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ABSTRACT

The Standard Skip Motion Program, SMP, was developed at the Carde-
rock Division, Naval Surface Warfare Center, and documented in 1981 as
a prediction tool for use in the Navy’s ship design process. SMP pro-
vides predictions of the response of a ship advancing at constant forward
speed with arbitrary heading in both regular and irregular seas. In 1984,
a number of corrections and enhancements were finished and documented.

In 1987, the Naval Sea System Command installed an undocumented
FORTRAN 77 version on their Digital VAX hardware. From there SMP
migrated to the personal computer. Additional features and improvements
have been made. Predictions of horizontal force estimator were incorpo-
rated into SMP. An option was added to reduce run time and minimize
unwanted output. Extra wave frequency sets designed for small boats were

also added.

ADMINISTRATIVE INFORMATION

The SMP93-PC updates were performed at the Carderock Division, Naval Surface
Warfare Center, (CARDEROCKDIV) over the years 1991 to 1993. This documentation
was funded by the United States Coast Guard (USCG) through CARDEROCKDIV
work unit numbers 1-1561-059-01 and 1-5610-353-01. The fund code for this task is
28693 and the USCG authorization reference is DTCG23-93-F-AWP003.

INTRODUCTION

The Standard Ship Motion Program, SMP?, was developed over a number of years
at the Carderock Division, Naval Surface Warfare Center, (CARDEROCKDIV) 1 and
finally documented in 1981. This program provides a standard ship motion prediction
tool for use in the Navy’s ship design process. It was enhanced and updated in 19842,
These two early versions, designated SMP81 and SMP84, ran on Carderock’s mainframe
computer, a CDC CYBER 6600 (FORTRAN IV) and later on a VAX (FORTRAN 77).

The early PC version of SMP, developed in early 1988, was based on the VAX (FOR-
TRAN 77) version of SMP84, maintained by Naval Sea System Command (NAVSEA)
Code 55W3 and designated unofficially as SMP87. It should be noted that this VAX

tThen named David Taylor Naval Ship Research and Development Center (DTNSRDC)



version of SMP84 was altered by NAVSEA staff to “improve” the wave frequency ranges
selected automatically for ships with shorter roll periods than those normally associated
with carriers or destroyers and frigates and thus became SMP87. SMP87 was used as
normal practice by NAVSEA; CARDEROCKDIV; and other US Government agencies
in ship design and related studies.

The deployment of an intial version of SMP87-PC on the USS Constellation in the
Indian Ocean clearly brought out the need to simplify the SMP input interface for the .
user. As a result, a PC user interface, PREDICT?, was developed to run SMP.

It is necessary when using SMP to define both the base range and distribution
of wave frequencies for the computed transfer functions. All other required transfer
function values at frequencies of the encountered waves are obtained from this basic set
by interpolation. SMP relieves the user of the chore of providing this wave frequency
information by automatically selecting a suitable range of these wave frequencies. This
choice is made on the basis of the natural roll frequency from a set of frequency ranges
“built into” the program.

The early versions of SMP, SMP81 and SMP84, contained just two built in wave
frequency ranges. The transfer functions at the base frequencies must be calculated
with a fine enough resolution to permit a good definition of the narrow banded roll
response.

In 1991, two studies of a USCG Buoy Tender (WPB), identified the need for extra
frequency sets that provide adequate resolution for the transfer functions, especially for
roll. The third wave frequency set, added by NAVSEA, resulted in numerical instabili-
ties of the responses, particularly those related strongly to roll, for these smaller ships.
These instabilities were illustrated by erratic variations of the root mean square (RMS)
responses with consecutive heading values or ship speed. The modification of the third
wave frequency range to account for the responses of the much smaller Buoy Tender
(WPB) forced a revision of the PC based SMP87 and was designated SMP91-PC (dated
4/21/91).

Later work with the 1993 USCG Seakeeping Criterion Definition Program resulted

in the addition of a fourth wave frequency range. The resulting program designated




SMP93-PC now contains the four ranges of wave frequencies where the most recent
addition was the one required for small boats (47 — 110 feet).

The collective set of updates to SMP84, that result in SMP93-PC, are designated
as the SMP93-PC updates. They include:

1. Changes in FORTRAN source code due to change from CDC CYBER to VAX.
2. Changes in FORTRAN source code due to change from VAX to PC compiler.
3. Addition of Origin transfer function (ORG) file only run option.

4. Addition of horizontal force estimator response?

5. Two extra wave frequency sets with frequency resolution appropriate for ships

and boats with short roll periods.

This report deals just with the updates to the SMP84 version? that result in SMP93-
PC. The theory for the predictions are documented in References 1 and 2, and will not be
repeated here. The changes to the input description are minimal and only the changes
since SMP84 will be dealt with in this report. References 1 and 2 fully document the
input “deck” description for SMP84.

PC ASPECT OF SMP93

The PC version of SMP is coded in Lahey FORTRAN 77 and requires a math co-
processor to run. Appendix A describes linking SMP93-PC using overlays. Though
the code has not been converted to a 32 bit compiler, using one would probably avoid
overlay linking.

The differences between SMP versions due to FORTRAN compilers deal mainly
with the opening and closing of files. Random access files needed restructuring. Also
the subroutine CPINTG was made double precision to avoid numerical difficulties due
to loss of accuracy from the 60-bit word (CDC CYBER) to the 32-bit word (VAX and
PC).

Additionally, four new utility subroutines were added: ELTIME, EXP, RDSMPSYS,
and SLENGTH. Table 1 lists the new subroutines and their function. Subroutine SECT

has been renamed SECT1, but still performs the same functions.




Table 1. Subroutine new to SMP93-PC and their function.

ELTIME Calculates elapsed time using DOS functions.

EXP Avoids underflow with Lahey FORTRAN 77 EXP function.
RDSMPSYS Read SMPSYS.TEX and sets file names and paths.
SLENGTH  Returns the length of a character string.

Also the common block I0 was changed. The new common block is:

COMMON /IO/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,

2 SPTFIL,LACFIL,LAEFIL

2
2

And the common block SMPSYS was added to subroutines: AINPUT, EQMOTN,
HSTAT, HYDCAL, INPUT, LRAOOUT, OUTPUT, ROAOUT, RDBASE, READ,
REGWAV, RMSOUT, RMSTOE, SEVMOT, SPLNFT, and WAVMAK.

COMMON /SMPSYS/ FI1s,AS,SIS,s0S,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
2 SMPOS,SMPDs,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LsDS,LHALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
2 LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER*80 FIS,SIS,s0S,SDS,TITLES

CHARACTER*20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPQS,SMPDS,SHPTYPS

CHARACTER SHIPS*6,VARS*2,CYCLS*2

INTEGER*2 OPTION

Rather than listing all the source code differences individually, Appendix B has a
complete listing of the SMP93-PC version source code. Though the PREDICT user’s
manual® has a listing of an early version of SMP93-PC source code and a brief descrip-
tion of the changes, this report is more complete, and should be used as the definitive
reference for SMP93-PC.

RUNNING SMP93-PC

SMP93-PC can be run as either a stand-alone program or using a user interface,

such as PREDICT?.




Running SMP93-PC stand alone

The steps for running SMP93-PC as a stand alone program, assuming a directory

structure is in place, are:

1. Change directory to SMP input directory and make changes to SMP input file if

needed.

2. Change directory to SMP executable directory.
3. Update SMPSYS.TEX if needed.

4. Run SMP93-PC executable.

To run SMP93-PC as a stand alone program requires a specific directory structure,
file location, and naming convention. When SMP93-PC runs, it reads a control file,
SMPSYS.TEX, for the names and directory paths of the input and output. SMP-
SYS.TEX must be named SMPSYS.TEX and must be in the same directory as the
SMP93-PC executable. See Figure 1 for an example directory structure. Figure 2
shows an exarhple SMPSYS.TEX file that corresponds to the directory tree in Figure 1.

SMP93-PC generates file names and paths using the information in SMPSYS.TEX.
To change file names and path, edit SMPSYS.TEX and change only the data after the
equals (=) sign.

The directory tree and naming convention seen in Figure 1 are briefly described

next.

Directory structure The directory/sub-directory structure is mandatory, though
their names can be any valid DOS name. The directory names must match the paths
given in SMPSYS.TEX. SHIP TYPE, e.g. DESTROYR, is a sub-directory of the directo-
ries named in the SMP INPUT PATH, e.g. SMPINPUT, and SMP OUTPUT PATH, e.g.
SMPOUTPT. CURRENT SHIP, e.g. DD965, is used as the basis for the file names and as
a subdirectory of SMP DATA PATH, e.g. SMPDATA.




- D:\

- D:\SMP
ISMP93.EXE

~ D:\SMPINPUT

~D:\SMPOUTPT

SMPSYS.TEX

L—— DESTROYR

DD965HE . INP

DESTROYR

DD965HE6 . TEX
DD965H6 .0UT
DD965.TLT
HSTAT.TEX

r~D:\SMPDATA
DD965

DD965H . POT
DD96SH . HPL
DD965SH . RAD
DD965SH.SPD

DD965SH . COF
DD965H.LRA
DD965SH . RMS
DD965T.SPT

DD965H.LAE

DD965H.LCO
DD965H . ORG
DD965H.SEV
DD965H.LAC

Fig. 1. Directory structure for SMP93-PC.

HALO PROGRAM PATH=C:\HPRO_FOR
HALO GRAPHICS SCREEN DRIVER=IBME
HALO PRINTER DRIVER=EPSN

SMP PROGRAM PATH=D:\SMP

SMP INPUT PATH=D:\SMPINPUT

SMP OUTPUT PATH=D:\SMPOUTPT

SMP DATA PATH=D:\SMPDATA
SHIP TYPE=DESTROYR
CURRENT SHIP=DD965
VARIANT=H

CYCLE=6

TITLE= from HFDS T=39.7
OPTION=2

92-12-11

Fig. 2. Example SMPSYS.TEX file.




Naming convention : The SMP iaput file is the concatenation of the CURRENT
SHIP, VARIANT, and CYCLE variables with INP for an extension, e.g. DD965H6 . INP.
The CURRENT SHIP variable, e.g. DD965, has a maximum length of five characters.
The variant typically indicates major changes to the input file and the cycle keeps track
of the number of times the file has been changed.

The SMP output files are the concatenation of CURRENT SHIP and VARIANT,
e.g. DD965H with the appropriate extension. The files and their extension are discussed
in the OUTPUT section.

Running SMP93-PC using PREDICT

PREDICT® is a menu driven shell that allows the user to choose, view, and edit
input SMP files, run SMP93, select output files to save, and make polar plois of the '
~ responses, or plots of the hull form. PREDICT uses the same directory structure and
naming convention used when running SMP93-PC as a stand-alone program, Figure 1.
The PREDICT user’s manual® describes the file structure and naming convention fully.
PREDICT also provides the option to continue and generate time history data using
Simulation Time History und Access Time History programs®. Figure 3 shows the
overview of PREDICT and where SMP93-PC fits into it. Table 2 gives a brief descrip-
tion of the diﬂ'ereﬁt parts of the PREDICT package.

UPDATES TO THEORY

The ship motion theory used for the predictions is the same for the PC version as
for the VAX and CDC versions. It is assumed the user is already familiar with the ship
motion theory, variables, coordinate system, files, and input/output schemes that are
described in the SMP User’s Manual.! ? These details will not be repeated here.

SMALL BOAT FREQUENCY RANGES

The original two wave frequency sets have frequency resolution in the range most
applicable to carriers, destroyers, and frigates. The original third frequency set had
numerical instabilities with ships smaller than frigate size, with natural roll periods less

than nine seconds. This was especially noted in responses that had a roll component.
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Table 2. PREDICT sub-program descriptions.

I Program | Description

8
PREDMAIN

The top level menu and link between the frequency, time do-
main, and plotting branches of PREDICT.

SMPMAIN | The main menu for the frequency domain branch of PREDICT.

SMP Frequency domain predictions of skip motion. Uses most recent
version.

SMPEDIT Editor for SMP input files that keeps track of file naming con-
vention and correct format fields for data.

HULLPLOT | Generates plots of the hull form.

POLAREGA | Generates speed polar plots of the ship motion response.

STHMAIN | The main menu for the time domain branch of PREDICT

STH Time domain predictions of six degree of freedom response at
ship center of gravity.

ACTH Time domain predictions of absolute and/or relative point
motion.

ACTHEDIT | Editor for ACTH input files.

WRTASC2 | Converts ACTH binary format output to ASCII format.

CLTMAIN The main menu for the plotting branch of PREDICT.

DLPLOT Plots time histories of ACTH predictions.




numerical instabilities with ships smaller than frigate size, with natural roll periods less

than nine seconds. This was especially noted in responses that had a roll component.

The original two wave frequency sets would have had similar numerical instabilities had
they been used for smaller ships.

The cause of the numerical instabilities in the root mean square (RMS) responses
as a function of ship speed and heading were traced to an inadequacy of the defined roll

transfer function frequency range. With only 30 wave frequencies per set, it is important

to have more wave frequencies grouped near the natural roll frequency. With small boats
this also means increasing the range of modal wave periods to span the shorter response

periods.

Range #4
USCG/USN Boats

RahQQ 3 3.00 — ] wijind .l IR R '
USCG/USN Small R +
Ships

-

o

Range 42 2.00 ~ H'ﬂ””’g:: ; : : —
Destroyers
Frigates

Range ¥1 1.00 —H -HisEpEH-- +

USN Carriers
large ships

0.00
=T i T T T T =T ]
0.00 1.00 2.00 3.00 4.00

dave Freguency in Radians/Second

Fig. 4. Wave frequency distribution for SMP-93 frequency sets.

As a result SMP93-PC uses four wave frequency sets. The last two have increased
resolution in the frequency range most applicable to small boats. The new wave fre-

quency sets, ranges # 3 and # 4, are used when the roll period is less than or equal

10




Table 3. SMP93-PC wave frequency set summary.

Maximum
Range | Type of Ship/Boat Roll Period | Wave Periods | Resolution Range
Seconds Seconds Seconds
#1 Carriers/large ships Te> 15 3.14 - 314 12.56 - 22.43
#2 Frigates/Destroyers 9<T,<15| 2.62-314 10.47 - 15.70
#3 USCG/USN small ships | 5< T, <9 | 1.57-314 6.28 - 12.56
#4 USCG boats T, <5 1.57 - 314 2.09 - 6.28

The two new wave frequency sets, FREQ3 and FREQ4, werc added in subroutine
READ. FREQ3 is: 0.2, 0.3, 0.4, 0.5, 0.55, 0.575, 0.6, 0.625, 0.65, 0.675, 0.7, 0.725, 0.75,

0.775, 0.8, 0.825, 0.85, 0.875, 0.9, 0.95, 1.0, 1.1, 1.2, 1.3, 1.5, 1.8, 2.0, 2.5, 3.0, 3.5, and

4.0. FREQ4 is: 0.2, 0.4, 0.6, 0.8, 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1,
2.2,2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.2, 3.4, 3.6, 3.8, and 4.0.

HORIZONTAL FORCE ESTIMATOR

SMP93-PC has the capability to estimate the horizontal force at the points defined
in the Motions at a Point Data Card Set. The horizontal force estimator (HFE) is the
estimated ship-referenced acceleration in the horizontal plane!. It is a combination of
the earth referenced lateral acceleration and the horizontal component of gravitational
acceleration due to roll (heel). Thus, the horizontal forces applied to people and equip-

ment on the ship by the motions are now also predicted. Horizontal Force Estimator is
defined by:

HFE = 19‘3(42 — ZC+ X () + o (1)

Where ( is a transfer function with sub-scripts 2, 4, and 6 referring to sway, roll,
and yaw respectively. X and Z are the x and z coordinates of the point locations, see
Figure C-1 of Reference 1 for a coordinate system diagram; w, is the wave encounter

frequency; and ¢ is a gravitational constant.

11




SMP PROGRAM CHANGES

INPUT

The input for SMP consists of underwater hull form shape, ship weight distribution,
appendage details, specific shipboard locations, and wave data. This input is broken
down into 15 Data Card Sets which are described in Appendix C of Reference 1. The
modification to start or stop after generating an origin transfer function (ORG) file
required changes to Data Card Set 2 (Program Options). The addition of horizontal
force estimator (HFE) required changes to Data Card Set 12, card 1. See Table 4 for a
sample input file. The changes to the two data sets for these new options are described

below:

ORG File Start and Stop Option

With this option activated, SMP93-PC can either start using an existing ORG file
or stop after generating the ORG file. This provides a time saving if only the ORG
file is wanted. The major run option, OPTN, must be either 4 or 5 to start using
an existing ORG file. The ORG file contains the transfer functions of the ship’s six
degrees-of-freedom about the center of gravity.

The flag, ORGOPTN, was added to Data Card Set 2, Program Options, as the

seventh variable (integer, column 40). Possible values are:

0 or blank = Normal run.

1 = Stop execution after generating ORG file. Do not perform sta-
tistical calculations.

2 = Start execution using an existing ORG file (OPTN=4 or 5).

Read ORG file and perform statistical calculations.
Horizontal Force Estimator

SMP93-PC has the capability to estimate the horizontal force at the points defined
in the Motions at a Point Data Card Set 12. To turn this feature on, set column 10 of
Data Card Set 12, card 1, to 1.

0 or blank = No horizontal force estimate calculations or output.
1 = Horizontal force estimates for motions at point locations.
12




ouTPUT

The changes to the output file (OUT) are minimal. Horizontal force estimates have

the same format as other response output. The change in wave frequency ranges also

changes the range of modal periods used for irregular seas calculations. The modal
periods for the new wave frequency sets, FREQ3 and FREQ4, are: 3, 5, 7, 9. 11, 13. 15,
and 17. See Table 5 for an example of the output affected by the input changes. Note,
the example assumes that the user already has an ORG file, otherwise SMP93-PC will
stop before performing irregular seas calculations and there would be no HFE response
tables.

The main difference between the VAX and PC versions is the treatment of the
output files. Table 6 gives a list of the extensions used by the SMP93-PC and how they
compare with the SMP87 version. The SPL file in the SMP87 version either has spline
fits of the body plan or response data for speed polar plots depending on main run'
option. SMP93-PC writes body plan spline fits to the HPL file and splits the response
data found in the SPL file into two files, SPD and SPT, to avoid memory problems.
The SPD file has RMS response and modal period data in a binary format. The SPT
file has speed, heading, and response name information in an ASCII format.

The PC output files are written in sub-directories in the SMP DATA PATH and SMP
OUTPUT PATH directories from the SMPSYS.TEX file. Only the output file (0OUT),
run log (TEX), and hydrostatic output (HSTAT.TEX) are in the SMP OUTPUT PATH
sub-directories. All the rest are in the SHIP TYPE sub-directory of SMP DATA PATH
directory, e.g. SMPDATA\DESTROYR.
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WPB 8236 82’ PATROL BOAT C CLASS FL 5/18/93 PROP S

2 0
FEET
78.0000
3.2400
21 0
0.0000
0.0000
0.0000
1.0000
1.0000
1.0000
2.0000
2.0000
2.0000
3.0000
3.0000
3.0000
4.0000
4.0000
4.0000
5.0000
5.0000
5.0000
6.0000
6.0000
6.0000
7.0000
7.0000
7.0000
8.0000
8.0000
8.0000
9.0000
9.0000
9.0000
10.0000
10.0000
10.0000
11.0000
11.0000
11.0000
12.0000
12.0000
12.0000
13.0000
13.0000
13.0000

Table 4. Example SMP93-PC input deck.

0 1 0 0 1
1.9905 32.17250.00001279
15.7800 5.9500 72.30
0.0000 7.2100 0.2500
1 0
0.00
5.95
5 0
0.00 0.35 0.71 0.98
2.23 3.00 4.00 5.00
5 0
0.00 0.97 1.54 1.9¢6
2.00 3.00 4.00 5.00
7 0
0.00 1.00 1.57 2.00
1.83 2.48 3.00 3.45
6 0
0.00 1.00 2.00 3.00
1.72 2.24 2.89 3.75
7 0
0.00 1.00 2.00 3.00
1.66 2.11 2.59 3.16
8 0
0.00 1.00 2.00 3.00
1.63 2.00 2.46 2.86
9 0
0.00 1.00 2.00 3.c0
1.66 1.96 2.32 2.65
9 0
0.00 1.00 2.00 3.00
1.68 1.95 2.28  2.61
9 0
0.00 1.00 2.00 3.00
1.77 1.99 2.28 2.57
10 0
0.00 0.17 0.17 0.24
1.03 1.03 1.20 1.85
10 0
0.00 0.17 0.26 0.30
0.92 0.92 1.18 2.08
10 0
0.00 0.17 0.28 0.29
0.84 0.84 1.47 2.19
10 0
0.00 0.17 0.28 0.31
0.71 0.71 1.47 2.44

8.0000
0.3700

1.21

5.95

2.33

5.95

2.39 2.86
4.00 5.00
3.80 4.21
5.00 5.95
4.00 4.65
4.00 5.00
4.00 4.72
3.39 4.00
4.00 5.00
3.10 3.69
4.00 5.00
2.95 3.38
4.00 5.00
2.91 3.19
0.52 1.00
1.93 2.07
0.95 2.00
2.25 2.45
1.00 2.00
2.33 2.59
0.75 3.00
2.54 2.96

14

8.0000
0.2500

0.0000

5.89

5.95

6.15 6.55
5.00 5.95
6.77 7.11
5.00 5.95
7.00 7.53
4.59 5.95
5.00 6.86
3.15 4.00
6.00 7.17
3.45 4.00
6.00 7.28
3.47 4.00
7.20 7.95
4.00 5.00

TRUTS INPUT AS PASSIVE RUDDER




Table 4. Continued.

14.0000 10 0

14.0000 0.00 0.17 0.27 0.29 0.31 0.75
14.0000 0.63 0.63 1.20 2.19 2,65 2.75
15.0000 10 0

15.0000 0.00 0.17 0.26 0.31 0.36 0.70
15.0000 0.49 0.49 1.00 2.44 2.88 3.00
16.0000 10 0

16.0000 0.00 0.17 0.26 0.30 0.39 1.00
16.0000 0.39 0.39 0.80 2.20 2.98 3.29
17.0000 10 0

17.0000 0.00 0.17 0.26 0.31 0.40 1.00
17.0000 0.25 0.25 0.92 2.65 3.40 3.56
18.0000 7 0

18.0000 0.00 1.00 2.00 4.00 6.00 7.20
18.0000 3.74 3.83 3.95 4.15 4.34 4.66
19.0000 9 0

19.0000 0.00 1.00 2.00 4.00 5.53 6.72
19.0000 4.00 4.11 4.21 4.36 4.43 4.56
20.0000 9 0
20.0000 0.00 1.00 2.00 4.00 5.58 6.76
20.0000 4.29 4.41 4.47 4.59 4.62 4.71
0

1

9.2308 17.0000 18.0000 0.0000 1.7824

2
19.2100 19,6600 3.7500 4.3750 4.3750
19.2100 19.6600 3.7500 1.8750 1.8750
18.1649 18.4923 3.9565 3.8020 3.9063
18.3521 18.5724 4.2215 2.0313 1.8906

0

0 0 0

3 1

1 PILOT HOUSE AT HELMSMAN CHAIR

2 FWD BERTHING, PORT/TOP BUNK

3 MAIN DECK, BOAT DECK, STBD RAIL

3 0

1 PORT PROPELLER TIP 2 18.9017

2 STATION 2, SLAMMING 1 2.0000

3 MAIN DECK,STBD RAIL 3 15.3846

1 2.0000 SIGNIFICANT

2.6200

STOP

15

0.2500

8.2051
3.3333
15.3846

4.1600
0.0000
-7.5000

5.00 7.42
3.47 4.36
5.00 7.39
3.64 4.44
5.00 7.32
3.82 4.50
5.00 7.26
4.03 4.57
7.25 7.43
5.00 5.95
7.11 7.22
5.00 5.95
3.7413
0.0000
5.0000
-7.5000
3.7500
2.0000
10.5000

8.05

5.95

7.87

5.95

20.0000
12.0000
10.5000

0.8538
0.8538
0.8538
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Table 5. Continued. _
WPB 8236 82' PATROL BOAT C CLASS FL 5/18/93 PROP STRUTS INPUT AS PASSIVE RUDDER

2.62 FEET

SIGNIFICANT WAVE HEIGHT =

12.00

3.33 ycL - 5.00 BL =

HORIZONTAL FORCE ESTIMATOR

XFP

FWD BERTHING, PORT/TOP BUNK

(G)

(ACC. X 100)

RMS VALUE / ENCOUNTERED MODAL PERIOD (TOE)

SHIP HEADING ANGLE IN DEGREES

FOLLOW

STBD BENM

HEAD

TO

30 45 60 5 90 105 120 135 150 165 180

15

« s 2 4 e o ®
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reveewrw

NSNS
MMM OO NN

vevevveew
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LONGCRESTED

SIGNIFICANT WAVE HEIGHT =

2.62 FEET

15.38 YCL =

10.50

-7.50 £BL =

XFP =

MAIN DECK, BOAT DECK, STBD RAIL

HORIZONTAL FORCE ESTIMATOR

(G)

{ACC. X 100)

RMS VALUE / ENCOUNTERED MODAL PERIOD (TOE)

SHIP HEADING ANGLE IN DEGREES

HEAD

TO

FOLLOW

STBD BEAM
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APPENDIX A: LINKING SMP93-PC USING OVERLAYS

Due to memory constraints, it is necessary to link SMP93-PC using an overlay
loader. The authors used an overlay loader designed for the PC called PCLINK, a third
party program. Table 7 ha:i the PCLINK overlay instructions assuming the object files
reside in the directory C:\SMPPC\SMP. The current version of SMP93-PC has not been
converted to the newer 32 bit compilers. Such a conversion should be straight forward
and would probably result in further restructuring of the random access files and not

require an overlay loader to link the program.

Table 7. PCLINK overlay instructions for SMP93-PC.

OUTPUT C:\SMPPC\SMP
FILE SMP93, ALGRNG,ATAN2D, BMAX, CPFIT, CPINTG, CPLVAL, LRAO, RAOPHA,
SPINTG, SPFIT, SPLVAL, EXP, ELTIME, SLENTH, RDSMPSYS, PRELIM
OVERLAY F77LCODE,F77LDATA, F77LCOMN
BEG SECT FILE INPUT,CUBCO2,SPINT2,SPLNT2
BEG SECT FILE READ,AINPUT,GENOFS,BRWVSP, SPLNAR
SECT FILE HSTAT,NORMAL, VUNIT2,CONIWT, PDER, PADD, RSOLVE, SPPLV2,
NORMTS , RDCOMP, PMPY, PVAL, PINT, TRIM, SPLNFT
SECT FILE HSTOUT
END
SECT FILE REGWAV,CDCOMP, CSOLVE, EDMKSP, FINTSP, REVAL, SKFRSP
BEG SECT FILE HYDCAL
BEG SECT FILE HYD2D, TWODPT, GRNLOG,GRNFRQ, ALAG, EXPINT, WIPELM, ATAN3
SECT FILE T3DAMD,RPHI2D, T2DAMD, AMDPRN
SECT FILE COFOUT,2AMD,RDPELM, EXFOR
END
SECT FILE RDBASE,RDPRIN,WAVMAK,HLLIFT,RDLIFT, SKLIFT,BKLIFT, FNLIFT,
SKNFRC, RDEDDY , HLEDDY, BKEDDY, FNEDDY, CEVAL, SECT1, TANAKA,
VISC, SERAB, SERD, SERE, FTWO, FIG56 , FIG7, FIG8,FIG10,FIG11,
CALRGM, BILGEK, CMINR, SBEDDY, SBLIFT
SECT FILE EQMOTN,LIMIT,SOLVE,CLIP, TRNLAT, RDEVAL,RVSLAT, LSCOF,
INERST, ACTFIN
END
SECT FILE IRGSEA,RMSTOE,WEDEFN, RAOPHS, PRAO, ADRES, ORAO, VELACC, RELMOT,
RMS, TOE, PSPSC, SCB2, XMSSC, PSPLC, INTRPL, TEPEAK, FNRAO
SECT FILE OUTPUT,RSTITL,RLITR
BEG SECT FILE RAOOUT,ORGRAO, TFNFIT
SECT FILE LRAOUT
SECT FILE RMSOUT,RLITER,FETCH,DKWSLM, SETSEV, SEVMOT
END
END
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APPENDIX B: SMPO3-PC SOURCE CODE LISTING
This appendix is a listing of the source code similar, but not identical. to Appendiv i
of Ref vence 1.

C SMPO3 PROGRAM LIBRARY -

* PROGRAM SMP93

- Standard Ship Motion Program (SMP93)
* for Personal Computers

N Operating system MS-DOS Version 4.0)
. FORTRA using Lahey Fortran

- Ovorlay lanking using FLINKBG

hd Hull plot and Speed Polar plots

» done in separate programs

* using HALO graphics language

C SUBROUTINE LIST

C DECK ACTFIN -~ active fins
SUBROUTINE ACTFIN (IV,ZERO,V,OMGE,OMGE2,TAF)
COMMOR /APFEND/ KDKSET,NDKSTY (2),BK1HAC(2).E‘FS(-) BYAS(2),
2 BKWD(2),BXSTN(10,2),BKHB(10,2),BKLNTH  BKWDTH
2 BKWL(10.,2),BKAN(10,2),NSKSET  SKIMAG(2}, SKFLS({2),SKALS(2),
2 SKAUS (23, SKHB(2) SFFLHL§ ; SKALUL& ; ShAUUL§2;,N RDSET, RDIMAG(2)
2 RDRFS(2) . RDRAS(2},RDRHB(2) .RDRFWL({2) . RDRAWL(2 .RDTFS§ g EDTAS (2}
2 RDTHB(2) |RDTFWL (2} ,RDTAWL(2),NSBSET,SBIMAG(2) ,SOBRFS (2) | SOBRAS (2}
2,SOBRHB(2 soanrug ; soanAu(zi JIBRFJ(?) SIBRAS(2) ,SIBRHB(2 ),
2'SIBRFW(2) . SIBRAW(2) ,SBTFS(2) ,$BTAS(2) ,SBTHB(2),SBTFWL(2),
5 SBTAWL(2) NFNSET,FNIMAG(2) FNRFS(2) ,FNRAS(2),
2 FNRHB(2) FNRFWL(2) ,FNRAWL(2) ,FNTFS(%) ,FNTAS(2) ,FNTHB(2),
2 FNTFWL(2),FNTAWL(2},NEXPRD,ENRDO(8),ENRDS(8)

COMMON /FINCOR/ IACTFN,IFCLCS ,FGAIN(8) ,FK(3),FA{3),FB(3),
FCLCS(8,2)

COMMON /PHYSCO/ 1I,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,HETRVK,GRAV,
RHQ,GRU,RHECS, RUOF,CNUS, CPUF,FTHETP PUNITQ REYSCL

COMPLEX 11

CHARACTER#*4 PUKITS(2)

REAL TPI PI,PIOT,DEGRAD,RADDEG,VKHMETR,HMETRVK,GRAV, RHO,GNU,RHOS,
REOF ,GNUS,GNUF ,FTMETR

COMMON /RLDBK/ FSUR(25),BMK(25),DK(26),CAK(25) ,HQ,HSPAN ,HMNCHD,

HAREA,HXCP HYCP ,HZCP ,HGAMMA ,HYHAT ,HEAR.HLCS,RQ{2) [RSPAN(2),

RMNCHD(2)  RAREAL2) .RXCP(2) ,RYCP(2} ,RZCP(2) ,RGAMMALZ) ,RYHAT(2) ,

REAREQ; HLCSE ; ,5Q{2),SSPAN(2),SHNCHD(2) ,SAREA(2) ,SXCP(2),

SYCP(2) ;S2CP(2) ;SGAMMA(2),SYHAT(2) SEAR(2) SLC3(2},BQ(2),

asp;ué 25 TBNNCED!2) ,BAREA(2) ,BXCP (23, BYCP (2}, BZCP (25, BGAMMA(2),

BYHAT(2), "BEAR(2),BLCS(2).FQ(2) FSPAN(2) ,FNXCHD(2) FAREAEQ)

FXCP(2) ,FYCP(2) ,F2CP(2) ,FGANMAL2) ,FYHAT(2) ,FEAR(2),FLCS(2

PQ(2,2) . PSPAN(2.2) ,PMNCED(2,2) ,PAREA(2,2) ,PXCP(2,2} ,PYCP(2.2),

PZcPl2.2)  PGANNA(2.2),PYBAT!2,2) ,PEAR(2,2) ,PLCS (22

STADMP{ 105 ,SHPDMP (10,8) ,ENCON ,WPRI,TPHI .WMELM(4,9) SEEEE&%-Q'BQ;
4,9,8),

(&

34

-t

REELM(4,9.8),PEELM(4.9,8),FEELN(4,9 g ,HEELN(4,9,8}
ENVM,ENSFU8,8) ,ENRE(8) ,ENPE(8) ,ENFE{8) |ENHE(8) ,ENBE(S),
E“EHV%B ,8), ENRL(U) ENPL(B), uin,\b) bnnL\D[,Ln.vu\S),E:iﬁL(S),
ENSHP(8.8) .RELM(4.9),ITS(26),RD(26),EDDY(8,25),RGB(25)

NONNMNNNVRORDRORK
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10

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

COMPLEX TAF(3),FGC,CTERM,ZERG

DO 10 I=1,3
TAF(I) = ZERO
CONTINUE

FGC = ((FKEig—OHGEZ*FK(B))+II*0MGE¢FK(2))/((( (1

II*OMGE*FA(2))*((FB(1)-0MGE2*FB(2) )+II*0OMGE*FB(2)

DO 30 K=1,NFNSET

XCP = FXCP(X)

ARM = - FMNCHD(K)/6

YHAT = FYHAT(K)

AP = PI*RHU*FSPAH(K)*(FMNCHD(K)/2)**2

TEMP = FLCS(K)

IF (IFCLCS .EQ. 1) TEMP = FCLCS(IV,K)

FZ = (RHO/2)+FAREA(K)*TEMP

SINGAM = SIN(FGAMMA(K)*DEGRAD)

granu FGCx ( ARM*AP#OMGE2-TI+OMGE*(ARM*FZ-34AP ) *V+FZ#VaV)
1 =1

IF (FNIMAG(K) .EQ. 2) M1 = 2

g ~OMGE2#FA(3) )+

* SIg’iSO GAMMA)=SIN(GAMMA) FOR FIN ON STBD SIDE

20
30

¢ DECK

(%]

10

20
30

C DECK

S 2N

0 2C M=1,M1
TAF(1) = TAF(1) - SINGAM*CTERM
TAF(2) = TAF(2) + YHAT*CTERM
TAF(3) = TAF(3) - SINGAM*XCP*CTERM
CONTINUE

CONTINUE

RETURN

ERL

ADRE?3

SUBRDUTINE ADRES (KL,NU,MOTV,MOTL,HJV,HJL,H7 ,RAO1,PHS1,RAQ2,PHS2,

OMEG/), ,NMOT,¥PLANE ,NOMEGA ,RADDEG,COSMU,RHO, IPKS)

COMPLEX MOTV(NMOT ,NOMEGA) ,MOTL(NMOT,NOMEGA) ,HJV(NMOT,NOMEGA),
HJL (NMOT ,NOMEGA) ,H7(NOMEGA) , ARES, TEMPL

DIMENSION RAO1(NOMEGA) ,PHS1(NOMEGA),RAO2(NOMEGA),PES2(NOMEGA),
OMEGA (NDMEGA)

DO 30 I NL,KU -

DO 20 J=1,NPLANE

ARES = HT{I)

DO 10 N-i NMOT

TEMPL = MOTL(N,I)

IF (J .EQ. 2) MOTL(N,I) = - MOTL(N,I)

ARES = ARES + MOTV.. .I)*HJV(N,I) + MOTL(X,I)*HJL(N,I)
MOTL(K,I) = TEMPL

CONTINUE
TEMP = - 0,5%RHO*0OMEGA(I)*COSMU*AIMAG(ARES)
IF (J .EQ. 1; RAD1(I) = TEMP
IF (J .EQ. 2) RAO2(1) = TEMP
IPHS.EQ.1 .AND. J.EQ. ; PHSiéI; = 0.
IF (IPHS.EQ.1 .AED. J.EQ.2) PHS2(I) = 0.
CONTINUE
CONTINUE
RETURN
END
AIRPUT

SUBROUTINE AINPUT

COMMON /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL, LACFIL LAEFIL

INTEGER SYSFIL POTFIL COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCHrIL,HPLFIL,LRAFIL, ORuaIL,uAOFIu,RHSFI' QE""TT QDnPTr
SPTFIL,LACFIL,LAEFIL
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*

(o]

* ¥

NROK

COMMON /SMPSYS/ FIS,AS,SIS,S0S,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
SMPOS, SMPDS, SHPTYPS,SHIPS,VARS,CYCLS, TITLES,OPTION,LSIS,LSOS,
LSDS,LRALOS,LDEV,LPRN,LSMPPS,LSMPIS,LSMPOS,LSMPDS,LSHPTYPS,
LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER*80 FIS,SIS,S0S,SDS,TITLES

CHARACTER*»20 HALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SHPTYPS
CHARACTER SHIPS#6,VARS#2,CYCLS*2

INTEGER*2 GPTION

CHARACTER=*4 ALINE(20)

FIS = $IS(1:LSIS)//’'.INP’
OPEN (UNIT=ICARD,FILE=FIS,STATUS=’0LD’)

L

IF (MOD(L 50) .EQ. 1) WRITE (IPRIN,1000) (1,I1=1,8)
FORMAT (1H1 42X 2IHINPUT CARD S//SOX GHCDLUHN/BX

0

2 8(9%4,TI1)/8H CARD ,8(10H1234567850)/)

READ  (ICARD,1010) ALINE

WRITE (IPRIN,1020) L,ALINE

FORMAT (20A4)

FORMAT (1X,I4,3X,20A4)

IF (ALIKE(1) .NE. *STOP’) GO TO 10

CLOSE (UNIT=ICARD)

RETURN
END

DECK ALAG

FUNCTION ALAG(X)

this function sets ALOG(X)=0 when x=0

IF (X .LE. 1. E-08) GO TO 7
ALAG=ALOG(X)
GD TO &

T ALAG=0.
8 RETURK

END

DECK ALGRNG

SUBROUTINE ALGRNG (N,W,S,AREA)

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

DIMENSION W(N),S(N)

MN=N-2
AREA=O.

TEMP = 0.

DO 20 M=1,MN,2
AsW 2)-u(M)
B= w%n+2 -W(M+1)
C=W(M+1)-W (M)

PAREA = A*A/6.%(S(M)*(3.%C~A)/(A%C)+S(M+1)%A/(B#C)+
S(H+2)*(2.%A-3.%C)/(A*B))

TEMP = PAREA

IF (PAREA .LT. 0.) TEMP =

AREA = AREA + ~2MP

CONTINUE

IF (MOD(N,2) .EQ. 1) GO TO 30

DELW = W Ng - W(N-1

DELS = S(N) - S(N-1

ARCA = AREA + S(N-1)*DEIW + _E*DELS*DELW

30 CONTINUE




AREA = ABS(AREA)

RETURN
END

C DECK AMD

®
*

SUBROUTINE AMD (OMEGAE,TELEM,TV,TL)

¥g§égKS ZERO-SPEED ADDED MASS AND DAMPING AND ADDS FORWARD SPEED

20

30
40

+ 4444+

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
IMMIN, IMMAX, IMDEL ,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU NMU,OMEGA,NOMEGA,SIGMA, NSIGHA SIGWH,
NSIGWH,TMODAL, NTHOD NRANG RANu RLANG S, NNMU FRNUM VF

INTEGER NVK, NMU NDMEGA NSI"MA NSIGWH NTMOD NRANG NNMU(B)

REAL VK(8), HU£37 8), OHEGA(BA) SIGMA(lO) SIGWH(4) THODAL(B)
RANG(B) ,RLANG(8) S(30 8), FRNUM(S) VFJ(SS

COMMON /PHYSCQ/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,

RHO,GNU,RHOS, RHOF , GNUS , GNUF ,FTMETR , PUNITS ,,REYSCL

COMPLEX 11

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR, METRVK,GRAV,RHO,GNU,RHOS,
RHOF,GNUS,GNUF,FTMETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL

COMPLEX TELEK(4,9,10)
COMPLEX T3D(10).TV(3 3),TL(3,3)
DIMENSION LDX(6,6)

DATA ((LDX(I,J),J=1,8),I=1,6)
¢ 0, O,

’ 9:

» 0,
» 10,
» 0,
»

1/

/

<

] oo On

’ 5’ 0, 8»

» 00 2: 0,

, =8, 0, 6,

» 0, -4, O,

, -9, 0,-10,
DO 20 L=1,10
T3D(L) = {0.0,0.0)
CONTINUE

DO 40 L=LMIN,LMAX
DO 30 K=1,4
ng\L) T3D(L) + WISI(K)*TELEM(K,ISIGMA,L)
c

CDHTINUE

IF(.NOT.VRT}) GU TO 2

DO 1 1I=1,3

IDX=2%I-1

DO 2 J=1,3

JIDX=2%J~1
L=LDX (IDX,JDX)
IF(L.EQ.0} TV
IF L.GT.Og TV
IF(L.LT.0) TV
CONTINUE
CONTINUE

TV 2,3; =TV 2,3§+V#TV§ ,
TV(3,2)=TV(3,2)-V+TV(2,
TV(3,3)= TV 3,3)+VkVATV(
IF(.NOT.LAT) GO TO 6
CONTINUE

DO 4 I=1,3

IDX=2+1

DO B J=1,3

JIDX=2%]

2)/gx1*onacneg
297 (II«DMEGAE
2,2) /OMEGAE**2




C DECK

L=LDX(IDX

JDX)
iF L.EQ.O? TLg
IF(L.GT.0) TL
IF(L.LT.0) TL(
CONTINUE
CONTINUE
TL§1.3;=TLE1,3%-V*TL§1,1%/$II*0MEGAE§
TL(2.39=TL(2.3)-VeTL(2, 1)/ { IT*OMEGAE
TL(3.1 —TL§3 1;+V*TL€1,13/ II#DMEGAE
TL(3,2)=TL(3.2)+V+«TL{1.2}/ II*OMEGAE
TL(3.3) = TL{3,3) + VaVeTL{1,1)/0MEGAE#*2
CONTINUE

RETURN
END

AMDPRN
SUBROUTINE AMDPRN (PROMG,NPROMG)

* nondimensionalizes and prints zero-speed added mass and damping

1

N NN [ X3 N N RN = [ ]

[

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGVH,
NSIGWH , TMODAL , NTMOD, NRANG . RANG, RLANG, S, NNMU, FRNUM, VFS

INTEGER NVK,NMU,NOMEGA ,NSIGMA,NSIGWH . NTMOD,NRANG,HNNMU(S)

REAL VK(8), uu$37 ,8) ,0MEGA(30) ,SIGMA(10),SICWH(4) , TMODAL(8),
RANG(8) ,RLANG(8),5(30,8) ,FRNUM(8),VFS(8}

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM, NEBLA ,KPITCH, KROLL ,KYAW, KYAWRL , AWP , VCB ,FBDX ,FRDY,
FBDZ ,NFREBD, XPT,YPT,ZPT,NPTS,LCB, GML | ASTAT, BSTAT, TITLE , MASS,
DISPIM,IPITCH,IROLL IVAW,IYAWRL,CHEAVE,CPITCH, CHEAPI, CROLL,
AREAMX ,WSURF, GIRTH, FEDZV .DBLWL, TLCB

INTEGER NSTATN,NOFSET(25),NFREED, NPTS

CHARACTER*4 TITLE(20)

REAL X(25),Y(10,25),7(10,25) ,FBDZV(8,10) .LPP,BEAM,DBLWL, TLCB,
DRAFT,LCF,VCG,GM, DELGM, NEBLA ,KPITCH, KROLL ,KYAW ,KYAWRL , AWP , VCB,
FBDX(10) ,FBDY (10}, FBDZ{10),XPT(10),YPT(105,ZPT(10),LCH,GNL.,
ASTAT(25) ,BSTAT(25) ,MASS,DISPLM, IPITCH, IROLL, IYAW,

IYAWRL , CEEAVE, CPITCE,CHEAPI, CROLL , AREAMX , WSURF , GIRTH(25)

COMMON /10/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL, LRAFIL ORGFIL RAOFIL RHSFIL SEVFIL SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL, LRAFIL ORGFIL RAOFIL RMSFIL SEVFIL SPDFIL
SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO, GNU,RHOS, RHOF, GHUS GHUF FTHETR PUNITS REYSCL

COMPLEX 'II

CHARACTER*4 TMUNITS(2)

REAL TPI,P1 .t .0T,DEGRAD,RADDEG,VKMETR,METRVK ,GRAV,RHO,GNU,RHOS,
RHOF, GNUS GHUF, FTHETR

COMMON /STATE/ LAT,VRT,LOADS, ADDRES,SALT,READ,EXROLL, BKEEL
LOGICAL LAT,VRT, LOADS, ADDRES SALT, HEAD EXRDLL BKEEL

COMMON/TELEM/TELEM
COMPLEX TELEM(4,9,10)

DIMENSION LPWR(10),LDX(10)
DIMENSION A(10) B(IO 30)
COMPLEX T,CDUM

DIMENSION PROMG(30)

DATA LPWR /o o 2,1,0,2, 2 1 2/
DATA LDX /1,3,6,9,2,4,6,7,8,10/

SRGDL'SQRT(GRAV/LPP)

.....

IF(. NOT VRT) LMIN=5
LMAX=10

25
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601
602

603

[N N TV TSV N ]

604
605

C DECK

*

C DECK

* thi

(&)

10

IF(.NOT.LAT) LMAX=4
D01 1I=1,10
A(1)=0,
DO 2 J=1,NPROMG
B(I,J3)=0
CONTINUE
CONTINUE
WRITE (IPRIN,601) TITLE
WRITE (IPRIN,602)
DO 3 IOMEGA=1,NPROMG
DO 4 L=LMIN,LMAX
LL=LDX(L)
ASCALE=RHO*NEBLA*LPP**LPWR(L)
BSCALE=ASCALE*SRGDL
CALL CPLVAL (SIGMA,NSIGMA,TELEM(1,1,L),PROMG(IOMEGA),T,
CDUM, IDUM)
%LLj =REAL(T)/(~PROMG (1OMEGA)*%2) /ASCALE
B(LL,TIOMEGA)=AIMAG(T)/PROMG(IOMEGA)/BSCALE
CONTIKUE
OMGND=PROMG( IOMEGA ) /SRGDL
WRITE (IPRIN,604) OMGND,(A(L),L=1,10)
CONTINUE
WRITE (IPRIN,603)
DO 5 TIOMEGA=1,NPROMG
OMGND=PROMG (IOMEGA) /SRGDL
WRITE (IPRIN,604) OMGND, (B(L,IOMEGA),L=1,10)
CONTIRUE
WRITE (IPRIN,606)
FORMAT (1H1,23X,20A4//42X,
46HZERO-SPEED ADDED-MASS AND DAMPING COEFFICIENTS//)
FORMAT (’ NON-DIMENSIONAL ADDED—HASS’//
' SIGMA’,3X,’A(1,1)’,6X,’4(2,2)’,6X,’A(3,3)",6X,'A(4,4)’,6X
':Ei g;:/?x 'A06.6)7 6X. A(2.4) 6%, "A(2.6)" "6X.'A(3.8)".6X
FORMAT (/° NON~DIMENSIONAL DAMPING'// .
> SIGMA’,3X, Bé ; ex Bé g' ,6X, st,agz,ex.’ag4,4§’,sx.
'Bgi sg /?x 'B(6,6)7.6X.'B(2.4)’.6X, B(2.6)’.6X. 'B(3.5 ' 6X,
FORMAT 211 ,F6.3,1P10E12.4)
FORMAT (///’ (SIGMA IS NON-DIMENSIONAL FREQUENCY)’)

RETURN
END

ATAN2D
FUNCTION ATAN2D (B,A,RADDEG)

arctangent function in degrees for any quadrant

DATA EPS /1.E-10/

IF (B .EQ. O0.) ATAN2D = 0.

IF (B .GT. 0.) ATAN2D = 90.

IF (B .LT. O0.) ATAN2D =-90

IF (ABS(A) .GT. EPS) ATAN2D = ATAN2(B,A)*RADDEG
RETURN

END

ATAN3

FUNCTION ATAN3(X,Y)
s function is to take care of the case of ATAN2(0,0)

AX=ABS(X)

AY=ABS(Y)

IF(AX .LE.1.E~08 .ARD.AY .LE. 1. E-~08) GO TO b
ATAN3=ATAN2(X,Y)

GO TO 10
ATAN3=0,

RETURR
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END

C DECK BILGEK
SUBROUTINE BILGEK (IBLGK)

* W. R. MCCREIGHT, DTNSRDC

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 BKHD€2).BKSTN(10.2).BKHB(iO,Z),BKLNTH BKWDTH,
2 BKWL(10.2),BKAN(10,2),NSKSET, SKIMAG(2),SKFLS(2) , SKALS(2),
2 SKAUS (2} SKHB(2) SKFLUL§2%.SKALUL§2§,SKAUUL%Z%,NRDSET,RDIMAG(?)
2 RDRFS 23,RDRAS(25 RDRHB(2) 'RDRFWL (2) . RDRAWL (2 ,RDTFS%Q;,RDTAS(z
2 RDTHB(2) .RDTFWL(2),RDTAWL(2),NSBSET,SBIMAG(2),S0BRFS(2) .SOBRAS(
2,SOBRHB§2;,SOBRFH§2§,SOBRAU(25,SIBRFS(2),SIBRAS(2),SIBRHB(2),
2  SIBRFN(2) |SIBRAW(2) 'SBTFS(2),SBTAS(2),SBTHB(2), SBTFWL(2),
2 SBTAWL(2) .NFNSET,FNIMAG(2),FNRFS(2),FNRAS(2),
2 FNRHB(2),FNRFWL(2),FNRAWL(2),FNTFS(2) ,FNTAS(2),FNTHB(2),
2 FNTFWL(23,FNTAWL(2) ,NEXPRD,ENRDO(8) , ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,NMU,KOMEGA,NOMEGA ,SIGMA,NSIGMA,SIGHH,
1 NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VES

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH NTMOD,NRANG,NNMU(8)

REAL VK(B),HU§37,8),OMEGA(ao),SIGMA(lo) SIGWH(4) ,TMODAL(8),
2 RANG(8),RLANG(8).5(30,8) ,FRNUM(8),VFsS(8)

COMMON /GEQM/ X,NSTATN,Y,Z ,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW ,KYAWRL, AWP,VCB, FBDX,FBDY,
2 FBDZ ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT,TITLE,HASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV,DBELWL,TLCB

INTEGER NSTATN,NOFSET(255,NFREBD,NPTS

CHARACTER*¢ TITLE(20)

REAL X(25),Y(10,25),Z(10,25) ,FBDZV(8,10) ,LPP,BEAM,DBLWL, TLCB,
2 DRAFT,LCF,VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL ,AWP ,VCB,
2 FBDX(10) FBDY(iOS.FBDZ(iO),XPT(IO),YPT(IOS,ZPT(iO),LCB,GHL,
4 ASTAT(255,BSTAT(25),HASS,DISPLH,IPITCH,IROLL.IYAU,
& IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX ,WSURF,GIRTH(25)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO, GNU,RHOS,RHOF, GNUS,GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX I1I

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHD,GNU,RHOS,
1 RHOF,GNUS,GNUF,FTMETR

COMMON /RDGEQ/ BKLEN,WBKMAX,DLBKEL(25),SRBS(25),PHIS(26),CPS(25),
2 BKT(26),RKS(25),SSTR(25) .

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25) ,EQ,HSPAN HMNCHD,
2 BAREA,HXCP,HBYCP HZCP,HGAMMA,HYHAT ,HEAR .HLCS,RQ(2).RSPAN(2),
2 RMNCHD(2) ,RAREA{2) ,RXCP(2),RYCP(2) ,RZCP(2),RGAMMA(2) ,RYHAT(2),
2 REAngzg,RLCSE2g.SQ(2)‘SSPAN(2),SHNCHD(2),SAREA(2) SXCP(2),
2 SYCP(2) ) SZCP(2) |SGAMMA(2),SYHAT(2),SEAR(2),SLCS (2] ,BQ(2),
2 BSPAN§2§,BHNCHD(2),BAREA(2) 3XCP (2}, BYCP(2),BZCP(2) ,BGAMMA(2) ,
2 BYHAT(2) .BEAR(?2),BLCS(?2),FQ{2),FSPAN(2) ,FMNCED(2) FAREAézg,
2 FXCP(2),FYCP(2) ,FZCP(2),FGAMMA{2) ,FYHAT(2) ,FEAR(2),FLCS(2),
2 PQ(2,2) .PSPAN(2.2) ,PMNCHD(2,2),PAREA(2,2) ,PXCP(2,2) ,PYCP(2.2),
2 PZCPL2,2),PGAMMA(2.2),PYRATL2,2) , PEAR(2, 2} ,PLCS (2,2},
2 STADMP{10),SHPDMP(10,8) ,ENCON ,WPHI , TPHI ,WMELM(4,9}  SFELM(4,9,8)
2 REELM(4,9,8),PEELM(4.9,8) FEELM(4,9 a;,uEELu(4,9.nS BEELM(4,9,8),
2 ENWM,ENSF{8,8) ENRE(8) ,ENPE(8),ENFE{8) ,ENHE(8) ,ENBE(8),
2 Ensuvga,ag,ENRLEa).EuPL(a).ENFLEB) ENHL(8) ,ENSL(8) ,ENb.(8),
2 ENSHF(8.8) 'RELM(4,9),ITS(26),RD(26),EDDY(8,25) ,RGB(25)
REAL RDBLK{2692) ' o
EQUIVALENCE (PSUR{1),EDBLK(1))

* calculates bilﬁe keel damping vsing method of KATO

5
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20
40

C DECK

REAL KAPI'A,KG,LAMBDA ,LBKEEL
CHARACTER*4 METER

EXTERNAL EXP
DATA METER /'METE'/

LBKEEL=BKLEN

NSM = NSTATN - 1

DO 40 K=2,NSM

IF (NOFSET(K) .LT. 2) GO TO 40
IF (DLBKEL(K) .EQ. 0.) GO TO 40
NNODES = NOFSET(K)

R=RD(K)

BLOCAL = 2*BMK(K)

TLOCAL = ABS(BKT(K))

KG = VCG + TLOCAL

BBKEEL = BKWD(IBLGK)
PHI=PHIS(K)

COSPHI=CPS(X)

sna:snesgx)
RF=SRB#*Y(NNODES ,K)

EPS=ATAK(SRB)

C0=1000.%(1.44+3.8*PHI**3)

KAPPA = R*(1.0 + RF/BLOCAL)*%2 / SQRT(BLOCAL*KG/2.)
XI=BBKEEL/ (RK«PHI**0.75)

AN=1.40+2.03%EXP(-26.%XI)

ALPHA=2.0-AN

CK=1.0+3.5*EXP(-9.0*KAPPA)

SGM=2.0*BBKEEL/LBKEEL

CN=1.98%EXP(-5.5%SGM)

gp;/goistBLOCAL*TAN(PI/4. -~ EPS/2.) + RF - KG) * SIN(PI/4. +
PO = KG - TLOCAL/2, - 2.=RF/3.

P1 = 0.88%«(KG -~ TLOCAL ~ 0.54%(BLOCAL/2. - (TLOCAL - RF)*TAN(
PI/4. + EPS/2.)))

LAMBDA = R/(TLOCAL ~ RF*(BLOCAL - 2.%R)/BLOCAL)
FLAMB=1,34*SIN(PI*LAMBDA/3.6)/
(1.0+0.162*SIN(PI*(LAMBDA-0.9)/1.8))

BCIRC = COSPHI + SS*(Q+PO-(PO~P1)*FLAMB)/(2.*BBKEEL#RK)
DAKEEL=2.0+DLBKEL (K ) *BBKEEL

COR = 4 ,0%RHO/(3.0%PI)*CK*CN*BCIRC#DAKEEL*RK*#3

DO 30 IA=1,NRANG

DO 20 IS=1,NSIGMA

PERE = TPI/SIGMA(IS)

F = RK*RANG(IA)*PHI*=*1.,7/(PERE#«SQRT(BBKEEL))

must be in meters

IF (PUNITS(1) .ME. METER) F = F*SQRT(FTMETR)
cs = CO*F*‘(-ALPHA)/(2 68%1000.0)

Ch

RN (B *BBKEEL*RK*RANG(IA) / (PERE*GNU)) * REYSCL

IF (RN .GE. 1000.) GO TO 17

AL1ORN = ALDG(R“)/ALOG(iO )

CA = 1.956 - 0.26*AL1ORN + 0.20*SIN(PI*(AL10RN-2.18)/0.54)
CONTIKUE

srnnnpgxsg = CON*CS*CA*SIGMA(IS)*RANG(IA)

unu

STADMP(IS) = SIGMA(IS)*STADMP(IS)
SHPDMP(IS,IA) = SHPDMP(IS,IA) + STADMP(IS)
CONTINUE

COKNTINUE

CONTINUE

RETURN
END

BKEDDY
SUBROUTINE BKEDDY




2 BKUDéQ),BKSTN(10.2),BKHB(lO.?).BKLNTH
2 BKWL

2 sxnusgz

2 RDRFS(2
2 RDTHB(2),RDTFWL(2}, RDTAWL(2) ,NSBSET, SBIMAG(2), SOBRFS(2) . SOBRA
2,SOBREB(2}

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
BKWDTH,
10,2) ,BKAN(10,2),NSKSET, SKIMAG(2), SKFLS{2), SKALS(2),
;.sxﬁa(z) SKFLVL’2§.SKALWLE2§,SKAUVLE2;,NRDSET,RDIMAG(
"RDRAS (2} RDRHB(2 ' RDRAWL

, RDRFWL(2

23,
2 .RDTFS(2),RDTAS(%)5
s(2
,soanpwgzg,sosnnu(zi,SIBRFs(z).sxanns(z),sxanna(z).
2 STBRFW(2) .SIBRAW(2) .SBTFS(2),SBTAS(R),SBTHR(2),SBIFWL(2),
2 SBTAWL(2).NFNSET,FNINAG(2) ,FNRFS(2),FNRAS(2),
2 FNRHB(2),FWRFWL(3),FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHB(2),

2 FNTFWL(2 .FNTAHL(QS,NEXPRD,ENRDO(B).ENRDS(B)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,

2 IMMIN,IMMAX,IMDEL,LMIN,LMAX

10
20

30

40
100

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)
INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)

REAL VK(B),HU537,8),OMEGA(BO).SIGHA(io) SIGWH(4),TMODAL(8),
2 RANG(8),RLANG(8),S(30,8) ,FRNUM(8B),VF5(8}

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL ,KYAW,KYAWRL, AWP ,VCB,FBDX,FEDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML,ASTAT,BSTAT, TITLE,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IVAWRL ,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX ,WSURF,GIRTH,FBJZV,DBLWL,TLCB

INTEGER NSTATN,NOFSET(26),NFREBD,NPTS

CHARACTER*4 TITLE(20)

REAL X(25),Y(10,25),Z(10,25),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB,
2 DRAFT,LCF,VCG,GM,DELGM,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL,AWP,VCB,
2 FBDX(10),FBDY(10},FBDZ{10),XPT(10),YPT(10),ZPT(10),LCB,GHL.,
4 ASTAT(26% ,BSTAT(25) ,MASS,DISPLM,IPITCH,IROLL,IYAW,
5 IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,AREAMX,WSURF,GIRTH(25)

COMMON /RLDBK/ PSUR(25),BMK(25) ,DK(25),CAK(28) ,HQ,HSFAN ,HENCED,
2 HAREA,HXCP,HYCP,HZCP,HGAMMA, HYHAT, HEAR HLCS,RQ{2) .RSPAN(2),
2 RMNCHD(2) ,RAREA(2),RXCP(2),RYCP (2} ,RZCP(2),RGAMMA(2) ,RYHAT(2),
2 REAR§2).RLCS(2).SQ(Q).SSPAN(Z).SMNCHD(Z),SAREA(2) SXCP(2),
2 SYCP(2),SZCP(2).SGAMMA(2),SYHAT(2),SEAR(2),SLCS (2} BQ(2),
2 BSPANEQ§,BMNCHD(Q).BAREA(Q).BXCP(25,BYCP(25,BZCP(25,BGAHHA(2),
2 BYHAT(2) .BEAR(2),BL.CS(2),FQ(2),FSPAN(2) ,FMNCHD(2) ,FAREA(2),
2 FXCP(2§,FYCP(2),F2CP(2),FGAHHA(2),FYHAT(2).FEAR(QS FLCS(2) .
2 PQ(2,29.PSPAN(2.2),PMNCHD(2,2),PAREA(2,2) ,PXCP(2,2}  PYCP(2.2),
2 PZCP(2,2),PGAMMA(2.2) ,PYHAT{Z,2),PEAR(2,2),PLCS(2,2},
2 STADMP(10) ,SHPDMP(10,8) ,ENCON .WPHI,TPHI .WMELM(4,95,SFELM(4,9,8)
2 REELM(4,9 B),PEELH(4,9,8).FEELH(Q.Q,G;,HEELH(4,9,8$,BBELH(4,9,85,
2 ENWM,ENSF(8,8) ,ENRE(8) .ENPE(8) ,ENFE(8) ENHE(B) .ENBE(8),
2 ENEHV&B,B),ENRL%S).ENPL(B).ENFLEB) ENHL(8) ,ENSL(8) ,ENBL(8),
2 ENSHP(8.8) 'RELM(4,9),ITS(26),RD(265,EDDY(8 25) ,RGB(25)
REAL RDBLK(2692) _
EQUIVALENCE (PSUR(1),RDBLK(1))

DO 20 IA=1,NRANG

ENBE(IA) = 0

DO 10 IS=1,NSIGMA
SHPDMP(IS,IA) = 0

CONTINUE

CONTINUE

IF (NBKSET .EQ. 0) GO TO 100
DO 30 I=1,NBKSET

CALL CALRGHEI;
CALL BILGEK(I
CONTIKNUE

DO 40 IA=1,HRANG

CALL SPFIT (SIGMA,SHPDMP(1,IA;,BECLM(1,1,IA),NSIGHA)
ENBE(IA) = ENCON*REVAL(BEELH(I,ISIGMA.IAi,HTSI)
CONTIRNUE

CONTINUE

RETURN

29




END

C DECK BKLIFT
SUBROUTINE BKLIFT

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(10,2) ,BKHB(10,2) ,BKLNTH BKWDTH,
2 BKWL(10,2) ,BKAN(10,2),NSKSET,SKIMAG(2},SKFLS(2),SKALS(2),

2 SKAUS(2),SKHB(2) SKFLWL(2;,SKALWL'Qg,SKAUWL§23.NRDSET,HDIHAG(Q)
2 RDRFS(2 ,RDRAS(ZS RDRHB(2 ,RDRFHLE? , RDRAWL (2 ,RDTFS(Z),RDTAS(ES
< RDTHB(2 ,RDTFUL(ZS RDTAWL(2) NSBSET,SBIMAG(?),SOBRFS(Q),SOBRAS(:S

2,SOBRHB 2).SDBRFU%Q?,SOBRAU(25,SIBRFS(B).SIBRAS(2),SIBRHB(2),
2 SIBRFW 2g,SIBRAU 2) .SBTFS(2),SBTAS(2) ,SBTHB(2),SBTFWL(2),
2 SBTAWL(2) .NFNSET,FNIMAG(2) ,FNRFS(2) FNRAS(2),

2 FNRHB(2),FNRFWL(2) ,FNRAWL(2) ,FNTFS(2),FNTAS(2),FNTHB(2),

2 FNTFWL(2) ,FNTAWL(2} ,NEXPRD,ENRDO(8) ,ENRDS(8)

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA ,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL ,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM ,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8B)

HEAL.VK(B).HU§37,B).OMEGA(30),SIGMA(10) SIGWH(4),TMODAL(8B),
2 RANG(8),RLANG B).S(BO.B).FRNUH(B),VFS(BS

COMMON /GEOM/ X ,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GM,DELGM, NEBLA,KPITCH,KROLL .KYAW,KYAWRL , AWP,VCB, FEDX ,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML . ASTAT, BSTAT, TITLE, MASS,
2 DISPLM,IPITGH, TROLL. IYAW,IYAWRL,CHEAVE, CPITCH,CHEAPI ,CROLL,
2 AREAMX.WSURF,GIRTH,FEDZV,DBLWL,TLCB

INTEGE] ﬁSTATH.HOFSETE?SS.NFREBD,NPTS

REAL X(25),Y(10,25),2(10,25),FBDZV(8,10),LPP,BEAM,DBLWL,TLCB,
2 DRAFT,LCF,VCG,GM,DELGM ,NEBLA  KPITCH,KROLL, KYAW,KYAWRL,AWP,VCB,
2 FBDX(10),FBDY{10},FBDZ{10),XPT(10),YPT(10),ZPT(10),LCB,GML,
4 ASTAT(25},BSTAT(25),TITLE(20),MASS.DISPLM,IPITCH,IROLL, IYAW,
E IYAWRL,CHEAVE,CPITCH,CEEAPI,CROLL, ARERMX,WSURF,GIRTH(25)

COMMON /PHYSCO/ 1I,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,REOS,RHOF,GKUS,GNUF,FTMCTR, PUNITS, REYSCL

COMPLEX II

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNVU,RHOS,
1 RHOF,GNUS,GNUF,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25) ,HQ,HSPAN, EMNCHD,
2 HAREA,HXCP,HYCP ,HZCP,HGAMMA , HYHAT ,HEAR,HLCS,RQ(2) ,RSPAN(2)
2 RMNCHD(2),RAREA{2) ,RXCP(2),RYCP(2) ,RZCP(2),RGAMMA(2) ,RYHAT(2),
2 REAR(2),RLCS(2),SQ(2),SSPAN(2),SMNCHD(2),SAREA(2),SXCP(2),
2 SYCP(2),SZCP(2),SGAMMA(2),SYHAT(2) SEAR(2)<SLCS(25 BQ(2),
2 BSPAN§2 ,BMNCHD(2) ,BAREA(2) ,BXCP(2),BYCP(2} BZCP(2) ,BGAMMA(2),
2 BYHAT(2) .BEAR(2),BLCS(2),FQ{2) ,FSPAN(2) ,FMNCHD(2) ,FAREA(2),
2 FXCP(2;,FYCP(2),FZCP(Q).FGAHHA(Q).FYHAT(2),FEAR(25 FLCS(2) .
2 PQ(2,2) 'PSPAN(2.2),PMNCHD(2,2),PAREA(2,2) ,PXCP(2,2},PYCP(2,2),

2 PZCP(2,2),PGAMMA(2.2) ,PYHAT(2,2),PEAR(2,2),PLCS (2,2},

2 STADKP{10),SEPDMP(10,8) ,ENCON,¥PHI , TPHI WMELM(4,a} SFELM(4,9,8),
2 REELM(4,9,8) ,PEELM(4.9,8) FEE[M(4,9,8) ,HEELM(4,9,8) BEELM(4,9,8),
2 ENWM,ENSF(8,8) ,ENRE(B) .ENPE(8),ENFE(8) .ENHE(8) ,ENBE(8),

2 ENEHV%B,S;,ENRLEB).ENPL(B),ENFL%B) ENHL (8),ENSL(8) ,ENBL(8),

2 ENSHP(8 8) RELM(4,9),ITS(26) ,RD (2565 ,EDDY(8,25),RGB(25)

REAL RDBLK(2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

REAL LCS,MCHORD
ég (NBKSET .EQ. 0) GO TO 30

STASPC = LPP/20
DO 20 K=1,NBKSET

NBKS = NBKSTHN(K)

XBKF = LCB ~ ersﬁxg¢51A5pc
XBKA = LCB - BKAS(K)*STASPC
M = NBKS/2

IF (M .EQ. 0) M =1
YBK = BKHB(M,K)



10 CONTINUE
GAMMA = - SUM/NBXS
SPAN = BKWD(K)
MCHORD = XBKF - XBKA
»* area
AREA = SPAN*MCHGRD
* center of pressure
XCP = XBKF - 0.5%*MCHORD
YCP = YBK + 0.5%SPAN
ZCP = (ZBKF + ZBKA)/2
* moment arm
GAM = GAMMA*DEGRAD
YHAT = YCP*COS(GAM) + ZCP*SIN(GAM)
* effective aspect ratio
EAR = 2%SPAN/MCHORD
* lift curve slope
LCS = (PI/2)*EAR
BQ(K) = q
BSPAN(K) = SPAN
BMNCHD(K) = MCHORD
BAREA(K) = AREA
BXCP(K) = XCP
BYCP€K§ = YCP
BZCP(K) = ZCP
BGANMA(K) = GAMMA
BYHAT(K) = YHAT
BEAR(K) = EAR
BLCS(K) = LCS
EN = EN + Q#(REQ/2)*AREA*LCS*YHAT*YHAT*WPHI*ENCON
20 CONTINUE
30 CORTINUE
DO 40 IV=1,NVK
ENBL(IV) = ©
IF (NBKSET .GT. 0) ENBL(IV) = EN#VFS(IV)
40 CONTINUE
RETURN
END
C DECK BMAX
FUNCTION BMAX(N,X)
DIMENSION X(30)
A=X(1)
IF(N.LE.1) GO TO 2
D01 I=2,X
IF(X(I).GT.A) A=X(I)
i CONTINUE
2 CONTINUE
BMAX=A
RETURN
END
C DECK BRWVSP

ZBKF = BKHLEl,K) - (DBLWL+VCQ)
ZBKA2= BKWL(NBKS,K) - (DBLWL+VCG)
Q:

SUM = 0

DO 10 I=1,NBKS
SUM = SUM + BKAN(I,K)

SUBROUTINE BRWVSP (NOK,SIGWH,TO,W,S)
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*

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 /487.0626,1048.2444/
TO4 = TO*=4

for Pierson-Moskowitz wave spectrum
TO4 = 58.09362SIGWH=*»2

= A+SIGWH**2/T04
CON2 = B/T04

4 %

W4 = W(I)esad

W6 = W(I)*wsq

ARG = CON2/W4

IF (ARG.GT.50.) S(1)=0.

IF (ARG.GT.50.) GO TO 10

S(I1) = CON1/WS*EXP(-ARG)
10  CONTINUE

RETURN
END

C DECK CALRGK
SUBROUTINE CALRGM (IBLGK)

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 sxun§2) ,BKSTN(10,2),BKHB(10,2) , BKLNTH , BKWDTH
2 BKWL(10,2), axan(1o 2) NSKSET,SKIMAG(2),SKFLs{2),sKALS(2),
Z SKAUS(2),SKHB(2),SKFLWL(Z),SKALWL(2),SKAUWL(2),NRUSET,KDIMAG(Z),
2 nnarsg g "RDRAS (25 RDRHB(2) .RDRFWL (2) . RDRAWL(2) | RDTFS§2; RDTAS(2)
2 RDTHB(2) (RDTFWL (2} ,RDTANL(2) NSBSET,SBIHAG(Q),SDBRFS SOBRAS (23
2,SOBRHB(2 soanruéz\ ,SOBRAW(2),SIBRFS$(2),SIBRAS(2) ,STBREB(2),
2" SIBRFW(2) ) SIBRAW(2) .SBTFS(2) ,SBTAS(2) ,SBTHB(2),SBTFWL(2),
2 SBTAWL(2) .NFNSET,FNIKAG(2),FNRFS(2),FNRAS(2),
2 FNRPB(2) FNRFWL(2) ,FNRAWL(2) ,FNTFS(2) ,FNTAS(2) ,FNTHB(2),
2 FNTFWL(25,FNTAWL(2} NEXPRD, ERRDO(8), ENRDS (8)

COMMON /DATINP/ OPTH,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR, ADRPR,ORGOPTN, GHNOH KG, STATN(ZS) NSOFST(25)
2 NLEUF(25) HLFBTH(IO 25) HTRLNE(IO 25), BLEHF(QS) TLEHngS)
AREALF£25; .NPTLOC, PTNUHB(IO) PTNAHE XPTLOC(IO) YPTLOC(10),
2 ZPTLOC NBB FBNUHB(IO) FBHAME, XPTFBD(IO) YPTFBD(ID)
2 ZPTFBD(10), FBCDDE(lO) FBTYPE RDOT(lO) VKDES,FNDES,
2 STATNM,STATIS
CHARACTER*4 PTNAME(B,10) ,FBNANE(8,10) ,STATNK(B) ,FBTYP
INTEGER OPTK ,MOTN, BSCFIL VLACPR, RAOPR ADRPR, RLDHPR FB
2 FBNUMB, PTHUHB ORGOPTN
REAL KG

COMMON /PHYSCO/ II,TPI,FI,P10T,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RBOS,RHOF,GNUS,GNUF,FTMETR,PUNITS ,REYSCL

COMPLEX 11

CHARACTER=4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,CGNU,RHOS,
i RHOF,GNUS,GNUF,FTMETR

COMMON /GEOM/ X,NSTATK,Y,Z ,NOFSET,LPP,BEAN,DRAFT,LCF,
1 VCG,GM,DELGM ,NEBLA ,KPITCH,KROLL ,KYAW,KYAWRL, AWP ,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT ,NPTS,LCB,GML,ASTAT,BSTAT,TITLE ,MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL .CHEAVE,CPITCH,CHEAPI,CROLL,

2 AREAMY ,WSURF,GIRTH,FBDZV,DBLWL,TLCB

INTEGER HSTATN NDFSET(25) NFREBD NPTS

CHARACTFR&4 TTTLE(20)

REAL X(25),Y(10,25),2(10,25) ,FBDZV(8,10),LPP,BEAN ,DELWL,TLCB,
2 DRAFT,LCF,VCG,GH,DELGH.NEBLA.KPITCH,KROLL.KYAU,KYAURL,AUP,VCB,

E(3,10)
c R

(3,
ODE
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FBDX(10),FBDY(10),FBDZ(10) ,XPT(10),YPT(10),2FT(10),LCB,GML,
ASTAT(QSS BSTAT(QS) HASS.DISPLH IPITCH IRULL IYAW,
IYAWRL ,CHEAVE, CPITCH, CHEAPI, CROLL, AREAMX,NSURF, GIRTH(25)

COMMON /RDGEO/ BKLEN VBKMAX ,DLBKEL(25) ,SRRS(25) ,PHIS(25),CPS(25),
2 BKT(28),RKS(25),¢ STR(ZR)

REAL LBKEEL
LBKEEL=0.

NBKS = NBKSTN(IBLGK)
STASPC = LPP/20

M = NSTATN

NSM = NSTATN - 1

DO 1 K=2,NSM

M=M-1

IF (NOFSET(K) .LT. 2) GO TO 1

DELTAL=0.

SRB=0.

PHI=0.

COSPHI=1,

gKgl.

gg %gTéTN(M) .GT. BKAS(IBLGK) .OR. STATN(M) .LT. BKFS(IBLGK))

IF (STATN§H+1) .GT. BKAS(IBLGX)

(oA}

| 8]

DELTAL = (BKAS(IBLGK) - STATN(M;)*STASPC

IF (STATN(M-1) .LT. BKFS(IBLGK))

DELTAL = (STATN(M) - Bsz(IBLGK;)*STASPc

IF (STATN(M+1) .LE. BKASEIBLGK)

DELTAL = DELTAL + (STATN(M+1) - STATN(M))*STASPC/2
IF (STATN{M-1) .GE. BKFSEIBLGK))

DELTAL = DELTAL + (STATN(M) - STATN{M-1))*STASPC/2
NNODES=NOFSETX)

DO 10 L=1,NBKS

IF (STATN(N) NE. BKSTN(L,IBLGK)) GO TO 10 )

RO - SGRT(BKEB{L,IDRLGK)##2 + (BKWL(L,YBLGK) - (DRLWL+VCG))*#2)
ARG = BKAN(L, IBLGK ) *DEGRAD

I ST N

[ ]

YEKC = BKHB(L IBLGK) + O.B5+BKWD(IBLGK)*COS(ARG)
ZBKC = (BKUL(L.IBLGK) - DBLUL; - 0.5+BKWD(IBLGK)*SIN(ARG)
RK = SQRT(YBKCw=»2 + (ZBKC-VCG)»*2)

P1 = ASIN(-V"G/R0O)

= ATANZ2(VCG + DBLWL - BEWL({L,IBLGK),BKHB(L,IBLGK))
PEY = P1 + P2

gogpnl COS(ARG - P2)

XNM=NNODES-1

DO 3 J=1,NNN

JS=NNODES-J+1

IF (BKHR(L,IBLGK) .GE. Y(JS-1,K)) GO T

S=S+SQRT( (Y (IS, K)-¥(Is-1 x))-~2+(z(Js K) Z2(JIS-1,K))**2)
3 CONTINUE
3 CONTINUE

S =S + SQRT((Y(JS,K) - BKHB(L IBLGK) )=*2 + (Z(JS,K) -

2 (BKWL(L,IBLGK) - DBLWL))e#2)

* 1ind minimum eslope for deadrise calculation in "BILGEK"
M2 =15 -1
LS = M2 - 1

§R§ = (Z(M2,K) - Z(LS,K)) / (Y(M2,X) - Y(LS,K))

= JS
DO 130 I=2,M2
J=3J-1
JS1 =3 -1
SLOPE = {Z(J,K) - 2(JS1,K)) / (Y(J.K) - Y(JS1,K))
IF %snops .EQ. 0.) GO TO 140
IF (SLOPE .GT. SRB) GO TO 140
LS= Jsi
SRB = SLOPE
130 CONTINUE

» extrapolate slope to centerline to get local draft
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C DECK

L 2R BE B B 2 % & & *

L

1000
1060

1100

(excluding skeg offsets)

BET(K) = Z(LS,K) - SRE#Y{LS,K)
IF (BKT(K) .LT. Z2(1,K)) BKT(K) = Z(1,K)
LBKEEL=LBKEEL+DELTAL

CONTINUE

CONTINUE

DLBKEL(K)=DELTAL

SRBS(K)=SRB

PHIS(K)=PHI

CPS(K)=COSPHI

RKS(K)=RK

SSTR(K)=5

CONTINUE

BKLEN=LBKEEL

HETURN
END

CDCOMP
SUBROUTINE CDCOMP ( N, NDINM, A, UL, IP )

COMPLEX MATRIX TRIANGULARIZATION BY GAUSSIAN ELIMINATION.

INPUT. ..
N = ORDER OF MATRIX.
NDIM = DECLARED DIMENSION OF ARRAY A .
A = COMPLEX MATRIX TO BE TRIANGULARIZED.

QUTPUT. ..
ULéI.J;, I .LE. J = UFPER TRIANGULAR FACTOR, U .
ULCI.J), I .GT. J = MULTIPLIERS = LOWER TRIANGULAR
FACTOR, 1 - L .
IPék‘ K .LT. ¥ = INDEX OF K-TH PIVOT ROW.
IP(N} = (-1)+»(NUMBER OF INTERCHANGES) OR O .

USE “SOLVE"™ TO UBTAIN SOLUTION OF LINEAR SYSTEHM.
DETERM( A ) = IP(N)*UL(1,1)*UL(2,2)*...«UL(N,N).
IF IP(N) = 0, A 1S SINGULAR SOLVE UILL DIVIDE BY ZEROD.

INTERCHANGES FINISHED IN U, ONLY PARTIALY IN L .

REAL CABS

COMPLEX A, UL, T

INTEGER X, NDIN, IP, K, KP1, M, I, J
DIMENSION A(NDIM,NDIM), UL(NDIN,NDIM)
DIMENSION IP(NDIN)

DD 1050 I = 1, NDIM
DO 1000 J = 1, NDIM
UL(J,I) = A(J,1)
CONTINUE

CONTINUE

IP(N) =

DO iT00 K = 1, X

IF ( K .EQ. N ) GO TO 1600

KP1 = K + 1

M=K

DO 1100 1 =

IF ( CABS( UL(I K) ) .GT. CABSC UL(M,K) ) ) M =
CONTINUE

IP(K) = M , )
IF (M .NE. K ) IP(N) = -IP(N)
T = UL(M,X)

ULéH,Kg = UL(K,K)

UL(K,K) = T

IF ( CABS(T) .EQ. 0.0 ) GO TO 1600
DO 1200 1 = KP1, N
UL(I,K) = -UL(I,K)/T

CnNTTNUF.

DO 31500 J = KP1, X
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T = UL(M,J)
UL(H.J; = UL(K,J)
UL(K.J) = T

IF ( CABS(T) .EQ. 0.0 ) GO TO 1400
DO 1300 1 = KP1, N
UL(I1,J) = UL(I, J) + UL(I,K)*T
1300 CORTINUE
1400  CONTINUE
1500  CONTINUE
1600 CONTINUE
IF ( CABS( UL(K,K) ) .EQ. 0.0 ) IP(N) =
1700  CONTINUE
99909 CONTINUE

RETURN
END

C DECK CEVAL ,
COMPLEX FUNCTION CEVAL (CSPLNE,WEIGHT)

COMPLEX CSPLNE(4)
DIMENSION WEIGHT(4)

CEVAL = (0.,0.)

DO 10 1=1,4

CEVAL = CEVAL + WEIGHT(I)*CSPLNE(I)
10 CONTINVE

RETURN
END
C DECK CLIP )
SUBROUTINE CLIP (LIMIT,TFN,TFNMOD)
- this routine imposes a limit on the magnitude of a dimensional
hd transfer function (surge, sway or yaw in quartering seas)
b W.G.MEYERS, DTHNSRDC, Q72907

REAL LINIT,MAGN

COMPLEX TFN,TFNMQD

MAGN = CABS{TFN)

IF (LIMIT.LE.O. .OR. MAGN.LE.LIMIT) GO TO 10

* transfer function clipped

RATIO = LIMIT/MAGN
TFRMOD = RATIO«TFN
GO TO 20

10 CONTINUE

* transfer functicn not clipped

TFNMOD = TFN
20 CONTIRUE

RETURN
END

C DECK CMINR
FUNCTION CMINR (ISKIP,AA)

DIMENSION AA(3,4)
SUK=0.0

DO 1 x1=1
IF(I1.EQ.I
I2=1141
IFgrz.cr

S IP) GO TO 2
.4) 12=%

IF(12.EQ.ISKIP) I2=I2+1

IF(12.GT.4) 1I2=

13=12+1

IF(T3.GT.4) 13=

IF(13.EQ.ISKIP) 13=13+1




[l

C DECK

IF(I3.GT.4) 13=1
SUM=SUM+AA(1,I1)*(AA(2,I2)*AA(3,I3)~AA(2,I3)*AA(5,12))
CONTINUE

CONTINUE

CMINR=SUM

RETURN
END

COFOUT

SUBROUTINE COFOQUT

* generate coefiicient file containin

ed-dependant added-mass

spe
* and damping, exciting forces and Kogﬂlﬁ functions

2

NN R

N

b N NN K=

NN BN

[ V]

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
IMMIN, IMMAX, IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,NTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
LRAOPR, ADRPR ,ORGOPTN ,GMNOM,KG,STATN(25) ,NSOFST(25),
NLEWF(25) HLFBTH(iO.ZS).UTRLNE(10,25).BLEWF(25),TLEUF§25),
AREALF(255,NPTLOC.PTNUHB(iO),PTNAME,XPTLOC(lO),YPTLOC 10),
ZPTLOCElO;.NBB,FBNUHB(iO),FBNAME,XPTFBD(iO),YPTFBD(lO),
ZPTFED(10) ,FBCODE(10) ,FBTYPE,RDOT(10) ,VKDES,FNDES,
STATNM,STATIS

CHARACTER#*4 PTNAME(8,10) ,FBNAME(8,10),STATNM(5),FBTYPE(3, 10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR,RAQOPR,ADRPR,RLDMPR,FBCODE,
FBNUMB, PTNUMB,ORGOPTN

REAL KG

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
NSIGWH,TMODAL,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG,NNMU(8)

REAL VK(B),HU§37.H),DHEGA(BO),SIGHA(lO).SIGHH(4),THDDAL(R).
RANG(8) ,RLANG(8),5(30,8) ,FRNUM(8),VFS(8)

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM ,NEBLA ,KPITCH,KROLL, KYAW,KYAWRL., AWP, VCB , FBDX , FEDY,
FBDZ ,NFREBD, XPT,YPT, ZPT, NPTS,LCB, GML , ASTAT , BSTAT, TITLE, MASS,
DISPLM,IPITCH,IROLL IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI, CRULL,
AREAMX , WSURF, GIRTH, FBDZV .DBLWL, TLCB

INTEGER NSTATN,NOFSET(265) .NFREBD,NPTS

CHARACTER*4 TITLE(20)

REAL X(25),Y(10,25),2(10,26) ,FBDZV(8,10),LPP,BEAM,DBLVWL, TLCB,
DRAFT,LCF,VCG,GM,DELGM ,NEBLA ,KPITCH , KROLL
FBDX(10) ,FBDY(10),FBDZ(10),XPT(10),YPT(10},2PT(10),LCB,GML,
ASTAT(26),BSTAT(28) ,MASS,DISPLM,IPITCH,IROLL,IVAW,
IYAWRL,CHEAVE, CPITCH,CHEAPI ,CROLL , AREAMX , WSURF , GIRTH(25)

COMMON /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL ,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,

RHO,GNU,RHOS, RHOF , GNUS, GNUF ,FTMETR , PUNITS,REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)

REAL TPl,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,

RHOF,GNUS,GNUF ,FTMETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS,ADDRES,SALT,HEAD ,EXROLL, BKEEL

COMMON /STELEK/ STELEM
COMPLEX STELEM(4,9,250)

COMMON/TELEM/TELEM
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* #

LE X X 1

* % #

&0

100
200
300

DECK

CELEM(8,]),J

L,POTFIL.C
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,R

COMPLEX TELEM(4,9,10)

COKMON /WGHTS/ WTDL,NORM

REAL WTDL(10,25),NORM(4,10,25)

COMPLEX TV(3,3)

DATA ISIGO /0/

READ (SCRFIL) WTDL,NORM
REWIND SCRFIL

REWIND COFFIL

READ (COFFIL) TELEM
DO 300 IV=1,KNVK

V = VFS(IV)

NMU = KNMU(IV)

DO 200 IH=1,NMU
HDNG = MU(IH,IV)
SINMU = sxuénunc;
COSMU = COS(HDNG

CON = V*COSMU/GRAV

DO 100 IW=1,NOMEGA
ALPHA = GMEGA(IW)*CON

OMEGAE = ABS(OMEGA(IW)*(1,0-ALPHA))

SF3(2

IF (OMEGAE .LT. SIGMA(1)) OMEGAE =

= OMEGAE
WE2 = WEWE
CALL FINTSP (OMEGAE)
DO 50 K=1,NSTATN
SA33(K) = 0.
SB33(K) = 0.
NPT = NOFSET(K

IF (NPT .LT. 2; GO TO BO

M= (K-1)x10 + 1

CALL AMD (OMEGAE,STELEM(1,1,M)

SA33(K)

REAL(STV(2,2))/{~VE

SB33(K) : AIMAG(STV(2, 2))/HE

CONTINUE

CALL AMD (OMEGAE,TELEM,TV,TL)
IF (ISIGMA .NE. ISIGO) CALL RDPELM

ISIGO = ISIGMA

25

TL(3,3),EXCV(3),EXCL(3),
COMPLEX STV(3,3),CDUNM(3.3) 5)

,SH3(25
DIMENSION SA33(25) SB33(256)

STV,CDUM)

gV(B),HJL(S),H7

SIGMA(1)

CALL EXFOR (OMEGA(IW),OMEGAE,EXCV,EXCL,HIV,HJL,E7,SF3,SH3)
WRITE (COFFIL) OMEGAE.TV,TL,EXCV,EXCL,HJV,RJL, R
§$ (8F3(1),sH3(1),8Ar33(1),SB33(1),I=1,

IF (LOADS) WRITE (LCOFIL

NSTATN)
CONTINUE
CONTINUE
CONTINUE
REWIND COFFIL

RETURN
END

CONINT

SUBROUTINE CONIWT (W,CELEM,NNODE)

SUBROUTINE TO GENERATE WEIGHTS FOR INTEGRAL ALONG CONTOUR
DEFINED BY PARAMETRIC SPLINE CURVE

INPUT

1, (NNODE-1)

CONMOR /IQ/ gYerl

PO

PARAHETRIC SPLINE FIT TO HULL
CONTOUR IN ENDPOIHT TANGENT F
X(0),Y(0),DX(0) DY(O) x(1), Y(l) DX(1) DY(1)

QUTPUT
w(), =1 nuons WEIGHTS SUCH THAT INTEGRAL OF F.DS =
SUM OF F{J).W(J)

OFF
»

IL,1C
AOFIL,

"NFTI.

.JCARD , TEXFIL, IPRIN.

RMSFIL,SEVFIL,SPDFIL,




*

*

*
*

*

2 SPTFIL,LACF
INTEGER
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,

2 SPTFIL,LACF
DIMENSION C

IL,LAEFIL

SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,

IL,LAEFIL
ELEM(8,9) ,FELM(4,9)

DIMENSION TG(10),DLDT(5)

DIMENSION A(5,5), IP(5),W(10)
DIMENSION F(10),CF(4),¢D(5),CG(8),CGI(9)
DIMENSIGN X(4),Y(4),STORCD(9,5)
DIMENSION SCR(3),XPS(5),YDS(5),SUM(5)
IF %NNDDE.GT.iog WRITE (IPRIN,602) NNODE
IF (NNODE.GT.1n STOP
IF (NNODE.LT.Q; WRITE (IPRIN,602) NNODE
IF (NNODE.LT.2 STOP

602 FORMAT (’' ERROR - CONIWT - NNODE = ',I6)

NELEM=NNODE-1

Do 1 I=1,N
TG(I)=I-1
1 CONTINUE
DO 2 1I=1,N
W(1)=0.0
2 CONTINUE

fit polynomial
set up matrices

DO 3 I=1,5
T=0.25%(I-1
A(I,1)=1.0
DO 4 J=2,6
A(T,3)=T*A(
CONTINUE

CONTINUE

CALL RDCOMP

) o

NODE

NODE

to dl/dt

)
I,)J-1)

(6,6,A,IP)

IF (IP(6).EQ.0) ' GO TO 101

=CELEHE
=CELEM

3

;=CELEH
)=CELEM
§=CELEH

=CELEM(

=3.0%(CELEM(6,K)-CE

3RS

2,K
4,K)

=3.0*(CELEM(5,K)-CELEM(1,K))-2.0*CELEM(3,K)-CELEM(7,K)
7.K;+CELEH(3,K)+2.0t(CBLEH(i,K)—CELEH(E.K))

LEM(2,K))-2.0%CELEM(4,K)~CELEM(8,K)
8,K)+CELEM(4,K)+2.0%(CELEM(2,K)-CELEM(6,K))

evaluate dl/dt at five points over (0,1)

CALL PDER (

CALL PMPY (XDS,1DXD5,SCK,IDAD,SC

CALL PMPY
CALL PADD
Do 6 1I=1,6

CALL PDER g

SCR,IDXD,X,4)
SCR,IDYD,Y,4)

R,IDXD)

YDS, IDYDS,SCR,IDYD,SCR,IDYD)

SUM, IDSUM,XDS,IDXDS,YDS,IDYDS)

T=0,26*(I-1)

CALL PVAL (

DLDT(I)=SQRT(TEMP}

6 CONTINUE

fit polynomial

TEMP,T,SUM,IDSUM)

to dl/dt

evaluate matrix solution

CALL RSOLVE (5,6,A,DLDT,IP)

po 7 1I=1,5
STORCD(K,I)
7 CONTINUE
5 CONTINUE

=DLPT(I)

calculate weights

DO 8 I=1,NNODE
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11

101

601

DO 9 J=1,NNODE
F(J)=0.0
CONTINUE
F(1)=1.0
CALL SPFIT (TG,F,FELM,NNODE)
DO 10 J=1,NELEM
FEi)=FELH(1,J)

CF(2)=(FELM(3, J)-FELM(1,J)-FELM(2,J)/3.-FELM(4,J)/6.)
cpg g =FELM(2,J)/2.

(FELH(4,J) FELM(2,1))/6.
DO 11 K=1,56
CD(K)= STORCD(J K)
CONTINUE
CALL PMPY (CG,IDG,CD,5,CF,4)
CALL PINT ECGI ,IDGI,CG,IDG)
CALL PVAL (VALO,0.0.CGI,IDGI)
CALL PVAL (VAL1.1.0,CGI,IDGI)
W(I)=W(I)+VAL1-VALO
CONTINUE
CONTINUE

RETURN
CONTINUE
WRITE (IPRIN,601) IP(5)

STOP
FORMAT (' ERROR - CONIWT - IP(5) = ?,15)

END

C DECK CPFIT

#* * F * LIk 2 K J * %

L AR 2% 2F 2%

50

[ 3 I S )b

SUBROUTINE CPFIT (X, Z, CELEMS, NPTS)

CPFIT CREATED FROM SPFIT E N HUBBLE JUNE 1877
FITS CUBIC NON-PARAMETRIC SPLINE SEGMENTS
TO SET OF COMPLEX DATA POINTS

INPUTS
X = JRRAY OF REAL INDEPENDENT VARIABLES
Z = ARRAY OF COMPLEX DFPENDENT VARIABLES
NPTS = NUMBER OF (X,Z) DATA POINTS
RETURN
CELEMS =

ARRAY OF (NPTS-1) SEGMENTS IN FOLLOWING FORM
( (2(I), D(I), 2(I+1), D(I+1) ) VHERE
D = ARRAY OF SECOKD DERIVATIVES AT DATA POINTS

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

D ARRAY 1S THE RIGHT HAND SIDE OF MATRIX EQUATION

SECOND DERIVATIVES AT NODES ARE PLACED IN D ARRAY AFTER SOLUTION
SOLUTION TECHMIQUE IS GAUSSTAN ELIMINATION

BOUNDARY CONDITIONS SET BY EXTRAPOLATION OF SECOND DERIVATIVES

COMMON /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL ,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMPLEX Z, ZDD, STORE, D, CELEMS
DIMENSION XENPTS) Z(NPTS) »CELEMS (4 ,NPTS)
DIMEKSION A(100), B(100), C(100) D(100)

N = NPTS

NL1 = N-1

NLZ = N -2

DO 60 I=2,N

IF_ (X(I) .GT. X(1-

GO TO 88888
CONTINUE
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100

125

150

200

250

275

+(X(
. é(x(a) X(2))*(X(2)-X(1))*(X
D

F (N .LE, 100) GO TO 100

gRITE (IPRIN,999)

= 10
CONTINUE
IF (N .GT. 2) GO TO 125
Dgig = go.o, 0.0;
D(2) = (0.0, 0.0
GO TO 376
CONTINUE
IF (N GT 3) GO TO 150
ZDD = 2.%((X(3)-X(2))*Z(1)+ % % (%g +2(3)-(X(3)-X(1))*2(2))

(1

2) = ZDD
D(3) = 7DD
GO TO 376
CONTINUE q

OOOH

I=
0.
0.
0.
(0.0, 0.0)
CONTINUE

ret up matrices (a tridiagonal structure)

A(1) = (X(3)=-X(2))/(X(3)~Xx(1))

c(1) = 2.0

B 1§ = 1.0 - AE1§

D(1) = 6.0%((Z(3 -z(z);/(x(3)-x(2))—(z(2)~z(1))/
(X(2)=-X(1)N/(X(3)-X(1))

H = X(3) - X(2)

DO 250 I=3,NL1

HP = X(I+1) - x(x;

C(1) = HP / (H+HP

B(I) = 2.0

ACI) = 1.0 - ch)

g I a; 6.0%((2(1+1)-2(1))/HP-(Z(I)-Z(I-1))/H)/(HP+K)
CONTINUE

set boundary conditions

Eé%i = (x(z)—x(1))/(x(3)—x(2))

B(2) = —1 o c(2)

gggg = -A(%)*A(i /B(1) + ¢c(2)

c(Ny = x(nS-x(n—i))/(x(n—i)-x(n-z))
A§Ng = -1.0 - C(N)

B(N) = 1.0

D(XN) = (0.0, 0.0)

solve equations

11 =1

DO 300 I=1,NL2

I1 =1+ 1

I2 =1+ 2

AUGH = ABS (B(I))

IF (AUGH .LT. 1.0E-06) &GN TO 276
CONST = A(I1) / B(I)

BEIlg =B 11; - coxsrwchg

D(I1) = D(I1) - CONST=D(I

IF (1 NE. BL2) GO 10 500
DIN) 2 DONS - GONSabIT) 7 BeD)

GO TO 300

CONTINUE

SE:) = p(I) / (1)

D(I1) = D(I1) - B(I1)*D(I)
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326

350

378

400
99999

88888

888
999

ACI1)
0.0
D(gz) - A(I2)*D(I)

1
D(12)

A(I2)
IF (I .NE. NL2) GO TO 300
A(K) = C(N)

CONTINUE

DET = B(NLi)*B(N) - C{NL1)*A(N)

STORE = D
é N) = (B NLI)*D(N) D(NL1)*A(N)) / DET

D D(NL1) = (D(NL1)*B(N) - C(NL1)*STORE) / DET
P=0

DO 350 I=2,NL2

JI=N-1

IF EJI .EqQ. IP; GO TO 350

IF (JI .EQ. II) GO TO 325

D(II) = (D(31)-C(JI)*D(JI+1))/B(JI)

GO ‘{0 350

CONTINUE

)
(STORE - C(IP)+D(JI+1))/B(IP)
CONTINUE
D(1) = (D(1) - A(1)=D(3) - C(1)*D(2)) / B(1)
set up spline segments

CONTINUE

DO 400 I=1,NL1
T1 =1 +1
CELEMS(1,T)
CELEMS(2,1
CELEMS(3,I
CELEMS(4,I
CONTINUE
CONTINUE

RETURN
CONTINUE

STOP
FORMAT (’0 CPFIT-- X VALUES NOT ASCENDING’, 2E16.8)
FORMAT (’0 CPFIT~- NPTS EXCEEDS 100. ONLY 99 SEGMENTS RETURNED')

EKD

nanau
oNON

=
P

C DECK CPINTG

*E R A K ER * % *

* % %

SUBROUTINE CPINTG (SXA,SXR,SX,NPTS,SELEMS,AS,INTGS)

CPINTG CREATED FROM SPINTG
EVALUATES THE INTEGRAL OF A COMPLEX FUNCTION DEFINED BY
COMPLEY NON-PARAMETRIC SPLiNE SEGMENTS

INPUTS

XA = LOWER LIMIT OF INTEGRATION

XB = VUPPER LIMIT OF INTEGRATION

b 4 = ARRAY OF REAL INDEPENDENT VARIABLES

NPTS = NUMBER OF VALUES IN X-ARRAY

CELEMS = HON-PARAMETRIC SPLINE SEGMENTS GENERATED BY CPFIT

A = CONSTANT FOR SPECIFIC INTEGRAL TO BE EVALUATED
RETURKNS

INTG = INTEGRAL OF F(X) % EXP(II*AxX)

IF A =0.0, THEN INTG = INTEGRAL OF F(X)

IMPLICIT REAL*8(A-H,0-Z)

COMPLEX SELEMS,SZA,SZB,SSA,S5B,INTGS,CTEMP

REAL SXA,SXB, SX,AS

COMPLEX*16 CELEMS, INTG, I1I, CINTG SINTG, CISEG, SISEG, SEGINT,

. ZA, ZB, SA, SB, 21, Z2, Sl Sl ZBb, #CC, FPr, GQQ

DIHENSIDN X(255,CELEKS(4,25), SX(NPTS) SELEMS(4, NPTS)
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EXTERNAL EXP
DATA II / (0.D+0, 1.D+0) /

CINTG = (0.D+0, 0. D+0§
SINTG = {0.D+0, 0.D+0
CALL CPLVAL (SX, NPTS, SELEMS, SXA, SZA, SS4, IA)
CALL CPLVAL (SX, NPTS, SELEMS, SXB, SZB, SSB, IB)
XA=DBLE(SXA
XB= DBLEESXB
DO 5 1J=1,NPTS
X(31)= DBLE(sx(JJ))
DO 6 JI=1,
CTEMP= SELEMS(JI i
6 CELEMS(JI,J))=DCMPLX(DBLE(REAL(CTEMP)),DBLE(AIMAG(CTEMP)))
5 CONTINUE
ZA=DCHPLX§DBLEEREALESZA§g DBLEgAIMAGgSZA)))
ZB=DCMPLX (DBLE(REAL(SZB)),DBLE{AIMAG(SZB)))
SA=DCMPLXEDBLE§REAL§SSA;g DBLE%AIMAG(SSA)g
SB=DCMPLX (DBLE(REAL(SSB) ) ,DBLE(AIMAG(SSB)))
A =DBLE(AS)
A * A
A » A2
A * A3
0 I=IA,IB
GT ia) GO TO 100

x(I+1)
ZA
CELEMS(3,1)
SA
CELEMS(4,1)
GO TO 300
100 CONTINUE
IF (I .LT. IB) €O TO 200
x(1)
XB
CELEMS(1,I1)
ZB
CELEHS(Z,I)

GO TO 300
200 CONTINUE

HO

(]
m
Haunad A~y

Lo
9%
"

[
| 8]
oo

>4
(8]
nan
"
—~
("
+
vy
N’

m

IS
1T 0
a0
mm
e
mm
XX
(7 X7
~

300 conrlnus
XY = X2 - X1
IF (A -NE. 0. 0) GO TO 400
SEGINT = (Z24Z1) * XX / 2. =~ (S2451) * XX#%3 / 24.
CINTG = CINTG + SEGINT
GO TO 500

400 CONTINUE
ZAA (52 S1) / (XX = 8.)
ZBB 1/ 2.
Zce (zz—z1) / XX - (82 + 2.%31) * XX / 6.
AXX = A » XX
E =DSIN (AXX)
F =DCOS (AXX)
XX2

XX3 = XX * XX2

P = 23.*A2txx2 - 6.; / A4
Q = (A2¢XX3 - 6.%XX) / A3
AA1 *«P + E+Q + 6./A4

= F
AA2 = E
PP = (2.%XX) A2
= (
=F

AZ®XRZ - Z.} / A3
*PP + E#QQ

QR
BB1




BB2 = E%PP - F*QQ - 2./A3
XXA = XX / &

CC1 = (F~1.)/A2 + E*XXA
cc2 = E/A2 - F*XXA
DD1 = E/A

Db2 = (1.-F)/A

AX1 = A *» X1

VV =DCOS (AX1)
UU =DSIN (aX1)
PPP = EAA1*ZAA + BB1%ZBB + CC1%ZCC + DD1*21;

QQQ = (AA2+ZAA + BB2%ZBB + CC2#ZICC + DD2*21
SISEG = UU*PPP + VV*QQQ

CISEG = VV*PPP ~ UUxQQQ

CINTG = CINTG + CISEG

SINTG = SINTG + SISEG

500 CONTINUE
IRTG = CINTG + II«SINTG
INTGS=CMPLX(REAL(INTG) ,REAL(AIMAG(INTG)))

RETURN
END

C DECK CPLVAL
SUBROUTINE CPLVAL (X, NPTS, CELEMS, X0, 20, S0, 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
* z0 = F(X0) = Z-VALUF FVALUATED AT X0
* S0 = SECOND DERIVATIVE EVALUATED AT XC
* IELM = INDEX OF SPLINE SEGMENT CONTAINING XO
COMPLEX CELEMS, Z0, Z1, 22, S0, Si, S2
DIMENSION X(NPTS),CELEMS(4,NPTS)
COMMON /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL
INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL, IPRIN,
2 SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
2 SPTFIL,LACFIL,LAEFIL
N = NPTS
IF (X0.GE.X(1) .AND. X0.LE.X(N)) GO TO 100
WRITE (IPRIN,989) XO
GO TO 99999
100 COHTINUE
DO 200 I=
IF (X0 GT x(I)) GD TO 200
GO TO 300

200 CONTINUE
300 CONTINUE

I=1I-1
XX = X(I+1) - X(I)
Xi = 30 - X(i)

X2 = X(I+1) - X0

XX6 = XX » XX / 6.0

Z1 = CELEMS(1,I)

72 = CELEMsgs.Ig

S1 = CELEMS(2,1

S2 = CELEMS(4,I)

20 = (S1 = X2#%3 + S2 » X1%%3) / (6.0 * XX) +
( (Z1 ~ S1+XX6) * X2 + (Z2 - S2«XX6) = X1 ) / XX
SU = (851 + X2 + 52 X1)/ X

IELK = I
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99999

899

C DECK

EE K 2 2K 2 X %

* 8

1000

1100
1200

1300
1400
1500

99999

C DECK

®

x
»
*
=

IN THE ARRAY CC.

RETURN
CONTINUE

STQP
FORMAT ('0 EXTRAPOLATION NOT ALLOWED. X0 =', E16.8)

END

CSOLVE
SUBROUTINE CSOLVE ( N, NDIM, UL, B, X, IP )

SOLUTION OF COMPLEX LINEAR SYSTEM, A*X =
INPUT.

N = ORDER OF MATRIX.
NDIN = DECLARED DIMENSION OF ARRAY UL.

UL = TRIANGULARIZED MATRIX ORTAINED FROM "DECOMP".

B = COMPLEX RIGHT HAND VECTOR.
IP = POVOT VECTOR OBTAINED FROM "DECOMP".
DO NOT USE SCLVE IF DECOMP HAS SET IP(N) = 0 .

OUTPUT. ..
X = COMPLEX SOLUTION VECTOR.

COMPLEX UL, B, X, T

INTEGER  NDIM, IP, I, K, KB, KM1, KP1, M, N, NMi
DIMENSION ULENDIH NDIM), B(NDIM), X(NDIM)
DIMENSION IP(NDIM}

DO 1000 ¥ = 1, XDIM
X(K) = B(K)

CONTINUVE

IF ( N .EQ. 1 ) GO TO 1500

1
-1
00 K = 1, NM1
K+ 1
(
M

-
"
M= nen

P(K
X0
xéx; =T
DO 1100
X(I) = X
CONTINUE

CONTINUE

DO 1400 KB = 1, M1

KM1 = N - KB

K = KM1 + 1

X(K) = X(K)/UL(K,K)

T = -X(X)

DD 1300 I = 1,

X(I) = x(I) + UL(I K)*T
CONTINUE

CONTINUE

CONTINUE

X(1) = X(1)/uL(1,1)
CONTINUE

RETURN
END

CUBCO2
SUBROUTINE CUBCD2 (SEG, ¢C)

+

)
(K)
I =KP1, X
() +

; UL(I,K)eT

CUBCG2 CREATED FROM CUBCO ( NAVSEC-NO72 ) - A ¥ REED JULY 1976

CONVERT CUBIC CURVE SEGMENT REPRESENTATION FROM ENDPOINT-TANGENT
FORM AS GIVEN IN THE ARRAY SEG TO CUBIC POLYNOMIAL COEFFICIENTS

SET POLYNOMIAL COEFFICIENTS FOR THE EVALUATION
OF' TANGENT VECTORS AND THE DX AND DY VALUES IN ARRAY CC.




INPUT
* SEG = ( X(1), Y(1), DX(1), DY(1), X(2), Y(2), DX(2), DY(2) )

RETURN
* CC = (AX,AY,BX,BY,CX,CY,DX,DY,3AX,3AY,2BX,2BY,X2-X1,Y2-Y1)

DIMENSION SEG{8), CC(14)

DO 1000 I = 1, 2
D SEG%I)
C = SEG(I+2)

DELTA = SEG(I+4) - D

A = SEG(I+6) + C - 2.0«DELTA
B=DELTA - A - C

CCEI) = A
CC(I+2) = B
CC(I+4) = C
CC(I+6) = D
CC(I+8) = 3.0=4
CC€I+10) = 2.0B
CC(I+12) = DELTA

CONTINUE

RETURN
END

DKWSLM
SUBROUTINE DKWSLM (KR,IC,IM,NPREDH,N,NDATA,DATA,INDXRL,INDXHD,
gEADgg,gDNG,LINEAR,SYHMET,SPINDX,TOINDX,IP,PRDB,NUMH.

{,ROLL

COMMON /DATINP/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
LRAOPR, ADRPR,ORGOPTN, GMNOM,KG,STATN(25) ,NSOFST(25),
NLEUF(QB)(HLFBTH(io,QS),UTRLNE(lO,QS),BLEWF(QS).TLEWF%25§,
AREALF (25} ,NPTLOC,PTNUMB(10) PTNAME, XPTLOC(10),YPTLRC(10),
ZPTLOCilog,NBB,FBNUMB(lO),FBNAME,XPTFBD(lO),YPTFBD(iO),
ZPTFBD(10) ,FBCODE(10),FBTYPE,RDOT(10),VKDES,FNDES,
STATNM,STATIS
CHARACTER*4 PTNAME(8,10) ,FBNAME(8,10),STATNM(5) ,FBTYPE(3,10)
INTEGER QPTN MOTN,BSCFIL,VLACPR,RAOPR,ADRPR,RLDMPR,FBCODE,
p) gENEHEéPTNUHB,ORGOPTN

A

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,HTMOD,NRANG,NKMU(8)

REAL VK(B),HU237,8).OHEGA(BO),SIGMA(lo) SIGWH(4),TMODAL(8),
RANG(8),RLANG(8),5(30,8) ,FRNUM(8),VFS(8)

COMNON /GEOM/ X ,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM, ¥EBLA ,KPITCH,KROLL,KYAW,KYAWRL, AWP,VCB ,FBDX ,FBDY,
FBDZ ,NFREBD, XPT, YPT, ZPT, NPTS,LCB, GML  ASTAT, BSTAT, TITLE, MASS,
DISPLM,IPITCH, IROLL . TYAW,IYAWRL , CHEAVE,CPITCH,CHEAPI,CROLL,
AREAMX | WSURF, GIRTH, FBDZV .DBLWL, TLCB
INTEGER NSTATN,NOFSET(25) .NFREED,NPTS

CHARACTER*4 TITLE(20)

REAL X(25),Y(10,28),2(10,25) ,FBDZV(8,10),LPP,BEAM ,DBLWL,TLCB,
DRAFT, LCF,VCG, GM,DELGM , NEBLA .KPITCH, KROLL KYAW ,KYAWRL,AWP,VCB,
FBDX{10),FBDY (10} ,FBDZ{10),XPT(30),YPT(10,2PT{10),LCB,GML,
ASTAT(25 ,BSTAT(26) ,MASS ,DISPLM, TPITCH, IROLL, IYAW,

IYAVRL, CHEAVE, CPITCH,CHEAPI,CROLL , AREAMX , WSURF , GIRTH (265)

COMMON /INDEX/ PFIDX,LPFIDX,RMIDX,LRMIDX,SVIDX,LSVIDX
INTEGER LPFIDX,LRNIDX LSVIDX
REAL PFIDX(235),RMIDX{183),SVIDX(3)

COMMOK /I0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL, IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

LNTEGER SYSFiL,FOTFiL,COFT
SCRFIL,RPLFIL,LRAFIL,ORGFIL,RA
SPTFIL,LACFIL,LAEFIL
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COMMON /PHYSCO/ I1,TPI,PI1,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU,RHOS,RHOF, GNUS GNUF FTMLTR PUNITS REYSCL

COMPLEX 11

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG, VKMETR, METRVK,GRAV,RHO,GNU,RHOS,
1 RHOF, GNUS GNUF FTMETR

INTEGER HEADNG
REAL NUMH,NHMAX,NHMIN

LOGICAL LINEAR,SYMMET

CHARACTER*1 BLANK

CHARACTER#*2 AC(2),AT,AVK

CHARACTER#3 FBT(3},PT(10)

CHARACTER*4 ACOND(3,2),METER,MET,FT,BS,SURIT

CHARACTER*110 PARS,SEA

DIMENSION RM(8,24) RV(8,24),ROLL(13,64,4) ,DATA(432),INDXRL(25),
Inoxﬂngﬁs) HEADNG (26) , HDNG(24 ), SPINDX(9),
TOINDX{9),PROB(25,8,85, NUMK(25.8,8) ,ELM(4,8)

DIMENSION PRB(13), NHR(13)

EXTERNAL EXP

[ SRS

DATA FBT/'SLM',’E G'.’SBH /
DATA PT /'P1’,°P2','P3’,°'P4’,'P5’,'P6’,'PT’,’P8!,'P9’ ,'P10"/
DATA METER, MET,FT /'METE' "M, ', FT,'/

DATA BLANK /° '/
DATA AC /’LC’,?8C/
DATA ACOND /’LONG G',’CRES’,'TED ', ’'SHOR','TCRE’,’STED'/

IF (FBCODE(IP) .EQ. 1) WRITE (PARS,3030) FBT(1),PT(IP),
XPTFBD(IP),YPTFBD(IP),ZPTFBD(IP),RDOT(IP)

FORMAT (2A3,12X,30HSLAMMING IN NUMBEK PER HOUR AT,4X,SHXFP =
F6.2,3X,5HYCL =.F7.2,3X,5HZBL =,F7.2,5X,6HRDOT =,F6. 2;

IF (FRCODE(IP) "EQ. 2) WRITE (PARS,3040) FBT(2),PT(IP
XPTFBD(IF),YPTFBD(IP),ZPTFBD(IP)

FORMAT (243 12X,31HEMERGENCE IN NUMBER PER HOUR AT,4X,5HXFP =
F6.2,3X,BHYCL =.F7.2,3X,5HZBL =,F7.2, 16X

IF (FBCODE(IP) .EQ. 3) WRITE (PARS, 3050) FBT(3) PT(IP),
XPTFBD(I?),YPTFBD(IP),ZPTFBD(IP)

FORMAT (2A3,12X,33HSUBMERGENCE IN NUMBER PER HOUR AT,4X,BHXFP =
F6.2,3X,BRYCL =.FT.2,3X,5H2BL =,F7.2,14X)

NSPIND = NVK + 1

NTOIND = NTMGD + 1

PRIDIR = 90.

SECDIR = 0.

JR = KR - 1

DO 300 IS=1,NSIGWH

CON = SICWH{IS)sSTATIS

K=0

DO 200 ITO=1,NTMOD

DO 100 IV=1,KVK

K=K+ 1

SWHMAX = .202%TMODAL(ITO)**2

IF €PUNITS(1; JEQ. METER) SWHMAX = SWHMAX*FTMETR

IF (SIGWH(IS) .GT. SWHMAX) GO TO 100

3030

3040

3050

[SEEN SIS S S I S

* relative motion

CALL FETCE (JR,IV,ITO,DATA,RMIDX,SPINDX,TOINDX,NDATA,LRMIDX,
2 NVK,NTMOD,RMSFIL)

L = 2¢«KPREDH

DO 10 IA=1,N

DO 10 IH=1,NPREDH

IF (IC .EQ. 1) TEMP

IF (IC .EQ. 2) TEMP

L=L+2

RM{IA,IH) = TEMP*CON
10 CONTINUE

DATA(L+1)
DATA(L+2)

nn

* relative velocity
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*®

2 NVK,NTMOD,RMSFIL)

15

20

30

40

50

60

70

80
100

1. = 2«NPREDH
DO i5 IA=1,N
DO 15 IH=1,NPREDH

IF EIC .EQ. lg TEMP = DATA§L+1§
IF (IC .EQ. 2) TEMP = DATA(L+2
L=1L+2

RV(IA,IH) = TEMP*CON

CONTINUE

NHEAD = 24

N1 = NHEAD + 13

DO 80 IK=1,N1

IF (IH .GT. NPREDH) GO TO 70

LH = INDXHD(IH)

IF (.NOT. LINEAR) GO TO 20

RELMOT = RHgl,IH)

RELVEL = RV(1,6IH)

GO TO 50

KH = INDXRL(IH)

RLCALC = ROLL(KH,X,IS)

IF (RLCALC .GE. RLANG(1)) GO TO 30
RELMOT = RHEl,IH

RELVEL = RV(1,IH

GO TO 50

IF (RLCALC .LE. RLANG(NRANG)) GO TO 40
RELMOT = RM(NRANG,IH)

RELVEL = RV(NRANG,IH)

GO TD 60

CALL SPFIT (RLANG,RM(1,IH),ELM,NRANG)
CALL SPLVAL (RLANG,NRANG,ELM,RLCALC,RELMOT,DUM,IELM)
CALL SPFIT (RLANG,RV(1,IH),ELM,NRANG)
CALL SPLVAL (RLANG,NRANG,ELM,RLCALC,RELVEL,DUM,IELM)
IF (FBCODE(IP) .GT. 1) GO TO 60

slamming

T = FBDZV(IV,IF)

ARG = (STATIS=T/RELMOT)*#2 / 2

PROBI = 0.

IF (ARG .LE. BO.) PROBI = EXP(-ARG)
ARG = (STATIS*RDOT(IP)/RELVEL)*%*2 / 2
PROBV = 0.

IF (ARG .LE. 50.) PROBV = EXP(-ARG)
PROBS = PROBI*PROBV

NUMSLM = 3600/(2+PI) * (RELVEL/RELMOT) = PROBS
PROBELH,ITO,Iv; = PROBS
NUMH(LH,ITO,IV) = NUMSLM

GO TO 80

emergence and submergence

F = FBDZV(IV,IP)

ARG = (STATIS*F/RELMOT)%*2 / 2
PROBE = 0.

IF (ARG .LE. 60.) PROBE = EXP(-ARG)

NUMEMG = 3600/(2¢PI) * (LELVEL/RELMCT) * PROBE
PROBSLH.ITO.IVZ PROBE

NUMH(LHE,ITO,IV) = NUMENG

GO TO 80

JH = INDXRL(IH;
PROBEIH,ITO,IV
NUMH(IH,1TO,IV)
CONTINUE
CONTINUE

IF (SIGWH(IS) .GT. SWEMAX) GO TO 200
NHMAX = NUMH(1,1TO,1)

NHMIN = NBMAX

DO 110 IV=1,NVK

DO 110 TH=1,KHEAD

TEKP = NUMB(IH,ITO,IV)

IF (TEMP .LT. NHMIN) NHMIK = TEMP

PROB(JH,ITO,IV)
NUMB(JH,ITO,IV)

[[ 1]

CALL FETCH (KR,IV,ITO,DATA,RMIDX,SPINDX,TOINDX, NDATA , LRMIDX,



IF (TEMP .GT. NEMAX) NBMAX = TEMP
110 CONTINUE )
ISIGWH = SIGWH(IS)*100
IF (ISIGWH .GE. 1000) WRITE éas,sooag 1S1GWH
IF (ISIGWH .LT. 1000) WRITE (BS,3002) ISIGWH
IF EISIGUH LT, 100; WRITE éas,aooa) ISIGWH
IF (ISIGWH .LT. 10) WRITE (BS,3004) ISIGWH
3001 FORMAT (14)
3002 FORMAT (1HO,I3)
3003 TFORMAT E“HOO LI2)
3004 FORMAT (3HO000,I1)
3000 FORMAT EIHO L11)
3010 FORMAT (12)
ITMODL = TMODAL(ITO) + .5
IF EITHODL .LT. 10; WRITE §A7,3ooog ITMODL
IF (ITMODL .GE. 10) WRITE (AT,3010) ITMODL
SUNIT = MET
IF (PUNITS(1) .NE. METER) SUNIT = FT
WRITE (SEA,3020) BS,AT,AC(IC),SIGWH(IS),SUNIT,TMODAL(ITO),
2 (ACOND(I.IC),I=1,3).(STATNM(I),I=1.3)

3020 FORMAT (2HBR,A4,2A2,328 BRETSCHNEIDER SEAUAY - SIGWH =,F6.2,44,
10H TMODAL = FG TH SEC, .3A4,4X,3A4,7X)

" URITE EsPTFIL 5022% PARS, SEA

v WRITE (SPTFIL.5026) NHMIN,NHMAX

£022 FORMAT EA110)
5026 FORMAT (1P2E15.4) .

» WRITE (SPDFIiL) ((NUMH(IK,ITO,IV),IV=1,NVK),IR=1,NHEAD)
200 CONTINUE

* print number cf occurrences in 1 hour for slamming, emergence,
* and submergence

DO 250 IPAGE=1,2
IF (IPAGE.EQ.2 .AND. svnnzr) GO TO 250
WRITE (IPRIN,1000) TIT
1000 FORMAT (iHR1,22X%,20a4)
IF 21c \EQ. 1) WRITE 1pnxn,:o1o;
IF (IC .EQ. 2) WRITE zIPRIN 1020
1010 FORMAT (/58X ,11HLONGCRESTED)
1020 FORMAT k/sax 12HSHORTCRESTED)
IF (PUNITS(1) .NE. METER) WRITE (IPRIN,1030) SIGWH(IS
1030 FORMAT (45X,25HSIGNIFICANT WAVE HEIGHT =,F6.2,5H FEET
IF (PUNITS(1) .EQ. METER) WRITE (IPRIN,1031) SIGWH(IS
1031 FORMAT (45X,25HSIGNIFICANT WAVE HEIGHT =,F6.2,7H METERS)
WRITE 21pnxn ,1032) (FBNAME(I,IP),1=1,5),XPTFBD(IP),YPTFBD(IP),
2 ZPTFBD(IP)
1032 FORMAT (/33X,5A4,3X, suxrr ,F6.2,2X,5HYCL =,F7.2,2X,6HZBL =,F7.2)
IF (FBCODE(IF) .GT.'1) GO TO 120
WRITE (IPRIN,1033)
1033 FORMAT (/68X ,BHSLAMMING)
IF (PURITS(1) .EQ. METER) WRITE (IPRIN,1034) RDOT(IP)
1034 FORMAT (43X,20HTHRESHOLD VELOCITY =,Fé.2,11H METERS/SEC)
IF (PUNITS(1) .NE. METER) WRITE (IPRIN,1035) noov(xp;
1035 FORMAT (43X,20HTHRESHOLD VELOCITY =,F6.2,8H FEET/SEC
120 IF (FBCODE(IP) .EQ. 2) WRITE (IPRIN.1036)
1036 FORMAT (/58X ,9HEMERGENCE)
IF (FBCODE(IP) .EQ. 3) WRITE (IPRIN,1037)
1037 FORNAT (/58X ,11HSUBMERGENCE)
WRITE (IPRIN,1040) ,
1040 FORMAT (/43X ,45HPROBABILITYX100 / NO. OF OCCURRENCES PER HOUR)
IF (IPAGE .EQ. 2) GO TO 225

- starboard headings

WRITE (IPRIN,1042) (HEADNG(IH),IH=1,13)

1042 FORMAT (/58X,20HSHIP HEADING ANGLE IN DEGREES/4X,1HV,2X,2HT0,7X,

2 4HHEAD,47X,0HSTED BEAM,46X,6HFOLLOW/10X,13(6X,I3})
DO 220 'IV=1,NVK
IVK = VK(IV) + .5001
WRITE (AVK,1046) IVK

1045 FUKMAT (12)
WRITE (IPRIN 1060)




1050 TFORMAT (1H )
DN 220 ITO=i NTMOD
SWHMAX = .202¢TMODAL(ITO)*+2
IF (PUNITS(1) .EQ. METER) SWHMAX = SWHMAX+«FTMETR
IF (SIGWH(IS) .GT. SWHMAX) GO TO 220
IMP = TMODAL(ITO) + .60O1
DO 210 IH=1,12
PRE(IH) = PROB(IH,ITC,IV)*100
NHR(IH) = NUMH(IH,ITO,IV)
210 CONTINUE
WRITE (IPRIN,1052) AVK,IMP,(PRB(IH),NHR(IH),6TH=1,13)
1052 FORMAT (3X,A?2,2X,12,3X,33(F5.1,1H/,13))
AVK = BLANK
CONTINUE
GO TO 250

* port headings

225 WRITE (IPRIN,1043) (HEADNG(IH),IH=14,26)
1043 FORMAT (/58X,20HSHIP HEADING ANGLE IN DEGREES/4X,1KV,2X,2HT0,TX,
2 4HHEAD,47X,9HPCRT BEAM,46X,6HFOLLOW/10X,13(6X,13})
DO 240 IV=1,NVK
IVK = VE(IVS + .5001%
WRITE (AVK,1045) IVK
WRITE (IPRIN,1050)
DO 240 1TO=1.NTMOD
SWHMAX = .202¢TMODAL(ITO)#*2
1F gpuuxrs(:g .EQ. METER) SWHMAX = SWHMAX*FTMETR

N IR S N R TR E =
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IF (SIGWH(IS) .GT. SWHMAX) GO TO 240
IKP = TMODAL(ITO) + .5001
LE = 26
DO 230 IH=1,13
LH = LE - 1
pnagla; = PROBELH.ITO,Iv;‘ioo
NHR{IH) = NUMH(LH,ITO,IV
230 CONTINUE ‘
WRITE (IPRIN,1052) AVK,IMP,(PRB(IH),NHR(IR),IH=1,13)
AVK = BLANK

240 CONTINUE
250 CONTINUE
300 COXNTINUE

RETURN
END

C DECK EDMKSP
FUNCTION EDMKSP (WE,LPP,V,EMD)

REAL LPP
EDMKSP = EMD/(1.+62E.¢(V/(WE*LPP))*s2)

RETURN
END

C DECK ELTIME - computes elapsed time
SUBROUTINE ELTIME (TS,ES)

COMMON /Y0/ SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCOFIL,ICARD, TEXFIL,IPRIN,
SCRFIL HPLFIL,LRAFIL,ORGFIL,RAOFIL,RMSFIL,SEVFIL,SPDFIL,
SPTFIL,LACFIL,LAEFIL

COMMODN /SMPSYS/ F1S,AS,S15,50S,SDS,HALOS,DEV,FRN,SHPPS,SMPIS,

W R

2 SMPOS,SMPDS,SHPTYPS,SHIPS,VARS,CYCLS,TITLES,OPTION,LSIS,LSOS,
2 LSDS,LHALOS ,LDEV,LPRN,LSMPPS,LSMP1S,LSMPOS, LSMPDS ,LSHPTYFS,
2 LSHIPS,LTITLES

CHARACTER*160 AS

CHARACTER®*0C TIC,0IC,E0S,SDE, TITLES

CHARACTER*20 RALOS,DEV,PRN,SMPPS,SMPIS,SMPOS,SMPDS,SRPTYPS
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CHARACTEFR. SHIPS#6,VARS*2,CYCLS*2
INTEGER*2 OPTION

CHARACTER*20 TS,ES

AS = '(12,1X,I2,1X,F5.2)"
READ grs,As) IH,IM,BSEC
READ (ES,AS) JH,JM,ESEC

IF (ESEC .GE. BSEG) GO TO 10
ESEC = ESEC + 6€0.

JM = JM - 1

10 IF (JM .GE. IM) GO TO 20

IJM = JM + 60.

JE = JH - 1

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

KH=JH-IH
KM=JH-IM
DELSEC=ESEC-BSEC
KS=DELSEC+.5

AS = '(//29%, "ELAPSED TIME'"/16%,39("=")/"/

2 117X, 138," Hours" ,2X,1I3, " Minutes",2X,I3," Seconda")’
URITE g* ,AS) KH, KH KS
WRITE (TEXFIL, AS) Kﬂ ,KM,KS

RETURN
END

C DECK EQMOTN

SUBROUTINE EQMOTN

COMMON /APPEND/ NBKSET,NBKSTN(2),BKIMAG(2),BKFS(2),BKAS(2),
2 BKWD(2),BKSTN(10,2) ,BKHB(10,2),BKLNTH, BKWDTH,
2 BKWL{10.2) ,BKAN(10,2),NSKSET, SKTMAG(2) ,SKFLS(2) .SKALS(2),
2 sxAusE g ,SKHB(2) SKPLuLé g SKALWL§ 3 nguungg  NRDSET,RDIMAG(2)
2 RDRFS(2),RDRAS(2),RDRHB(2) .RDRFWL(2)  RDRAWL RDTFS(2) ,RDTAS(Z
2 RDTHR(2),RDTFWL(2),RDTAWL(2) ,NSBSET,SBIMAG(2) ,SOBRFS(2) .SOBRAS(
2,SORRHB(2},SOBRFW(2}, SOBRAW(2) ,SIBRFS(2),SIBRAS(2),SIBRHR(2),
2 sxsané ) ,SIBRAN(2), 'SBTFS(2),SBTAS(2), SETHE(2), SETFWL(2),
2 SBTAWL(2',NFNSET,FNIMAG(2) ,FRRFS(2),FNRAS(2),
2 FNREB(2) ,FNRFWL(2),FNRAWL(2) ,FNTFS(2), FNTAS(2) FNTHB(2),
2 FNTFWL(2},FNTAWL(2) ,NEXPRD ,ENRDO(8) ,ENRDS(8)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
2 IMMIN,IMMAYX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /DATIK®/ OPTN,MOTN,BSCFIL,VLACPR,RAOPR,RLDMPR,DISPLMT,
2 LRAOPR,ADRPR, ORFOPTN,GHHDM KG STATN(25) NSOFST(25),
2 NLEWF (25) HLFBTH(lO 28) UTRLNE(iO 25), BLEHF(25) TLEWF§25)
2 AREALF 255 NPTLOC PTNUHB(iO) PTNAME, XPTLOC(iO) YPTLOC(10)
2 ZPTLLC(10), "NBB FBNUHB(lO) FBNAME XPTFBD(lO) YPTFBD(IO).
2 ZPTFED 10;,FBCODE\10) FBTYPE RDOT(IO) VKDES ,FNDES,
2 STATHEM,STATIS
CHARAC, FR*4 PTNAME(8B,10) ,FBNAME(B,10) ,STATNM(5) ,FBTYPE(3,10)
INTEGER OPTN,MOTN,BSCFIL,VLACPR ,RAOPR ,ADRPR,RLDMPR,FBCODE,
2 ggﬂgﬂgéPTNUHB,ORGDPTH
A

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA,NOMEGA,SIGMA,NSIGMA,SIGWH,
1 NSIGWH,TMODAL,NTMOD,NRANG.RANG,RLANG,S,NNMU,FRNUM, VFS

IETEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH, NTMOD, NRANG, NNMU(8)

REAL VE(8), nuga7 ,8) ,OMEGA(21) | "SIGMA(10),SIGWH(4) . TMODAL(S),
2 RANG(8),RLANG(s).S(30,8) ,FRNUM(8),VFS(8}

COMMOR /FINCON/ IACTFN,IFCLCS,FGAIN(8),FK(3),FA(3),FB(3),
2 Fulls(8,2)

COMMON /GEOM/ X ,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
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1 VCG,GM,DELGH,NEBLA,KPITCH,KR{'LL ,KYAW KYAWRL, AWP VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,NPTS,LCB,GML, ASTAT,PSTAT, TITLE,MASS,

2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL ,CHERVE,CPITCH,CHEAPI,CROLL,
2 AREAMX ,WSURF,GIRTH,FBDZV,DBLVL,TLCB
INTEGER NSTATN,NOFSET(25),NFREBD,KPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10,25),2(10,25) ,FBDZV(8,10),LPP,BEAM,DBLVL,TLCB,
DRAFT,LCF VCG GM DELGM, NERLA, kPITCH KRDIL hYAw KYAWRL, AWP, Vfﬂ

FBDX(iO) FBDY(105 FBDZ(iO) XPT(10) \PT\IO) ZPT(IO) LCB GM..
ASTAT(QES BSTAT(25) MASS,DISPLM,IPTTCH, IROLL, TYAW,
IYAHRL,CHEAVE CPITCH CHEAPI CROLL AREAMX USURF GIRTH(25)

COMMON /HULL/ A26

. COMMON /I0/ SYSFIL,POTFIL,CCFFIL,L.COFIL,XCARD,TEXFIL,IPRIN,
SCRFIL,HPLFIL,LRAFIL,ORGFIL,R40FIL,RMSFIL,SEVFIL,SPDFIL,

SPTFIL,LACFIL,LAEFIL

INTEGER SYSFIL,POTFIL,COFFIL,LCGLFIL,ICARD, TEXFIL,IPRIN,

SCRFIL,HPLFIL,LRAFIL,ORGFIL,RACFIL ,RMSF1L,SEVFIL,SPDFIL,

SPTFIL,LACFIL,LAEFIL

COMMON /PHYSCO/ II,TPI,PI,PIQOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,RHOS, RHOF ,GNUS, GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX I

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VEMETR,METRVK,GRAV,RHO,GNU,RHOS,
RHOF,GNUS,GNUF ,FTMETR

COMMON /RLDBK/ PSUR(28),BMK(25) ,DK(25),CAK(25) ,HQ,HSPAN,HMNCHD,
HAREA ,HXCP,HYCP,HZCP, HGAMMA, HYHAT HEAR,HLCS, RO(2) RSPAN(?)
RMNCHD(2) RAREA(2) RXCP(Q) RYCP( 5 RZCP(Q) RGAHVA(?) RYHAT(2)
REAR(2) ,RLCS(2) SQ(Q) SSPAN(Z) SMNCHD(Q) SAREA(2) SXCP(2),
SYLP(2)§SZCP(”) %GAHHA(2) SYHAT(2) SEAR(2) SLCS(25 BQ(2),

[ NN I V] )
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BSPAN(2) ,BMNCHD(2), BAREA(2) ,BXCP (25 ,BYCP(2}  BZCP (2}, BGAMMA(2),
BYHAT(2) .BEAR(2),BLCS(2) ,FQ(2),FSPAN(2) ,FMNCHD(2) ,FAREA(2),
FXCP(2),FYCP(2) ,FZCP(2) .FGANMA(2), FYHAT(2) FEAR(2) FLCS(2),
PQ(2,2) ,PSPAN(2,2) ,PMNCHD(2,2) ,PAREA(2,2) ,PXCP(2,2) ,PYCF(2.2),
PZCP(2,2),PGAMMA(2.2) ,PYRAT(2,2),PEAR(2,2},PLCS (2,25,

STADMP (109 ,SHPDMP(10,8) ,ENCON,WPKI,TPHI .WMELM(4, 95 SFELM (4,9, 8)
REELM(4,9,8) ,PEELM(4.9,8) ,FEEL¥(4,9,8) ,HEELM(4,9,8) , BEELM(4, 9,87,
ENWM,ENSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) .ENHE(8) ,ENBE(8),

ENEMVES eg ENRLEB) JENPL.(8), ENFLEB) ENHL(S) ENSL(8), ENBL(B)
ENSHP(8,8) ,RELM(4,9),ITS(25) ,RD(25} ,EDDY &, 25),RGB(25)

REAL RDBLK(2692)

EQUIVALENCE (PSUR(1),RDBLK(1))

COMMON /SMPSYS/ FIS,AS,SIS,SG.,SDS,HALOS,DEV,PRN,SMPPS,SMPIS,
SMPOS, SMPDS, SEPTYPS,SHIPS,VARS,CYCLS, TITLES,OPTION,LSIS,LSOS,
LSDS,LBALOS,LDEV,L.PRN,LSMPPS,LSHPIS,LSMI0S ,LSMPDS,LSHPTYPS,
LSHIPS,LTITLES

CHARACTER#*160 AS

CHARACTER*80 FIS,SIS,S0S,SDS,TITLES

CHARACTER#20 BALOS,DEV,PRN,SMPPS,SMP1S,SMPUS,SHPDS, SHPTYPS
CEARACTER SHIPS#6,VARS#2,CYCLS*2

INTEGER*2 OPTION

COMMON /STATE/ LAT,VRT,LDADS, ADDRES,SALT,HEAD,EXRULL,BKEEL
LOGICAL LAT,VRT,LOADS, ADDRES, SALT,READ,EXLOLL,BKEEL

COMMOX /TELEM/ TELEM
COMPLEX TELEM(4,¢,10)

COMPLEX TV%B 3; ,TL(3,3),EXCV(3),EXCL(3) ,HIV(3,30) ,RIL(3,30),
2 H7(30),TLG(3,3) EXCLG(3),MOTV(3,30),MOTLG(3),TLGC(3,3),

2 EXCLGC(3),MOTL(3,30,8),UL(3,3)

COMPLEX ZERO,TAF(3),CTEMP

DIMENSION T44T(8)

CHARACTER*4 METER

REAL OMEGAE(30)

INTEGER IP(3)

DATA METER,EPS /'METE’,0.001/
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L 3

solve equations of motion

ZERO = (0.,0.)

10

20
30

FIS = SDS(1:LSDS)//’.SCR!?

OPEN 2UNIT=SCRFIL,FILE=FIS,FORM:’UNFORMATTED’,STATUS='UNKNDWN’)
READ (SCRFIL) RDBLK

CLOSE (UNIT=SCRFIL)

FIS = SDS(1:LSDS)//’ .COF?
OPEN §UNIT=CUFFIL,FILE=FIS,FORM=’UNFORMATTED',STATUS=’UNKNOWN’)
READ (COFFIL) TELEM

FIS = SDS(1:LSDS)//'.ORG!?
OPEN (UNIT=0ORGFIL,FILE=FIS,FORM='UNFORMATTED’,STATUS='UNKNOWN')

FIS = SDS(1:L5D3)//’.LAC’
OPEN (UNIT=LACFIL,FILE=FIS, FORM='UNFORMATTED’, STATUS='UNKNOWN’)

FIS = SDS(1:LSDS)//?.LAE?
OPEN (UNIT=LAEFIL,FILE=FIS, FORM='UNFORMATTED’, STATU3='UNKNOWN’)

FACT = FTMETR

I¥ (PUNITS(1) .NE. METER) FACT = 1
NMU = 13

VKINC = VK(2) - VK(1)

WRITE (ORGFIL) TITLE,NVK,NMU,NOMEGA,OMEGA,NRANG,RLANG,VRT,LAT,
ADDRES,LPP,BEAM,DRAFT,DISPLM,GM,DELGM,KG,KROLL,LCB, GRAV,RHO,
VKDES , VKINC,DBLWL

DO 300 IV=1,NVK
V = VFS(IV)

FRNO = FRNUM(IV)
NMU = NNMU(IV)

DO 200 IH=1,NMU
HDNG = MU(IH,IV)
SIKNMU = SINﬁHDNG;

COSMU = COS(HDNG
HDNG = HDNG*RADDEG
ICLIP = 0

IF (ABS(HDNG-EPS) .LE. 90.) ICLIP = 1

§§C§§CLIP .EQ. 1) CALL LIMIT (XLIM,YLIM,PSILIK,HDNG,FRNO,DEGRAD,
DO 50 IW = 1 ,NOMEGA

READ (COFFILS OHEGAEiIHg.TV,TL,EXCV,EXCL,(HJV(I,IH),I=1.3).
(HJL(I,1IW),I=1,3) ,H7(IV

WE = OMEGAE(IW

WE2 = WE+WE

A22 = REAL(TL{i,1))/(-VE2
B22 = AIHAGzTLgi,ig /WE
A26V = REAL(TL(1,3))/(-VWE2)
A26 = A26V - (V/WE2)*B22

CALL FINTSP 20MEGAE€Iwg)
CALL INERST (OMEGAE(IW),TV,TL)

IF (.NOT. VRT) GO TO 10

CALL SOLVE (3,TV,EXCV,MOTV(1,IW),UL,IP,IPRIN)

IF (ICLIP.EQ.1 .AND. OMEGAE(IW).LT.0.20)

CALL CLIP (XLIM,MOTV(1,IW),MOTV(1,IV))

IF s.nor. LAT) GO TO 50

IF (HDNG.GT.EPS .AND. ABS(HDNG-180.).GT.EPS) GO TO 30

DO 20 J=1,3

DO 20 IA=1,NRANG

MOTL(J,IW,IA) = (0.0,0.0)

CONTINUE

GO TO 60

CALL TRNLAT €VCG,TL,EXCL TLG,EXCLG)

CALL)RDEVAL IV,OMEGA(IW),OMEGAE(IW) ,NRANG,TLG,EXCLG,TLGC,EXCLGC,
T44T

IF (IACTFN .EQ. 0) GO TO 34

52




* add active fin ceoefficients

OMGE = OMEGAE(IW)
OMGE2 = OMGE*QOMGE
CALL ACTFIN (IV,ZERO,V,OMGE,QMGE2,TAF)
DO 32 I=1,3
TLGC(I,2) = TLGC(I,2) + FGAIN(IV)*TAF(I)
32 CONTINUE
34 CTEMP = TLGC(2,2)

IF (IW.EG.1) WRITE (LAEFIL) VK(IV),HDNG
WRITE (LAEFIL) EXCLGC

IF (IW.EQ.1) WRITE (LAEFIL,1170) VK(IV),HDNG
WRITE (LAEFIL,1180) EXCLGC

1170  FORMAT(SF8.3)

1180 FORMAT(1P6E13.4)

IF (IH.NE.7) GO TO 43

IF (IW.EQ.1) WRITE (LACFIL) VK(IV)
WRITE (LACFIL) OMEGA(IVW), OMEGAE (IW)
WRITE (LACFIL) T44T
DO 37 J=1,3

37 MWRITE gLACFIL; (TLGC(I,J),I=1,3)
WRITE (LACFIL) EXCLGC

43 CONTINUE

IF (IW.EQ.1) WRITE (LACFIL,1170) VK(IV)
WRITE (LACFIL,1170) OMEGA(IH),OMEGAE(IWS
¥RITE (LACFIL 1180) T447
DO 37 J=1,3

37 WRITE (LACFIL 1180% (TLGC(I,J),I=1,3)
WRITE (LACFIL,1180) EXCLGC

43 CONTINUE

E R 2 2 4

HDNG,RLANG

HDNG,RLANG

LR 2E B B B B

*

add viscous/bilgekeel eddy damping

DO 40 IA=1,NRANG
TLGC(2,2) = CTEMP + II*T44T(IA)
CALL SOLVE (3,TLGC,EXCLGC,MOTLG,UL,IP,IPRIN)

¥ (IH.EQ.7) WRITE (LACFIL) MOTLG
* IF (IH.EQ.7) WAITE (LACFIL,1180) MOTLG

CALL RVSLAT (VCG,MOTLG, HDTL(i IW,I4))
IF §ICLIP JEQ. 5 co TD
IF OHEGAE(IH) 0.20) GD TO 40
CALL CLIP ngxu HOTL(i IW,TA) MOTL(1,IW,1IA))
CALL CLIP (PSILIM,MOTL{3,IV,IA).MOTL{3,IW.IA))
40 CUNTINUE
60 CONTINUE

WRITE (ORGFIL) VK(IV),HDNG,OMEGAE
Ir VRT; WRITE 20RGFIL MOTV
IF (LAT) WRITE (ORGFIL) MOTL

ADDRES) WRITE (ORGFIL) HJIV,HJL,H7
200 CONTINUE
300 CONTINUE

CLOSE gUNIT=COFFIL;
CLOSE (UNIT=ORGFIL
CLOSE ﬁUNIT:LACFILg
CLOSE (UNIT=LAEFIL

RETURN
END

C DECK EXFOR

SUBROUTIRE EAFCR (OMDGA,ONEGAE,FXV,FXL HIV HIL A7 F3 H3)

* calculates exciting forces and corresponding loads data
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COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,VTSI,
IMMIN, IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX K IMDEL,LMIN,LMAX

COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
VCG,GM,DELGM, NEBLA ,KPITCH, KROLL ,KYAW,KYAWRL., AWP ,VCB, FEDX ,FBDY,
FBDZ NFREBD,XPT,YPT, ZPT, NPTS ,LCB, GML . ASTAT, BSTAT, TITLE, MASS,
DISPLM,TPITCH, IROLL, IYAW,IYAWRL,CHEAVE,CPITCH, CHEAPI, CROLL,
AREAMX, WSURF, GIRTH, FBDZV ,DBLWL, TLCB

INTEGER NSTATN,NOFSET(25),NFREBD,NPTS

CHARACTER*@ TITLE(20)

REAL X(25),Y(10,28),2(10,25) ,FBDZV(8,1C) ,LPP,BEAM,DBLWL, TLCB,
DRAFT,LCF,VCG,GM,DELGM , NEBLA ,KPITCH,KROLL ,KYAW ,KYAWRL, AWP , VCB,
FBDX(10) ,FBDY(10},FBDZ(10), XPT(10),YPT(10},ZPT(10),LCB,GHL,
ASTAT(25) ,BSTAT(25) ,MASS,DISPLM,IPITCH, IROLL, IVAV,

IYAWRL, CHEAVE, CPITCH,CHEAPI, CROLL, AREAMX, WSURF, GIRTH(25)

COMMON /PELEM/ PELEM
COMPLEX PELEM(4,1000)

COMMON /PHYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,RHOS ,RHOF, GNUS, GNUF ,FTMETR ,PUNITS ,REYSCL

COMPLEX II

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADLEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
RHOF,GNUS,GNUF ,FTMETR

COMMON /STATE/ LAT,VRT,LOADS,ADDRES,SALT,HEAD,EXROLL,BKEEL
LOGICAL LAT,VRT,LOADS, ADDRES,SALT,HEAD,XROLL,BKEEL

COMMON /WGHTS/ WTDL,NORM
REAL WTDL(10,25),NORM(4,10,25)

REAL NORM2,NURM3

COMPLEX TEMP

INTEGER PSTORE

COMPLEX CIV(25,3),CIL(25,3),ELEMS(4,25)

COMPLEX CT(3)

COMPLEX HTV(25,3),HTL(25,3),HT7(25),HT(3),HT3, HT2
COMPLEX PHI2D(4),FXV(3),FXL(3),HJV(3),HJL(3),H7
COMPLEX CEP,F3(26),H3(25),TF3,TH3

EXTERNAL EXP

TEST=0.006*TPI1/LPP

W = OMEGA

WN = WxW/GRAV

ARGLT = ~ WN*COSMU

IF (ABS(ARGLI) .LE. TEST) ARGLI = 0.
PSTORE=1

DO 1 K=1,KSTATN
NNODE=NOFSET(K)

DO 10 I=1,3
CILEK.I;=€0.0,0.0;
CIV(K,1)=(0.0,0.0

IF E.NOT. ADDRES) GO TO 100

HTV(K,X)=(0.,0.)
HTL(K,I)=(0.,0.)

CONTINUE

CONTINUE

IF (.NOT. LOADS) GO TO 210
F32K§=§0.,0.

H3(K)=(0.,0.

CONTINUE

IF (ADDRES) HT7(X)=(0.,0.)
IF (NNODE.LT.2) GO TO 1
DO 2 J=1,NNODE
EV2=EYP(UN«Z(]1 X))

DO © IM=IMMIN,IMMAX,IMDEL
TEMP=(0.0,0.0)




220

90

30

DO 19 I-=1,

TEMP= TEMP+WTSI(I)*PELEM(I PSTORE)
CONTINUE

PSTORE=PSTORE+1

PHI2D(IM)=TEMP

CONTINUE

ARG=HN*Y§J,K)*SINMU

CARG=COS(ARG)

SARG=SIN(ARG)

NORM2=NORM(2,J, Kg

NORM3=NORM(3,J,K

IF (.NOT. VET) GO TO 3
TOD=NORM3*CARG-NORM2*SINMU*SARG
CT(1)=EKZ*(GRAV#NORM(1,J,K)*CARG+TI*W*TOD*PHI2D(1))
CT(2)=EKZ*(GRAV*NORM3*CARG+II*WxTOD*PHI2D(3))

IF (.NOT. LOADS) GO TO 220

TF3=EKZ*NORM3*CARG

TH3=EKZ*II*TOD*PHI2D(3)

F3(K)=F3(K)+WTDL(J,K)*TF3
H3(K)=H3(K)+WIDL(J,K)*TH3

CONTINUE

IF (.NOT. ADDRES) GO TO 90

HT3=-WN*TUD*PHI2D(3)
HT(1)=(II*W*NORM(1,J,K)*CARG-WN*TOD4PHI2D(1))*EKZ
HT22;=(II*V*NORH3*CARG+HT3)rEKZ

HT BI;gT(2)*x(K)-II*V/OMEGAE*HTS*EKZ

gg(s)E X(g)*CT(2) W V/OMEGAE®EKZ*TOD*PHI2D(3)
cxvgx ,I)=CIV(K,I)+WTDL(J,K)*CT(1)
IF (ADDRES) HTV(K,I)=HTV(K,I)+WIDL(J,K)*HT(I)

CONTINUE

IF §ADDRES) HT7 (K)=HT7(K)+II*WN*WTDL(J,K)*PHI2D(3)*TOD*W/OMECAE*
1 EXP(WN*Z(1,K)/2.)
CONTINUE
IF (.NOT. LAT) GO TO G
TEV=NORM3*SARG+NORM24SINMU*CARG
CT(1)=EKZ*(~II*GRAV«NORM2+SARG+W*TEV*PHI2D(2))
CT(2)=EKZ*(~IT*GRAV*NORM(4,J,K)«SARG+W*TEV*PHI2D(4))
IF (.NOT. ADDRES) GO TO 30
HT2—~II*HN*TEV*PHI2D(2)
HT g=s—U*NDRH2*SARG+HT2)*EKZ
HT(2)=(~-W*NORM(4,J,K)*SARG-II*WN*TEV*PHI2D(4))*EKZ
ggna) =HT(1)*X(K)+II«V/OMEGAE*HT2*EKZ

gT(3) %(K)*CT(i) I1=W*V/OMEGAE*TEV*PHI2D(2)
07 1

CILéK ,I)= CIL(K I)+WTDL(J ,K)*CT(I)

IF (ADDRES) HTL(K I)= HTL(K I)+WTDL(J,K)*HT(I)

CONTINUE

IF (ADDRES) BT7(K)=HT7(K)+II*WN*SINMU*WTDL(J,K)*PHI2D(2)*TEV+W*

2 OMEGAE*EXP(WR#Z(1,K}/2.)

*

*

230
1

CONTINUE
CONTINUE
IF (.NOT. LOADS) GO TO 230

sectional froude-kriloff "force", £3 w/o cexp(~ii*k#x*cos(mu))
F3(K)=2#GRAV*F3(K)

sectional diffraction "force" , h3 w/o cexp(-ii*k*x*cos(mu))
H3(K)=2+W+H3(K)

CONTINUE
CONTINUE

IF (.NOT. VRT) GO TO 11
b0 13 1=1,3
CALL CPFIT (X,CIV(1,I),ELEMS,NSTATN)
CALL CPINTG (x(i) X(NSTATN) X,NSTATN,ELEMS, ARGLI ,FXV(I))
FXVéI) =2.0%RHO*FXV(1)
.NOT. ADDRES) GO TO 130

IF




CALL CPFIT (X,HTV(1,I),ELEMS, NSTATN)
CALL CPINTG (X(1),X(NSTATN),X,NSTATN,ELEMS,ARGLI,HIV(I))
130 CONTINUE
13 CONTINUE
11 CONTINUE
IF (.NOT. LAT) GO TO 12
DO 14 1=1,3 ,
CALL CPFIT (X,CIL(1,I),ELEMS NSTATN)
CALL CPINTG {X(1),X(NSTATN),X,NSTATN,ELEMS,ARGLI,FXL(I))
FXL(I)=2.0*RHO*FXL(I)
IF (.NOT. ADDRES) GO TO 140
CALL CPFIT (X,HTL(1,I1),ELEMS,NSTATN)
CALL CPINTG (X(1),X(NSTATN),X,NSTATN,ELEMS,ARGLI,HJL(I))
140 CONTINUE
14 CONTINUE
12 CONTINUE
IF {ADDRES) CALL CPFIT (X,HT7,ELEMS, 6 NSTATN)
IF zADDRES) CALL CPINTG (X{(1),X(NSTATN),X NSTATN,ELEMS,0.,H7)

RETURN
END

C DECK EXP
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 EXPINT
SUBROUTINE EXPINT (X,Y,E,C,S,RA,RB,CIN,SON)

* this subroutine computes the frequency-dependent part(principal-
*  value integral) of a pulsating source in or below free surface
* which can be expressed in terms of exponential integral.

DIMENSION F(5),D(5)
EXTERNAL EXP

DATA (F(I),I=1,6)/0.52175661,0.39866681,0.07594245,
1 0.003611758,6.000023369972/
DATA (D(I),I=1,5)/0.26356032,1.4134031,3.5964258,
1 7.08581,12.640801/
DATA Q, GAMM2A / 2.14159265356887, 0.57721566490153 /
DATA TESTS,TEST6,TEST7,TEST8 /1.E~05,1.E-06,1.E-07,1.E-08/

AT=ATAN2(X,Y)
ARG=AT-0.5%Q
IF(Y.GT.50) THEN
E=0.
ELSE
E=EXP(~Y)
ENDIF
€=Ccos(X)
S=SIN(X)
R=X%e2+Y%%2
AL=0.5*ALOG(R)
A=-Y
B=-J
IF (A .GE. 0.0) GD TO 78
IF (B .EQ. 0.0) GO TO 79
78 IF (R .GE. 100.) GO TO 10
r9 TES1 = TESTS
IF (R .LT. 4.0) TEST = TEST7
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20

DECK

cDC

cbC
CDC
CDC
cDC
cha

DECK

¥

IF

IF gR .LT. 2.0; TEST
R .LT. 1.0

TESTS
TESTS

W

TEST

SUMC=GAMMA+AL+Y
SUMS=AT+X

TC=Y
TS=X%

DD 1 K=1,500

TO=TC
COX=K
CAY=K+1

FACT=COX/CAY*%2
TC=FACT*§Y*TC-X*TS§

TS=FACT=*

Y*TS+X*TO

SUMC=SUMC+TC
SUMS=SUMS+TS
IF (K .GE, 500) GO TO 3

CIN=E% (CxSUMC+S*SUMS

IF ((ABS(TC)+ABS(TS)§ .GT. TEST) GO TO 1

SON=Ex* (S*SUMC-C*SUMS

GO TO 4

CONTINUE

G1=0,
G2=0,
DD 20 1

GA=F

SBeF ()

=1,5
DEN=§—Y+D(I))t¢2+X¢t2

té-Y+D(I))/DEN
[ ]

-X)/DEN

Gi1=G1+GA
G2=G2+GB

CIN=E#*Q

*S5-G1

SON=-(ExQ#*S+G2)
RA=AL-CIN
RB=ARG+SON

RETURN
END

FETCH

SUBROUTINE FETCH (IRESP

LRMIDX,

IVK,ITO,DATA,RMIDX,SPINDX,TOINDX,NDATA,
NVK,NTMOD, RMSFIL}

INTEGER RMSFIL
DIMENSION DATA(NDATA),RMIDX(LRMIDX),SPINDX(NVK+1),TOINDX(NTHMOD+1)

change
CALL
CALL
CALL
CALL
CALL
CALL
CALL

INDEX =

for VAX/VMS version

READMS (RMSFIL,SPINDX,NSPIND,IRESP)
STINDX (RMSFIL.SPINDX,NSPIND)
READMS (RMSFIL,TOINDX,NTOIND,IVK)
STINDX (RMSFIL,TOINDY.KTOIND}
READMS (RMSFIL,DATA,NDATA,ITO)
STINDX (RMSFIL,SPINDX,NSPIND)
STINDX (RMSFIL,RMIDX,LRMIDX)

NTMOD *= NVK * (IRESP - 2) + NTMOD * (IVK - 1) + ITO + 3

READ (RMSFIL,REC=INDEX) DAT:

RETURN
END

FIG10

FUNCTION FIG10 (GDB)

erates function of figure 10 of TANAKA,
ZOSEN KIOKAI, V. 109, 1961

DIMENSION GKDB(6),RFORE(6)

GKDB(1)=1.
GKDB(2 .

~
GHUD\ @

’
GKDB(4)

mrrvn
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22,23,23

23 CONTINUE
RBIL=0.0
GO TO 24
22 CONTINUE
DO 25 J=2,6
ITEMP = J
IF (GDB-GKDB(J)) 26,26,25
25 CONTINUE
26 CONTINUE
J = ITEMP
RBIL=(RFORE(J)-RFORE(J-1))/(GKDB(J)-GKDB(J~1))*(GDB-GKDB(J-1))
2 +RFORE(J-1)
24 CONTIRUE
FIG10=RBIL

RETURK
END

C DECK FIG11
FUNCTION FIG11 (BDG)

DIMENSION BAFT(5),CAFT(5)

* §enerates function of figure 11 of TANAKA,
* . Z0SEN KIOKAI, V. 109, U961

BAFT(1)=1.0
BAFT(2)=1.25
BAFT(3)=1.5
BAFT§4
BAFT(E
CAFT(1
CAFT(2
CAFT(3
CAFT 4; .
CAFT(85)=0.
DO 32 J=2,6
ITEMP = J
IF (BDG-BAFT(J)) 34,34,33
33 CONTINVE
34 CONTINUE
J = ITEMP
EIGii=(CAFT(J§—CAFT(J—1)g/(BAFT(J)-BAFT(J-I))*
+ (BDG-BAFT(J-1))+CaFT{J-1

RETURN
END

C DECK FIGbE6
FUNCTION FIG56 (THM,BDG)
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* enerates function of figures 5 and 6 of TANAKA,
" . ZOSEN KIOKAI, VOL. 109, 1961

DIMENSION F1(15),BDKG(15)

IF (THM-0.1748) 3,3,4
3 CONTINUE

F1(1)=0.4556

F1(2)=0.62

F1(3)=0.42

F1(4)=0.3b
F1(5)=0.52

‘




GO TO &
4 CONTINUE
IF (THM-0.2618) 6,6,7
6 CONTINUE
FAC=(THM-0.1745)/(0.2618~0.1745)
Fi 1g= 0.32-0.455)FAC+0.455
Fi1(2)= C.34ﬂ0.52;¢FAC+0.52
F1(3)=(0.29-0.42)%FAC+0.42
F124§=E0.31-0.35;*FAC+0.35
F1(5)=(0.48-0,.52)%FAC+0.52
GO TO S5
7 CONTINUE
IF (THM-0.3491) 8,9,9
8 CONTINUE
FAC=(THM-0.2618)/(0.3491-0.2618)
F1(1)=(0.25-0.32)*FAC+0.32
F1(2)=(0.25-0.34)*FAC+0.34
F1€32 0.22-0.29)*FAC+0.29
F1(4)=(0.28-0.31)%FAC+0.31
F1(5)=(0.45-0.48)«FAC+0.48
GO TO &
9 CONTINUE
F1(1g=0.25
F1(2)=0.25
F1§3§=0.22

F1(4)=0.28

F1(5)=0.46
& CONTINUE
F1§6;=0.63
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CONTIN

ITEMP =
IF (BDG-BDKG(J)) 28,28,27

27 CONTINUE

28 CONTINUE
J = ITEMP
FONE=(F1(J)-F1(J-1))/{BDKG(J)~BDKG(J-1))*(BDG-BDKG(J-1))+F1(J-1)
FIGEE=FONE

RETURN
END

C DECK FIG7
FUNCTION FIG7 (THM)
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* enerates function of figure 7 of TANAKA,
* . ZOSEN KIOKAI, VOL. 109, 1961

IF (THM-0.0873) 10,10,11
10 CONTINVE
AEX=10.6
GO TO 12
. 11  CONTINUE
IF (THM-0.1745) 13,13,14
13 CONTINUE
AEX=(7.66~10.6)/(0.1745-0.0873)*(THM~0.0873)+10.6
GO TO iz
14 CONTINUE
IF (THM-0.2618) 15,15,16
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16
12

C DECK

CONTINUE

égx (6.34-7.66)/(0.2618-0.1745)*(THM-0.1745)+7.66
12

CDNTI NUE

AEX=(5.28~6.34)/(0.3401-0.2618)*(THM~0.2618)+6.34

CONTINUE

FIG7=AEX

RETURN
END

FIG8 )
FUNCTION FIG6(RDD,ALF)

erates function of figure 8 of tanaka,

* §on
* ZOSED KIOKAI, V. 109, 1961

44

45
47

48
49

50
Bl

B2

46

63
54

DIMENSION ALF2(5),F2(5)

ALF2(1)=0.0
ALF2§2§=0.0873
ALF2(3)=0.1745
ALF254§=0.3491
ALF2(5)=0.5235

F2(1)=1.

IF (RDD) 44,44,45
CONTINUE

F2(2)=0.856

F2(3)=0.765

F2(4)=0.682

F2(5)=0.646

GO TO 46

CONTINUE

IF (RBD 0.0671) 47,47,48

CONT

F2 2 0.745-0.865)/0.05731%RDD+0.855
F2 0.670-0.765)/0.0571%RDD+0.765
F2 4 0.745~0.682)/0.0571%RDD+0.682
F2(5)=(0.916-0.646)/0,0571%RDD+0. 646
GO TO 46

CONTINUE

IF (RDD-0.1142) 49,48,50

CONTINUE

F2(2)=0.74

F2(3 =2o.72—0.s7o / O.1142—0.0571;*§RDD-0.0571
F2(4)=(0.89-0.745)/(0.1142~0.0571)*(RDD-0.05671
F2(5)=(1.34-0.915)/(0.1142-0.0571)*(RDD-0.0571)+0.91b
GO TO 46

CONTINUE

IF (RDD-0.1713) 51,651,562

CONTINUE

F2
F2

3
4)=

=0.72

GO TO 46
CORTINUE
F2§2g=0.7
F2(3)=0.72
F2§43=1.2
F2(6)=1.94
CONTINUE
DO 53 J 2 5
ITEM

IF (ALF ALFZ(J)) 54,564,863
CONTINUE
CONTINUE

J = ITEMP

F2ALF= (F2(J)-F2 J-1))/(ALF2(J3)~ALF2(J-1))* (ALF-ALF2(J-1))+F2(J-1)

VYA TAA
3 ANV dn

RETURN

60

F2§2§=(0.70-0.74)/(0.1713—0.1142)*(RDD—0.1142)+0.74

21.20-0.89)/(0.1713-0.1142)*(RDD-0.1142)+0.89
F2(56)=(1.94-1.34)/(0.1713-0.1142)+(RDD-0.1142)+1.34




¢ DECK

10
20

C DECK

2
2
2
2
2

2,
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END

FINTSP
SUBRCUTINE FINTSP (OMEGAE)

COMMON /CH3D/ ISIGMA,SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI,
IMMIN, IMMAX,IMDEL,LMIN,LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IKMIN,IMMAX,IMDEL,LMIN,LHAX

COMMON /ENVIOR/ VK,NVK,MU,NMU, NMEGA,NOMEGA,SIGMA,NSIGMA,SIGVWH,
NSIGWH,TMODAL ,NTMOD,NRANG,RANG,RLANG,S,NNMU,FRNUM,VFS

INTEGER NVK,NMU,NOMEGA,NSIGMA,NSIGWH,NTMOD,NRANG NNMU(B)

REAL VK(8) ,MU(37,8),0MEGA(30) ,SIGNMA(10) ,SIGWH(4),TMODAL(8B),
RANG(B),RLANG(8).S(30,8),FRNUM(B).VFS(BS

ISIGMA = 1
NSIGMX = NSIGMA - 1
DO 10 IS=1,NSIGMX
IF (OMEGAE .LT. SIGMA(IS)) GO TO 20
ISIGMA = IS
CONTINUE
CONTINUE .
SIGMIN = SIGMA(ISIGMA)
SIGMAX = SIGMA(ISIGMA+1)
= OMEGAE - STGMIN
X2 = SIGMAX - OMEGAE

XX = SIGKAX - SIGMIN

UTSIglg = X2/XX

WTSI(2) = (X2#X2/XX - XX)*X2/6.0
UTSIE3) = X1/xX

WTSI(4) = (X1#X1/XX - XX)*X1/6.0
RETURN

END

FNEDDY

SUBROUTINE FNEDDY

COMMON /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),
BKHD€2),BKSTN(10,2),BKHB(IO.Q).BKLNTH BKWDTH,

BKWL{10 2) ,BKAN(10,2),NSKSET,SKIMAG(2} ,SKFLS(2) ,SKALS(2),

SKAUS (2}, SKHB(2) SKFLVng),SKALUL(Q),SKAUULE2),NRDSET,RDIHAG(Q)
RDRFS&Q;,RDRAS(Q RDRHE (2) . RDRFWL(2)  RDRAWL 2).RDTFS§2;,RDTAS(2S
RDTHB(2) |RDTFWL (2}, RDTAWL(2),NSBSET,SBIMAG(2) , SOBRFS(2) .SOBRAS (2
SOBRHB 25,SOBRFU§2§,SOBRAU(25,SIBRFS(Z),SIBRAS(Q),SIBRHB(2),
SIBRFW 2;.SIBRAH 2) ,SBTFS(2) ,SBTAS(2) ,SBTHB(2) ,SBTFWL(2),
SBTAWL(2) | NFNSET,FNIMAG(2) ,FNRFS(2) ,FNRAS(2),

FNRHB(2) , FNRFWL(2) ,FNRAWL(2) ,FNTFS(2),FNTAS(2) ,FNTHB(2),
FNTFWL(2} , FNTAWL(2), NEXPRD ,ENRDO(B) , EKRDS (8)

COMMOK /CH3D/ ISIGMA,SIGMIWN,SIGHAX,V,SIKKU,COSKU,WTSI,
IMMIN, IMMAX, IMDEL,LMIN LMAX

REAL SIGMIN,SIGMAX,V,SINMU,COSMU,WTSI(4)

INTEGER ISIGMA,IMMIN,IMMAX,IMDEL,LMIN,LMAX

COMMON /ENVIOR/ VK,KVK,MU,NMU,OMEGA,NOMEGA ,SIGMA,NSIGMA,SIGWH,
NSIGWH, TMODAL , NTMOD , NRANG,RANG,RLANG, S, NNMU,FRNUM , VFS

INTEGER NVK,NNU,NOMEGA,NSIGMA ,NSIGWH.NTMOD,NRANG,NNMU(8B)

REAL VK(B),HU$37,8),0HEGA(30),SIGHA(lO) SIGWH(4),TMODAL(8),
RANG(8) ,RLANG(8) .S(30,8) ,FRNUM(B) ,VFS(8}

COMMON /PBYSCO/ II,TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,KETRVK,GRAV,
RHEO, GNU,RRHOS, RHOF, GNUS, GNUF ,FTMETR ,PUNITS,REYSCL

COMPLEX II

CHARACTER®*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RROS,
RHOF ,GNUS , GNUF ,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25),BQ,HSPAN ,EMNCHD,
HAREA ,BXCP ,HYCP HZCP ,HGAMMA ,HYHAT HEAR,HLCS,RQ{2) ,RSPAN(Z),
RHNCHD(2).RAREA(2),RXCP(2),RYCP(25,RZCP(Q).RGAHMA(Q).RYHAT(2),
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nEAR(zg.RLCS(Q;,so(z).sspnn(z),snucnn(:),SAREA<:) SXCP(2),
SYCP (2 SZCP(2) SGAMMA(2),SYHAT(2) SEAR(2),SLCS(2) ,BQ(2),
BSPAN (2} BMNCHD{2) ,BAREA(2) ,LXCP(2),BYCP(2} ,BZCP(2),BGAMMA(2),
BYHAT(2) 'BEAR(2),BLCS(2) ,FQ(2),FSPAN(2) ,FMNCHD(2) FAREA(2),
FXCP(2) ,EYCP(2) . FZCP(2) , FGAMMA(2) ,FYRAT(2) ,FEAR(2) ,FLCS(2),
PQ(2,2) .PSPAN(2,2) ,PKNCAD(2,2),PAREA(2,2) PXCP(2,2) PYCP(2,2),
P2CP{2.3) PGAMNA(2,2) PYHAT(2,2),PEAR(2,2} ,PLCS(2, 2},
STADMP{10} ,SHPDMP (10,8) ,ENCON,WPHI, TPHI,WMELM(4,9),SFELM(4,9,8)
REELM(4,9.8) ,PEELN(4,9,8) FEELM(4,8,8) HEELM(4,9,8) ,BEELM(4,9,8),
ENWM EKSF(8,8) ,ENRE(8) ,ENPE(8) ,ENFE(8) ,ENHE(8) ,ENBE(B),
ENEMV(8.8) ,ENRL(8) ,ENPL(8) ,ENFL(8) ENHL(8) ,ENSL(8) ,ENBL(8),
ENSHP(8.8) ,RELN(4,8),ITS(25) ,RD(26),EDDY(8,25) ,RGB(25)

REAL RDBLK(2692) _

EQUIVALENCE (PSUR(1),RDBLK(1))

DD 20 IA=1,NRANG
ENFE(IA) = ©
DO 10 1S=1,NSIGMA
SHPDMF(IS,IA) = 0O
10 CONTINUE
20 CONTINUE
IF (NFNSET .EQ. 0) GO TO 100
DO 50 K=1,NFNSET
YHAT = SQRT(FYCP(K)*FYCP(K) + FZCP(K)*FZCP(K))
GAMMAE = FGAMHA%K) + 1.
ALF = ATAN( ABS( ((FYCP(K)/FZCP{(K)) + TAN(GAMMAE*DEGRAD))/(1. -
2 (FYCP(K)/FZCP(K))+TAN(GAMMAE*DEGRAD)) ) )
¢ = 0.0065 + (FLCS(K)*FLCS(K))/(0.9+PI*FEAR(K))
CON = FQ(K)*4./(3.+P1)*RHO*YHAT#*#3+FAREA(K)*C+SIN(ALF)
DO 40 IA=1,NRANG
DO 30 IS=1,NSIGMA
SHPDMP (IS,IA) = SHPDMP(IS,IA) + (CON*SIGMA(IS)+*RANG(IA)) =
2 SIGMA(IS)
30 CONTINUE
40 CONTINUE
50 CONTINVE
DD 60 IA=1,NRANG
CALL SPFIT (SIGMA,SHPDMP(1,IA) FEELM(1,1,IA) NSIGMA)
ENFE(IA) = ENCON*REVAL(FEELM(1,ISIGMA,IA),WTSI)
60 CONTINUE
100 CONTIKUE

RETURK
END

C DECK FNLIFT
SUBROUTINE FNLIFT

COMMOR /APPEND/ NBKSET,NBKSTN(2) ,BKIMAG(2) ,BKFS(2),BKAS(2),
2 BKVD§2),BKSTN(IO.Q).BKHB(10,2),BKLNTH BKWDTH
2 BKWL(10 2).nxnn(:o,z),nsxsar,sx:nAc(zﬁ,sxFLstz).sxALs(z).
2 SKAUS(2),SKEB(2) SKFLEL%E\,SKALEng\,SKAUHL(23.NRDSET,RDIHAG(2)
2 RDRFS(2) .RDRAS(2),RDRHB 29 ' RDRFWL 25,nnnAuL<2),norpsgzg,anrns(z
> RDTHB(2) 'RDTFWL(2} RDTAWL(2) NSBSET,SEIMAG(2),SOBRFS(2),SOBRAS(
2.soaausg2§,soanrugzg.soaxnw(zi.stRFS(z),SIBnAs(z),sxaana(z),

[CSISTSISININTNENESENRN] S

)
2}
2'SIBRFW(2) SIBRAW(2).SBTFS(2),SBTAS(2) ,SBTEB(2) ,SBTFWL(2),

2 SBTAWL(2) NFNSET,FNIMAG(2),FNRFS(2),FNRAS(2)

2 FNRHB(2) ,FNRFWL(2) FNRANL(2) ,FNTFS (2) ,FNTAS(2) ,FNTBEB(2),
> FNTFWL(2},FNTAWL(2),NEXPRD,ENRDO(8),ENRDS(8)

COMMON /ENVIOR/ VK,NVK,MU,NMU,OMEGA, NOMEGA , STGMA ,NSIGMA, SIGWH,
1 lSIGUH.THODAL,ITHUD.HRANG,RANG,RLANG,S.NNHU.FRNUM.VFS

INTEGER NVK,NHU.NOHEGA.HSIGHA,NSIGHH,NTHOD,NRANG,NNHU(B)

REAL VK(B),HU§37.B),OHEGA(30),SIGHA(IO) SIGWH(4),THODAL(S8),
2 RANG(8),RLANG 8),S(30,8),FRNUH(B).VFS(BS

COMMON /GEOM/ X,KSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
1 VCG,GH,DBLGH,NEBLA,KPITCH,KROLL,KYAU,KYAURL,AHP,VCB,FBDX,FBDY,
2 FBDZ,NFREBD,XPT,YPT,ZPT,HPTS,LCB,GHL,ASTAT,BSTAT,TITLE,HASS,
2 DISPLH,IPITCH,IROLL,IYAH,IYAURL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AKEAM} ,WSURF ,GIRTA,FBOZV,DBLWL,TLCD
IRTEGER NSTATN,NOFSET(25),NFREBD,NPTS
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CHARACTER*4 TITLE(20)

REAL X(26),Y(10,25),2(10,25) ,FBDZV(8,10),LPP,BEAM,DBLWL, TLCB,
DRAFT,LCF,VCG,GM DELGM NEBLA .KPITCH,KROLL, RYAU KYAWRL , AWP vCB,
FBDI(IO) FBDY(:OS FBDZ(IO) XPT(lO) \PT(io) ZFT(lO) LCB GML
ASTAT(25$ BSTAT(Q%) MASS, DiSPLM,IPITCH, IROLL IVAW,
IYAHRL.CHEAVE CPITCH CHEAPI CRDLL AREAHX HSURF GIRTH(25)

COMMON /PHYSCO/ II,TPI,PI,FYIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
2 RHO,GNU, RHOS,RHQF,GNUS, GNUF ,FTMETR ,PUNITS, REYSCL
COMPLEX II
CHARACTER*4 PUNITS(2)
REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV RHO,GNU,RHOS,
RHOF, GNUS , GNUF ,FTMETR

COMMON /RLDBK/ PSUR(25),BMK(25),DK(25),CAK(25),HQ,HSPAN, HMNCHD,
HAREA ,HXCF ,HYCP ,HZCP ,HGAMMA , HYHAT ,HEAR ,HLCS,RQ(2) ,RSPAN(2),
RMNCHD (2) ,RAREA(2), RXCP( Y, RYCP (2} ,RZCP(2),RGAMMA(2) ,RYHAT(2),
nEAR§2) RLCS§ ; /SQ{2),SSPAN(2),SMNCHD(2),SAREA(2) ,SXEP(2),
SYCP(2) . SZCP({2) 'SGAMMA(2),SYHAT(2) ,SEAR(2),SLCS(2),BQ(2),
BQPANé g ,BMNCHD(2) ,BAREA(2) ,BXCP(2),BYCP(2},BZCP (2}, BGAMMA (2
BYHAT(2) | BEAR(2),BL.CS(2),FQ{2) ,FSPAN(2) ,FMNCHD(2) FAREA(Z%.
FXCP(2) .FYCP(2) ,FZCP(2) ,FGAMMA(2) ,FYHAT(2),FEAR(2} ,FLCS(2),
PQ(2,2) .PSPAN(2.2), PENCED(2,2) ,PAREA(2,2) ,PXCP(2,2),PYCP(2,2),
PZCP{2,3)  PGAMMA(2.2) ,PYHAT!2,3)  PEAR(2,25,PLCS (2,2},
STADMP{ 10} ,SHPDMP(10,8) ,ENCON .WPHI , TPH] .WMELM(4,9) SFELM(4.9,8)
REELM(4,9,8) ,PEELM(4.9,8), FEELH(4 9, sg ,HEELM(4 9,85.BE£LM(4,9,85,
ENWM,ENSF(8,8),ENRE(8) ,ENPE(8) ,ENFE(8) ,ENHE.8) ,ENBE(8),

Enanvgs 8% ENRLEB) JENPL(8), ENFLEB) ENHL(8), ENSL(G).ENBL(B).
ENSHP(8.8) RELM(4,9),1TS(25),RD{25%,EDDY(8,26),RGB(25)

REAL RDBLK{2692)
EQUIVALENCE (PSUR(1),RDBLK(1))

REAL LCS,MCHORD

I; (NFNSET .EQ. 0) GO TO 20
EN = 0

STASPC = LPPF/20

DO 10 X=1,NFNSET

[ea B A ML N

[

[STSISESISESERNTNEREREANYSE ] N]

XRTF = LCB - FNRFS%K;*STASPC

XRTA = LCB - FNRAS(K)*STASPC

XYPF = LCB - FNTFS%K;‘STASPC

XTPA = LCB - FNTAS(K)*STASPC

YRT = F:RH%EK;

YTP = FNTHB(K )

ZRT = gFNRFHLéK; + FNRAHL%K;;/2 - §DBLUL*VCGg
ZTP = (FNTFWL(K) + FNTAWL(K))/2 - (DBLWL+VCG

SPAN = SQRT( (ZRT-ZTP)**2 + (YTP-YRT)##2)
Q = FNIMAG(K)
MCHORD = 0.6%((XRTF-XRTA) + (XTPF-XTPA))
n = XRTF ~ XRTA

e XTPF - XTPA
gr = XRTF ~ 0.25%CR
qc = XTPF - 0.26%CT

= XRQC ~ XTQC
= san(Dx-Dx + SPAN*SPAN)
SLAM = SPAN/H
CLAM2 = 1./(COSLAN#COSLAM)

= ACOS(SPAN/H) . ,
= quarter chord sweep angle in radians

LA

aYoa
AREA = SPAN=MCHORD

center of pressure

2P = 0.5%(ZRT + ZTPg
YP = 0.6¢(YRT + YTP

X0 = 0.6#(XRTF + XTPF)
XCP = X0 - {.25+MCHORD
YCF = YP
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10
20

30

C DECK

10

C DECK

ZCp = ZF

* moment arm

ARG = (ZRT-ZTP) / SPAN

GAMMA = - 90

IF (ARG .LT. 1) GAMMA = ~ ASIN(ARG)*RADDEG
GAM = GAMMA+DEGRAD

YHAT = YCP*COS(GAM) + ZCP+SIN(GAM)

* effective aspact ratio

EAR = 2%SPAN/MCHORD

* 1lift curve slope

LS% ; 1.8+PI*EAR/(COSLAM#SQRT{(EAR*SECLAM2)*%2 + 4) + 1.8)
FQ{K) = Q

FSPAN(K) = SPAXN
FMNCHD(K) = MCHORD
FAREA(K) = AREA
FXCP(K) = XCP
FYCPEKg = YCP
FZCP(K) = ZCP
FGAMMA(K) = GAMMA
FYHAT(K) = YERAT
FEAR(K) = EAR

FLCS(X) = LCS

EN = EN + Q*(RHO/2)+AREA*LCS*YHAT*YHAT*WPHI*ENCON
CONTINUE

CONTINUE

DO 30 IV=1,KVK

ENFL(IV) = 0

IF (NFNSET .GT. Q) ENFL(IV) = EN*VFS(IV)

COKTINUE

RETURN
END

FNRAD
SUBROUTINE FNRAD (IV,NL,NU,MOTL,RAO,PHS,NMOT,NOMEGA ,COMEGAE,IPHS)

COMMON /FINCON/ IACTFN,IFCLCS,FGAIN(8),7K(3),FA(3),FB(3),
FCLCS(8,2)

COMMON /PHYSCO/ II,TFI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,
RHO,GNU,RHOS , RHOF ,GNUS , GNUF ,FTMETR ,PUNITS,REYSCL

COMPLEX II )

CHARACTER*4 PUNITS(2)

REAL TPI,PI,PIOT,DEGRAD,RADDEG,VKMETR,METRVK,GRAV,RHO,GNU,RHOS,
RHOF ,GNUS, GNUF ,FTMETR

COMPLEX FGC,HOTL%NHDT,NUHEGA),BETA,ROLL
DIKENSION OMEGAE(NOMEGA) ,RAO(NOMEGA) ,PHS(NOMEGA)

DO 10 I=NL,KU

ROLL = MOTL(2,I)*RADDEG
OMGE = OMEGAE(I)

OMGE2 = OMGE*OMGE

FGC = ((FKEi;—OHGE2*FK(3))+II*OHGE*FK(2))/(((FA(1§“DHGE2*FA(3))+
gé;oncs;gﬁlg %cg(;gé1aagﬁcﬁz*ps(3))+11*DMGE¢FB(2) )
A: [ 3 3
CALL RAOPHA EBETA.RAD(I),PHS(I).RADDEG,IPBS)
CONTINUE
RETURN
END
FTWO

FUNCTION FTWO (K,TLOCAL,RD)
COMMON /GEOM/ X,NSTATN,Y,Z,NOFSET,LPP,BEAM,DRAFT,LCF,
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1 VCG,GM,DELGM,NEBLA,KPITCH,KROLL,KYAW,KYAWRL, AWP,VCB,FRDX,FBDY,
2 FBDZ,NFREBD, XPT,YPT,ZPT,NPTS,LCB,GML . ASTAT,BSTAT, TITLE, MASS,
2 DISPLM,IPITCH,IROLL,IYAW,IYAWRL,CHEAVE,CPITCH,CHEAPI,CROLL,
2 AREAMX,WSURF,GIRTH,FBDZV,DBLWL,TLCB
INTEGER NSTATN,NOFSET(25),NFREBD,NPTS
CHARACTER*4 TITLE(20)
REAL X(25),Y(10,25),2(10,25),FBDZV(8,10),LPP,BEAM ,DBLWL, TLCB,

2 DRAFT,LCF,VCG,GM,DELGM,NEBLA ,KPITCH, KROLL ,KYAW,KYAWRL ,AWP,VCB,
2 FBDX(10) FBDY(iOS.FBDZ(lO),X T(lO),YPT(lOS.ZPT(IO).LCB.GML,

4 ASTAT(ZSS.BSTAT(25).HASS,DISPLM,IPITCH,IRDLL,IYAH.

5 IYAWRL,CHBEAVE,CPITCH,CHREAPI,CROLL,AREAMX,WSURF,GIRTH(25)

NNODES=NOFSET(K)

FTW0=1.0

IF g(Y(NNODES-l.K)-Y(NNODES.K&).GE.O.) RETURN
BR=(Y(NNODES,K)-Y(NNODES-1,K) )/ (-Z(NNODES-1,K))
ALF=ATAN(BR)

RDD = RD/ABS(TLQOCAL)

FTIWO=FIG8(RDD, ALF)

RETURN
END

C DECK GENOFS

* % nx

* % %R

*

K B R B B

SUBRQUTINE GENOFS (BEAM,DRAFT,SECARE,NOFSET,HLFBTH,WTRLNE,
2 PI,DBLWL)

this routine gernerates a set of offsets for evenly spaced angles
from the beam, dratt and sectional area coefficients of a station
using the LEWIS form magping.

W.G.MEYERS, DTSNRDC, 0B0977

LEWIS FORM representation-

2 = Al = ZETA + A2 « ZETA%»-1 <+ A3 * 