH run time increases to
60 seconds per run and the ARM.ASC storage increases to 345,700
bytes.

ANALYSIS
B S W i Hist

A 20-minute wave time history was computed at 3 samples per
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second in STH run 1 for a ship speed of zero knots in shortcrested
beam seas with a significant wave height of 12 feet and a modal wave
period of 9 seconds. The first 300 seconds of this wave time history
is shown in Fig. 9a. As shown in Fig. 9b, a power spectrum of the
wave channel as well as a bimodal distribution of wave amplitudes (by
single amplitude and period) was computed for the entire 20-minute
duration of the run. There were a total of 158 cycles, where the
period of each cycle is defined by three consecutive zero-crossings.

A comparison between the power spectrum computed from the wave
time history and the Bretschneider wave spectral model is shown in
Fig. 10a. The instantaneous wave elevations are compared with a
Gaussian distribution in Fig. 10b. Finally, a comparison of the wave
single amplitude distribution 1is <compared with a Rayleigh
distribution in Fig. 10c.

These comparisons show that the wave time history developed by
the STH program does represent a random sea whose instantaneous wave
elevations have a Gaussian distribution and whose single amplitudes
have a Rayleigh distribution. Note that the Bretschneider wave
spectrum, and the Gaussian and Rayleigh distributions represent
averages from a large ccllection of time histories. The results
obtained from any one time history £for a specific set of random
numbers (see Egqg. 10) can be larger or smaller than these curves.
However, the results should have the same general trends as the
theoretical curves.

Since the linear superposition principle was used to obtain the
ship response time histories to the random seas, it follows that the
response elevations will also have a Gaussian distribution and the
response single amplitudes will have a Rayleigh distribution. The
single amplitudes for roll will have a modified Rayleigh distribution
because of the increase in roll damping with increasing significant

wave height.

Nine response time histories, including the encountered wave
time history, were generated by the ACTH program at 3 samples per
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second for 20 minutes in a shortcrested sea with a significant wave
height of 12 feet and a modal wave period of 9 seconcs. ACTH run 2
represents a bow sea (45 degree) ship heading ard ACTH run 3
represents a stern quartering sea (135 degrees). Both runs are for a
ship speed of 20 knots. The minimum analysis (standard deviation and
peak values) of the nine responses for both ACTH runs is shown in
Table 21.

A comparison of these responses for bow and stern quartering
seas is provided in Figure 11. Time histories are shown for the
encountered wave, roll angle, pitch angle, heave displacement,
relative motion at the sonar dome, vertical acceleration at the
starboard side of the bridge, and vertical velocity, lateral
acceleration (earth-reference), and lateral force f(ship-reference)
for the center of the helicopter deck bullseye.

A representative 200 second section from each the 20 minute runs
is compared in this figure. Note first that the encountered wave
frequencies in bow seas are higher than for stern quartering seas at
the ship speed of 20 knots. In fact there is not enough wave energy
near the natural roll frequency (0.4 rps) in bow seas at this speed
to excite the ship in roll. 1In general, the ship responses related
to the vertical mode, i.e., pitch, heave, relative motion, and
vertical velocity and acceleration are larger in bow seas than in
stern quartering seas. Likewise, the ship responses related to the
lateral mode, i.e., roll, 1lateral acceleration, and ship 1lateral
force are larger in stern quartering seas where the encountered wave
frequencies are smaller (longer periods) compared to bow seas.
Vertical responses at point locations on the ship which are off
centerline contain a roll component, and can thus show a resonance
due to roll in stern quartering seas. Finally, note that the lateral
force in the ship system is larger than the lateral acceleration in
the earth system due to the component of gravity times the sine of
the roll angle, which is much larger in stern quartering seas than in
bow seas.
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CONCLUDING REMARKS

The methods/programs described in this report provide a rational
approach to the generation of simulated ship motions in random seas.
These ship motion time histories in turn can be used to develop
realistic ship motion specifications to which any ship subsystem can
be designed. The 7/ ation in developing this tool is to allow a
potential user to concentrate on developing the model of his
subsystemn and not on the generation/accuracy of the ship motion data
base which will be used to drive the subsysten.

No software remains static. Future enhancements or expansion of
these programs will depend not only on theoretical and technological
improvements, but will rely heavily on the requirements of the users.
It is, therefore, important that feedback be provided the authors so
that later versions of the programs presented will meet the needs of
the U.S. Navy.
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Fig. 1. Sign convention for translatory and angular displacements.
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Fig. 2. Definition of computational heading, g.
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Fig. 3. Bretschneider wave spectra for 7, 11, and 21-second modal
periods.
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NOTE: NUMBERS IN PARANTHESES ARE SHORTCRESTING
WEIGHTING CONSTANTIS.

Fig. 4. Example of the shortcresting method for an output
predominant heading of 45 degrees (bow seas).
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21 Megabyte Hard disk 21 Megabyte Hard Disk
Drive C Drive D
—ROOT DIRECTORY FROOT DIRECTORY
—STH— —ACTHDATA -
—ACTH . EXE L
SPDD965A—
—ACTH. INP —ACTHLOG . TEX
-~DD965A . ATH —ARM.ASC
—DD96SA . STH ~~ARM.DAT
——ERROR. TEX -—ARM . TEX
—STH . EXE —SMPDATA
—STH . INP I—DDQ 65
DD965SA . ORG
e SMP
—SMP . INP DD965A6.0UT
—DD965SA . SMP
—STHDATA
—SMP84 . EXE L
SODD965SA
SRN.DAT
SRN. TEX
STHLOG.TEX

Fig. 5. oOrganization chart of STH, ACTH, and SMP84 directories and
files.
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1. SONAR DOME 0.8 0.0 -9.5
2. STERN, PORT SIDE 19.8 20.8 33.0
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- (STATION #) (FT) (FT)

1. BRIDGE, STBD SIDE 5.5 -15.0 62.0
2. HELO DECK BULLSEYE 14.4 0.0 51.0

Fig. 7. Point locations on DD~965 for point time history example.
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Fig. 9a. Time history of wave height displacement.
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Fig. 9b. Spectrum and amplitude vs. period distribution.

Fig. 9. Examgle of wave behavior in shortcrested beam seas,
significant wave height of 12 feet and modal wave
period of 9 seconds.

44




SICNIFICANT UAVE HEICHT o 12 FEET
HODAL WAVE PERIOD = 9 SECONDS

20 T T T
DRSH LINE ¢ WAUE SPECTRUM

TIHE HISTORY |} _

SOLID LINE * BRETSCHNEIDER
HAVE SPECTRUNM

[ .3 1 1.8 2
HAVE FREQUENCY, w, RADIANS/SECOND

Fig. 10a. computed wave spectrum vs. Bretschneider wave spectrumn.
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Fig. 10b. Wave elevation distribution vs. Gaussian distribution.
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Fig. 10c. Wave single amplitude distribution vs. Rayleigh

distribution.

Fig. 10. Analysis comparison of beam seas wave time history with
theoretical predictions.
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Pig. 11. Comparison of computed time histories for the DD-965 at
20 knots in shortcrested bow and stern quartering seas.
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Table 1. Constants for single amplitude Rayleigh statistics.

SINGLE AMPLITUDE STATISTICS

Root mean square amplitude, RMS 1.00 o
Average amplitude l.25 o
Average of highest 1/3 amplitudes,

significant 2.00 o
Highest expected amplitude in 10

successive amplitudes 2.15 ¢
Average of highest 1/10 amplitudes 2.55 ¢
Highest expected amplitude in 30

successive amplitudes 2.61 ¢
Highest expected amplitude in 5¢C

successive amplitudes 2.80 ¢
Highest expected amplitude in 100

successive amplitudes 3.03 ¢
Highest expected amplitude in 200

successive amplitudes 3.25 ¢
Highest expected amplitude in 1000

successive amplitudes 3.72 ¢

DEFINITIONS
o? = Statistical variance of time history.
N = Number of successive amplitudes.

CONSTANT = /2 (1ln N)%, where CONSTANT rslates ¢ to
the highest expected amplitude in n
successive amplitudes.

NOTES :
1.

The highest expected amplitude in N amplitudes is the most
probable extreme value in N amplitudes. This value may be
exceeded 63 percent of the time.

To obtain wave height or double amplitude statistics from
RMS values, multiply single amplitude constants by 2.0.
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Table 2. Summary of files used by the STH program.
FILE NAME TYPE DESCRIPTION

1. STH.INP ASCII Input for the STH program describing
wave point locations and STH run
conditions

2. DD965A.0RG| Binary SMP84 6DOF (Origin) transfer functions

3. SRN.TEX ASCII Summary of conditions and statistical
results for wave and 6DOF channels
for STH run N

4. SRN.DAT Binary| Wave and 6DOF time histories for
STH run N

5. STHLOG.TEX| ASCII Summary of STH runs and conditions

Table 3.

STH data set summary.

STH Data Set Definition

CVvHBNMOMTNEWNL R

[

SMP DATA PATH
STH DATA PATH
SHIP TYPE

SHIP NAME

HULL VARIANT
CYCLE NO

UNITS

TITLE

WAVE POINT INPUT
RUN INPUT
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Table 5. (Continued)

STATISTICAL RESULTS

TIME DOMAIN FREQ. DOMALIN
CHAN  NANME UNIT MEAN STODEV MAX niN STODEV
1  WAVENT  FEET -0.005 2.800 8.089 -10.766 2.980
2 SURGE FEET 0.098 2.662 7.005 -7.783 2.941
3 suay FELT 0.020 1.496 4.762 -4.633 1.388
&  MEAVE FEET 0.002 1.557 5.098 -6.218 1.536
S motL (1{] -0.009 3.338 10.148 -8.743 4£.083
6 PITCH DEG 0.002 0.472 1.515 -1.338 0.511
7 A OEC -0.001 0.575 1.714 -1.472 0.653
8 WVATPY1  FEEY 0.006 2.779 8.3535 -B8.440 2.980
9 WVATPZ  FEET 0.030 2.550 7.277 -8.8n 2.980

.......................................

0 Hours 43 Minutes 16 Seconds

Table 6. Example of STHLOG.TEX file.

S8TH LOG RUN SUMMARY
TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED
STH DATA PATH : C:\STHDATA\SODD965A

TYPE CODE : BI - BINARY
RUN TYPE TIME DATE-TIME-GROUP COMMENTS

1 BI 20.0 MIN 01101’L SEP89 SC V= 0 HD= 90 SWH=12.0 TO= 9
2 BI 20.0 MIN 011054L S8EP89 8C V=20 HD= 45 S8SWH=12.0 TO= 9
3 BI 20.0 MIN 011137L SEP89 S8SC V=20 HD=135 SWH=12.0 TO= 9




Table 7.

Summary of

files used by the ACTH program.

FILE

NAME

TYPE

DESCRIPTION

1.

7.
8.

ACTH. INP ASCII

SRN.TEX

SRN.DAT

ARM.TEX

ARM.DAT

ARM.ASC

ACTHLOG.
ERROR.TEX ASCII

ASCII

Binary

ASCII

Binary

ASCII

TEX| ASCII

Input for the ACTH program describing
wave point locations, point locations,
channel identification, and STH run
numbers

Summary of conditions and statistical
results fcr wave and 6DOF channels
for STH run N

Wave and 6DOF time histories for
STH run N

Summary of point locations, channel

identification, run conditions, and

channel statistical results for ACTH
run M

Time histories for up to 16 ACTH
channels for ACTH run M (optional data
format used when variable ASCII=1)

Time histories for up to 16 ACTH
channels for ACTH run M (optiocnal data
format used when variable ASCII=2)
Summary of ACTH runs and conditions

Summary of errors detected when ACTH
program was executed

Table 8. ACTH data set summary.
ACTH Data Set Definition
1 STH DATA PATH
2 ACTH DATA PATH
3 SHIP NAME
4 OUTPUT DATA FORMAT
5 WAVE POINT INPUT
6 POINT INPUT
7 CHANNEL INPUT
8 START ACTH RUN
9 NO OF ACTH RUNS
10 STH RUN INPUT
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Table 9. Example of ACTH.INP file.

D :\STHDATA\SO0D965A
D:\ACTHOATA\SPDD9ESA
00965
OUTPUTs 1
NO OF WAVE POINTSs 2
List of Weve Points

NO XL0C Yioc 2Lec NAME
1 0.8 0.0 =9.5  SONAR DOME
e 19.8 20.8 33.0 STERN PORT $)OE ‘

NO OF POINTSs 2

List of Points
NO xL0C YLOC ZLo0C NAME
1 -15.0 62.0 BRIDGE STBD SIDE
2 %, ‘ 0.0 $1.0 HELO DECK BULLSEYE

NO OF CHANNELS= §

List of Channels with Atooclotod Points
RESP TYPE SYSTEM POIN

0”‘0\”"0‘&!-‘5
NNWHW WS~
I st b ot =
[ YTV Y5 P O P SV g
NNN--OOOO

START ACTH RUN= 1
NO OF ACTH RUNSs 3

!{N RUNS

2
3

*¢ pescription of BATCH input for ACCESS Time Nistory Proprem **

STH TIME HISTORY PATH - up to 80 charscters
ACTH !ll! HISTORY PATH -  up to 80 cheracters
SHIP NAME -  up to 35 characters

OUIPUY » Dits formet 1 s blnary, 2 = ASCI)
NO OF WAVE fOlI!S

LIST Of WAVE POINTS - Y 2 LOCA!IOIS AND VWAVE POINT NAMES)
:8 g: 4 ll;tttllf oF 'OII!‘ « 2 LOCATIONS AND POINT NANES)

CHANNEL LIST IICLUDIIG ASSOCIAV!D POINT LOCATIONS
START RUN MO FOR ACTH R

MO OF ACTN RUNS

STH RUN MO
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Table 10. Method used to select ACTH channels.

Select Point No
Point no = 0 - Location (Origin) is at LCG in the waterplane
SYSTEM = EARTH

Select Response No
1 - Surge
- Sway
- Heave
- Roll
Pitch
- Yaw
Wave Height at 1CG

Select Type
1l - Displacement/Angle

2 - Velocity
3 - Acceleration

[V

3
4
5
6
7

Point no > 0 - Any location on the ship

Select system
SYSTEM = EARTH

Select Response No
1 - EEngEEuHInaI reponse at a point
2 -~ Lateral " "

3 - Vertical " "

4 - Relative motion at a wave point

7 - Wave height at a wave point

Select %zge
1 - Displacenment

2 - Velocity
3 - Acceleration

SYSTEM = SHIP
Select Response No
1l - fEngEEuainaI togcc at a point
”

2 - Lateral
3 - Vertical " "

Select Type
3 - Acceleration (force per unit mass)
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Table 11. ACTH menu screen.

Access Time History Program (ACTH)

Total number of runs = 3

Start run number = 1

Working on run number 3
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Table 12. Example of AR3.TEX file.

RUN DATE-TIME-GROUP = 0321046L SEP89

032106L SEP89, O, 5, 133, 0, O, 12.0, 9
TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED
VIC CODE: DD965

RUN: 3

CONMENTS: SC V= 20 WD= 135 SWHs 12.0 T0= ¢
CORRESPONDING STH RUN: 3

SANPLE RATE : 3.0

START TINME: 0.0

$TOP TIME: 1200.0

RUN TIME: 1200.0

SHIP TYPE: DESTROYR

SHIP: DD94S

HULL VARJANT:

SMP CYCLE NO: 6

UNITS: FEET
GRAVITY: 32.1700

SHIP LENGTH: 529
LONGITUDINAL CENTER OF GRAVITY (REF FROM FP): 272.30
DISTANCE FKOM BASELINE TO WATERLINE: 0.30

SHIP SPEED: 20.00 KNOTS
PREDOMINANT HEADING : 135. DEG
SMP OUTPUT HEADING REF. :

L R R R Y N R L R

0 degshead sess,
90 deg=stbd bean soss,
180 degsfollowing sess

SEA TYPE 1 SHORTCRESTED SiAS

SIGNIF. WAVE WEIGNT 3 12.00 FEET

MODAL WAVE PERIOD : 9.00 SEC

STATISTIC USED FOR ROLL ITERATION : 2.00 * RNS

STN PROGRAM
STATISTICAL RESULTS

TIME DOMAIN  FREQ. DOMAIN
$10

CHAN  NAME uniT STO0EV DEV
1 VAVENT FEET 2.800 2.980
2 SURGE FEETY 2.662 2.961
3 sway FEET 1.496 1.588
4  KEAVE FEET 1.387 1.836
5 moLL DEG 3.338 4.083
6 PLTCH OEG 0.472 0.511
7 YAV e 0.575 0.653
8 WVNTPY PEET 2.779 2.980
9 WVKIP2 FEET 2.5%0 2.980

NO OF WAVE POINTS: 2
List of Wave Points
¥O xLoc YiLoc ot NAME

P Ry Ry R L R

1 0.8 0.0 -9.5 SONAR DOME
2 19.8 20.8 33.0 STERM PORT $IDE
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Table 12. (Continued)

NO OF POINTS: e
List of Points
N0 XLOC YLOC ILOC HAME

P Y YR Y Ry Y Y RN

1 $.5 -15.0 42.0 SRIDGE STBD SIODE
2 V.4 0.0 51,0 HELO DECK BULLSEYE

NO OF CHANNELS: 9
List of Channels with Associated Points

CHANKEL POINT

NO NAMNE TYPE UNIT SYSTER NO XLOC YLOC 2LOC NANME
1 WAVENT OSP FEET EARTM 0 10.29 0.0 20.3 oOrigin (LCG, CL, WP) *
2 ROLL ANG DEG EARTH 0 10.29 0.0 20.3 Origin (LCG, CL, WP)
3 PITCH ANG OEG  EARTH 0 10.29 0.0 20.3 Origin (LCG, CL, WP)
& NEAVE OSP FEET EARTM 0 10.29 0.0 20.3 Orlxin (LCG, CL, WP)
S RELMOY DSP FEET EARIM 1 0.80 0.0 -9.5 SOWAR DOME
6 VERYT ACC G-$8 EARTH 1 5.50 -15.0 62.0 BRIDGE STED SIDE
7 VERT VEL FPS EARTH 2 14.40 0.0 51.0 HELO DECK BULLSEYE
8 LATE  ACC G-$ EARTH 2 14,40 0.0 51.0 HELO DECK BULLSEYVE
9 SLATE ACC G-S SHIP 2 .40 0.0 51.0 HNELO DECK BULLSEYE

L R e T R R R R R R T T )

MININUN ANALYSIS

®ecccsvrvscsoesansroe PR A R X T R R A L X

| CHAN TITLE UNITS MEAN $T0, DEV. MAX HIN

LR R R R Y P R R PR YR s ssscscssancenace

1 VAVEHT DSP FEET -4.738€-03 2.800E+00 8.089E+00 -1.077€+01
2 ROLL ANG DEG -8.978E-03 3.338E¢00 1.013€¢01 -8.743E+00
3 PITCH ANG OEG_ 1.697E-03 &.720E-01 1.515E+00 -1.338E+00
& WEAVE OSP FEET 1.868E-03 1.557€+00 5.098E+00 -6.218E+00
5 RELMOT DSP FEET 4,.2026-02 3.562€+00 1.101E+01 -1.303€+01%
6 VERT ACC G-§ 6.821E-06 4.163E-02 3.269€-01 -1.402€-0%
7 VERT VEL FPS  1.808£-03 1.084E+00 3.972E+00 -3.220£+00
8 LATE  ACC G-S 1.817€-07 2.587E-02 1,686€-01 -7.6635E-02
9 SLATE ACC G-$ -4.422E-05 7.359!-02 2.097€-01 -2.403€-01
CHANNEL NO./TITLE Pesk Nean STDDEV

1 WAVENT DSP -1.077€+01 -4.738¢E-03 2.800E+00

2 oLt ANG 1.015€+01 -8.978¢-03 3.3388+00

3 PITCH  ANG 1.515€+00 1.697e-03 4.720€-01

& HEAVE DSP -6.218€+00 1.868E-03 1.557€+00

5 RELMOT OSP -1.305€+01 4.202€-02 3.562€+00

6 VERT ACC 3.269€-01 6.821€-06 4.163€-02

7 VER? VEL 3.9728+00 1 -808E-03 1.084E+00

8 LATE ACC 1.686E-01 1.817€-07 2.587¢-02

9 SLATE  ACC -2.4038-01 *4.422€-05 7.559€-02

Total number of data records this run = 34601




Table 13. Example of AR3.ASC file.

3601 9
1l l -2.800 4.369 0.014 -2.212 0.097 0.000 0.000 0.000
2 i :g:g;g 3.328 0.005 -1.386 0.271 0.327 2.536 0.169
3 i :2:§33 2.143 0.037 ~-0.428 0.151 0.020 3.148 0.071
4 i :g:;ég 0.837 0.101 0.585 =-0.221 -0.001 3.456 0.062
5 i -g:ggz -0.521 0.183 1.559 =-0.750 -0.024 3.391 0.046
6 i -g:ggz ~1.872 0.260 2.415 -1.200 -0.037 2.961 0.031
7 i 2:222 -3.152 0.319 3.080 -1.386 -0.053 2.242 0.010
8 i g:ggé -4.334 0.345 3.515 -1.289 =-0.055 1.330 0.000
9 i g:ggg -5.372 0.332 3.694 -1.066 -0.060 0.322 =-0.017
10 i g:gg% -6.259 0.281 3.618 -0.898 -0.059 -0.663 -0.025
2 0.124
Table 14. Example of ACTHLOG.TEX file.
ACTH LOG RUN SUMMARY
TRIAL: DD965 NUSC SONAR STUDY (ARMORED, TRIMMED
ACTH DATA PATH : D:\ACTHDATA\SPDD965A
TYPE CODE : BI - BINARY, AS - ASCII
RUN TYPE TIME DATE~-TIME~-GROUP COMMENTS
l BI 20.0 MIN 032105L SEP89 SC V= 0 HD= 90 SWH=12.0 TO= 9
2 BI 20.0 MIN 032105L SEP89 SC V=20 HD= 45 SWH=12.0 TO= 9
3 BI 20.0 MIN 032106L SEP89 SC V=20 HD=135 SWH=12.0 TO= 9
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Table 15. ACTH error message summary.

ERROR

MESSAGE
ERROR - ACTH program stopped.
CHANNEL RESPONSE POINT
I J K

does not have a corresponding wave point number
in ACTH.INP

STH run N does not exist

STH run N skipped because there are no wave
points in the STH run

STH run X skipped because the STH wave points
do not match the ACTH wave points

All STH runs were successfully completed




Table 16. Example of roll angle RSV table.

10

13

CORES NUSC SONAR STLDY (ARMCRED, TRIMMED BY BOM .22° Q\) 5/13/85 ™A

LH

0
1.43/10 1.49710
./ 3218
4,80/ 4.9N/%
5.58/%6 S.M/6
5.86/16 5.%116
S 5.5/
49/ 5.0916

1.95/712 2.04/12
3.00/15 3.2/15
3.9/15 4.05/18
L A/15 4.31/15
4.00/16 4L.20/16
3.81/16 3.92/16

1.06/8 1.7/ 8
1.52/10 1.61/10
2.1/15 2.271/15
2.76/15 2.90/18
3./ 3.21716
36 3%/
2.98/16 3.08/16

0%/ 7 1.01/7
1.5/9 1. %9
1.8/12 1.74/13
2.07/15 2.2/15
2.3/16 2.401%
2.5/ 2.57/%
2./ 2.50/16

0.8/ 7 0.9 7
1978 1.1978
1.35/10 1.4/
1.6/15 1.76/15
1.8/16 2.00/16
198716 2.1/%
1.97/% 2.05/%

0.7%7 6 0.81/ 6
0.9/ 7 1.0¢/ 8
1.%/ 9 1.%/10
1.R/15  1.45/1
151716 1.86/%
1.682/16 1.7&/%
1.68/7%6 1.onr

SIRTIRESTED
SIONIFICANT WAVE HEIGHT = 12.00 FEET

ROLL ANQLE
(DEG)

SIGNIFICAT WALLE / ENDONTERED MDAL PERICD (TCE)

SHIP FEADING ANGLE IN DEGREES
$TID SEM
3 s &0 " % 105 120

1.66/10 1.&7/10 2.06/10 2.%/10 2.4/10 2.05/10 1.95/10
3.3%/15 3.6015 3.86/15 4.01/15 4.06/13 3.&/15 3.W9/15
.2/ S5.5/16 5.87/%6 6.00/16 6.15/16 6.0/16 $.83/%
6.0/ 6.6/16 6.80/% 7.0/%6 T7.12/16 7.0/ 6.77/%
6.1 6.52/16 6.09/% T. U6 1.8/ 7.13/\6 6.8/%
5.8/16 6.21/1% 6.56/18 6.80/16 6.88/16 6.79/16 6.54/16
5.38/16 5.75/16 6.07/%6 6.29/%6 6.37/16 6.2/16 6.05/16

1,44/ 9 1.68/0 1.92/10 2.13/10 2.29/11 2.35/11 2.33/12
2.9/12 2.66/V% 3.09/15 3.51/15 3.87/15 &.09/15 4.17/15
3.55/15 4.2/15 4.55/15 S5.6/15 5.45/15 5.68/15 S5.7/15
4.40/15 &.89/15 5.40/15 S.8/16 6.19/16 6.34/16 6.29/16
4.65/16 5.11/16 5.58/16 S.9T/\6 6.2/16 6.30/16 6.20/16
4.52/16 &.%/%6 5.364/16 5.8/16 5.9/16 5.9/16 S.7%/%
4. 2/16 4.59/%6 496716 5.B/16 5.40/16 5.61/16 S5.2/16

1.3178 1.8/ 9 2.00/11 2.69/13 2.9/% 3../W% 3.8/%
1.8/ 23/% 2.97/15 3.7/15 4.50/15 5.00/15 S.u/15
2.62/15 3.18/15 3.93/15 4.75/15 S5.50/16 6.06/16 6.37/%
3.5 3.8./16 4.52/% 5.8/16 S.B/16 6.2/ 6.47/16
357716 4.08/16 4.66/16 5.2:/%6 S.TUW 6.0/16 6.11/16
356716 4.00/16 4.50/%6 &.97/16 5.34/% 5.5/ $5.57/16
337706 3.7/ 4.19/% 4.58/18 4.&I/16 5.01/16 4.9/

1.21/ 8 1.6/13 2.60/% 4.O/% S3WW 6.29/% 6.5/17
1.83/10 2.28/15 3.47/1% 4.%/15 8.30/15 7.3/15 7.984/17
U1 2.&/15 3.99/16 5.3/16 6.5/ 7.45/%6 T.917
2.60/15 3.28/16 4.2/ 5.36/¥6 6.34/16 T.06/%6 T.6/17
2.8/ 3.46/% 4.21/%6 5. W/ 5.91/16 6.45/16 6.70/7
e/ 3./ 408/ LTV S3W6 5.1/ S/
2,806 3.%/16 3.79/% 364/ L4816 5./ 5.2/17

1.4/ 7 2.9/13 3.81/8 5.4/13 6.7T/19 7.7V/19 8.\&/%
1.8/ 9 2.6/15 4.30/15 S5.91/v9 7.35/9 8.31/9 8.74/W
1.8/15 2.90/16 4.L2/16 5.92/19 7.15/19 7.99/19 8.31/%
2.98/%6 3.10/16 4.36/16 5.61/16 6.8/19 7.30/19 T.57/1%9
2.61/% 3.17/% 4.19/16 5.0/ 6.01/19 6.5/ 6.7/
2.47/% 3016 3.93/17 &4.7/N7 S S.TI/W S.81/19
2.41/% 2.%/17 3.82N17 4.7 4.T5/19 5.00/19 5.13/19

1%

1.75/10
3.5%/15
$.50/16
6.3/16
6.48/16
6.18/16
5.72/16

2.3/1?
4. 1/15
5.5%/15
6.08/16
5.%/16
5.51716
4.9/

1.%5/15
5.64/15
6.45/%
8.66/%6
6.00/16
5.6/%
4£.82/%

T.3/17
8.5/77
8.1/v7
7.8/17
6.67/17
S.8/17
s.un7

8.47/W
.75/
8.9/19
T4/19
6.53/19
S./19
493/

150

1,56/
3.26/15
5.16/16
S.9/16
6.07/16
S.7/16
5.35/16

2.09/12
3.96/15
5.37/%5
S.78/16
5.60/16
5.17/%6
L/

3.93/15
5.70/15
6.39/16
6.28/16
5.7/
5.17/16
4.50/%

7.36/17
8.30/17
8.07/17
7.33/17
6.66/17
5.68/77
&.59/7

7.9/
8.3/
1.85/v9
6.9/19
6.09/19
S.2/19
4.55/19

11712 3.7 6.66/17 8.73/17 10.43/17 1.48/17 11.86/17 11.54/17 10.52/17
1.8215 3.7 6.98/17 B.3I/17 9.91/17 10.90/17 11.5/17 10.93/17 10.01/17
1.60/46 3./17 S.8NT 7.6/17 B.8/17 9.67/17 9.95/17 9.68/7 8.82/17
1.93/% 3.3/17 S.0/1T 6.5T/V7 7.M/1T B.60/17 8.6/17 8.3/ 7.57/17
2.90/% 3.20/17 45817 5.81/17 6.73/17 T.2/1T T.6/17 TAYNT 6.4&/17
29617 3.B/17 4. %/17 S5.%/17 S.8/7 6.31/17 6.3%/17 6.1V/17 S5.52/17
2.12/17 2.BNAT ITNT &5B5NT ST 5.8/17 5.53/17 S.T/T 4.7%/17

5

1.3/
3.0/15
48516
5.66/16
5.7/16
5.46/16
5.05/16

1.97/13
3.8/15
5.1415
$.52/16
5.3/16
4.83/16
4.9/

39718
5.7/15
6.30/16
6.11/16
5.58/16
4£.96/16
4.36/16

7.2/17
8.9/17
7.9/V7
7.15/17
6.5/17
5.40/17
4.6717

7.3/%9
7.%9/19
7.3119
6.51/19
5.8/
4£.8/19
49619

9.%/17
8.%/17
1.8/07
6.73/17
5. /17
£.8/17
&A7/17

FOLLOW
190

1.30/11
2.95/15
4. 716
5.53/16
5.61/16
5.%/16
4.%/16

1.92/13
3.80/15
5.08/15
5.42/16
5.20/16
&.7T/16
4. 2816

3.98/15
5.0/15
6.21/16
6.04/16
5.49/16
&£.87/16
6.21/16

7.6/17
8.28/17
7.92/17
7.08/17
6.%/17
S
4&.5917

7.3/%9
7.0/%9
7.18/19
6.31/1%
S.6/19
4.65/19
3.9/19

8.9/17
8.5/17
1.7
6.38/17
$.40/17
&£.9/17
3.92/17
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Table 17. Example of vertical velocity at a point RSV table.

10

15

005 NUSC SCNAR STLDY (ARMRED, TRINED BY BN . 2' Q1) 5/13/85 ™A

SHRTOESTED
SIGNIFICANT WRVE MEIGHT = 12,00 FEET
HELD DECX SULLSEYE XPs %40 Ya= 0.00 2L 51.00

VERTICAL VELOCITY
(FEET/SEC)

SIGNIFICNNT WALLE / BNCILNTERED MDAL PERICD (TCE)

SHIP HEADING ANGLE IN DEGREES
T HED STED BEAM
0 15 X ] & L] % 105 120 135

9 L7110 1.B/10 2.29/10 2.7/ 9 3.0/ 9 3.3 8 3.41/8 3.3/8 3./ 9 2.7/ 9
1 2.00/11 2.7/ 2.4/ .73/ 3.01/10 3.2/10 3.27710 3.21/10 3.@/10 2.75/11
B 2.2A/13 2.27/13 2.4/13 2.65/13 2.84/12 3.00/12 3.05/12 3.01/12 2.87/12 2.67/13
15 2.21/% 2.2yt 23K 2.53/W 2.6/ 2.7 2.&/W% 2.9/% 2.8/ 2.54/%
7 2.%/16 2.19/16 2.2/16 2.39/% 2.50/15 2.54/15 2.61/15 2.5&/15 2.51/15 2.40/%6
¥ 20017 2017 2.7 2.58N17 2.3/17 .M/ 2.7 2.9/17 2.3/17 2.5/17
2 1.9/18 2.00/18 2.05/18 2.11/18 2.18/18 2.2/18 2.24/18 2.2/18 2.14/18 2.1¥/8

9 2.0179 2.15/9 2.4/8 2.55/8 3./ 8 3.34/8 3.3/ 8 3.2/ 8 2.9/ 9 249/ 9
1M 2.3/10 241710 2.6/10 2.90/10 3.13/10 3.26/10 3.3/10 3.10/10 2.8/11 2.4/12
B 24511 25711 2.6/11 2.8/11 2.97/M1 3.06/12 3.8/12 2.91/12 2.66/13 2.8/
15 2.45/83 2.6/13 2513 2.70/13 2.79/8 2.8/13 2.8V /% 2.M/% 2.5/15 2./15
17 23/ 2.4/% 247/% 2.54/% 2.61/15 2.8/15 2.59/18 2.50/%6 2.34/16 2.2/17
19 2.T/6 2.3/16 2.3%/16 2.W/16 2.43/16 2.64/17 2.40N17 2.3/17 2.21/18 2.08/18
21 2.7 24777 2. A/17 2.%/W8 2.T/18 2.2/8 2.B/18 2.\7/%W 2.01/2 1.9

9  2.1Y/8 2.71/8 2.6/8 2.99/8 3.21/6 3.4/ 8 3.3%/8 3.W8 2.8/ 8 2.3/10
11 2509 2.%/9 2.8/9 3.0v9 3.25/9 3.3/10 3.2/10 3.05,/10 2.72/11 2.30/13
B 2640 2.71/10 2.85/10 3.00/10 3.11/11 3.03/11 3.05012 2.84/12 2.54/% 2.%/15
15 2.6/12 2.60/12 2.T8/12 2.87/12 2.R/12 2.9V/3 2.8% 2.5/ 2.6/ 2.UNT
17 250 2.64/13 2.65/13 2.0/% 2.73/% 2.W/15 2.5118 2.4/17 2.2/17 2.04/18
¥ 24415 247/15 2.50/15 2.53/1S 2.54/1%6 2.30/% 2.4117 2.2/18 2.11/19 1.93/2
8 2B 2.]/NT 2.3/1T 2. IINT 23T 2.3/18 2.204/18 2.1/ 1. 1.88/21

9 237 28/7 2%9/7 3.2/ 7 387 3.6/7 3.5/7 3.5/8 2.8/ 8 2.%/ 8
1M 278 2.88 3.1/8 3.3/ 8 3.4/8 35179 3.3 9 3.00/10 2.64/10 2.19/12
8 2.9/ 2.9%/10 3.12710 3.5/10 3.32/10 3.2/ 3.%/11 2.87/12 2.51/13 2. W&
15 2%/11 2.95/11 3./ 3.9/ 3.11/712 3.08/12 2.59/13 2.88/% 2.3/ 2.01/20
17 2.81/12 2.88/12 2.87/12 2.9W/13 2.09/15 2.81/% 2.64/15 2.48/16 2.9/2 1.9/
¥ 2.60/% 2./% 2./ 2.T/15 2.68/15 2.99/% 2.7 2.T/18 2.0/ 181/2
21 2.515 2.53/15 2.53/16 2.5/ 2.9NT 24017 2.2/ 2.1/ V2 \ /B

9 291/ 6 3.41/6 3.43/6 3.75/6 3.%/ 6 3.95/6 3.T1/6 3.9/ 6 2.8/6 2.2/ 6
N 3.4/ 6 3.45/6 3.6776 3.8/ 6 3.9 6 3.84/ 8 3.6/8 3.2/9 2.7/ 2.1
B 34779 35/9 3.61/9 3.60/9 3.60/9 357710 3.3/10 2.9/11 2.50/13 2.01/19
15 3.37/10 3.39/10 3.83/10 3.45/10 3.49/11 3.21/M1 3.B/12 2.7V/13 2.31/15 1.9/3
7 3411 39711 321712 3.2/12 3.13N12 2.99/13 2.77/% 2.484/% 2.15/19 1.8/
¥ 2B 2.9/13 2.9/13 2.59W% 2.8/t 2.7/15 2.54/% .2/¥ 2.0/B 1./
2 2.W/% LBNS LTINS 2.76/Vs 2.85/16 2.52/17 2.34/19 2.1 1.8/B 1.8/

9  3.6/6 I 40/ 6 4.5/ 6 A0/ 6 436 LB/ 6 35T/ 6 2.9 6 2.2/17
M LAVE L3/ 6 b4/ b 4.5/ 6 44T/6 LT/ 6 3.9/ 6 3.3/ 6 2.TINT 2.09/17
B L42B/6 LB/ 6 43/ 6 6.5/6 4 6 3.9/ 6 3.57T/10 3.00/10 2.8/17 1.95/17
1B 40179 40/9 40179 3.95/10 3.81/10 3.57/0 3.3/ 2.8/ 2.3/17 1.8/8
17 37/ 37710 3.1 3.61/11 3.2 3.3/12 2.3 2.55/7 2.1/ LTS
¥ 3412 3412 3.37/12 3.5/13 3.95/13 2.9/% 2.6417 2.3/17 1.0B 1.6/8
2 31/ 3%/0 LWk 3.0/% 2.8/15 2.68/17 2.44/17 2.15/19 1.8/8 1.5/

150

231710 1

2.a/M
2.45/13
2.38/%
2.28/16
2.7
2.05/18

2.01/10

2.1M/13 1

2.%/Y
2.1/15
2.06/17
1.95/18
1.86/20

1.78/10

1.87/15 1

1.90/16
1.8/17
1.8/9

1.77/2
1.2

1.6%/ 9
1.8/

0.8/17
0.9%/17
1.08/33
1.09/33
1.3/
1.%/8
1.%/3
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Table 19. DD-965 computer-generated hydrostatics.

00965 NUSC SONAR STUDY (ARMORED, TRIMMED BY BOW .22° OA) 5/13/85 TRA
TABLE OF SHIP PARTICULARS

SNIP CHARACTERISTICS -

SKRIP LENGTR (LPP) 529.00 FEEY LENGTN/BEAM 9.636
BEAM AT MIDSHIPS 54.90 FEEY BEAM/DRAFY 2.700
DRAFT AT MIDSKIPS 20.33 FEEY DRAFT/BEAN 0.370
DISPLACEMENT (S.W.) 8282.1 L. TONS DISPL/C.OILPP)**S 55,946
DESIGN SHIP SPEED 25.00 kNOTS FROUDE NUNBER 0.324

VERTICAL LOCATIONS -

C. OF GRAVITY (veo)e 2.86 FEET VCG/BEAN 0.052
C. OF GRAVITY (XG)** 23.17 FEETY KG/SEAM 0.422
METACENTRIC HTI. (GM) 3.17 FEET GM/BEAM 0.058
METACENTER (KM)** 26.34 FEET KM/BEAM 0.480
C. OF BUOYANCY (KS)**  12.19 FEET K8/8EAN 0.222
LONGITUDINAL LOCATIONS®®® -
C. OF GRAVITY (LCG) e72.3% FEET LCG/LENGTH 0.515
C. OF BUOYANCY (LCB) 272.35 FEET LCB/LENGTH 0.515
C. OF FLOTATION (LCF) 304.49 FEET LCF/LENGTH 0.576
MOTION CHARACTERISTICS -
ROLL GYRADIUS 22.78 FEEY RG/BEAM 0.41%
PITCH GYRADIUS 132.25 FEET PG/LPP 0.250
YAV GYRADIUS 132.2% FEET YG/LPP 0.2%0
ESTIMATED ROLL PERIOD  15.86 SECONDS ROLL FREQ (RADIANS) 0.396
COMPUTED AREAS -
WATERPLANE 21360.4 80, FEET  AWP/(LPP*BEAN) 0.735
WETTED SURFACE, HULL 33382.2 $Q. FEET  WS/(2LD+2BD+L0) 0.632

HULL COEFFICIENTS -

eLOCK (C8) 0.491
SECTION (CX) 0.842
PRISMATIC (CP) 0.582

®  WATERLINE REFERENCE
®¢ KEEL REFERENCE
evef . P. REFERENCE

65




Table 20. Example of response amplitude operator magnitudes and
phases for the DD-965 6DOF responses.
COSE5 MJIC SOWMR STADY (AWCRED, TRINED BY BOW .2' OA) S/13/85 TRA
RESFOIE NPLINDE CPERATORS (RACS) ND PHASES
SHIP SPEDD = 20. OOTS
SHIP HDIOIG = 45, DEGREES
SEA STATE: SIGNIFICANT WAVE MEIGHT =12.00 FEET

DAL PERICD = 9, SECODS

STATISTIC = 2,00 (SIGNIFICWT )
OEGA OEME ARCE SAY 1EAE oL pITOH !
0.20 0.2 1.515%-01 136.1 3.ME-01 91.5 9.054£-01 0.1 S.5056-03 -106.7 2.63¥E-08 .2 4OWE-6 -1.6
0.2350 0.%96 1.0957-01 125.1 3.5 &-0) -91.1 9.6M%-01 0.1 3.7M6-0R -15.2 6.516&-B .8 9.562%-0¢ 0.0
0.20 0.358 9.0I7-02 117.4 3.006E-01 -90.3 O.BS7E-01 0.7 i.4547E-01 -148.5 1.061Z-R -95.6 1.5064E-B 6.2
0.30 0.37 8.1253- 194.5 3.97%-01 -90.6 OBIZE-01 1.2 4L.4THAE-01 1.3 13OME-R -96.4 2.60%-03 11.5
0.30 0.356 TARE-R 112.0 3.0126-00 -95.9 9.772%-01 0.3 6.6%X-01 128.7 1.8E-R -97.2 4.68%-03 2.3
0340 0.4 6.85E-@ 109.9 2.588E-01 -96.6 9.758-01 0.% 4.112ZE-01 N3 2.40E-0R -98.2 LKWNE-W -6.2
0.380 0.6 6.38&-@ 1003 2.307%-01 3.5 9.69%-01 0.5 2.627Z-01 77.0 2.9ME-R -9.3 49BE-B 8.1
0.3 0.487 S.MESE-02 106.8 2.0950E-01 -92.6 O.6M%E-01 0.6 1.958%-01 6.7 3.73%%-( -100.6 S.100¢E-03 8.1
0.400 0.510 S.ASME-02 105.6 1.9083-01 -91.8 9.53E-01 0.8 1.66%¥-01 9.4 4.630%-02 -1R2.1 S.L3E-(B -7.3
0.4 0.551 SAIBZE-(R 1006 1.731GE-01 9.1 9.S01E-01 1.0 1.L5E-01 5.7 S.R%K-QR -1B.8 S.75E-B 6.3
040 0.5 4. 76ME-R 1(B.7 1.560E-01 -90.6 94HN-01 1.3 1.3ZX-01 48.9 6.9BE-R -105.7 6.0R1E-B 5.9
040 0.617 4ANKE-R 102.9 1.40BE-01 308 94SME-01 1.6 1.305E-01 4.8 8.308%-(R2 -107.8 6310E-B -3.7
040 0.651 4.\B%-@ 1R.1 1.250-01 -00.1 9.48542-01 2.0 1.ZWE-01 41.2 9.90%E-(R -190.2 6.600%-05 -2.3
0.500 0.48 3.817ME-02 101.3 9.1146e-0V -8B.4 9.5818-01 23 1.2672-01 M1 1.INXE-01 -112.9 6.84E-B -0.8
0.55 0.730 3.AKEE-02 100.3 OAUIE-02 -87.4 OKBXE-01 2.6 1.54E-01 3.8 1.456-01 -14.7 7.906%-B 1.3
0.550 0.775 S.0T7TR-02 9.2 7.7998-(2 -86.46 1,0XBE«00 2.6 1.23¥%-01 31.9 1.71IZ-01 -121.2 7.54&E-8 3.4
0.575 0.0 2.712ZZ-R 8.0 6.2167E-02 -85.2 1.10ME00 1.9 1.1095E-01 2.4 2.01X-01 -15.6 7.23E-B 5.6
0.600 0.857 2.55E-02 6.5 &A55E-02 -8%.0 1,260 -0.1 1.1BCE-01 Z7.1 2.HKUE01 -132.9 7.84&-03 7.8
0.43 0.915 1.97588-@ ©%.7 3.61-02 -82.6 133O0 4.0 1.0NE-01 2.8 2.6438-01 -10.5 6.5FU-B 10.1
0.0 0.966 1.4000-02 2.7 260002 -80.8 1.5547e00 -10.9 9.346M-02 2.5 2.8608-01 -1f.6 64LMLE-3 12.5
0.6 1.00 1.24E-E 0.7 1.7NE-02 -78.5 168200 -21.5 8.108E-02 2.3 2.9528-01 -160.5 S5.02%E-B 15.2
0.700 1.05 8.91058(8 8.2 1.10%E-02 -75.6 1.63ME+00 -35.2 6.500%-2 18.1 2.75Z-01 -173.1 5.5NE-08 18.2
0.750 1.1468 4.C0E-B 9.1 4.13%-0 -65.2 7.9085-01 -73.0 4.B%E-02 13.2 1.57£-01 10.7 3.7TBE-G 3.9
0.80 1.275 1.5%%E-B G8.5 1.155E-B 5.5 1.20ME-01 -1B.9 1.97%-R 5.5 5.06N-02 10.6 2.200%-B 3.8
0.900 1.501 2.97688-06 1%.0 1.117%-00 21.2 S.12-B 2.7 2.32B-B 6.6 2.65%-08 112.6 S.ATX-06 7M.4
1.000 1.762 9.20068-08 0.4 7.5ME-05 -161.6 6.2188-03 14.1 T.AGKE- -126.4 1.66138-06 -67.8 2.S%M-06 13.6
1.0 1.998 4.T13E-06 -77.3 3.5752-00 -133.4 1,0005-05 17.2 6.053%-(8 -1R2.5 3.35E-06 -75.8 3.908%-05 -15.8
1,20 2.20 1.16%-00 -56.0 1.5604-0% -107.9 2.205%-05 31.9 1.012€-0 -120.9 9.24%-05 -&.8 5.22E-05 -51.2
1.500 3.970 1.0857-08 .5 7.20156-05 -110,7 6.6WM-06 60.8 9.V6AE-D6 -110.1 6.602E-06 100.9 7.7095€-06 166.8
2.000 4.9 7.NZ00 1B.1 4 107 £.9 1.5WE-06 81.2 6.7SE-06 -172.0 1.9%6%-06 -85.3 3.9E-07 6.3
NOTES: 1) VERTION. RACS (RUACE, HEAVE,PITON) ME LINEAR NO SNDEPBDANT OF SEA STATE.

2) LATERAL RACE (BAY,ACLL, YAY) ARE MONLIMEAR MD CWNNGE WITH SEA STATE MD STATISTIC.

3) APL. 18 IN (PHYS.ANITS/IROT)*™*2 ND PHASE 18 IN
4) HDING COMBITION: 0 DEOSEAD, SO DEG=STID
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Table 21. Minimum analysis of ship fesgonscs for the DD-96S5

at a ship speed of 20 knots
quartering seas.

n bow and stern

MINIMUM ANALYSIS
SEA TYPE = SHORTCRESTED
SIGNIF. WAVE HEIGHT = 12 FEET
. MODAL WAVE PERIOD = 9 SECONDS
SHIP SPEED = 20 KNOTS
ACTH RUN 2 ACTH RUN 3
45 DEG 135 DEG
(BOW SEAS) (STERN QUART. SEAS)
CHAN NAME TYPE UNITS STDDEV PEAK STDDEV PEAK
1l WAVEHT DSP FEET 2.9 -12.6 2.8 -10.8
2 ROLL ANG DEG 1.0 -3.7 3.3 10.2
3 PITCH ANG DEG 0.8 2.6 0.5 1.5
4 HEAVE DSP FEET 2.3 -7.2 1.6 -6.2
] RELMOT DSP FEET 6.0 -19.2 3.6 -13.1
6 VERT ACC G=-S 0.11 0.35 0.04 0.33
7 VERT VEL FPS 1.8 -5.3 1.1 4.0
8 LATE ACC G-§ 0.03 0.10 0.03 0.17
9 SLATE ACC G-S 0.04 =0.16 0.08 -0.24
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APPENDIX A
LISTING OF STH PROGRAM
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C DBCK STH
9/1/89

[ 2 JE 2N 2N N0 N BN NS N NP NN N NE BN NN NN BN N N R BN BN

0

L 2R 2N 20 B BR BN NE BN 2 NE NE NN BN NE S NE NN NE NE NN NS N R NN N W )

PROGRAM STH

SUBLIST

Simulation Time History Program

8135 am

SIMULATION TIME HISTORY PROGRAM

for Wave Height and
the six-degree-of-freedom motions
SURGE, SWAY, HEAVE, ROLL, PITCH, and YAW

at one speed,

and one sea condition (identified by
significant wave height and modal wave

period).

Either longcrested or shortcrested seas
can be selected.

wWave height at points can be computed

David Taylor Research Center (DTRC)

one predominant heading,

Code 1561

List of subroutines
ne. name type description
1  ALGRNG subroutine Computes area under a spectrum
2  ATAN2D function Arctangent function in degrees for
any quadrant
3 L aWVSP subzroutine Computes Bretschneider Wave Spectrum
4 CPPIT subroutine Cubic non-parametric spline fit for
complex data
$ CPLVAL subroutine Evaluates a complex non-parametric
spline
6 ELTIME subroutine Prints elapsed time
? EXP function Aveoid underflow with F77L EXP routine
€ INTRPL subroutine Interpolation routine
9 ORGTPN subroutine Reads S8MP origin file to get 6DOF
transfer functions
10 RLITER subroutine Reads ROLL transfer functions tor
roll iteratioen




11 RLITR subroutine Performs roll iteration

12 SCTH subroutine Computes longcrested/shortcrested
time histories

13 SLENTH subroutine Returns location of last non-blank
character in a string

14 SPFIT subroutine Cubic non-parametric spline fit for
real data

15 SPLVAL subroutine Evaluates a resl non-parametric
spline

[ 2 2 I BN Y BF NE NN BN Sk BE BN AF BE 2N A B J

16 TFNPIT subroutine Fits lateral transfer functions for
non-linear roll answer

17 TRFN subroutine Transfer function suhroutine

18 UCASE subroutine Converts strings to uppercase

C DIMENSIONS

[SESESESE SN

N N NN

COMMON DUMMY,US,CS,1IvS, IvuS,PAGE,ECS,BELL,DISP,
CLR,YS,NS,N, Samplerats,Dt, Runnumber,Waveheight , Heading,
Trials,Dates,TimeS,LocationS,Personnels,

Name$, Factor(32),Unites,
CommentesS,Count,B,Plimit,Nlimit, Nparam,

Results (32,4),0indx(32,2),F18,8MPDATAS, STHDATAS ,DATAS,
SHIPTYPS,SHIPS, VARIANTS,CYCLES,LSHIP, LDATAS, LSTHDATA, LSMPDATA
CHARACTER*80 F1S,SMPDATAS,STHDATAS,DATAS

CHARACTER*8 SHIPTYPS,SHIPS

CHARACTER VARIANTS*1,CYCLES+*2

INTEGER Dindx

COMMON /DTITL/ DtitleS

CHARACTER*72 Dtitles

COMMON /BK1/ SCRMS(10),NMAX

COMMON /BK2/ UNTCONV,VKMETR

COMMON /SINCOS/ 8$I1(0:3600),C0(0:3600),XJTX,RDX,DRX,X2PI
COMMON /EMA/ EIC,ESPEED,EHEAD,ESIGWH,ETMODAL,STATIS,
ESTART,EEND, NWW,NMU, CHDNG (11) ,B2(11) ,EWE(150,11),
COEFR(10,150,11) ,COEFI(10,150,11)

COMMON /WAVEPHNT/ NWPOINT,WPNTXLOC,WPNTYLOC, WPNTZLOC, WPNTNAMES,
WAVEBXLOC, WAVEYLOC,WAVEZLOC

DIMENSION WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3),WAVEXLOC(3),
WAVEYLOC(3) ,WAVEZLOC(3)

CHARACTER WPNTNAMES(3)*20

CHARACTER®*4 03, cs, IVS, st'optLOHS . M,UPCB
CHARACTER YS8,NS,ECS,BELL,DISP*8,PAGE*2,CLR*2
CHARACTER*18 DateS,TimeS,NameS(32),UnitsesS(32)
CHARACTER*40 TrialS,locationS,Personnels,Comments’
CHARACTER®*3 MONTHS(12)

CHARACTER*13 DTGS

CHARACTER*20 T18,T28

CHARACTER#*8 ARUN,SUNITS

CHARACTER*4 TITLE(20),VALS

CHARACTER®*2 SEATYPES,STYPS(2),S5MPUTS
CHARACTER*18 STYPNS(2)

DIMENSION OMG(30),RLANG(8)
REAL LPP,KG,KROLL,LCB
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LOGICAL VRT,LAT,ADDRES

DATA MONTHS /‘'JAN','FEB','MAR', 'APR', 'MAY',‘JUN','JUL', AUG',
2 'SEP','0OCT', 'NOV*, 'DEC'/

C CONSTANTS

* Set up program constants .

YSm*Y"* { "YES" answer

NS='N"’ | "NO* answer

Nparams=4 ! No. of statis. param. (MEAN, STDDEV, MAX, MIN) .
NMAX=10 ! Max. no. of channele

FTMETRs=, 3048 ! Feet to meters conversion factor

VKMETR = 1.689*FTMETR { PPS to MPS conversion factor

STYPS(1)='LC’ ! Longcrested seas

STYPS(2)='S8C’ ! Shortcrested seas

STYPNS (1) = 'LONGCRESTED SEAS '

STYPNS(2) = 'SHORTCRESTED SEAS '

* Generate sin and cosine lookup table (0.1 deg resolution)

PI = 3.1415927

X2PI = 2 * PI

XJTX = 3600

RDX = 3600 / X2PI

DRX = 1 / RDX

DO 10 J=0,3600

ARG = J * DRX

8I(J) = SIN(ARG)

CO(J) = COS(ARG)
10 CONTINUE

C START

* get underflow to zero
. CALL UNDERO (.TRUE.)
CALL UNDFL (.TRUE.)

* Open STH.INP file

FI8 = 'STH.INP'
OPEN (5,FILE=FIS,STATUS=s'OLD')

1000 FORMAT (A)

(5,1000) SMPDATAS
(5,1000) STHDATAS
(5,1000) SHIPTYPS
(5,1000) SHIPS
(5,1000) VARIANTS
(5,1000) CYCLES
(5,1000) SUNITS
(5,1000) TRIALS

BEBEEEEE
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CALL SLENTH (SMPDATAS,LSMPDATA)
CALL SLENTH (STHDATAS,LSTHDATA)
CALL SLENTH (SHIPS,LSHIP)

CALL SLENTH (SUNITS,LSUNITS)
CALL UCASE (SUNITS,LSUNITS)

] - -

. Read point locations for wave height at a point

. READ (S,1000) AS
READ (5, *(18X,15)') NWPOINT
IF (NWPOINT .GT. 3) NWPOINT = 3
READ (5,1000) AS
. READ (5,1000) AS
READ (5,1000) AS
IF (NWPOINT .GT. O) THEN
DO 20 1=1, NWPOINT
READ (5, (14,3P8.1,3%,A20)') IWPNT,WPNTXLOC(I),WPNTYLOC(I),
2  WPNTZLOC(I),WPNTNAMES (I)
20  CONTINUE
END IF
READ (5,1000) AS

* Open file of origin motion transfer functions from SMP

FIS = SMPDATAS(1:LSMPDATA)//'\'//
2 SHIPS(1:LSHIP)//VARIANTS(1:1)//'.ORG'
OPEN (11,FILE=FIS,FORMs'UNFORMATTED',STATUS= OLD")

hd Read header record
READ (11) TITLE,NVK,NNMU,NOMEGA,OMG, NRANG, RLANG, VRT,LAT,
2 ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM, KG, XROLL,LCB,GRAV, RHO,
2 VKDES,VKINC, DBLWL

SMPUTS s 'M’ 1 S8MP displacement units are in meters
IF (GRAV .GT. 15.) SMPUTS = 'P* | SMP displacement units
» are in feet

IP (SUNITS(1l:1) .NE. 'M') VKMETR = VKMETR/FTMETR
UNTCONV = ] ! displacement units conversion factor
IF (SMPUTS(1:1) .EQ. 'M' .AND. SUNITS(1:1) .EQ. °'F')
2 UNTCONV = 1., /PTMETR
IF (SBMPUTS(1:1) .EQ. 'F*' .AND. SUNITS(1:1) .EQ. °'M‘)
2 UNTCONV = PTMETR

GRAV = GRAV * UNTCONV

- LPP = LPP * UNTCONV
LCB = LCB * UNTCONV | NKRote that LCG = LCB in the SMP program
DBLWL = DBLWL * UNTCONV

: WRITE (TRIALS,'(10A4)') (TITLE(I),I=1,10)
CLOSE (11)

1P (NWPOINT .GT. O) THEN
DO 30 Is1,NWPOINT
WAVEXLOC(I) = LCB - WPNTXLOC(I) * (LPP / 20)
WAVEYLOC(I) = WPNTYLOC(I)
WAVEZLOC(I) = O
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*

30

CONTINUE
END IPF

Start loop over runs

READ (5,*) NRUNS

Start loop over runs
DO 500 IR=1,NRUNS

READ (S,*) RUNNUMBER, SAMPLERATE,TSTART,TEND,SPEED,HEAD,SIGWH,
TMODAL, STATIS, SEATYPES

DT=1. /Samplerate
TLRUN=TEND=-TSTART
ICOUNT=Samplerate*TLRUN + 1
COUNTsICOUNT

VK=SPEED
IC=]

IF (SEATYPES(1:1).EQ.°'L*' .OR. SEATYPES(1:1).EQ.'l’') IC=l
IF (SEATYPES(1:1).EQ.'S' .OR. SEATYPES(1:1).EQ.'s') ICs=2

EICs=IC i SEA TYPE - 1s=Longcrested, 2=shortcrested
ESPEED=SPEED ! Ship speed in knots
EHEAD=HEAD { Predominant heading in degrees

SMP output heading reference
0 deg=head, 90 deg=stbd beam,
180 deg=following )

IF (IC.EQ.1) NMUs1
IF (IC.EQ.2) NMUs1l

No. of component headings (longcr. seas)
No. of component headings (shortcr. seas)

ESIGWH=SIGWH { Significant wave height
ETMODAL=TMODAL { Modal wave period
ESTART=TSTART ! Start of run in seconds
EEND=TEND ! End of run in seconds
NWW=150 I No, of frequencies for time histories
1
1

40
50

Define the run

IRUN=RUNNUMBER
WRITE (ARUN,'(I6)') IRUN

L=LEN (ARUN)

M=0

DO 40 I-1,L

IP (ARUN(I:I).EQ.CHAR(32)) GO TO 40
Msl

GO TO 50

CONTINUE

DATASs 'SR’ //ARUN(M:L)

CALL SLENTH (DATAS,LDATAS)

Waveheight=SIGWH
Heading=HEAD
I8PEED=VK+.001
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3000

IHDNG=HEAD+. 001

ITO=TMODAL+.001

ISTART=TSTART

IEND=TEND

WRITE (CommantsS,3000) STYPS(IC),ISPEED, IHDNG,SIGWH,ITO
FORMAT(A2,' V=*,I3,' dD=',14,' SWH=',FS5.1,' TO0s',13)

N = 7 + NWPOINT ! No. of channels -
Waveht at LCG +
6DOF motions +
Waveht at points

NameS(l) = 'WAVEHT °
UniteS(l) = SUNITS
NameS(2) = 'SURGE '
UniteS(2) = SUNITS
NameS(3) = °'SWAY '
UnitsS(3) = SUNITS
NameS(4) = 'HEAVE '
UnitsS(4) = SUNITS
NameS(5) = °'ROLL !
UnitsS(5) = 'DEG '
NameS(6) = 'PITCH *
Unitss(6) = 'DEG '
NameS(7) = 'YAW '
UnitsS8(7) = °DEG y
NameS(8) = °'WVHTPL'
UnitsS(8) = SUNITS
NameS8(9) = *WVHTP2'
UnitssS(9) = SUNITS

NameS(10) = °‘WVHTP3'
UnitsS(10) = SUNITS

2000

Get DATE and TIME

CALL DATE (DateS)
CALL TIME(TimeS)
T18=TimeS

READ (DateS,"(I2)") MONTH
DTGS = DateS(4:15)//TimeS(1:2)//TimeS(415)//'L *//MONTHS (MONTH)//
Dates(7:8)

ASs'CLS'
CALL SYSTEM (AS)

FIS = STHDATAS(1:LSTHDATA)//'\'//DATAS(1:LDATAS)//*'.TEX"®
OPEN (10,FILE=FIS,FORM='FORMATTED',STATUS='UNKNOWN")

WRITE ( *,2000) DateS,Times
WRITE (10,2000) DateS,Times
FORMAT (24X, 'SIMULATION TIME HISTORY PROGRAM'///

2 32X,°'DATE : ',A8/32X,'TIME : ',A8///)

2002

WRITE ( *,2002) SHIPTYPS
WRITE (10,2002) SHIPTYPS
FORMAT (17X, ‘SHIP TYPE : ',A8)

WRITE ( *,2004) TRIALS
WRITE (10,2004) TRIALS
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2004

2006

2008

2010

2014

2015

2016

2018

2020

2022

2028

2026

2027

2028

2029

2030

FPORMAT (/17X,'TITLE : ‘',A40)

WRITE ( *,2006) SHIPS
WRITE (10,2006) SHIPS
FORMAT (/17X,'SHIP : ',AS)

WRITE ( *,2008) VARIANTS
WRITE (10,2008) VARIANTS
PORMAT (17X, 'HULL VARIANT : ',Al)

WRITE ( *,2010) CYCLES -
WRITE (10,2010) CYCLES
FPORMAT (17X, 'SMP CYCLE NO : ‘',A2)

WRITE ( *,2014) SUNITS
WRITE (10,2014) SUNITS
FORMAT (/17X,'UNITS : ‘,A6)

WRITE ( *,2015) GRAV
WRITE (10,2015) GRAV
FORMAT (17X, 'GRAVITY : ',F9.4)

WRITE ( *,2016) LPP
WRITE (10,2016) LPP
FORMAT (17X, 'SHIP LENGTH : °,F8.2)

WRITE ( *,2018) LCB

WRITE (10,2018) LCB

FORMAT (17X, 'LONGITUDINAL CENTER OF GRAVITY (REF FROM FP) 1 ',
r8.2)

WRITE ( *,2020) DBLWL
WRITE (10,2020) DBLWL
PORMAT (17X, 'DISTANCE FROM BASELINE TO WATERLINE : °',PF8.2)

WRITE ( *,2022) RUNNUMBER
WRITE (10,2022) RUNNUMBER
FORMAT (/17X,'RUN NUMBER : °,P5.0)

WRITE ( *,2025) CommentsS
WRITE (10,2025) Commentss
PORMAT (17X, 'COMMENT : ',Ad0)

WRITE ( *,2026) Samplerate
WRITE (10,2026) Samplerate
PORMAT (/17X,'SAMPLE RATE :',F8.3,' SAMPLES/SEC')

WRITE ( *,2027) TSTART
WRITE (10,2027) TSTART
FORMAT (17X, 'START TIME : ',78.3,' SEC')

WRITE ( *,2028) TEND
WRITE (10,2028) TEND
FORMAT (17X, °'STOP TIME : ',F8.3,° SEC')

WRITE ( *,2029) TLRUN
WRITE (10,2029) TLRUN
FORMAT (17X, 'RUN TIME : ',F8.3,°' SEC')

WRITE ( *,2030) ICOUNT
WRITE (10,2030) ICOUNT
FORMAT (17X, 'TOTAL NO. OF SAMPLES : °',I18)




2031

2040

2045

2050

S SH S S Y

2060

2070

2075

2076

2077

60

2080

NN

WRITE ( *,2031) SPEED
WRITE (10,2031) SPEED
PORMAT (/17X,'SHIP SPEED : ',F5.2,' KNOTS')

WRITE ( *,2040) HEAr

WRITE (10,2040) HEAD

FORMAT (17X, 'PREDOMINANT HEADING
/20X,' SMP OUTPUT HEADING REF. @
J20x, "'
/20X, 0 deg=head seas,
/20X, 90 deg=stbd beam seas,
/20X,' 180 degs=following seas

*,P5.0,"' DEG'/

/1)

WRITE { *,2045) STYPNS(IC)
WRITE (10,2045) STYPNS(IC)
FORMAT (17X, 'SEA TYPE : ',Al18)

WRITE ( *,2050) SIGWH,SUNITS
WRITE (10,2050) SIGWH,SUNITS
FORMAT (17X, 'SIGNIF. WAVE HEIGHT : ',F6.2,' ',A6)

WRITE ( *,2060) TMODAL
WRITE (10,2060) TMODAL
FORMAT (17X, ‘MODAL WAVE PERIOD : ',F6.2,' SEC'/)

WRITE ( *,2070) STATIS

WRITE (10,2070) STATIS

FORMAT (17X, 'STATISTIC USED FOR ROLL ITERATION : ',F6.2,
' * RMS'//)

WRITE ( +,2075) N
WRITE (10,2075) N
FORMAT (17X, 'NUMBER OF CHANNELS : ',I3)

WRITE ( *,2076) NWPOINT
WRITE (10,2076) NWPOINT
PORMAT (//17X, 'NUMBER OF WAVE POINTS: °',I3//)
WRITE ( *,2077)
WRITE (10,2077)
FORMAT (26X,°‘'List of Wave Points'//10X,
‘" NO XLOC YLOC 2LOC NAME'/12X,51('-'))
IF (NWPOINT .GT. O) THEN
DO 60 1I=1,NWPOINT
WRITE ( *,°'(10X,14,3F7.1,3X,A20)') I,WPNTXLOC(I),
WPNTYLOC(I),WPNTZLOC(I),WPNTNAMES(I)
WRITE (10, °'(10X,14,3P7.1,3X,A20)') I,WPNTXLOC(I1),
WPNTYLOC(I),WPNTZLOC(I),WPNTNAMES (1)

CONTINUE
END IF
CALL TRFN { Get transfer functions
CALL SCTH { Compute time histories

WRITE ( *,2080)

WRITE (10,2080)

PORMAT (///37X, ‘'STATISTICAL RESULTS'//41X,'TIME DOMAIN', 14X,
‘FREQ. DOMAIN'/' CHAN  NAME UNIT',8X, 'MEAN',4X, 'STDDEV',6X,
"MAX',7X, 'MIN',7X, *STODEV'/)

DO 70 M=1,N




WRITE( *,2090) M,NameS(M),UnitsS(M), (Results(M,J),JI=1,4),
2 SCRMS (M)
WRITE(10,2090) M,NameS(M),UnitsS(M), (Results(M,J),J=1,4),
2 SCRMS (M)
2090 PORMAT (14,3X,A8,2X,A6,4F10.3,F12.3)
70 CONTINUE

CALL TIME (T28)
CALL ELTIME (T1S,T2S)

CLOSE (10)

* open STHLOG.TEX file
FIS = STHDATAS(1:LSTHDATA)//'\'//'STHLOG.TEX'
OPEN (3,FILEsFIS, STATUS='NEW',ERR=80)

WRITE (3,"(/27X,'STH LOG RUN SUMMARY')")

WRITE (3,"(/19X,°'TRIAL: °',A)") TRIALS

WRITE (3,"(/19X,°STH DATA PATH :  *,A)") STHDATAS(1:LSTHDATA)

WRITE (3,"(//19X,'TYPE CODE : BI -~ BINARY')")

WRITE (3,"(/' RUN TYPE TIME DATE-TIME-GROUP '
2 ' COMMENTS')")

GO TO 100
80 OPEN (3,FILE=F1S,STATUS=‘'OLD',ERR=99)

90 READ (3,1000,ERR=100) AS
GO TO 90

100 IF (MOD(RUNNUMBER, 5) .EQ. 1) WRITE (3,*) * e
RTIME = TLRUN / 60 ! run time in minutes
WRITE (3,4000) RUNNUABER, °'BI°’, RTIME, ' MIN', DTGS, Commentss
4000 PORMAT (I5,2X,A2,F6.1,A4,3X,A13,4X%,A40)

CLOSE (3)

* End loop over runs

50C CORTINUE

CLOSE (S)

C QUIT .
8TOP

89 write (*,*) ' error’
END

C SUBROUTINES
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C DECK ALGRNG = Computes area under a spectrum
. 3/31/88 8110 am

SUBROUTINE ALGRNG (N,W,S,AREA)

. This subroutine computes the area under the curve for a particular
* spectrum. An odd number of points (frequencies) should be used.

DIKENSION W(N),8(N)
MN=N-2
AREA=O.
. TEMP = O.
DO 20 M=1,MN,2
AW (M+2) =W (M)
BeW (M+2)-W(M+1)
CoW (M+1)=W(M)
PAREA = A*A/6.%(S(M)*(3.%C~A)/(A*C)+S(M+1)*A/ (B*C)+
2 S(M+2)*(2.*A-3.%C)/(A*B))
TEMP = PAREA
IF (PAREA .LT. 0.) TEMP = O.
AREA = AREA + TEMP
20 CONTINUE
IF (MOD(N,2) .EQ. 1) GO TO 30
DELW = W(N) - W(N-1)
DELS = S(N) - 8(N-1)
AREA = AREA + §(N=1)*DELW + .S*DELS*DELW
30 ' CONTINUE
AREA = ABS(AREA)

RETURN

END
C DECK ATAN2D -~ Arctangent function in degrees for any quadrant
* 2/18/89 1:15 pm

FUNCTION ATAN2D (B,A,RADDEG)

. Arctangent function to compute angles (in degrees) in any quadrant.
* The b argument is the imaginary vector. The A argument is the real
* vector.

DATA EPS /1.E-6/

If (B .EQ. O.) ATAN2D = O.

IP (B .GT. 0.) ATAN2D = 50.

Ir ‘B -LT. OO) Armzb --90.

I? (ABS(A) .GT. EPS) ATAN2D = ATAN2(B,A) * RADDEG

RETURN
END

C DECK BRWVSP - Computes Bretschneider Wave Spectrum
4/2/88 12:30 pm

SUBROUTINE BRWVSP (NOK,BIGWH,TO,W,8)

this routine calculates a BRETSCHNEIDER 2-parameter wave spectrum
. (significant wave height, modal wave period)




. W.G.MEYERS, DTNSRDC, 072977
DIMENSION W(NOK),S(NOK)
EXTERNAL EXP
DATA A,B /487.0626,1948.2444/

T04 = TO**4
. for Pierson-Moskowitz wave spectrum
* TO4 = 58.0936+*SIGWH*2 .

CON1 = A*SIGWH**2/T04
CON2 = B/T04
DO 10 I=1,NOK .
W4 = W(I)**4
WS = W(I)*W4
ARG = CON2/W4
IP (ARG.GT.S50.) S(I)=0.
IF (ARG.GT.50.) GO TO 10
§(I) = CON1/WS*EXP(-ARG)
10  CONTINUE

RETURN

END
C DECK CPFIT = Cubic non-parametric spline fit for complex data
. 3/31/88 8:15 am

SUBROUTINE CPFPIT (X, Z, CELEMS, NPTS)

* CPFIT CREATED FROM SPPIY E N HUBBLE JUNE 1977
. FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS

. TO SET OF COMPLEX DATA POINTS

*

* INPUTS

* X = ARRAY OF REAL INDEPENDENT VARIABLES

* z = ARRAY OF COMPLEX DEPENDENT VARIABLES

. . NPTS = NUMBER OF (X,Z) DATA POINTS

. RETURN

. CELEMS = ARRAY OF (NPTS-1) SEGMENTS IN FOLLOWING FORM

. ( (2(1), D(I), 2(I+l), D(I+1) ) + WHERE

» D = ARRAY OF SECOND DERIVATIVES AT DATA POINTS

. ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG.

. D ARRAY IS THE RIGHT HAND S$IDK OF MATRIX EQUATION

. SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION
. SOLUTION TECHNIQUE IS GAUSSIAN ELIMINATION

. BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMON/10/ICARD, IPRIN, POTPIL, COPFIL, RAOPIL, RMSPIL, ORGPIL, SPCFIL,
2 ISCARD,BLKFIL,SCRFIL,SPLPIL,LCOFIL,LRAFIL,SEVFIL
INTEGER  ICARD, IPRIN,POTFIL,COPFIL, RAOFIL,RMSFIL,ORGFIL,SPCPIL,
2 ISCARD,BLKPIL,SCRFPIL,SPLPIL,LCOFIL,LRAFIL,SEVPIL .
COMPLEX %, IDD, STORE, D, CELEMS
DIMENSION X(NPTS),Z(NPTS),CELEMS(4,NPTS)
DIKENSION A(100), B(100), C(100), D(100)
N = NPTS
WLl = N - 1
NL2 = N - 2
DO 50 Is2,N
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L1

100

128

150

200
-

250
L

IF (X(I) .GT. X(I-1)) GO TO S0
WRITE ( *,888) X(I-1),X(I)
WRITE (10,888) X(I-1),X(I)
GO TO 88888
CONTINUE
IP (N .LE. 100) GO TO 100
WRITE ( *,999)
WRITE (10,999)
N = 100
CONTINUE
Ir (N .GT. 2) GO TO 125
D(1) = (0.0, 0.0)
D(2) = (0.0, 0.0)
GO TO 375
CONTINUE
IF (N .GT. 3) GO TO 150
ZDD = 2.%((X(3)=X(2))*2(1)+(X(2)=X(1))*Z2(3)=(X(3)=X(1))*2(2))
. J((X(3)=X(2))*(X(2)=X(1))*(X(3)-X(1)))
D(1) = ZDD
D(2) = 20D
D(3) = 2ZDD
GO TO 375
CONTINUE
DO 200 I=1,N
A(I) = 0.0
B(I) = 0.0
c(I) = 0.0
D(I) = (0.0, 0.0)
CONTINUE
SET UP MATRICES(A TRIDIAGONAL STRUCTURE)
Af(l) = (X(3)=X(2))/(X(3)=X(1))
C(1) = 2.0
B(1) = 1.0 - A(1)
D(1) = 6.0%((Z2(3)-2(2))/(X(3)-X(2))-(2(2)-2(1))/
1 (X(2)=X(1)))/(X(3)=X(1))
He X(3) - X(2)
DO 250 I=3,NL1
HP = X(I+1) - X(I)
C(I) = HP / (H+HP)
B(I) = 2.0
A(I) = 1.0 - C(I)
D(I) = 6.0%((Z(I+1)=2Z(1))/HP=(2(1)~Z(I-1))/8)/(4P+H)
H = HP
CONTINUE
SET BOUNDARY CONDITIONS
C(2) = {xgz)-X(l))/(X(J)-X(Z))

A(2) =

B(2) = =1.0-C(2)

C(2) = =A(2)*A(1)/B(1) + C(2)

D(2) = (0.0, O.

C(K) = (X(N)=X(N=1))/(X(N-1)=X(N=2))
A(N) = =1.0 - C(N)

B(N) = 1.0

D(N) = (0.0, 0.0)
SOLVE EQUATIONS
II w1
DO 300 I=1,NL2
I1=1+1
121 +2
AUGH = ABS (B(I))
I¥ (AUGH .LT. 1.0E-06) GO TO 275
CONST = A(I1l) / B(I)
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B(I1) = B(Il) = CONST*C(I)
D(I1) = D(I1l) - CONST*D(I)
IP (I .NE. NL2) GO TO 300
A(N) = A(N) = C(N)*C(I) / B(I)
D(N) = D(N) - C(N)*D(I) / B(I)
GO TO 300
275 CONTINUE
II = I +
D(I) = D(I) / C(I1)
D(I1) = D(I1) ~ B(I1)*D(I)
B(Il) = A(Il) i
A(I1) = 0.0
D(12) = D(I2) =~ A(I2)*D(I)
A(I2) = 0.0
IF (I .NE. NL2) GO TO 300
A(N) = C(N)
300 CONTINUE
DET = B(NL1)*B(N) =~ C(NL1)*A(N)
STORE = D(N)
D(N) = (B(NL1)*D(N) - D(NL1)*A(N)) / DET
D(NL1) = (D(NL1)*B(N) - C(NL1)*STORE) / DET
IP=0
DO 350 I=2,NL2
Ji=N-1I
IF (JI .EQ. IP) GO TO 350
IF (J1 .BQ. II) GO TO 325
D(JI) = (D(JI)~C(JI)*D(JI+1))/B(JII)
GO TO 350
328 CONTINUE
IP = JI-1
STORE = D(JI)
D(JI) = D(IP)
D(IP) = (STORE - C(IP)*D(JI+1))/B(IP)
350 CONTINUE
D(1) = (D(1) - A(1)*D(3) - C(1)*D(2)) / B(1)
- 8ET UP SPLINE SEGMENTS
375  CONTINUE
DO 400 I=1,NL1
Il1=31+1
CELEMS(1,I) = Z(I)
CELEMS(2,I) = D(I)
CELEMS(3,I) = £(I1)
CELEMS(4,1I) = D(I1)
400 CONTINUE
99999 CONTINUE
RETURN
88888 CONTINUE
S8TOP
888 PORMAT ('O CPFIT-- X VALUES NOT ASCENDING', 2E16.8)
999 PORMAT ('O CPPIT-- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')
END

1
I

C DECK CPLVAL -~ Evaluates a complex non-parametric spline
* 3/31/88 8:15 am -

SBUBROUTINE CPLVAL (X, NPTS, CELEMS, X0, 20, 80, IELM)

* CPLVAL CREATED FROM SPLVAL
* EVALUATES A COMPLEX NON-PARAMETRIC SPLINE

. INPUTS




X = ARRAY OF REAL INDEPENDENT VARIABLES

NPTS = NUMBER OF VALUES IN X-ARRAY

CELEMS= COMPLEX SPLINE SEGMENTS GENERATED BY CPFIT

X0 & X=VALUE AT WHICH SPLINE IS TO BE EVALUATED
RETURNS

20 = F(X0) = Z-VALUE EVALUATED AT XO

S0 = SECOND DERIVATIVE EVALUATED AT XO

JELM = INDEX OF SPLINE SEGMENT CONTAINING XO

LR 2N BN BE 2 BN BN

COMPLEX CELEMS, 20, 21, 22, S0, S1, §2
. DINENSION X (NPTS),CELEMS(4,NPTS)
COMMON/10/ICARD, IPRIN, POTFIL,COFFIL, RAOFIL, RYSFIL,ORGFIL, SPCPIL,
2 ISCARD,BLKFIL,SCRFIL,SPLFIL,LCOPIL,LRAFIL,SEVPIL
INTEGER  ICARD, IPRIN,POTFIL,COFFIL, RAOFIL, RMSFIL,ORGFIL,SPCFIL,
; 2 ISCARD,BLKFIL,SCRFIL,SPLFIL,LCOFIL,LRAFIL,SEVFIL
N = NPTS
IF (X0.GE.X(1) .AND. XO0.LE.X(N)) GO TO 100
WRITE ( *,999) XO
WRITE (10,999) X0
GO TO 99999
100  CONTINUE
DO 200 I=2,N
IF (X0 .GT. X(I)) GO TO 200
GO TO 300
200 CONTINUE
300 CONTINUE
I=s1-1
XX = X(I+1) - X(I)
X1 = X0 - X(I)
X2 = X(I+1) - X0
XX6 = XX * XX / 6.0
71 = CELEMS(1,I)
22 = CELEMS(3,1)
81 = CELEMS(2,I)
§2 = CELEMS(4,I)
20 (81 » X2%w#3 + 52 * X1%%3) / (6.0 * XX) +
. ( (21 = 81*XX6) * X2 + (22 - 82%XX6) * X1 ) / XX
80 = (81 » X2 + 82 * X1) / XX
IZLM = I

RETURN
99999 CONTINUE
sToP
999 PORMAT ('O EXTRAPOLATION NOT ALLOWED. X0 =', E16.8)
END

C DECK ELTIME -~ Prints elapsed time
* 3/31/88 8:30 am
SUBROUTINE ELTIME (TS,ES)
CHARACTER*20 TS ,ES

READ (7S, (12,1X,12,1X,¥5.2)') IH,IM,BSEC
. READ (ES,°(12,1X,12,1X,PS5.2)') JH,JM,ESEC

Iy (ESEC .GE. BSEC) GO TO 10
ESEC = ESEC + 60.
JM = JK = 1]
10 IP (O .GE. IM) GO TO 20
JM = J¥ + 60.
JH = JH - 1




20 IF (JH.LT.IH) JH=JH+24

KH=JH-IH
KMesJM=-IM
DELSEC=ESEC-BSEC
K§=DELSEC+.5

WRITE ( *,1000) KH,KM,KS
WRITE (10,1000) KH,KM,KS
1000 PORMAT (//29X,"ELAPSED TIME"/16X,39("-")/
2 17X,13," Hours",2X,13, " Minutes™,2X,I13," Seconds") .

RETURN
END

C DECK EXP = Avoid underflow with F77L EXP routine
bd 4/2/88 2:40 pm

FUNCTION EXP(X)
* avoid underflow with F77L EXP routine

IF(X.LT.(~50) ) THEN
EXP=0.
ELSE
EXP=DEXP (X)
ENDIF

RETURN
END

C DECK INTRPL - 1Interpolation routine
o 3/31/88 8:30 am

SUBROUTINE INTRPL(N,XN,YN,M,XM,YM)

DIMENSION XN(N),YN(N),XM(M),YM(M)
K=1
BLOPE= (YN (K+1)=YN(K) )/ (XN(K+1)=XK(K))
DO 40 I=1,M

10 IF (XM(I).GE.XN(K+1)) GO TO 20
YM(I)=YN(K)+SLOPE* (XM(I)=~XN(K))
GO TO 40

20 K=K+1
IF (K.EQ.N) GO TO 30
SLOPE= (YN (K+1)-YN(K) )/ (XN(K+1)=XN(K})

GO TO 10
30 YM(I)=YN(K)
40 CONTINUE

RETURN

END

C DECK ORGTFN -~ Reads SMP origin file to get 6DOF transfer functions
* 2/1%/89 9:10 am

SUBROUTINE ORGTPFN (SPEED,NMU,CHDNG, RLANS,RADDEG)

COMMON /BK2/ UNTCONV,VKMETR




COMMON /BK3/ MOTV,MOTL,HJV,HJL,H7,0RGTF, CTEMP

COMPLEX MOTV(3,30),MOTL(3,30,8),HJVv(3,30),HIL(3,30),H7(30)
COMPLEX ORGTF(30,11,6),CTEMP

DIMENSION CHDNG(11),0MEGA(30),RLANG(8)

CHARACTER*4 TITLE(20)

REAL LPP,KG,KROLL,LCB

LOGICAL VRT,LAT,ADDRES

DATA EPS /0.S/

. Read header record from SMP origin file

REWIND 11
. READ (11) TITLE,NVK,NNMU,NOMEGA,OMEGA, NRANG, RLANG, VRT, LAT,
2 ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM,KG, KROLL,LCB,GRAV, RHO,
2 VKDES,VKINC,DBLWL

GRAV = GRAV * UNTCONV
LPP = LPP * UNTCONV
LCB = LCB * UNTCONV
DBLWL = DBLWL * UNTCONV

ISPEED=0D

IHEAD=Q

DO 200 1Vsi,NVK { Loop over ship speed

DO 190 IR=1,NNMU ! Loop over 13 SMP headings

READ (11) SHPSPD,HEADNG,OMEGAE
IF (VRT) READ (11) MOTV

IF (LAT) READ (11) MOTL

IF (ADDRES) READ (11; HJV,HJIL,H7

* Skip 1if not desired ship speed

IF (SHPSPD .GT. SPEED) GO TO (i0
IP (ABS(SHPSPD-SPEED) .GT. EPS) GO TO 190

ISPEED=]

*

. Loop over plane

» IP =} = STBD plans headings

* IP =2 -~ PORT plane headings
DO 180 IP=1,2 ! Loop over plane
IPLANE=1P

"

Determine if this heading is one of the component headings
KH=0

DO 130 LHs1,NMU | Loop over component headings
ARG=CHDNG (LH)
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GO TO (110,120),1P { Select plane (STBD or PORT)

STBD plane headings

110 IPF (ARG.GT.180.) GO TO 130
IF (ABS(ARG-HEADWNG).GT.EPS) GO TO 130
KH=LH
GO TO 140
®
. PORT plane headings
120 1IF (ARG.LE.180.) GO TO 130
ARG=ABS (ARG-360.)
IF (ABS(ARG-HEADNG).GT.EPS) GO TO 130
KH=sLH
GO TO 140
130 CONTINUE ! End loop over component headings
IF (KH.EQ.0) GO TO 180 ! Skip if not a component heading
" -
* This is one of the component headings
140 IHEAD=]
ARG=CHDNG (KH)
*
. Store 6 DOF origin motion transfer functions
. Vertical mcde motions : Surge, Heave and Pitch
DO 150 J=1,3 | Loop over motions
JI = (J-1)*2 + 1
DO 150 IwWs1,NOMEGA 1 Loop over 30 wave frequencies
CTEMP=MOTV (J, IW)
IF (J .EQ. 3) CTEMP v CTEMP * RADDEG / UNTCONV
ORGTF (IW,XH,JJ)=sCTEMP
150 CONTINUE { End loop over motions and frequencies

* Lateral mode motions : Sway, Roll and Yaw

DO 170 J=1,3 1 Loop over motions

JI w (J-1)%2 + 2

DO 170 1IWs=}1,NOMEGA ! Loop over 30 wave frequencies

CTEMP=(0.,0.) | Head or following seas )

IP (IH.GT.1 .AND. IH.LT.13)
CALL TFNFIT (RLANG,NRANG,RLANS,MOTL,J,IW,CTEKP)
IF (J .GT. 1) CTEMP = CTEMP * RADDEG / UNTCONV

Change polarity of lateral motions for port headings
IF (IPLANE .EQ. 2) CTEMP = - CTEMP




170
180

190

ORGTF (IW,KH,JJ)=CTEMP

CONTINUE ! End loops over motion and frequency
CONTINUB ! Bnd loop over plane

IF (NMU .EQ. ) .AND. IHEAD .EQ. 1) GO TO 220

CONTINUVE { End loop over 13 SMP headings

" S8kip if this is the correct speed and heading

IF (ISPEED.EQ.1 .and. IHEAD.EQ.1) GO TO 220

200 CONTINUE { End loop over ship speed
L] -— - -
210 WRITE ( *=,1000)
WRITE (10,1000)
1000 FORMAT (' Did not find speed or heading. Program stopped.')
sTOP
220 CONTINUE
RETURN
END
C DECK RLITER <~ Reads ROLL transfer functions for roll iteration
* 2/18/89 9:10 am
SUBROUTINE RLITER (SPEED,NMU,B2,CHDNG,STATIS,SWAVE,RADDEG,RLANS)
COMMON /BK2/ UNTCONV,VKMETR
COMMON /BK3/ MOTV,MOTL,HJV,HJL,H7,VERTFN, LATTFN, CTEMP
COMPLEX MOTV(3,30),MOTL(3,30,8),HIV(3,30),HJL(3,30),H7(30)
COMPLEX VERTFN(3,30,11),LATTPN(3,30,11),CTEMP
DIMENSION RLCALC(8),B2(11),ROLVAR(8,11),CHDNG(11) ,RLANG(8)
DIMENSION OMEGA(30),OMEGAE(30),SWAVE(30),R(30)
CHARACTER*4 TITLE(20)
REAL LPP,KG,KROLL,LCB
LOGICAL VRT,LAT,ADDRES
DATA EPS8 /0.5/
L ]
" Read header record
REWIND 11
READ (11) TITLE,NVK,NNMU,NOMEGA,OMEGA,NRANG, RLANG,VRT,LAT,
2 ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM, KG, KROLL,LCB, GRAV, RHO,
2 YKRDES,VKINC,DBLWL

GRAV = GRAV ¢ UNTCONV
LPP = LPP * UNTCONV
LCB = LCB * UNTCONV




DBLWL = DBLWL * UNTCONV

. WRITE ( *,2000)
. WRITE (10,2000)
*2000 PORMAT (24X,' IH HKEAD ARG IP KH'/)

ISPEED=0

IHEAD=0

DO 200 1IV=1,NVK ! Loop over ship speed -
DO 190 IHs1,NNMU ! Loop over 13 SMP headings

READ (11) SHPSPD,HEADNG,OMEGAE

IF (VRT) READ (11) MOTV

IF (LAT) READ (11) MOTL
IF (ADDRES) READ (11) HJV,HJL,H?

* Skip if not desired ship speed

IF (SHPSPD .GT. SPEED) GO TO 210
IF (ABS(SHPSPD-SPEED) .GT. EPS) GO TO 190

ISPEED=]

*

. Loop over plane

" Ip =] - STBD plane headings

» IPp =2 -  PORT plane headi.gs
DO 180 IPs1,2 ! Loop over plane
IPLANE=IP

Determine if this heading is one of the compoirent headings

KH=0

DO 130 LH=1,NMU { Loop over component headings

ARG=CHDNG (LH)

GO TO (110,120),1P | Select plane (STBD or PORT)
” STBD plane headings

110 IF (ARG.GT.180.) GO TO 130
IF (ABS(ARG-HEADNG).GT.EPS) GO TO 130
KH=LH
GO TO 140

. PORT plane headings
120 1IF¥ (ARG.LE.180.) GO TO 130
ARG=ABS (ARG-1360.)
IF (ABS(ARG-HEADNG).GT.EPS) GO TO 130




KH=LH

GO TO 140
130 CONTINUB ! Bnd loop over component headings
IF (KH.EQ.O0) GO TO 180 | 8kip if not a component heading
-
- This is one of the 11 component headings
140 IHEAD=1
ARG=CHDNG (KH)
* WRITE( =,2010) IH,HEADNG,ARG,IP,KH
i WRITE(10,2010) IH,HEADNG,ARG,IP,KH

#2010 PORMAT (24X,15,2r6.0,2IS5)

hd Store longcrested roll mean square valuee
DO 160 IA=1,NRANG ! Loop over 8 mean roll angles
DO 150 IWs=1,NOMEGA { Loop over 30 wave frequencies
CTEMP=(0.,0.) ! Head or following seas
IF (IM.GT.1 .AND. IH.LT.13) CTEMPsMOTL(2,IW,IA)
CTEMPsCTEMP /UNTCONV
R(IW} = CABS(CTEMP)**2 * SWAVE(IW)

150 CONTINUVE ! End loop over wave frequencies

CALL ALGRNG (NOMEGA,OMEGA,R,ROLVAR(IA,KH))
160 CONTINUE ! End loop over mean roll angles
180 CONTINUE ! End loop over plane

IF (NMU .EQ. 1 .AND. IHEAD .EQ. 1) GO TO 220
190 CONTINUE 1 End loop over 13 SMP headings

. 8kip if this is the correct speed and heading
IF (1SPEED.EQ.1 .and. IHEAD.EQ.1l) GO TO 220

200 CONTINUE ! End loop over ship speed

210 WRITE ( *,1000)
WRITE (10,1000)
1000 FORMAT (' Did not find speel Or heading. Program stopped.’)
sTOP

. Roll Iteration
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220 DO 240 IA=1,NRANG ! Loop over 8 mean roll angles
RLCALC(IA) = 0

DO 230 IHs=],NMU ! Loop over component headings
RLCALC(IA) = RLCALC(IA) + B2(IH)**2 * ROLVAR(IA,IH)
230 CONTINUE i End loop over component headings

RLCALC(IA) = STATIS * SQRT(RLCALC(IA)) * RANDEG
240 CONTINUE { End loop over mean roll angles
CALL RLITR (RLANG,NRANG,RLCALC,RLANS)
* IF (RLANS.EQ.0.) STOP

RETURN
END

C DECK RLITR - Parforms roll iteration
b 3/31/88 8:40 am

SUBROUTINE RLITR (RLANG,NRANG,RLCALC,RLANS)
DIMENSION RLANG(8),RLCALC(8),DIFF(8),ELM(4,8)

DO 10 IAs=l,NRANG 1 Loop over 8 mean roll angles
DIFF(IA) = RLANG(IA) - RLCALC(IA)
10 CONTINUE

X0 = 0.

IF (X0 .GE. DIFF(1)) GO TO 20

RLANS = RLCALC(1)

GO TO 40
20 IPF (X0 .LE. DIFF(NRANG)) GO TO 30

RLANS = RLCALC(NRANG)

GO TO 40
30 CALL SPFIT (DIFF,RLANG,ELM, NRANG)

CALL SPLVAL (DIFF,NRANG,ELM,O.,RLANS,DUM, IELM)
40 CONTINUE

RETURN

END
C DECK SCTH - Computes longcrested/shortcrested time histories
* 8/31/89 11:10 am

SUBROUTINE SCTH

Compute shortcrested/longcrested time histories for
wave height and the 6 DOF mot.ions,
surge, sway, heave, roll, pitch, and yaw,
at one speed, one predominant heading,
(identified by significant wave height and modal wave period)

* %

COMMON DUMMY,US,CS8,IvS,Ivus,PACGE,ECS,BELL,DISP,
2 CLR,YS8,NS,N, Samplerate,Dt,Runnunber,Waveheight,Heading,
2 Trials8,DateS,Times,Locations,Personnels,

20
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M

NameS,Factor(32),Unitss,
CommentsS,Count,B,Plimit,Nlimit,Nparam,
Results(32,4),Dindx(32,2),FIS,SMPDATAS, STHDATAS,DATAS,
SHIPTYPS, SHIPS, VARIANTS,CYCLES, LSHIP,LDATAS,LSTHDATA, LSMPDATA
CHARACTER*80 FIS,SMPDATAS,STHDATAS,DATAS

CHARACTER*8 SHIPTYPS, SHIPS

CHARACTER VARIANTS*1,CYCLES*2

INTEGER Dindx

COMMON /DTITL/ Dtitles

CHARACTER*72 Dtitles

COMMON /BR1/ SCRMS(10),NMAX

COMMON /BK2/ UNTCONV, VKMETR

COMMON /SINCOS/ 8I(0:3600),00(0:3600),XJTX,RDX,DRX, X2P1
COMMON /EMA/ BIC,BSPEED,EHEAD,RESIGWH, ETMODAL, STATIS,
ESTART,EEND,NW,NMU,CHDNG(11),B2(11),WE(150,11),
COEPFPR(16500) ,COEFI(16500)

CHARACTER*4 US,C8,1vS8,Ivus,OptionS,AS,UPCS

CHARACTER ¥5,NS,ECS,BELL,DISP*8,PAGE*2,CLR*2
CHARACTER*18 DateS,TimeS,NameS(32),Unitss(32)
CHARACTER*40 Trials,LocationS,PersonnelS,CommentssS
INTEGER TT,XS,XE,XL

INTEGER*4 JA

REAL Min(32),Max(32),Mean

DOUBLE PRECISION Temp,ARG,Sum(32),Sumsqr(32)

DIMENSION THSC{10),THLC(10)

DATA EPS/0.001/

AS='CLS’

10

Initialize analysis arrays

DO 10 I'1;N
Max(I)=(=-32767)
Min(1)=(32767)
Sum(I)=0
sSumeqgr(1)=0
CONTINUE

Define variables for start and end times

TSTART=ESTART
TEND=EEND
TLRUNSTEND-TSTART
Xs=sTSTART*Samplerate+l
Xe=TEND*Samplerate+l
X1sTLRUN*Samplerate+l
IP (Xs.LE.O0) Xe=1
Xe=Xo+X1l-1

TSTART= (Xe=-1.)*DT
TEND= (Xe~1.)*DT
ESTART=sTSTART
EEND=TEND

Open binary data file of tima histories

FIS = STHDATAS(1:LSTHDATA)//'\'//DATAS(1:1LDATAS)//' .DAT®
OPEN (12,FILE=F1S,PFORM='UNFORMATTED',STATUS='UNKNOWN')




ICOUNT=COUNT i no. of samples in run
WRITE (12) ICOUNT,N

WRITE ( *,2000) (NameS(I),I=1,7),(UnitsS(I),I=1,7)
WRITE (10,2000) (NameS(I),I=1,7),(UnitsS(I),I=1,7) 1
2000 FORMAT (///11X, 'FIRST 20 SECONDS OF WAVE HEIGHT AND 6DOF TIME °

2 'HISTORIES'//SX, 'TIME',4X,A8,1X,A8,2X,2A8,2X,2A8,3X,A8/
2 6X,'SEC',5X,A6,3X,A6,3X,A6,3X,A6,4X,A6,2X,A6,4X,A6/)
TCLR=30 f DELTA TIME IN SECONDS WITHIN THE RUN TO CLEAR SCREEN :
ICLR=TCLR*Samplerate+l
Amm 3 = SEEEMEETEESEEEESSSNEEE SESEEEEESSSESES RSSO SRERRN b
b Compute time histories as a function of time, heading,
* frequency and channel
1
B o o P G TG T e S T T - -
IT=0
DO 700 TT=Xs,Xe i Loop over time
TIM = (TT-1.)*DT
TDIFF=TIM-TSTART
IT=IT+1
CountsI?T
DO 20 M=1,N 1 Initialize THSC to zero for current time

THSC(M) = 0.
20 CONTINUE

DO 600 IH=1,NMU i Loop over component headings for
* shortcrested/longcrasted seas

NHB = (IH-1) * NW * NMAX

DO 30 M=)],N | Initialize THLC to zero for current time
THLC (M) =0.
30 CONTINUE
L
DO SO0 Is=l,NW i Loop over frequency

NWB = (I-1) * NMAX + NHB

. Compute sine and cosine for current time
ARG = WE(I,IH)*TIM
ARG = AMOD (ARG, X2PI)

JA = ARG * RDX + 0.5 .
8P = 8I(JA) ! Obtain sine from lookup table
CP = CO(JA) { Obtain cosine from lookup table
]
DO 400 M=1,N I Loop over channel
L=M4+ NWB
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" Compute component heading time history for channel m
THLC(M) = THLC(M) + COEFR(L)*CP - COEFI(L)*SP

400 CONTINUE ! End channel loop

500 CONTINUE ! End frequency loop

. Compute shortcrested time histories
* DO 40 M=},N ! Loop over channels
THSC(M) = THSC(M) + B2(IH)*THLC(M)
40 CONTINUE

600 CONTINUE { End loop over component headings

* Print shortcrested time histories for all channels
IF (TDIFF .LE. 20.) WRITE ( *,2010) TIM, (THSC(M),M=1,7)
IF (TDIFF .LE. 20.) WRITE (10,2010) TIM, (THSC(M),M=1,7)
2010 FORMAT (F9.2,7F9.3)

IF (IT .EQ. ICLR) CALL SYSTEM (AS) { Clear screen

. Write shortcrested time histories to file
WRITE (12) (THSC(M),M=1,N)

DO S50 M=]1,N { Perform minimum analysis over channel
Temp = THSC(M)
Sum(M) = Sum(M) + Temp
Sumeqr (M) = Sumeqgr (M) + Temp*Temp
IF (Temp .GT. Max(M)) Max(M) = Temp
IF (Temp .LT. Min(M)) Min(M) = Temp
SO CONTINUE

700 CONTINUE 1 End loop over time
CLOSE (12)
* Compute mean and standard deviation and store in results array
DO 90 M=1,N

ARG = (Sumsqr (M) - Sum{M)*Sum(M)/Count)
IF (ARG .GT. 0.) GO TO 80
WRITE ( *, 210) M,ARG
WRITE (10,1010) M,ARG
1010 FORMAT('SQRT OF A NEG, NUMBER. M=',I3,° ARG=',F10.3)
ARG = 0
: 80 Stddev = DSQRT(ARG/(Count-1))
Mean = Sum(M)/Count
Results(M,1) = Mean
Results(M,2) = Stddev
Results(M,3) = Max(M)
Resulte(M,4) = Min(M)
90 CONTINUE

RETURN
END
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C DECK SLENTH - Returns location of last non-blank character in a string
. 3/31/68 8145 am

SUBROUTINE SLENTH (AS,K)

CHARACTER* (*) A8

L=LEN(AS)

K=L+1

DO 10 M=1,L

K=K-1

IF (AS(K:K).NE.CHAR(32)) GO TO 20 ! Test for trailing blanks ’
10 CONTINUE
20 CONTINUE

RETURN -
END

C DECK SPFIT = Cubic non-parametric spline fit for real data

* 3/31/88 8:50 am

SUBROUTINE SPFIT (X, Y, ELEMS, NPTS)

4

SPFIT CREATED FROM SPLINE E N HUBBLE JUNE 19
FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS
TO SET OF REAL DATA POINTS

»»

INPUTS
) 4

ARRAY OF REAL INDEPENDENT VARIABLES
ARRAY OF REAL DEPENDENT VARIABLES
NUMBER OF (X,Y) DATA POINTS

Y
NPTS
RETURN
ELEMS = ARRAY OF (NPTS8-1) SEGMENTS IN FOLLOWING FORM
( Y(I), D(I), ¥(I+1l), D(I+1) ) ¢+ WHERE
D = ARRAY OF SECOND DERIVATIVES AT DATA POINTS

L 2 BE B BN BN BN B
[ ]

ARRAYS A,B,C ARE MAINLY SUB DIAG., DIAGONAL, AND SUPER DIAG.

D ARRAY IS THE RIGHT HAND SIDE OF MATRIX EQUATION

SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION
SOLUTION TECHNIQUE I8 GAUSSIAN ELIMINATION

BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

L 2R B R 2B

COMMON/I0/ICARD, IPRIN, POTFIL, COPFIL, RAOFIL, RMSFIL,ORGPIL,SPCFIL,
2 ISCARD,BLKPIL,SCRPIL,SPLFIL,LCOFIL,LRAFIL,SEVFIL
INTEGER  ICARD,IPRIN,POTFIL,COFFIL,RAOFIL,RMSFIL,ORGFIL,SPCPIL,
2 ISCARD,BLKFIL,SCRFIL,SPLFIL,LCOFIL,LRAFIL,SEVFIL
DIMENSION X(NPTS),Y (NPTS),ELEMS(4,NPTS)
DIMENSION A(100), B(100), €(100), D(100)
N = NPTS
NLl = N - 1
NL2 » N - 2
DO 50 I=2,N
IF (X(I) .GT. X(I-1)) GO TO SO
WRITE ( *,888) X(I-1),X(I)
WRITE (10,888) X(I-1),X(I)
GO TO 88888
SO  CONTINUE
IF (X .LE. 100) GO TO 100
WRITE ( *,999)
WRITE (10,999)
N = 100
100 CONTINUE
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IF (N .GT. 2) GO TO 125
D(1) = 0.0
D(2) = 0.0
GO TO 375
125 CONTINUE
IF (N .GT. 3) GO TO 150

YDD = 2.¢((X(3)-X(2))*Y(1)+(X(2)-X(1))*¥(3)=(X(3)=-X(1))*¥(2))

/((X(3)=X(2))*(X(2)~X(1))*(X(3)=X(1)))

D(l) = YDD
D(2) = YDD
D(3) = YDD
GO TO 378
150 CONTINUE
DO 200 I1=)],N
A(I) = 0.0
B(1) = 0.0
c(1) = 0.0
D(1) = 0.0
200 CONTINUE
* SET UP MATRICES (A TRIDIAGONAL STRUCTURE)
A(l) = (X(3)=X(2))/(X(3)-X(1))
C(l) = 2.0
B(l) = 1.0 - A(1)

D(1)

6.0%((Y(3)=Y(2))/(X(3)-X(2))-(¥(2)-¥(1))/

1 (X(2)-X(1)))/(X(3)=X(1))
Hs= X(3) - X(2)
DO 250 I=3,NLl
HP = X(I+1) =~ X(I)
C(I) = HP / (H+HP)
B(I) = 2.0
A(I) = 1.0 - ¢(I)

D(I)

6.0%((Y(I+1)=Y(I))/HP=-(Y(I)-Y(I-1))/H)/(HP+H)

H = HP

250 CORTINUE
-

88T

BOUNDARY CONDITIONS

C(2) = (X(2)=X(1))/(X(3)=X(2))
A(2) = 1.0
B(2) = -1.0-C(2)
D(2) = 0.0
C(2) = =A(2)*A(1)/B(1) + C(2)
C(N) = (X(N)-X(N-1))/(X(N=-1)=X(N-2))
A(N) = «1.0 - C(N)
B(N) = 1.0
D(N) = 0.0
o SOLVE EQUATIONS
Il = }
DO 300 1s=},NL2
Il=1I+1
I2s I + 2

AUGH = ABS (B(I))

IF (AUGH .LT. 1.0E-06) GO TO 275
CONST = A(11) / B(I)

B(I1) = B(I1) - CONST*C(I)
D(Il) = D(I1) - CONST*D(I)

IF (1 .NE. NL2) GO TO 300

A(N) = A(N) - C(N)*C(I) / B(I)
D(N) = D(N) ~ C(N)*D(I) / B(I)
G0 TO 300

275 CONTINUE

II=s 1+

D(I) = D(I) / C(I)
D(I1) = D(I1) - B(I1)*D(I)

95




B(Il) = A(I1)
A(Il) = 0.0
D(12) = D(I2) = A(I2)*D(I)
A(I2) = 0.0
IF (I .NE. NL2) GO TO 300
A(N) = C(N)
300 CONTINUE
DET = B(NL1)*B(N) = C(NL1)*A(N)
STORE = D(N)
D(N) = (B(NL1)*D(N) - D(NL1)*A(N)) / DBET
g(ﬂLl) = (D(NL1)*B(N) ~ C(NL1)*STORE) / DET .
P=0
DO 3%0 Is=2,NL2
JI = N=-1I
Ir (JI .BQ. IP) GO TO 350
Ir (JI .EQ. II) GO TO 325
D(JI) = (D(JI)=C(JI)*D(JI+1))/B(JII)
GO T0 350
328 CONTINUE
IP = JI-1
STORE = D(JI)
D(JI) = D(IP)
D(IP) = (STORE - C(IP)*D{JI+1))/B(IP)
3850 CONTINUE
D(1) = (D(1) - A(1)"9(3) = C(1)*D(2)) / B(1)
- SBET UP SPLINE SEGMENT
375 CONTINUE
DO 400 Is],NL1

11 =1 +1
BLEMS(1,I) = Y(I)
ELEMS(2,I) = D(I)
ELEMS(3,I) = Y(I1)
ELEMS(4,1) = D(I1)

400 CONTINUE

99999 CONTINUE
RETURN

88888 CONTINUE
sTOP

888 FORMAT ('0O SPFIT -- X VALUES NOT ASCENDING', 2E16.8)

999 FORMAT ('O SPFIT -- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')
END

C DECK SPLVAL ° -~ [Evaluates a real non-parametric spline
. 3/31/88 8150 am

SUBROUTINE SPLVAL (X, NPTS, ELEMS, X0, YO, 80, IELM)

- SPLVAL CREATED FROM SPLPFIT

* EVALUATES A REAL NON-PARAMETRIC SPLINE

hd INPUTS

. X = ARRAY OF INDEPENDENT VARIABLES

Al NPTS8 = NUMBER OF VALUES IN X-=-ARRAY

* ELEMS = SPLINE SEGMENTS GENERATRD BY SPFIT

* X0 = X-VALUE AT WHICH SPLINE I$§ TO BE EVALUATED
* RETURNS

. X0 = PF(X0) = Y~VALUE EVALUATED AT X0

. 80 = SECOND DERIVATIVE EVALUATED AT X0

* IELM = INDEX OF SPLINE SEGMENT CONTAINING X0

COMMON/10/ICARD, IPRIN, POTFIL,COFFIL, RAOFIL,RMSFIL,ORGFIL, SPCFIL,
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2 ISCARD,BLKFIL,SCRFIL,SPLFIL,LCOFIL,LRAFIL, SEVFIL
INTEGER  ICARD, IPRIN,POTFIL,COFFIL,RAOFIL,RMSFIL,ORGFIL,SPCFIL,
2 ISCARD,BLKFIL, SCRPIL,SPLFIL,LCOFIL,LRAFIL, SEVFIL
DINENSION X(NFTS),ELEMS(4,NPTS)
N = NPTS
IF (X0.GE.X(1) .AND. XO.LE.X(N)) GO TO 100
WRITE ( *,999) XO
WRITE (10,999) XO
GO TO 99999
100  CONTINUE
. DO 200 1=2,N
IP (X0 .GT. X(I)) GO TO 200
GO TO 300
200 CONTINUR
300 CONTINUE
IeI-2
XX ® X(I+1l) - X(I)
X1 = X0 = X(I)
X2 = X(I+1) - X0
XX6 = XX * XX / 6.0

Y1l = BLEMS(1,I)
Y2 = ELEMS(3,I)
§1 = ELEMS(2,I)
82 = ELEMS(4,1)
YO = (S1 * X2%%3 + §2 * X1%*3) / (6.0 * XX) +

. { (Y1 =~ S1%XX6) * X2 + (Y2 - §2%XX6) * X1 ) / XX
80 = (S1 » X2 + S2 * X1) / XX
IELM = I
RETURN
99999 CONTINUE
STOP
999  FORMAT ('O SPLVAL -- EXTRAPOLATION NOT ALLOWED. X0 =', B16.8)
END

c DECK TFNFIT ~ PFits lateral transfer functions for non-linear roll answer
3/31/88 8:50 am

SUBROUTINE TPNPFIT (RLANG,NRANG,RLANS,MOTL,JM,IW,CTPN)

DIMENSION RLANG(8)
COMPLEX MOTL(3,30,8),CANS(8),CELM(4,8),CTFN, COUM

IF (RLANS .GE. RLANG(1)) GO TO 10
CTFN = MOTL(JM,IW,1)
GO TO 40

10 IF (RLANS .LE. RLANG(NRANG)) GO TO 20
CTFN = MOTL(JM, IW, NRANG)
GO TO 40

) 20 DO 30 IA=],NRANG ! Loop over 8 mean roll angles
CANS(IA) = MOTL(JM, IW,IA)
30 CONTINUE

CALL CPPIT (RLAKNG,CANS,CELM, NRANG)
CALL CPLVAL (RLANG, NRANG,CELM,RLANS,CTPN,CDUM, IELM)
40 CONTINUE

RETURN
END
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C DECX
.
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TRFN « Transfer function subroutine
8/31/69 11:10 am

SUBROUTINE TRFN

COMMON DUNNY,US,CS,IvS,1Ivus,PAGE,ECS,BELL,DISP,

CLR,YS8,NS,N, Bamplorato.bt Runnumbor,wnvoholqht Heading,
Trills DateS,TimeS,Location§, Personnels,

unnos,ructcr(az) UnLtls,
Commentss,Count,B,Plimic,Nlimit,Nparam,
Results(32,4),Dindx(32,2),P18,SMPDATAS, STHDATAS,DATAS, *
SHIPTYPS, SHIPS, VARIANTS, CYCLES,LSHIP,LDATAS, LETHDATA , LSMPDATA
CHARACTER*80 FIS,SNPDATAS,STHDATAS,DATAS

CHARACTER*S8 SHIPTYPS,SHIPS

CHARACTER VARIANTS*1,CYCLES®*2

INTEGER Dindx

COMMON /DTITL/ Dtitles

CHARACTER*72 Dtitles

COMMON /BK1/ SCRMS(10), NMAX

COMMON /BK2/ UNTCONV,VKMETR

COMMON /EMA/ EIC,ESPEED,EHEAD,ESIGWH,ETMODAL, STATIS,

ESTART, BEND, NWW, NMU,CHDNG (11) ,B2(11),EWE(150,11),
COEBFR(10,150,11),COBPI(10,150,11)

COMMON /WAVEPNT/ NWPOINT,WPNTXLOC,WPNTYLOC,WPNTZILOC, WPNTNAMES,
WAVEXLOC, WAVEYLOC, WAVEZLOC

DIMEBNSION WPNTXLOC(3),WPNTYLOC(3),WPNTZILOC(3),WAVEXLOC(3),
WAVEYLOC(3) ,WAVEZLOC(3)

CHARACTER WPNTNAMES (3)*20

CHARACTER*4 US,C8,1v8,Ivus,Options,AS,UPCS

CHARACTER YS,NS,ECS,BELL,DISP*8,PAGE*2,CLR*2

CHARACTER*18 DateS,TimeS,Name§(32),Unitss(32)
CHARACTER*40 Trials,location$,PersonnelS,Coamentss

COMMON /BK3/ MOTV,MOTL,HJV,HJL,H7,O0RGTF,CTENP

COMPLEX MOTV(3,30),MOTL(3,30,8), nJV(s 30),HJL(3 30),H7(30)
COMPLEX ORGTPF(30,11,6),CTEMP

DIMENSION W(150),TR(18%0), TI(ISO),S(ISO),RR(ISO),RANDP(ISO),
nnunw(1so),ouo(ao),rrn(so) TPI(30),R(30),8WAVE(30)
DIMENSION RLANG(8)

CHARACTER*4 TITLE(20)

REAL LPP,KG,KROLL,LCB

LOGICAL VRT,LAT,ADDRES

REAL MU

CHARACTER FILEC*84,8TRING*286

DATA BPS /0.8/

PI = 3.1415927
X2PI = 2+PI
RD = PI / 180
RADDRG = 180 / PI
Ic=21cC
NW=NWW
S8IGWH=ESIGWH
TMODAL=ETMODAL .
SHPSPD=ESPEED
HDNG=180~EHEAD § Convert SMP output heading reference to
i internal heading reference (180 deg diff)

Open file of origin motion transfer functions from SMP




FIS = SMPDATAS(1:LSMPDATA)//'\'//
2 SHIPS(1:LSHIP)//VARIANTS(1:1)//'.ORG"
OPEN (11,FILE=FIS,FORM='UNFORMATTED',STATUS='OLD")

i Read header record
READ (11) TITLE,NVK,NNMU,NOMEGA,ONG, NRANG,RLANG, VRT, LAT,
2 ADDRES,LPP, BEAM,DRAPT,DISPLN,GN,DELGM, KG, KROLL, LCB,GRAV, RHO,
2 VKDES,VRINC,DBLWL

GRAV = GRAV * UNTCONV
LPP = LPP * UNTCONV
LCB = LCB * UNTCONV
DBLWL = DBLWL * UNTCONV

hd Compute 150 wave frequencies
OW = (OMG(NOMEGA)-OMG(1)) / (NW-1)
WI = OMG(1)
DO 10 Iws]l, NW ! Loop over 150 frequencies

W(IW) = WI + (IW-1)*DW
10 CONTINUE

- Compute 2 parameter BRETSCHNEIDER wave spectra
. for 150 wave frsquencies

CALL BRWVSP (NW,SIGWH,TMODAL,W,S)
DO 20 1IWs=],NW { Compute wave anplitudes
RK(IW) = SQRT(2*8(IW)*DW)

20 CONTINUEB

. Store component headings
IF (IC .EQ. 1) SHEAD=HDNG+1S. 1 Longcrested seas
IF (IC .EQ. 2) SHEADsHDNG+90. 1 Shortcrested seas
DO 30 IHs=1,NMU 1 ‘Loop over component headings

ARG = SHEAD - IH*1S.
IF (ARG .LT. O.) ARG = ARG + 360.
CHDNG(IH) = ARG

30 CONTINUE

" Compute weighting constants as a function of component headings

B2(1)=1. 1 Longcrested weighting constant
IF (IC.2Q.1) GO TO SO

* Shortecrested weighting constants for 11 component headings

PION12=P1/12

DO 40 K=1,6

A= (K-1)*PION12
CA=CO8 (A)
CON=CA*CA/6
SQCON=SQRT (CON)
LaK+S

B2 (L)=8QCON

IF (X.2Q.1) GO TO 40
Le7-K
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B2 (L)=SQCON
40 CONTINUE

Compute 2 parameter BRETSCHNEIDER wave spectra
for 30 wave frequencies
SO CALL BRWVSP (NOMEGA, SIGWH, TMODAL,OMG,SWAVE)

Perform roll iteration for specified seaway
CALL RLITER (SHPSPD,NMU,B2,CHDNG,STATIS,SWAVE, RADDEG, RLANS)

Store origin motion transfer functions
CALL ORGTFN (SHPSPD,NMU,CHDNG, RLANS,RADDEG)

Compute standard deviation (RMS) for wave height and
6 DOF motions in frequency domain

DO 80 JC=1,N { Loop over channel
JClsJC~1
SCRMS (JC) =0
DO 70 IH=1,NMU { Loop over component headings
DO 60 IWs=1,NOMEGA 1 Loop over wave frsquency
IF (JC.EQ.1) THEN
TFAMPs] ! Wave height at Origin
ELSEIF (JC.GE.2 .AND. JC.LE.7) THERN
TFAMP=CABS (ORGTF (IW,IH,JCl1)) ! 6 DOF motions
ELSE
TFAMPal ! Wave height at a point
ENDIF

R(IW)=TFAMP#**2 » SWAVE(IW) * B2(IH)**2
60 CONTINUE ! End loop over freguency

Compute variance values of wave height and 6DOF motions
for component headings
CALL ALGRNG (NOMEGA,OMG,R,AREA)
SCRMS (JC)=8CRMS (JC) +AREA

70 CONTINUE ! End loop over headings
Compute standard deviation (RMS) values for

wave height and 6DOF motions
SCRMS (JC)=SQRT (ABS(SCRMS8(JC)))

80 CONTINUE { End loop over channel
DO 200 IH=]1,NMU i Loop over component headings
ARG=CHDNG ( IH)
IPLANEs]

IF (ARG.LT.0. .OR. ARG.GT.180.) IPLANE=2

NARG = (ARG/15 + 1)

IF (IPLANE .EQ. 2) ARG = ABS(ARG - 360.)

MU = ABS(ARG) * RD i Component heading angle in radians
COSMU = COS(MU)
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SINMU = SIN(MU)

Get random numbers as a function of
. heading, phase and frequency

Select seed for random number generator for each heading
SBED = NARG + 2000
X=RANDS (SEED)

Save random numbers for phase angles
DO 100 IW=1,NW ! Loop over 150 frequencies
RANDP (IW) = RND()
100 CONTINUE

L N 4

Determine if it is necessary to adjust frequencies randomly
( beam seas or ship speed = zero knots )

NFLAG = O ! Don't adjust frequencies randomly
IF (ARG.EQ.90. .OR. ARG.EQ.270.

2 +OR. ARC-EQ.'90. .OR. SHPSPD.EQ.O.)

2 NFLAG = ] ! Adjust frequencies randomly

IF (NFLAG.EQ.O0) GO TO 130

Select sesd for random number generator for frequencies
EEED = NARG + 3000
X=RANDS (SEED)

Save random numbers for frequencies
DO 120 Iws), NW { Loop over 150 frequencies
RANDW(IW) = RND()
120 CONTINUE

130 CONTINUE

Compute 150 encounter frequencies

AL = VKMETR * SHPSPD * COSMU / GRAV
DO 140 IW=1,NW i Loop over 150 frequencies

EWE(IW,IH) = ABS(W(IW)*(1l.-AL*W(INW)))

Encounter frequencies below 0.05 rad/sec are not allowed
IF (EWE(IW,IH) .LT. 0.05) EWE(IW,IH) = 0.08

IF (NPLAG .ZQ. O) GO TO 140

Adjust frequencies randomly (beam seas and/or zero ship speed)
DELTA = 0.99+DW/2.
WEC = EZWE(IW,IH)

WEL = WEC - DELTA
RAND = RANDW(IW)

101

T I S T T T Jer e e e AR e e | e B o e s i W S e



BWEB(IW,IH) = WEL + RAND*2,*DELTA
140 CONTINUE ! End loop over frequency

- - oo o -

hd Interpolate transfer functions for 150 frequencies

DO 170 JC=1,N ! Loop over channel
JCl = JC - 1 ‘
JC7 = JC - 7

DO 150 IWs1,NOMEGA ! Loop over 30 wave frequencies

IF (JC .BEQ. 1) THEN

ke Wave height transfer function at Origin location
TFR(IW) = 1 ! Transfer function real part
TFI(IW) = 0 I Transfer function imaginary part

ELSEIF (JC.GE.2 .AND. JC.LE.7) THEN

* 6 DOF motion transfer functions at Origin location
TFR(IW) = REAL(ORGTF(IW,IH,JCl)) { Transfer function real part
TPI(IW) = AIMAG(ORGTF(IW,IH,JCl)) | Transfer function imaginary part

ELSE

* Wave height transfer function at other point locations
XK = OMG(IW)**2 / GRAV ! Compute wave number, K
TFAMPL = 1 { Transfer function amplitude
XBAR = WAVEXLOC(JC7) ! X location referenced to LCG
YBAR = WAVEYLOC(JC7) 1 Y location referenced to LCG
PHS = ~ XK * (XBAR*COSMU + YBAR*SINMU)
TFPHS = PHS { Transfer function phase in

radians
TFR(IW) = TFAMPL * COS(TFPHS) { Trensfer function real part
TPI(IW) = TFAMPL * SIN(TFPHS) ! Transfer function imaginary part
ENDIF

150 CONTINUE ! End loop over 30 frequencies

CALL INTRPL (NOMEGA,OMG,TFR,NW,W,TR)
CALL INTRPL (NOMEGA,OMG,TFI,NW,W,TI)

DO 160 IW=1l,NW ! Loop over 150 wave frequencies
ARGl = TR(IW)

ARG2 = TI(IW)

AMP = SQRT(ARG1*ARGl + ARG2*ARG2)

PHS = ATAN2D(ARG2,ARGl, RADDzG)

COEFR(JC,IW,1IH) = AMP

CORFI(JC,IW,IH) = PHS

160 CONTINUE ! End loop over 150 frequencies
170 CONTINUE ! End loop over channel .
]
* Scale transfer functions by wave spectral amplitudes
DO 180 IW=],NW { Loop over 150 frequencies
DO 180 JC=]1,N ! Loop over channel

COEFR(JC, IW, IH)=RK(IW)*COEFR(JC, IW, IH)
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180 CONTINUE ! End loops over channel and frequency

L T

o Add transfer function phase angles and save final transfer
hd functions in real and imaginary form

DO 190 IW=]1,NW ! Loop over 150 frequencies

RPH = X2PI*RANDP(IW)

DO 190 JC=],N ! Loop over channel

AMP = COEFR(JC, IW,IH)

PHS = RPH + COEFI(JC,IW,IH)*RD
COEFR(JC,IW,IH) = AMP*COS (PHS)
COEFI(JC,IW,IH) = AMP*SIN(PHS)

190 CONTINUE ! End loops over channel and frequency
200 CONTINUE ! End loop over component headings
CLOSE (11)
RETURN
END

C DECK UCASE - Converts strings to uppercase
" 4/16/88 11:20 pm

SUBROUTINE UCASE (AS,L)

CHARACTER* (*) AS
CHARACTER*1 LC(26),UC(26)
DATA Lc /'.".b"'c".d"."’.t".q."h.'.i.l'j.‘.k."l'l'm"
2 'n.,lo',.p.' 1q0'.r.'0.".t',.ul’.vl'.w”.x0'.y0"z./
DATA Uc /.A‘l.a."c"‘D.l.B.l'r-.l.G.‘.H.['I.'.J".K',‘L.’.“.l
2 ’N.'QOQ'QPO'.Q.'.R.,‘s.'“’,lu.,'vl'.w".x.’.Y',lz./
.
DO 20 I=1,L
DO 10 Js=1,26
IF (AS(I:I) .NE. LC(J)) GO TO 10
AS(I3I) = UC(J)
GO TO 20
10 CONTINUE
20 CONTINUE

RETURN
END

C PROGRAM END

(2222222222222 22X a2 X2 X 2 2 2 2 X 2R 228222222222 222 2222222222222 X2222X]
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APPENDIX B
LISTING OF ACTH PROGRAM
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C DECK ACTH

9/3/89

9:00

PROGRAM ACTH

= QACCESS program for STH time histories, ACTH

po

ACTH -

Main Program |

SUBLIST
List of subroutines
no. name type degcription
b ACTHRESP subroutine ACTH ship responses
2  ATAN2D function Arctangent function in degrees for
3  CHKPNT subroutine Checks STH point locations againet
ACTH point locations
4 FLENTH subroutine Finds location of first non-blank
character in a string
S RDACTHINP subroutine Reads ACTH input file
6 RDSTHTEXT subroutine Reads STH text file
7 SLENTH subroutine Returns location of last non-blank
character in a string
8 UCASE subroutine Converts strings to uppercase
9 WRACTHLOG subroutine Write ACTHLOG text file
10 WRACTHTEXT subroutine Write ACTH text file
SHIP RESPONSE
POINT 8YSTEM NO NAME
0 EARTH 1-6 - Origin Motions (8urge, Sway, Heave,
Roll, Pitch, Yaw)
7 = Wave height at the Origin location
>0 EARTH 1-3 - JMotions at a point (Longitudinal,
Lateral, Vertical)
4 - PRelative motion at a point
7 = HWave height at a point
>0 SHIP 1-3 =~ TYorces at a point (Longitudinal,

Lateral, Vertical)

ship response velccities and accelerations are obtained by

selecting the TYPE variable = 2 (vel.), = 3 (acc.).

Note




b TYPE = 1 (displ.)

Bquations for Motions at a Point

*
[}
]
]

ELONG = surge - ybar*sin(yaw) + zbar*sin(pitch)
+ xbarv([cos(yaw)+cos(pitch)=-2)

ELATE = sway - zbar*sin(roll) + xbar*sin(yaw)
+ ybar+*(cos(roll)+cos(yaw)=2)

EVERT = heave - xbar*sin(pitch) + ybar*sin(roll)
+ zbar*(cos(pitch)+cos(roll)=-2)

-
[ 2 2N BB B BN 4

* The Forces in the Ship system in the X, ¥, and Z directions are

* SLONG = (-surgacc) * (cos(yaw)*cos(pitch)]

* + (-swayacc) * ([sin(yaw)*cos(pitch)]

- + [(-heavacc) = 1] * (=-sin(pitch)}

* SLATE = (-surgacc) * (cos(yaw)*sin(pitch)*sin(roll) - sin(yaw)*cos(roll))
. + (-swayacc) * (cos(yaw)*cos(roll) + sin(yaw)*sin(pitch)*sin(roll)]
. + ((~heavacc) -~ 1) * (cos(pitch)*sin(roll))

* SVERT = (-surgacc) * (ein(yaw)*sin(roll) + cos(yaw)*sin(pitch)*cos(xoll)]
hd + (-swayacc) * (sin(yaw)*sin(pitch)*cos(roll) - cos(yaw)*ain(roll))
. + (~heavacc) - 1) * (cos(pitch)*cos(roll))

* where surgacc, swayacc, and heavacc are the Earth system translational

accelerations in the x, y, and z directions and °'1' is the acceleration
* of gravity.

C DIMENSIONS

COMMON /BLKO/ PI,DEGRAD, RADDEG,MONTHS,WAVEHTS, ORGNAMES,
2 EPTNAMES,SPTNAMES, CHTYPES,CHUNITS, CHSYSTMS

CHARACTER MONTHS (12)*3,WAVEHTS*12,0RGNAMES(6)*12

CHARACTER EPTNAMES (7)*12,8PTNAMES (7)*12

CHARACTER CHTYPES(5)*3,CHUNITS(7)*6,CHSYSTMS(2)*5

COMMON /BLK1/ AS,P15,STHDATAS, LSTHDATA, 8RUN, KSRUN, LSRUN,
2 SHIPTYPS,TRIALS,LTRIAL,SHIPS,LSHIP,VARIANTS, CYCLES, SUNITS,
2 LSUNIT,COMMENTS
CHARACTER*80 AS,F18,STHDATAS
CHARACTER SRUN*6,SHIPTYPS*8, TRIALS*40,8UNITS*6, COMMENTS*40
CHARACTER SHIPS*S
CHARACTER VARIANTS*1,CYCLES*2




COMMON /BLK2/ STHRUN,CNT,COUNT,NSTHCHAN,GRAV,LPP,LCG,DBLWL,
SRATE, DT, TSTART, TSTOP, TRUN, WAVEHT, SURGE, SWAY , HEAVE, ROLL, PITCH,
YAW, STHDATA, WAVEHTP, SHPSPD, HDNG, SEATYPS , SIGWH, THODAL , STATIS,
STHCHN, STHUNT, STHSTD, ASCI1

INTEGER CNT,COUNT,ASCII

REAL LPP,LCG

CHARACTER STHCHN(10)*8, STHUNT (10)*6, SEATYPS*2

REAL STHSTD(10,2),STHDATA(10),WAVEHTP(3)

(S SR N

COMMON /BLK3/ ACTHDATAS,LACTHDATA, STARTRUN, NRUNS, ACTHRUN, DTGS, .
ARUN, KARUN, LARUN, NPOINT, PNT, PNTXLOC, PNTYLOC, PNTZLOC, PNTNAMES,
MCHMAX, NCHAN, POINTS, SHIPSYS, CHNPTNO, CHNXLOC, CHNYLOC, CHNZLOC,
CHNPTNA,CTITLE, CTYPE,CUNITS, CSYSTM, CH, CHN, CHNNUM, C1, ACTHDATA,
PACTOR,RESULTS, PEAK .
CHARACTER*80 ACTHDATAS

CHARACTER ARUN*6,DTGS8*13

INTEGER STARTRUN,ACTHRUN, PNT, POINTS, SHIPSYS

DIMENSION PNTXLOC(0:10),PNTYLOC(0:110), PNTZLOC(0:10)
CHARACTER PNTNAMES (0:10)*20

DIMENSION CHNXLOC(16),CHNYLOC(16),CHNZLOC(16)

INTEGER CHNPTNO(16)

CHARACTER*20 CHNPTNA(16)

CHARACTER*12 CTITLE(16)

CHARACTER*4 CTYPE(16)

CHARACTER*4 CUNITS(16)

CHARACTER*S CSYSTM(16)

INTEGER CH(16,5),CHN,CHNNUM

INTEGER*2 C1(16)

REAL ACTHDATA(16)

DIMENSION FACTOR(16),RESULTS(16,4),PEAK(16)

NN

CHARACTER*S8 Dates
CHARACTER*1]1 TimeS

COMMON /WAVEPNT/ NWPOINT,WPTNUM, WPNTXLOC, WPNTYLOC, WPNTZLOC,
2 WPNTNAMES

DIMENSION WPTNUM(3),WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3)

CHARACTER WPNTNAMES(3)*20

INTEGER WPTNUM

COMMON /ACTHWVPT/ NAWPOINT, AWPTNUM, AWPNTXLOC, AWPNTYLOC,
2 AWPNTILOC, AWPNTNAMES
DIMENSION AWPINUM(3),AHPNTXLOC(3),AWPNTYLOC(3),AWPNTZLOC(3)
CHARACTER AWPNTNAMES (3)*20
INTEGER AWPTNUM

COMMON /BLK4/ EFLAG, ISTHFLAG, CHNFLAG
INTEGER EFLAG,CHNFLAG(16)

C CONSTANTS
DEGRAD = PI / 160 -
RADDEG = 180 / PI
NCHMAX = 16 1 Max no of channels

C START

¥18 = 'ERROR.TEX'
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OPEN (8,FILE=F1S8,STATUS='UNKNOWN')
BPLAG = O ! Brror flag

1000

10

3000

3010
3020

Read ACTH.INP tile
PORMAT(A)

P18 = 'ACTH.INP'
OPEN (1,FILE=FIS,STATUS='OLD’')

READ(1,1000) STHDATAS { STH (Origin time history) data path
READ (1,1000) ACTHDATAS ! ACTH (Motions at a point) data path
READ (1,1000) SHIPS

CALL SLENTH (STHDATAS,LSTHDATA)
CALL SLENTH (ACTHDATAS,LACTHDATA)
CALL SLENTH (SHIPS,LSHIP)

CALL RDACTHINP { Read ACTH.INP file

IF (EFLAG .GT. O) THEN
AS='CLS’
CALL SYSTEM (AS)
WRITE (*,3000)
WRITE (8,3000)
DO 10 CHN=1,NCHAN
IP (CHNFLAG(CHN) .EQ. 1) THEN
WRITE (*,3010) CHN,CH(CHN,1),CH(CHN,S)
WRITE (8,3010) CHN,CH(CHN,1),CH(CHN,S)
END IF
CONTINUE
WRITE (*,3020)
WRITE (8,3020)
GO TO 300 1 STOP
END IF

FORMAT (///22X,'ERROR - ACTH program stopped.‘'///22X,
‘' CHANNEL RESPONSE POINT')

FORMAT (23X%,13,9X,13,8X,I13)

FORMAT (//8X, ‘does not have a corresponding wave point number °*
‘in ACTH.INP'////)

(1,1000) As
(1,'(15X,15) ') STARTRUN
(1, '(16X,I8)') NRUNS
(1,1000) AS

(1,1000) AS

EEEEE

ACTHRUN = STARTRUN - 1}

ISTHFLAG = O { Count of 8TH rune skipped due to error
DO 200 JRN = }],NRUNS ! Loop over runs
EYLAG = O ! Error flag
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ASe'CLS'
CALL SYSTEM (AS)

WRITE (*,'(//22X,"Access Time History Program (ACTH) ")')
WRITE (*,'(///.27X,"Total number of runs =",I13)') NRUNS
WRITE (*,'(/.27X,"Start run number =",13)') STARTRUN

ACTHRUN = ACTHRUN + 1 .
WRITE (*,'(///.27X,"Working on run number",13)°') ACTHRUN

WRITE (ARUN, ' (16)°') ACTHRUN
CALL PLENTH (ARUN,KARUN)
CALL SLENTH (ARUN,LARUN)

READ (1,*) STHRUN { Read STH run number
WRITE (SRUN, ‘' (16)') STHRUN

CALL FLENTH (SRUN,KSRUN)
CALL SLENTH (SRUN,LSRUN)

20

30

Read STH time history file

FIS = STHDATAS(1:LSTHDATA)//'\SR'//SRUN(KSRUN:LSRUN)//'.DAT'
OPEN (2,ERR=20,FILEsFIS,FORM='UNFORMATTED' ,STATUS='OLD")
GOTO 30

BFLAG = 1 1 8TH run does not exist
ISTHFLAG = ISTHFLAG + 1
GOTO 190

READ (2) COUNT,NSTHCHAN
TRUN = (COUNT-1)+*DT { Run length in seconds

Read STH text file
CALL RDSTHTEXT

Compare wave point locations in ACTH.INP and SRN.TEX

IF (NAWPOINT .GT. 0) CALL CHKPNT
IF (EFLAG .GT. 0) GOTO 190

Get DATE and TIME

CALL DATE (Dates)
CALL TIME(TimeS)

READ (DateS,”(12)") MONTH

DTGS = DateS(4:5)//TimeS(112)//Time8(415)//'L *//MONTHS (MONTH)//

2 Dates(7:8)

Open ACTH time history file
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IF (ASCII .EQ. 1) THEN
FIS = ACTHDATAS(1:LACTHDATA)//'\AR'//ARUN(KARUN:LARUN)//* .DAT"
OPEN (3,PILE=PIS, FORM® 'UNFORMATTED', STATUS= ' UNKNOWN' )
WRITE (3) COUNT,NCHAN

BLSE
PIS = ACTHDATAS (1:LACTHDATA)//" \AR'//ARUN(KARUN:LARUN)//'.ASC'
OPEN (3,FILE=FIS,STATUSs ' UNKNOWN'
WRITE (3,'(215)') COUNT,NCHAN

ENDITF

DO 100 CNT = 1,COUNT ! Start loop over time (samples)
. Read STH data for one point in time
READ (2) (STHDATA(I),I=],NSTHCHAN)

WAVEHT = STHDATA(l) { Wave height at Origin
SURGE = STHDATA(2)
SWAY = STHDATA(J)
HEAVE = STHDATA(4)
ROLL = STHDATA(S)
PITCH = STHDATA(6)
YAW = STHDATA(7)

IF (NSTHCHAN .GT. 7) THEN
DO 40 I=8,NSTHCHAN

He]l -7
WAVEHTP (M) = STHDATA(I) | Wave height at a point
40 CONTINUVE
END IP
CALL ACTHRESP { Compute ACTH ship responses
IF (ASCII .EQ. 1) THEN { Binary output data format
WRITE (3) (ACTHDATA(I),Is=1,NCHAN)
ELSE 1 ASCII output data format
KL = 0
IF (NCHAN .LE. 8) THEN
KL = KL + 1
WRITE (3,2000) CONT,KL, (ACTHDATA(I),I=1,NCHAN)
2000 FORMAT (215,8P8.3)
ELSE
KL = KL + 1
) WRITE (3,2000) CNT,KL, (ACTHDATA(I),1=1,8)
KL= KL + 1
WRITE (3,2010) KL, (ACTHDATA(I),1=9,NCHAN)
. 2010 FORMAT (SX,15,8P8.3)
ENDIP
ENDI?
100 CONTINUE | End loop over time

CLOSE (2) { Close STH.DAT file




190

3030

3040
3080

3060

200

cLose (3) { Close ACTH time history file

Write ACTH text file
CALL WRACTHTEXT

Write ACTHLOG text file
CALL WRACTHLOG (FI8,ACTHDATAS,LACTHDATA, TRIALS,LTRIAL,
ACTHRUN, TRUN, DTGS , COMMENTS , ASCII)

CONTINUE
IF (EFTLAG .GT. O0) THEN .

IF (ISTHFLAG .EQ. 1) THEN

WRITE (8,3030) .

FORMAT (///20X,'ERROR -~ Some STH runs not analysed'/)
END IF

IF (EFLAG .EQ. 1) THEN
WRITE(8,3040) STHRUN

ELSEIF (EFLAG .BQ. 2) THEN
WRITE(8,3050) STHRUN

ELSEIFr (EFLAG .EQ. 3) THEN
WRITE(8,3060) STHRUN

END1P
ENDIF

PORMAT(/6X, 'STH run °',13,' does not exist’)
PORMAT(/6X, 'S8TH run ',13,' skipped because there are no '
‘wave points in the 8TH run’)

TORMAT(/6X,'STH run ',13,' skipped because the S8TH wave '
‘points do not match'/19X, ‘the ACTH wave points‘)

CONTINUE ! End of loop over runs
CLOSE (1) 1 Close ACTH.INP file
AS='CLS'

CALL SYSTEM (AS)

IF (ISTHPLAG .GT. O) THEN
WRITE (*,3030)

IF (ISTHFLAG .EQ. 1) THEN

WRITE(*,3080)
ELSE

WRITE(*,3090) ISTHFLAG ‘
END 1P

WRITR(*,3100)
ELSE i No errors found

WRITE(*,3070)
WRITE(S,3070)
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ENDIPF

3070 PFORNAT(/22X,°All STH runs were successfully completed')
3080 PORMAT(/22X, ‘There was 1l STH run skipped’)

3090 FORMAT(/22X, ‘There were ',13,' STH runs skipped')

3100 PORMAT(/19X,'Print the BERROR.TEX file for details'////)

C QUIT
* 300 CLOSE (8) ! Close ERROR.TEX file

8TOP
END

C DECK BLOCK DATA ~- Block data
* 8/14/89 1:50 pm

BLOCK DATA

COMMON /BLKO/ PI,DEGRAD,RADDEG, MONTHS,WAVEHTS, ORGNAMES,
2 EPTNAMES, SPTNAMES, CHTYPES, CHUNITS, CHSYSTMS

CHARACTER MONTHS (12)*3,WAVEHTS*12,0RGNAMES (6)*12

CHARACTER EPTNAMES (7)*12,SPTNAMES(7)*12

CHARACTER CHTYPES (5)*3,CHUNITS(7)*6,CHSYSTMS(2)*5

DATA PI /3.1415927/

DATA MONTHS /'JAN','FEB', 'MAR', 'APR', 'MAY','JUN', 'JUL', 'AVUG',
2 'S8BP','OCT',*'NOV', ‘DEC'/

DATA WAVEHTS /°'WAVEHT'®/

DATA ORGNAMES /'SURGE', 'SWAY', 'HEAVE','ROLL','PITCH', 'YAW'/

DATA EPTNAMES /°'LONG', 'LATE', ‘'VERT', 'RELMOT', ‘WVHTPl', 'WVHTP2',
2 "WVHTP)Y'/
DATA SPTNAMES /'SLONG', 'SLATE', 'SVERT',’ 'y ‘e ‘e
DATA CHTYPES /'DSP','VEL','ACC','ANG',' '/
DATA CHUNITS /'FREBT','FPS’,‘'G-S','DEG','DPS','DP82°," '/
DATA CHSYSTMS /'EARTH', 'SHIP'/

C SUBROUTINES
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C DECKX ACTHRESP = ACTH ship responses
* 9/3/89 8:40 pm

SUBROUTINE ACTHRESP

COMMON /BLKO/ PI,DEGRAD,RADDEG, MONTHS,WAVEHTS, ORGNAMES,
2 EPTNAMES, SPTNAMES, CHTYPES , CHUNITS, CHSYSTMS

CHARACTER MONTHS (12)*3,WAVEHTS+*12,0RGNAMES (6)*12

CHARACTER BPTNAMES (7)*12,SPTNAMES(7)*12

CHARACTER CHTYPES(S)*3,CHUNITS8(7)*6,CHSYSTMS(2)*%

COMMON /BLK1/ AS,P18,8THDATAS, LSTHDATA, SRUN,KSKUN,LSRUN,
2 SHIPTYPS,TRIALS,LTRIAL,SHIPS,LSHIP,VARIANTS,CYCLES,S8UNITS,
2 LSUNIT,COMMENTS




CHARACTER*80 AS,F1S8,STHDATAS
CHARACTER SRUN*§, SHIPTYPS*8, TRIALS*40, SUNITS*6, COMMENTS*40
CHARACTER SHIPS*S
CHARACTER VARIANTS*]l,CYCLES*2
COMMON /BLK2/ STHRUN,CNT, COUNT,NSTHCHAN,GRAV,LPP,LCG,DBLWL,
2 SRATE,DT, TSTART, TSTOP, TRUN, WAVEHT, SURGE, SWAY , HEAVE, ROLL, PITCH,
2 YAW, STHDATA,WAVEHTP, SHPSPD, HDNG, SEATYPS, SIGWH, TMODAL, STATIS,
2 STHCHN,STHUNT,STHSTD,ASCII
INTEGER CNT,COUNT,ASCII
REAL LPP,LCG
CHARACTER STHCHN(10)*8,8THUNT(10)*6,SEATYPS*2
REAL STHSTD(10,2),STHDATA(10),WAVEHTP(3)
COMMON /BLK3/ ACTHDATAS, LACTHDATA, STARTRUN, NRUNS, ACTHRUN, DTGS,
2 ARUN, KARUN,LARUN,NPOINT, PNT, PNTXLOC, PNTYLOC, PNTZLOC, PNTNAMES,
2 NCHMAX,NCHAN, POINTS, SHIPSYS, CHNPTNO, CHNXLOC, CHNYLOC, CHNZLOC,
2 CHNPTNA,CTITLE,CTYPE,CUNITS,CS8YSTM,CH, CHN,CHNNUM, Cl, ACTHDATA,
2 FACTOR,RESULTS, PEAK
CHARACTER*80 ACTHDATAS
CHARACTER ARUN*6,DTGS*13
INTEGER STARTRUN,ACTHRUN, PNT, POINTS,SHIPSYS
DIMENSION PNTXLOC(0:10),PNTYLOC(0:10),PNTZLOC(0:10)
CHARACTER PNTNAMES (0:10)+*20
DIMERSION CHNXLOC(16),CHNYLOC(16),CHNZLOC(16)
INTEGER CHNPTNO(16)
CHARACTER*20 CHNPTNA(16)
CHARACTER*12 CTITLE(16)
CHARACTER*4 CTYPE(16)
CHARACTER*4 CUNITS(16)
CHARACTER*S CSYSTM(16)
INTRGER CH(16,5),CHN,CHNNUM
INTEGER*2 C1(16)
REAL ACTHDATA(16)
DIMENSION FACTOR(16),RESULTS(16,4),PEAK(16)
DIMENSION CHNXBAR(16),CHNYBAR(16),CHNZBAR(16)
REAL PRCHDSP(16),PRLAVEL(16),PRVEDSP(16),PRVEVEL(16)
REAL PRCHVEL(16),PRLODSP(16),PRLOVEL(16),PRLADSP(16)
REAL THMIN(16),THMAX(16),MEAN
DOUBLE PRECISION TMP,ARG,8UM(16),8UMSQR(16)
REAL LONFOR,LATFOR
IF (CKT .EQ. 1) THEN
L
* Initialize variables at start of run
DO 10 I=),NCHAN
FACTOR(I) = 1
10 CONTINUE
FIG = 1 / GRAV
I=0 ! Wave height or Origin responses
PNTXLOC(I) = 1.CG / (LPP/20) | Longitudinal center of gravity
L (from FP)
PNTYLOC(1) = 0 { Centerline
PNTZLOC(1) = DBLIWL { Waterplane (from BL)
PNTNAMES (I) = 'Origin (LCG, CL, WP)'
20 CONTINUE
DO 30 CHN = },NCHAN
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THMAX (CHN ) = (-32767)

THMIN(CHN)=(32767)
S8UM(CHN)=0
SUNSQR (CHN) =0
PRCHDSP(CHN) = 0
PRCHVEL(CHN) = 0
PRLODSP(CHN) = O
PRLOVEL(CHN) = O
PRLADSP(CHN) = 0
PRLAVEL(CHN) = 0

. PRVEDSP(CHN) = 0
PRVEVEL(CHN) = O
PNT = CH(CHN, §) { Channel point

IF (PNT .EQ. O) THEN ! Origin location
CHNXLOC (CHN) = PNTXLOC(PNT) 1 Station associated with LCG
CHRYLOC(CHN) = PNTYLOC({PNT) { Centerline
CHNZLOC(CHN) = PNTZILOC(PNT) | Waterplane (from BL)
CHNPTNA (CHN) = PNTNAMES (PNT) | Channel point name

ELSE

X, ¥, 2 coordinates in SMP Ship Reference system
XLOC in station number,
YLOC positive to port from centerline,
ZLOC positive up from baseline

» % » %

XLOC = CHNXLOC (CHN)
YLOC = CHNYLOC (CHN)
LLOC = CHNZLOC (CHN)

X, ¥, 2 coordinates in right-handed coordinate system
XBAR is distance positive forward from
longitudinal center of gravity,
YBAR is distance positive to port from centerline,
£BAR is distance positive up from waterline

% % %0

CHNXBAR(CHN) = LCG - XLOC * (LPP / 20)
CHNYBAR(CHN) = YLOC
CHNZBAR(CHN) = ZLOC -~ DBLWL
END IF
30  CONTINUE

END ITF

* Compute ACTH ship response time histories

Ir (POINTS .EQ. 1) THEN

. Motions at a Point calculations to be done

ROLRAD = ROLL * DEGRAD
SR = SIN(ROLRAD)
CR = COS(ROLRAD)




PITRAD = PITCH * DEGRAD
8P = SIN(PITRAD)
CP = COS(PITRAD)

YANRAD = YAW * DEGRAD
8Y = SIN(YAWRAD)
CY = COS(YAWRAD)

END IPF
*®

DO 100 CHN = ) ,NCHAN { Loop over channel

IRSP = CH(CHN, 1) { Channesl response

ITYP = CH(CHN, 2) 1 - type

ISYS = CH(CHN, 4) ! " system

IPNT = CH(CHN, §5) 1 " point

IF (ISYS .EQ. 2) THEN ! Ship system
ISLONG = ) { Compute longitudinal force
IPF (IRSP.EQ.2 .OR. IRSP.EQ.3) ISLONG = O
ISLATE = 1 | Compute lateral force
IP (IRSP.EQ.1 .OR. IRSP.EQ.3) ISLATE = O
ISVERT = 1 { Compute vertical force
IF (IRSP.EQ.1 .OR. IRSP.EQ.2) ISVERT = 0

END IPF

IF (IPNT .EQ. O) THEN ! Origin location

IF (IRSP.GE.1 .AND. IRSP.LE.6) THEN

. Origin responses
IF (IRSP .EQ. 1) TEMP = SURGE
IP (IRSP .BQ. 2) TEMP = SWAY
IPF (IRSP .EQ. 3) TEMP = HEAVE
Ir (IRSP .EQ. 4) TEMP = ROLL
IF (IRSP .BQ. 5) TEMP = PIICH
1P (IRSP .EQ. 6) TEMP = YAW
Ir (ITYP .EQ. 1) GOTO 90 ! Displacement or angle
GOTO 80 3 Velocity or acceleration
END IP
IF (IRSP.EQ.7 ) THEN
L ]
. Wave height at Origin
TEMP = WAVEHT
IF (ITYP .BQ. 1) GOTO 90 i Displacement or angle
GOTO 80 ! Velocity or acceleration

END 17




ELSE { Peint location

XBAR = CHNXBAR(CHN)
YBAR = CHNYBAR(CHN)
2BAR = CHNZBAR(CHN)

IF (ISYS .EQ. 1) THEN {1 EARTH system

IF (IRSP.GE.l .AND. IRSP.LE.3) THEN

. Absolute responses at a point

IF (IRSP .EQ. 1) THEN ! Longitudinal

TEMP = SBURGE -~ YBAR*SY + ZBAR*SP + XBAR* (CY+CP-2)
ELSEIF (IRSP .EQ. 2) THEN ! Lateral

TEMP = SWAY <= ZBAR*SR + XBAR*SY + YBAR®(CR+CY-2)
ELSE { Vertical

TEMP = HEAVE - XBAR*SP + YBAR*SR + ZBAR*(CP+CR-2)
END IF
IF (ITYP .EQ. 1) GOTO 90 | Displacement
GOTO 80 { Velocity or acceleration

BEND IPF

IF (IRSP .EQ. 4) THEN

. Relative motion at a point

VERDSP = HEAVE - XBAR*SP ¢+ YBAR'SR + ZBAR®(CP+CR-2)

TEMP = VERDSP = WAVEHTP(IPNT)

IF (ITYP .EQ. 1) GOTO 90 ! Displacement

GOTO 80 : ! Velocity or acceleration
END IF

IF (IRSP .EQ. 7) THEN

. Wave height at a point

TEMP = WAVEHTP(IPNT)

IF (ITYP .EQ. 1) GOTO 90 | Displacement

GOTO 80 | Velocity or acceleration

. END IF
ELSE { Ship system

L]
" Compute motions at a point =~ EARTH system

ELONG = BURGE -~ YBAR*SY + ZBAR*SP + XBAR*(CY+CP-2)
ELATE = S8WAY <~ ZBAR*SR + XBAR*SY + YBAR*"(CR+CY~-2)
EVERT = HEAVE - XBAR*SP + YBAR*SR + ZBAR* (CP+CR-2)
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" Naxt compute velocities at a point

IF (CNT .BEQ. 1) THEN ! Initial values of displacement
PRLODSP (CHN) = ELONG
PRLADSP(CHN) = ELATE
PRVEDSP (CHN) = EVERT

END IPF

ELONVEL = (BLONG - PRLODSP(CHN)) * SRATE
ELATVEL = (ELATE - PRLADSP(CHN)) * SRATE
EVERVEL = (EVERT - PRVEDSP(CHN)) * SRATE

PRLODSP (CHN) = ELONG
PRLADSY (CHN) = ELATE
PRVEDSP (CHN) = EVERT

Last compute accelerations at a point

ELONACC = (ELONVEL - PRLOVEL(CHN)) * SRATE
ELATACC = (ELATVEL - PRLAVEL(CHN)) * SRATE
EVERACC = (EVERVEL -~ PRVEVEL(CHN)) * SRATE

» ®

PRLOVEL (CHN) = ELONVEL
PRLAVEL (CHEN) = ELATVEL
PRVEVEL (CHN) = EVERVEL

Convert to Earth System forces in ¢g's
including force due to gravity

Coordinate system for forces is
X pos aft, y pos to stbd, £ pos down

LONFOR = - ELONACC * PTG ! Longitudinal force
LATFOR = - BELATACC * PTG { Lateral force
VERFOR = = EVERACC * PTG - 1 1 Vertical force

L 2R B BR BN J
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Compute Longitudinal, Lateral, and Vertical Porces
(including Gravity) in the Ship System using
angle rotation order
yaw, pitch, roll

IF (ISLONG .EQ. 1) THEN
SLONG = LONFOR * CY * CP +
LATFOR * SY * CP -
VERFOR * 8P
END IF

IP (ISLATE .EQ. 1) THEN
SLATE = LONFOR * (CY * 8P * SR - BY * CR)
LATPOR * (CY * CR + 8Y * 8P * SR)
VERFOR * CP * SR

+
+
END IF
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IF (ISVERT .EQ. 1) THEN
SVERT = LONFOR * (SY * SR + CY » SP * CR) +

2 LATFOR * (SY * SP * CR - CY * 8R) +
2 VERFOR * CP * CR
END IF
IF (IRSP .EQ. 1) THEN { Longitudinal force
I TEMP = SLONG
* GOTO 90
! END IF
IF (IRSP .EQ. 2) THEN 1 Lateral force
- TEMP = SLATE
GOTO 90
END IF
IF (IRSP .BEQ. 3) THEN ! Vertical force
TEMP = SVERT
GOTO 90
END IF
END IF { EARTH / Ship system
END IPF ! Origin / point location

80 IF (ITYP.EQ.2 .OR. ITYP.EQ.J) THEN { Velocity or acceleration

L2 coceoce e - coceccsnecscssasnsvanwsana

. Compute velocity

IF (CNT .2Q. 1) PRCHDSP(CHN) = TEMP
TEMPVEL = (TEMP - PRCHDSP(CHN)) * SRATE
IF (CNT .GT. 1) PRCHDSP(CHN) s TEMP

IF (ITYP .EQ. 2) THEN
TEMP = TEMPVEL
GOTO 90

END 1P

. Compute acceleration

TEMPACC = (TEMPVEL - PRCHVEL(CHN)) * SRATE
PRCHVEL (CHN) = TEMPVEL

IFP (.NOT. (IPNT.EQ.0 .AND. (IRSP.GE.4 .AND. IRSP.LE.6))) THEN
: TEMPACC = TEMPACC * FIG

END IF

TEMP = TEMPACC

END IF | Velocity / acceleration type

E o -

. Compute minimum analysis as a function of time
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90 TMP = TEMP
SUM(CHN) = SUM(CHN) + TMP
SUMSQR(CHN) = SUMSQR(CHN) + TMP*TMP
IF (TEMP .GT. THMAX(CHN)) THMAX(CHN) = TEMP
IF (TEMP .LT. THMIN(CHN)) THMIN(CHN) = TEMP
ACTHDATA (CHN) = TEMP

100 CONTINUE ! BEnd loop over channels

IF (CNT .EQ. COUNT) THEN

» Complete minimum analysis for run

DO 120 CHN = 1,NCHAN .

ARG = (SUMSQR(CHN) - SUM(CHN)*SUM(CHN)/COUNT)

IF (ARG .GT. 0.) GO TO 110

ARG = 0
110 STDDEV = DSQRT(ARG/(COUNT-1))

MEAN = SUM(CHN)/COUNT

RESULTS (CHN,1) = MEAN

KESULTS (CHN,2) = STDDEV

RESULTS (CHN,3) = THMAX(CHN)

RESULTS (CHN,4) = THMIN(CHN)

THMX = RESULTS(CHN,3)

THMN = REZSULTS(CHN, 4)

PEAK(CHN) = THMX

IF (ABS(THMN) .GT. ABS(THMX)) PEAK(CHN) = THMN
120 CONTINUE

END IF

RETURN

END
C DECK ATAN2D = Arctangent- function in degrees for any quadrant
* 2/18/89 1:15 pm

FUNCTION ATAN2D (B,A,RADDEG)

* Arctangent function to compute angles (in degrees) in any quadrant.
hd The b argument i{s the imaginary vector. The A argument is the real
" vector.

DATA EPS /1.E-6/

IF (B .EQ. O0.) ATAN2D = O.

IF¥ (B .GT. 0.) ATAN2D = 90.

Ir (3 .LT. o. ) A'r“zb .-900

IF (ABS(A) .GT. EPS) ATAN2D = ATAN2(B,A) * RADDEG

RETURN R
END

C DECK CHKPNT = Checks STH point locations against ACTH point locations

. 3/1/89 2105 pm

SUBROUTINE CHKPNT




10
20

C DECK
"

10
20

C prcx
*

COMMON /WAVEPNT/ NWPOINT,WPTNUM, WPNTXLOC, WPNTYLOC, WPNTZLOC,
WPNTNAMES

DIMENSION WPTNUN(3),WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3)
CHARACTER WPNTNAMES (3)*20

INTEGER WPTNUM

COMMON /ACTHWVPT/ NAWPOINT,AWPTNUM, AWPNTXLOC,AWPNTYLOC,
AWPNTZLOC, AWPNTNAMES

DIMENSION AWPTNUM(3),AWPNTXLOC(3),AWPNTYLOC(3),AWPNTZLOC(3)
CHARACTER AWPNTNAMES (3)*20

INTEGER AWPTNUN

COMMON /BLK4/ EFLAG, ISTHFLAG,CHNFLAG
INTEGER EFLAG,CHNFLAG (16)

IF (NAWPOINT.GT.O .AND. NWPOINT.EQ.O) THEN
EFLAG = 2 ! There are wave points in ACTH.INP but
no wave points in SRN.TEX file
ISTHFLAG = ISTHFLAG + 1

ELSEIF (NAWPOINT .NE. NWPOINT) THEN
EFLAG = 3 { Wave points disagree
ISTHFLAG = ISTHFLAG + 1

ELSE
DO 10 J = 1,NAWPOINT

IF (AWPTNUM(J) .EQ.WPTNUM(J) .AND. AWPNTXLOC(J) .EQ.WPNTXLOC(J)
.AND. AWPNTYLOC(J).EQ.WPNTYLOC(J)) GOTO 10

EFLAG = 3 { Wave points disagree

ISTHFLAG = ISTHFLAG + 1

GO TO 20

CONTINUE

END IP

RETURN
END

FLENTH - PFinds location of first non-blank character in a string
11/11/88 6:00 pm

SUBROUTINE FLENTH (AS5,K)

CHARACTER® (*) AS

L=LEN(AS)

K=l

DO 10 I=1,L

IP (AS(I:1).EQ.CHAR(32)) GO TO 10
Ke1

GO TO 20

CONTINUE

CONTINUE

RETURN
END

ROACTHINP - Reads ACTH input file
8/31/89 1135 pm
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SUBROUTINE RDACTHINP

COMMON /BLKO/ PI,DEGRAD,RADDEG,NONTHS,WAVEHTS, ORGNAMES,
2 EPTNAMES, SPTNANRS, CHTYPES, CHUNITS, CHSYSTHS

CHARACTER MONTHS (12)*3,WAVEETS*12,O0RGNAMES (6)*12

CHARACTER EPTNAMES (7)*12, SPTNANES(7)%12

CHARACTER CHTYPES(S)*3,CHUNITS(7)*6,CHSYSTMS (2)*S

COMMON /BLK1/ AS8,FIS,STHDATAS,LSTHDATA, SRUN, KSRUN,LSRUN,
2 SHIPTYPS, TRIALS,LTRIAL,SHIPS,LSHIP,VARIANTS,CYCLES,SUNITS, ’
2 LSUNIT, COMMENTS

CHARACTER*80 AS,FIS,STHDATAS

CHARACTER SRUN*6, SHIPTYPS*8, TRIALS*40,SUNITS*6, COMMENTS*40

CHARACTER SHIPS*S

CHARACTER VARIANTS*1,CYCLES*2

COMMON /BLX2/ STHRUN,CNT,COUNT, NSTHCHAN,GRAV,LPP,LCG,DBLWL,
SRATE,DT, TSTART, TSTOP, TRUN, WAVEHT, SURGE, SWAY , HEAVE, ROLL, PITCH,
YAW, STHDATA, WAVEHTP, SHPSPD, HDNG , SEATYPS , SIGWH, TMODAL , STATIS,
STHCHN, STHUNT, STHSTD, ASCII

INTEGER CNT,COUNT,ASCII

REAL LPP,LCG

CHARACTER STHCHN(10)*8,STHUNT(10)*6,SEATYPS*2

REAL STHSTD(10,2),STHDATA(10),WAVEHTP(3)

[ SE S RN

COMMON /BLK3/ ACTHDATAS,LACTHDATA, STARTRUN, NRUNS, ACTHRUN, DTGS,
ARUN, KARUN, LARUN, NPOINT, PNT, PNTXLOC, PNTYLOC, PNTZLOC, PNTNAMES,
NCHMAX , NCHAN, POINTS, SHIPSYS, CHNPTNO, CHNXLOC, CHNYLOC, CHNZLOC,
CHNPTNA, CTITLE, CTYPE, CUNITS, CSYSTH, CH, CHN, CHNNUM, C1, ACTHDATA,
FACTOR, RESULTS, PEAK

CHARACTER*80 ACTHDATAS

THARACTER ARUN+6,DTGS*13

TNTEGER STARTRUN, ACTHRUN, PNT, POINTS, SHIPSYS

LT:{XNSION PNTXLOC (0:10),PKTYLOC(0:10),PNTZLOC(0110)
SHARNCTER PNTNAMES (0:10)¢20

DIMBNSION CHNXLOC(16),CHNYLOC(16),CHNZLOC(16)

INTEGER CHNPTNO(16)

CHARACTER*20 CHNPTNA(16)

CHARACTER*12 CTITLE(16)

CHARACTER*4 CTYPE(16)

CHARACTER*4 CUNITS(16)

CHARACTER*S CSYSTM(16)

INTEGER CH(16,5),CHN, CHNNUM

INTEGER*2 C1(16)

REAL ACTHDATA(16)

DIMENSION FACTOR(16),RESULTS(16,4),PRAK(16)

[SE N S J N

COMMON /ACTHWVPT/ NAWPOINT, AWPTNUM, AWPNTXLOC, AWPNTYLOC,
2 AWPNTILOC, AWPNTNAMES
DIMENSION AWPTNUM(3) ,AWPNTXLOC(3), AWPNTYLOC(3),AWPNTZLOC(3) .
CHARACTER AWPNTNAMES (3)*20
INTEGER AWPTNUM

COMMON /BLK4/ EFLAG, ISTHFLAG, CHNPLAG ‘
INTEGER EFLAG,CHNFLAG(16)

1000 PORMAT(A)




OUTPUT data format
ASCII = 1 (Binary)
. ASCII = 2 (ASCII)

READ (1,1000) AS
READ (1,'(7X,I5)') ASCII
IP (ASCII.NE.2) ALCII = 1

]

N Read point locations for wave height at a point

READ (1,1000) AS
READ (1,°(18X,IS)') NAWPOINT
IP (NAWPOINT .GT. 3) NAWPOINT = 3
. READ (1,1000) AS
READ (1,1000) AS
READ /1,1000) AS
IF (NAWPOINT .GT. O) THEN
DO 10 PNT=1,NAWPOINT
READ (1, ' (I4,3P8.1,3X,A20)') AWPTNUM(PNT), AWPNTXLOC(PNT),
2 AWPNTYLOC(PNT) ,AWPNTZLOC (PNT) , AWPNTNAMES (PNT)
10 CONTINUE
END IF

hd Read point locations

READ (1,1000) AS
READ (1,'(13X,IS)') NPOINT
IP (NPOINT .GT. 10) NPOINT = 10
READ (1,1000) AS
READ (1,1000) AS
READ (1,1000) AS
IF (NPOINT .GT. O) THEN
DO 20 PNT=1,NPOINT
READ (1,°(14,378.1,3%,A20)°') IPNT,PNTXLOC(PNT),
2  PNTYLOC(PNT), PNTZLOC(PNT) , PATNAMES (PNT)
20  CONTINUE
EMD 1P

READ (1,1000) AS

READ {1,'(15X,IS)') NCHAN

IP (NCHAN .GT. NCHMAX) NCHAN = NCHMAX
READ (1,1000) AS

READ (1,1000) AS

READ (1,1000) AS

POINTS = O i Point flag is set to off
SHIPSYS = 0 1 System flag is set to off (EARTH)
DO 40 CHN = ],NCHAN { Loop over channel
. RBAD (1,*) ICHN,IRSP,ITYP,ISYS,IPNT
I™P = IPNT

CHNPLAG (CHN) = O
IF (IPNT.GT.0 .AND. ISYS.EQ.1 .AND.
2 (IRSP.EQ.4 .OR. IRSP.EQ.7)) THEN
MATCH = O
DO 30 I = 1,MAWPOINT
IF (IPNT .EQ. AWPTNUM(I)) THEN
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MATCH = 1
GOTO 30
ENDIP
30 CONTINUE
IF (MATCH .EQ. O) THEN

BFLAG = ) ! No wave point number for Relative motion i
. or wave at a point '
CHNFLAG(CHN) = )
END IPF
ENDIPF

I¥ (IRSP.LE.O .OR. IRSP.GT.7) IRSP = 1
IFr (ITYP.LBE.O .OR. ITYP.GT.5) ITYP = 1
IF (ISYS.LE.O .OR. IS8YS§.GT.2) I1SYS = }
IF (IPNT .LT. O) IPNT = 0

IF (IPNT .GT. 10) IPNT = 10

CHNPTNO(CHN) = IPNT ! Channel point (identified by number)

CHNXLOC(CHN) = PNTXLOC(IPNT) 1 - . x location

CHNYLOC(CHN) = PNTYLOC(IPNT) ] " - Y . :

CHNELOC(CHN) = PNTZLOC(IPNT) L " . 3 . !

CHNPTNA (CHN) = PNTNAMES(IPNT) ! - *  name
|

IF (IPNT .EQ. O) THEN ! Origin location ‘

I¥ (IRSP.GE.l .AND. IRSP.LE.6) THEN

* Origin responses

CTITLE(CHN) = ORGNAMES (IRSP)
IP (ITYP .GT. 3) ITYP = 1 .
IF (IRSP .LT. 4) THEN !
IUNT = ITYP :
ELSE ;
IUNT = ITYP + 3 ;
END IF :
CUNITS (CHN) = CHUNITS(IUNT)
IP (IRSP.GT.3 .AND. ITYP.BQ.1l) ITYP = 4
CTYPE(CHN) = CHTYPES(ITYP)
I8Y8 = } ! EARTH system
CSYSTM(CHN) = CHSYSTMS (1)
EMD IF

I? (IRSP .EQ. 7) THEN

. Wave height at Origin

CTITLE(CHN) = WAVERTS
I (ITYP.GT.3) ITYP = ] .
CTYPE(CHN) = CHTYPRS (ITYP)
IUNT = ITYP
CUNITS (CHN) = CHUNITS(IUNT)
IsYs = 1 ! BEARTH system
COYSTM(CHN) = CHSYSTMS (1)
END 1P

124 |




ELSE 1 Point location
IP (18YS .BQ. 1) THEN { EARTH system

IF (IRSP .GE. 1 .AND. IRSP.LE.J) THEN

. Absolute responses at a point

CTITLE(CHN) = EPTNAMES (IRSP)
IF (ITYP .GT. 3) ITYP = 1
CTYPE(CHN) = CHTYPLS(ITYP)
. IUNT = ITYP
CUNITS(CHN) = CHUNITS(IUNT)
CSYSTM(CHN) = CHSYSTMS(ISYS)
END IF

IF (IRSP .EQ. 4) THEN

* Relative motion at a point

IF (IPNT .GT. 3) IPNT = 1
CTITLE(CHN) = EPTNAMES (IRSP)
IF (ITYP .GT. 3) ITYP = 1
CTYPE(CHN) = CHTYPES(ITYP)
IUNT = ITYP
CUNITS (CHN) = CHUNITS(IUNT)
CSYSTM(CHN) = CHSYSTMS(ISYS)
END IF .

IF (IRSP .EQ. 7) THEN

. Wave height at a point

IP (IPNT .GT. 3) IPNT = 1
CTITLE(CHN) = EPTNAMES (IPNT+4)
IF (ITYP.GT.3) ITYP = 1
CTYPE(CHN) = CHTYPES(ITYP)
IUNT = ITYP
CUNITS(CHN) = CHUNITS(IUNT)
CSYSTH(CHN) = CHSYSTMS(18YS)
END IF

IF (IRSP.EQ.4 .OR. IRSP.EQ.7) THEN
CHNXLOC(CHN) » AWPNTXLOC (IPNT) ! Channel wave point x location
CHNYLOC (CHN) = AWPNTYLOC (IPNT) 1 . . -y -
CHNZLOC (CHN) = AWPNTILOC(IPNT) 1 - - - 2 -
CHNPTNA(CHN) = AWPNTNAMES (IPNT) |

END1Y

. - ® name

ELSE ! SHIP system

IF (IRBP.GE.1 .AND. IRSP.LE.3) THEN




Force responses at a point

CTITLE(CHN) = SPTNAMES (IRSP)
ITYP = 3

CTYPE (CHN) = CHTYPES (ITYP)
IUNT = 3

CUNITS (CHN) = CHUNITS(IUNT)
CSYSTM(CHN) = CHSYSTMS(ISYS)

END IP
END IF ! EARTH / SHIP system »
END IF { Origin / Point location

IF (FFLAG .GT. O) IPNT = ITMP

40

C DECK
™

[ SN Y )

CTITLE(CHN) = CTITLE(CHN)(1:6)//' *//CTYPB(CHN) (1:3)

CH(CHN,1) = IRSP { Channel response (identified by number)
CH(CHN,2) = ITYP ! - type -

CH(CHN,3) = IUNT ! - unit -

CH(CHN,4) = 18YS8 ! - system "

CH(CHN,S5) = IPNT 1 - peint -

IF (IPNT .GT. 0) POINTS = )} { Point flag is set to on

IF (I8YS .EQ. 2) SHIPSYS=l ! System flag is set to on (8SHIP)
CONTINUE { End loop over channel

REBTURN

END

RDSTHTEXT - Reads STH text file

8/31/89 1135 pm
SUBROUTINE RDSTHTEXT

COMMON /BLK1/ AS,PIS,STHDATAS,LSTHDATA, SRUN,KSRUN, LSRUN,
SHIPTYPS, TRIALS,LTRIAL, SHIPS,LSHIP, VARIANTS,CYCLES,SUNITS,
LSUNIT, COMMENTS

CHARACTER*80 AS,FIS,STHDATAS

CHARACTER SRUN*6,SHIPTYPS*8, TRIALS*40,SUNITS*6, COMMENTS*40
CHARACTER SHIPS*S

CHARACTER VARIANTS*1,CYCLES*2

COMMON /BLK2/ STHRUN,CNT,COUNT, NSTHCHAN,GRAV,LPP,LCG,DBLWL,
SRATE, DT, TSTART, TSTOP, TRUN, WAVEHT, SURGE, SWAY , HEAVE,, ROLL, PITCH,

YAW, STHDATA, WAVEHTP, SHPSPD, HDNG , SEATYPS, SIGWH, THODAL , STAT1S,
STHCHN, STHUNT, STHSTD, ASCII

INTEGER CNT,COUNT,ASCII

REAL LPP,LCG

CHARACTER STHCHN(10)*8,STHUNT(10)*6, SEATYPS*2

REAL STHSTD(10,2),STHDATA(10),WAVEHTP (3) .

COMMON /WAVEPNT/ NWPOINT,WPTNUM, WPNTXLOC,WPNTYLOC, WPNTZLOC,
WPNTNAMES

DIMENSION WPTNUM(3),WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3)
CHARACTER WPNTNAMES (3)*20

INTEGER WPTNUM
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1000 PORMAT (A)
1010 PORMAT (F7.3)
1020 PORMAT (18)

FIS = STHDATAS(1:LSTHDATA)//'\SR'//SRUN(KSRUN:LSRUN)//®'.TEX"®
OPEN (3,FPILE=FIS, FORM='FORMATTED',STATUS=‘OLD")

10 CONTINUE
READ (3,1000,END=50) A8
IF (AS(18:26) .EQ. °'SHIP TYPE') SHIPTYPS = AS8(30:37)

IPF (AS(18:22) .EQ. °‘TITLE') THEN
TRIALS = AS(26:165)
CALL SLENTH (TRIALS,LTRIAL)
END IPF

IF (AS(18:29) .EQ. 'HULL VARIANT') VARIANTS = AS(33:33)
IF (AS(18:129) .EQ. 'SMP CYCLE NO') CYCLES = AS(33:134)

IF (AS(18:22) .EQ. 'UNITS') THEN
SUNITS = AS(26:31)
CALL SLENTH (SUNITS,LSUNIT)
CALL UCASE (SUNITS,LSUNIT)

END IF

IF (AS(18:24) .EQ. °'GRAVITY') THEN
READ (AS(28:36),1010) GRAV
ENDIPF

IF (AS(18:28) .EQ. 'SHIP LENGTH') THEN
READ (AS(32:39),1010) LPP
ENDIF

IF (AS(18:29) .EZQ. 'LONGITUDINAL') THEN
READ (A8(65:72),1010) LCG
ENDIPF

IF (AS(18:25) .EQ. 'DISTANCE') THEN
READ (A8(56:63),1010) DBLWL
ENDIF

IFP (AS(18:24) .EQ. 'COMMENT') COMMENTS = AS(28:67)

IF (AS(18:28) .BEQ. ‘'SAMPLE RATE') THEN
READ (AS(32:38),1010) SRATE
DT = 1./SRATE ! Time between samples in seconds
‘ ENDIF

IF (AS5(18:27) .EQ. 'START TIME') THEN
READ (AS(31:38),1010) TSTART
ENDIP

IF (AS(18:27) .EQ. 'STOP TIME') THEN
READ (AS(31:38),1010) TSTOP
ENDIF

IF (AS(18:127) .EQ. 'RUN TIME') THEN
READ (AS(31:38),1010) TRUN
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ENDIP

IF (AS(18:27) .EQ. 'SHIP SPEED') THEN
READ (AS(31:35),'(F5.2)') SHPSPD
END IF

IF (AS(30:36) .BQ. 'HEBADING') THEN
READ (AS(40:44),'(F5.0)') HDNG
END IF

IF (AS(18:125) .EQ. 'SEA TYPE') THEN ¥
IF (AS(30:31) .EQ. 'LO‘) SEATYPS = 'LC'
IF (AS(30:31) .BEQ. °'SH') SBATYPS = 'SC'

END IF

IF (A5(18:24) .EQ. 'SIGNIF.') THEN
READ (AS(40:48),' (F6.2)') SIGWH
END IF

IF (AS(18:22) .EQ. 'MODAL') THEN
READ (AS(40:45),°(F6.2)') TMODAL
END IF

IF (AS(18:26) .EQ. 'STATISTIC') THEN
READ (AS(54159),'(F6.2)') STATIS
END IF

IF (AS(18:39) .EQ. 'NUMBER OF WAVE POINTS:') THEN
READ (AS(40:44),°(IS)') NWPOINT
IF (NWPOINT .GT. 3) NWPOINT = 3
DO 201 = 1,6
READ (3,1000)AS
20  CONTINUE

IF (NWPOINT .GT. O) THEN
DO 30 I = 1,NWPOINT
READ (3,'(10X,14,3F8.1,A20)') WPTNUM(I),WPNTXLOC(I),
2 WPNTYLOC(I),WPNTZLOC(I), WPNTNAMES(I)
30 CONTINUE :
ENDIF

ENDIT?

IF (A8(38:48) .EQ. 'STATISTICAL') THEN
READ (3,°(///)')
DO 40 I=1,NSTHCHAN
READ (3,'(7X,AB,2X,A6,10X,r10.3,22X,r10.3)°) STHCHN(I),
2 STHUNT(I), (8THSTD(I,J),J=1,2)
40 CONTINUE
END IF

GO T0 10

SO0 CLOSE (3) { Close STH.TEX file

RETURN
END

C DECK SLENTH = Returns location of last non-blank character in a string

3/31/88  8:45 am
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10
20

C DECK
"

10
20

C DECK
*

SUBROUTINE SLENTH (AS,K)
CHARACTER* (*) AS

L=LEN(AS)

KsL+]l

DO 10 M=},L

K=K-1

IF (AS(K:X) .NE. CHAR(32)) GO TO 20 ! Test for trailing blanks
CONTINUE

CONTINUE

RETURN
END

UCASE = Converts strings to uppercase
4/16/88 11:20 pm

SUBROUTINE UCASE (AS,L)

CHARACTER® (*) AS
CHARACTER*1 LC(26),UC(26)

DATA Lc /'..'lb.'.c"QdO".l'lf!,'q"'h"li".j|"kl'.1"lm0’
.n.,lo',.pll’qOI0:0'..0'Qt.,Ou"iv"Qw".x"'yl‘.zl/

D‘TA Uc /.A."B.'.c.'.p".:"."'|°."a','I','J'I'K.'.L.'.M"
!Nl’IOI'IP"'QIIIR"UBU,lr"lv'l'v','"',lx',.xl"zl/

DO 20 I=1,L

DO 10 J=1,26

IF (AS(I:1) .NE. LC(J)) GO TO 10
AS(I:1) = UC(J)

GO TO 20

CONTINUE

CONTINUE

RETURN
END

WRACTHLOG =~ Write ACTHLOG text file
9/3/89 8:15 pm

SUBROUTINE WRACTHLOG (FIS,ACTHDATAS,LACTHDATA,TRIALS,LTRIAL,
RUNNO, TRUN,DTGS , COMMENTS ,ASC11)

CHARACTER* (*) FIS,ACTHDATAS, TRIALS,DTGS,COMMENTS
INTEGER RUNNO,ASCII
CHARACTER*80 AS

Open ACTHLOG text file
FISsACTHDATAS (13 LACTHDATA) // ' \ACTHLOG ., TEX*
OPEN (3,FILE=FIS,STATUS='NEW',ERR=10)
WRITE (3,"(/27X,'ACTH LOG RUN SUMMARY')")

WRITE (3,"(/19X,'TRIAL: °',A)") TRIALS(1:LTRIAL)
WRITE (3,"(/19X,'ACTH DATA PATH 3 °,A)") ACTHDATAS (1:LACTHDATA)
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10

18
1000

20

99

C DECK
»

[SES Y U

WRITE (3,"(//19X,'TYPE CODE : BI - BINARY, AS = ASCII')")
WRITE (3,"(/' RUN TYPE TIME  DATE-TIME-GROUP J
' COMMENTS')")

60 TO 20

OPEN (3,FILEePIS,STATUS='OLD’,ERR=99)
READ (3,1000,ERR=20) AS

FORMAT (A)
GO TO 1§
.

IF (MOD(RUNNO, S5) .EQ. 1) WRITE (3,*) " -
RTIME = TRUN / 60 { Run time in minutes
IF (ASCII .EQ. 1) THEN { Binary data format

A8 = ‘Bl
ELSE { ASCII data format

AS = ‘A8’
END 1IF

WRITE (3,'(15,2X,A2,F6.1,A4,3X,A13,4X,A)")
RUNNO, AS(1:2), RTIME, ' MIN', DTGS, COMMENTS(1:40)

CLOSE (3) ! Close ACTHLOG.TEX file
RETURN

WRITE (*,*) ' ERROR in writing ACTHLOG.TEX file'

STOP

END

WRACTHTEXT - Write ACTH text file
9/3/89 8:20 pm

SUBROUTINE WRACTHTEXT

COMMON /BLKO/ PI,DEGRAD, RADDEG,MONTHS, WAVEHTS , ORGNAMES,
EPTNAMES, SPTNAMES , CHTYPES , CHUNITS , CHSYSTMS

CHARACTER MONTHS (12)*3,WAVEHTS*12,0RGNAMES (6) *12
CHARACTER EPTNAMES(7)*12,SPTNAMES(7)*12

CHARACTER CHTYPES (5)*3,CHUNITS(7)*6,CHSYSTMS (2)*5

COMMON /BLK1/ AS,FIS,STHDATAS, LSTHDATA, SRUN, KSRUN,LSRUN,
SHIPTYPS, TRIALS,LTRIAL,SHIPS, LSHIP, VARIANTS, CYCLES, SUNITS,
LSUNIT, COMMENTS

CHARACTER*80 AS,FIS,STHDATAS

CHARACTER SRUN*6,SHIPTYPS*8, TRIALS*40,SUNITS*6,COMMENTS*40
CHARACTER SHIPS*S5

CHARACTER VARIANTS*1,CYCLES*2

COMMON /BLK2/ STHRUN,CNT, COUNT,NSTHCHAN,GRAV,LPP,LCG,DBLWL, .
SRATE, DT, TSTART, TSTOP, TRUN, WAVEHT , SURGE, SWAY , KEAVE , ROLL, PITCH,
YAW, STHDATA , WAVEHTP, SHPSPD, HDNG, SEATYPS , 5IGWH, THODAL, STATIS,
STHCHN, STHUNT, STHSTD , ASCI1

INTEGER CNT,COUNT,ASCII

REAL LPP,LCG

CHARACTER STHCHN(10)*8,8THUNT (10)*6, SEATYPS*2

REAL STHSTD(10,2),STHDATA(10),WAVEHTP(3)

COMMON /BLK3/ ACTHDATAS, LACTHDATA, STARTRUN, NRUNS, ACTHRUN,DTGS,
ARUN, KARUN, LARUN, NPOINT, PNT, PNTXLOC, PNTYLOC, PNTZLOC, PNTNAMES,
NCHMAX , NCHAN, POINTS, SHIPSYS, CHNPTNO, CHNXLOC, CHNYLOC,CHNZLOC,




2 CHNPTNA,CTITLE,CTYPE,CUNITS,CSYSTM, CH,CHN,CHNNUM, C1, ACTHDATA,
2 FACTOR,RESULTS, PEAK
CHARACTER*80 ACTHDATAS
CHARACTER ARUN+*6,DTGS*13
INTEGER STARTRUN,ACTHRUN, PNT, POINTS, SHIPSYS
DIMENSION PNTXLOC(03:10),PNTYLOC(0:10),PNTSLOC(0:10)
CHARACTER PNTNAMES (0:10)*20
DIMENSION CHNXLOC(16),CHNYLOC(16),CHNZLOC(16)
INTEGER CHNPTNO(16)
o CHARACTER*20 CHNPTNA(16)
CHARACTER*12 CTITLE(16)
CHARACTER*4 CTYPE(16)
CHARACTER*4 CUNITS(16)
CHARACTER*S CSYSTM(16)
. INTEGER CH(16,5),CHN, CHNNUM
INTEGER*2 C1(16)
REAL ACTHDATA(16)
DIMENSION FACTOR(16),RESULTS(16,4),PEAK(16)

COMMON /WAVEPNT/ NWPOINT,WPTNUM,WPNTXLOC,WPNTYLOC, WPNTZLOC,
2 WPNTNAMES

DIMENSION WPTNUM(3),WPNTXLOC(3),WPNTYLOC(3),WPNTZLOC(3)

CHARACTER WPNTNAMES (3)*20

INTEGER WPTNUM

» Write ARX.TEX file

FIS = ACTHDATAS(1:LACTHDATA)//'\AR'//ARUN(KARUN:LARUN)//‘.TEX"
OPEN (3,FILEsF1S,FORM='FORMATTED', STATUS= ' UNKNOWN')

WRITE (3,'("RUN DATE-TIME-GROUP = ",Al13)') DTGS
wRITE ‘3,'(/‘13,', O, 01-115", 0, 0,',?5-1,',“,:4)')
2 DTGS,HDNG, S5I1GWH, TMODAL
WRITE (3,°'(//77("="))')
WRITE (3,'(/"TRIAL: ",A)') TRIALS(1:LTRIAL)
WRITE (3,°(/"UIC CODE: *",AS)') SHIPS
WRITE (3,°'(/"RUN:",I4)') ACTHRUN
WRITE (3,'(/"COMMENTS: ",A)') COMMENTS(1:40)
WRITE (3, (/“CORRESPONDING STH RUN:*",I4)') STHRUN
WRITE (3,°'(/"SAMPLE RATE :",P5.1)') SRATE
WRITE (3,°'("START TIME:",F8.1)') TSTART
WRITE (3,°("STOP TIME:",F8.1)') TSTOP
WRITE (3,°'("RUN TIME:",F8.1)°') TRUN
WRITE (3,'(/,"SHIP TYPE: ",A)') SHIPTYPS
WRITE (3,°'("SHIP: *“,A)') SHIPS
WRITE (3,'("HULL VARIANT: ",A)’') VARIANTS
WRITB (3,°'("SMP CYCLE NO: ",A)') CYCLES
WRITE (3,°'(/,"UNITS8: ",A)') SUNITS
’ WRITE (3,°("GRAVITY: *,Fl10.4)°') GRAV
WRITE (3,'("SHIP LENGTH: *",I14)‘') LPP
WRITE (3,400) LCG
400 PORMAT('LONGITUDINAL CENTER OF GRAVITY (REF FROM FP): ‘,F10.2)
WRITE (3,410) DBLWL
410 PORMAT('DISTANCE FROM BASELINE TO WATERLINE: ',F10.2,//)
WRITE (3,'("SHIP SPEED: ",F5.2," KNOTS")') SHPSPD
WRITE (3,420) HDNG
420 TPORMAT (/‘'PREDOMINANT HEADING : ',F5.0,' DEG'/
2 /3X,' SMP OUTPUT HEADING REF. : '

2 /3x, 'e !
2 /3%, 0 deg=head seas, '




2 /3%, 90 degestbd beam seas, '
2 /3X,*' 180 deg=following seas *//)
IFr (SEATYPS(1:2) .EQ. "LC™) THEN
WRITE (3,°("SEA TYPE : LONGCRESTED SEAS™)')
BLSE '
WRITE (3,'( "SBEA TYPE : SHORTCRESTED SEAS™)‘')
BND IF
WRITE (3,430) SIGWH,SUNITS
430 PORMAT (°'SIGNIF. WAVE HEIGHT : °',P6.2,' °*',AS)
WRITE (3,440) TMODAL
440 TFORMAT (°'MODAL WAVE PERIOD s ',F6.2,' SEC'/) hd
WRITE (3,450) STATIS
450 PFORMAT ('STATISTIC USED POR ROLL ITERATION : ',F6.2,' * RMS')

WRITE (3,'(///32X,"STH PROGRAM" /28X, "STATISTICAL RESULTS"//
2 24X,"TIME DOMAIN  FREQ. DOMAIN®/
2 *" CHAN NAME UNIT STDDEV STDDEV"/)')
DO 10 I = 1,NSTHCHAN
WRITE (3,460) I,STHCHN(I),STHUNT(I), (STHSTD(I, :),3-1 2)
460 PORMAT (I4,3X,AB,2X,A6,F10.3,4X,F10.3)
10 CONTINUE

WRITE (3,470) NWPOINT
470 FORMAT (///'NO OF WAVE POINTS: *',13//)

£ 7T (3,480)
480 I AT (28X, 'List of Wave Points'//10X,
2' NO XLOC YLOC 21.0C NAME'/12X,51('="))
IF (NWPOINT .GT. O) THEN
DO 20 PNTs=1,NWPOINT
WRITE (3,'(10X,14,3F7.1,3X,A20)') PNT,WPNTXLOC(PNT),
2 WPNTYLOC(PNT) , WPNTZLOC(PNT) , WPNTNAMES ( PNT)
20 CONTINUE
END 1IF

WRITE (3,490) NPOINT
490 TORMAT (///'NO OP POINTS: °*,13//)

WRITE (3,500)
$00 PORMAT (28X, ‘List of Pointe’'//10X,
2"°' N XLOC YLOC ZLOC NAME'®'/12X,51('-"'))
IF (NPOINT .GT. O) THEN
DO 30 PNTs=1,NPOINT
WRITE (3, °'(10X,14,3r7.1,3%X,A20)') PNT,PNTXLOC(PNT),
2 PNTYLOC(PNT), PNTZLOC(PNT), PNTNAMES (PNT)
ko] CONTINUE
END 1P

WRITE (3,505) NCHAN
$05 PORMAT (///‘NO OF CHANNELS: *,13//)

WRITE (3,510)
$10 PORMAT (19X, ‘'List of Channels with Associated Points'/)
WRITE (3,520) .
§20 PORMAT (13X, ‘CHANNEL', 29X, 'POINT')
WRITE (3,8530)
$30 PFORMAT (' NO. NAME TYPE UNIT SYSTEM NO. XLOC YLOC'
2 * Zloc NAME'/1X,29("="),5X,44("="))
DO 40 CHN = 1,NCHAN
WRITE (3,540) CHN,CTITLE(CHN),CTYPE(CHN),CUNITS(CHN),CSYSTM(CHN),
2 CHNPTNO(CHN) ,CHNXLOC (CHN) ,CHNYLOC(CHN), CHNZLOC(CHN) , CHNPTNA (CHN)
$40 TPORMAT (I3,2X,A6,2X,A3,2X,A4,2X,A5,6X,12,2%X,P5.2,1X,P5.1,1X,PS5.1,
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40

v 1010
230

1020

1030
240

2X,A20)
CONTINUE

WRITE (3,°'(///}*)

WRITE (3,' (77(~-- /"|"v22X,"K INIMUM ANALYSIS",
22X, ~|-/77(~-~)/- CHAN. TITLE",7X,"UNITS",6X, "MEAN",6X,
“STD. DEV.",SX, "MAX",9X, "MIN",6X, * ] /77("="))")

DO 230 CHN=1,NCHAN

WRITE (3,1010) CHN,CTITLE(CHN),CUNITS(CHN),
(RESULTS (CHN, J) ,J=1,4)

FORMAT ('| ',12,2X,A12,2X,A4,1X,1P4E12.3," |
IF (CEN.GT.1 .AND. non(can 5).:9 0) WRITE (3,°'("|=,78x,"]|")*)
CONTINUE

WRITE (3,'(77("="))")

WRITE (3,1020)

FORMAT (//'CHANNEL NO./TITLE',8X, ‘Peak',11X, 'Mean’, 11X, 'STDDEV')
WRITE (3,*) (CHAR(205),Iwl,66)

DO 240 CHN=1,NCHAN

WRITE (3,1030) CHN,CTITLE(CHN),PEAK(CHN),

(RESULTS (CHN,J),J=1,2)

FORMAT (1X,I2,2X,A12,7X,1PE10.3,5X,1PE10.3,5X,1PE10.3)

CONTINUE

WRITE (3,'(/"Total number of data records this run = =,I5)')
COUNT

CLOSE (3) ! Close ACTH text file

RETURN
END

LA 2 X AR 2 22 2222222 222X R X2 R 22X R a2 RR 2 RX2 222X 222222 222222222222 X2K)]

C PROGRAM END
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INITIAL DISTRIBUTION

Copies CENTER DISTRIBUTION
6 NAVSEA Copies Code Name
2 SEA 06W3
2 SEA O05R1 (W. Webster) 1 50 W.B. Morgan
2 SEA 0SH3 (J. Pattison)
9 504 V.J. Monacella
2 NRL
R. Gover b 56 D.S. Cieslowski
2 NAVPGSCOL 1 561 G.G. Cox
1 V. Healey
b Library 1 562 M.K. Davis
b § NSWC 1 3421 TIC (C)
G. Tackett
1 3422 TIC (A)
1 NUSC
D. Povers
b NATC
D. Carico
1 NTSC

R. Galloway

1 USNA
Tech Lib
12 DTIC
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