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NOMENCLATURE

a,b,c,d Constants used in rudder control law

B Ship beam

H/T Ratio of water depth to ship draft

I, Ship mass moment of inertia about z-axis

L Ship length

M Ship maneuvering width

m Ship mass

N Moment about an axis through center of gravity of ship

and parallel to z-axis

Moment due to wind

wind

u Component of resultant velocity of the ship along the x-axis

u Component of resultant linear acceleration of the ship
along the x-axis

v Component of resultant velocity of the ship along the y-axis

D Component of resultant linear acceleration of the ship
along the y-axis

4 Minimum channel width for reach

X Longitudinal force

Xind Longitudinal force due to wind

z Center of action of Y, z = ¥ /¥ L

L Longitudinal distance from origin to ship center of gravity

., Position of ship along channel centerline

z, Forward velocity of ship

ébinitia] Initial equilibrium value of =

;% Forward acceleration of ship (=0.0)

Y Side force

Yoind Side force due to wind
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Subscripts

Desired lateral position in channel

Distance from channel centerline

Maximum excursion of ship's center of gravity from desired

course

Lateral velocity of ship

Cross current velocity

Lateral acceleration of ship

Angular displacement of rudder

Navigation position accuracy

Correction factor to Yb‘

Yaw angle

Desired ship yaw angle

Yaw angle from steady state equations of motion

Yaw angular velocity of ship

Yaw angular acceleration of ship

Indicates
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Indicates
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C.1 GENERAL INFORMATION

C.1.1 Summary

A ship maneuvering simulation computer program (MANVER) was developed
to determine the navigational guidance system performance requirements which
would allow improvement in the capacity of the St. Lawrence Seaway. The
maneuvering simulation provided the relationship between ship maneuvering
room requirements and the weather conditions, and Seaway reach parameters.
Solution to the controlled equations of motion was obtained using the Runge-
Kutta fourth order integration technique.

Input to program MANVER consists of ship characteristics, which include
linearized hydrodynamic force characteristics, ship geometry, and ship speed.
Wind and current data, plus channel geometry, are also required as input.

Output of program MANVER is a time history of the ship's position and
orientation in a Seaway reach. The maximum excursion of the ship from its
desired path and the maximum rudder angle determine the ship maneuvering
room requirements.

Program MANVER was written in the Fortran computer language and was
developed using a Honeywell 1648 Time Sharing computer system. MANVER
requires approximately 15 seconds connect time to compile, and from 5
to 60 minutes connect time to perform one computer simulation run of a
ship traversing a reach at a given speed with given WX conditions. This
execution time depends on the input data, channel length, and the time incre-
ment used to update variables.

C.1.2 Environment

A. User Organizations: Transportation Systems Center
Kendall Square
Cambridge, Massachusetts 02142

St. Lawrence Seaway Development Corporation
800 Independence Avenue, SW

Federal Office Building #10, Room 836F
Washington, D.C. 20591

B. Program was developed using the Honeywell 1648 Time Sharing
Computer System located at:

Dialcom, Inc.
1104 Spring Street
Silver Spring, Maryland 20910
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C.2 APPLICATION

C.2.1 Description of Program MANVER

R functional relationship between ship maneuvering room requirements,
the weather conditions, and the Seaway reach parameters was determined using
the equation of ship motion to describe the movement of a ship when subjected
to external disturbance forces (winds, currents, bank suction effects) and
control forces (rudder and propeller). The equations of motion and a ship
control equation are presented below.

(m - Xﬁ) To = Aying * XS ¥ Xéoyo * (xo B xbinitial)xﬁ (1)
(m - ) g, = Twind ¥ Y58 ¥ Yyoyo *+ (g, - yocurrent) ¥y -

Yb(éo - éocurrent)¢ Y (y$ 'ybéo)é * (Y$ B mCG)$

(Ié - N&)& =D

wind ¥ g8 * Nyoyo * Nv(yo ) yocurrent) *
(3)
(v - mog)i, + Wz, - Zpcurrent)® * (Né - Wy, )é
6 = a(yo - ycourse) * bgo *+clo - ¢desired) + dé (4)

Ship coordinate system and motion variables are described in Figure
C.1. Figure C.2 presents a ship in a channel at its initial position %:) and
during a simulation. The initial yaw angle and rudder are determined from

the steady state equations of motion uysing steady wind and current conditions.
Position(f)motion variables are determined from the unsteady equations of ship
motion using unsteady wind and current data of the form shown in Figure C.3.

The wind data is a function of time while the current is a function of position.
The rudder angle plot shown is a result of the ship maneuvering simulation.

A sketch of ship position and orientation obtained from a ship maneuvering
simulation run is also shown in Figure C.3.
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A block diagram of the ship maneuvering simulation, Figure C.4,
illustrates the logic of program MANVER. The wind and current forces
are determined for time ¢ and entered into the numerical integrator along
with ship heading and rudder forces and moments. The fourth order Runge-
Kutta numerical integration is used to determine the following motion
parameters with time ¢:

xO, -'2:09 E,O’ yo’ 3;0’ ;;/.0’ 9 d” a;

For the control law employed in this study, the motion variables--
Yos Y5s ¢.¢--would then determine the rudder angle for time (t+At). The
updated rudder force and moment are then computed for time (#+At) and are
entered into the numerical integrator along with the updated wind and current
forces and moments and ship heading. This procedure is repeated until the
ship transits to the end of the channel. The simulation determines rudder
angle, ship heading, Y, $, and the maneuvering room (width) requirement, M.

The maneuvering width, ¥, is defined to be

M= (yo)CG + %{Lsin¢ + Bcos¢)
where

(yo)CG = maximum excursion of ship center of gravity from the desired

path
L = ship length
B = ship beam
¢ = ship yaw angle

The ship maneuvering simulation was used to determine the maneuvering
width for three Seaway reaches as a function of beam wind speed and ship
speed. These results for reaches 44 (along St. Regis Island), 50 (Polly's
Gut), and 56 (Copeland Cut), are tabulated in Tables C.1, C.2, and C.3,
respectively.

C.2.2 Equipment

Program MANVER is designed to run on a Honeywell 1648. The program
is written in Fortran IV as used by the compiler on the Dialcom time sharing
system. The major differences between this compiler and standard Fortran are:
(1) Comments are denoted by *.

(2) Continuations are denoted by +.
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TABLE C.1 DYNAMIC MANEUVERING RESULTS FOR SEAWAY REACH 44 (ALONG
ST. REGIS ISLAND) FOR A SALTY AND A LAKER

Salty Laker
Wind Wind Ship Upbound Downbound Upbound Downbound
Direction Speed Speed M M M M
(°T) (mph) (mph) (ft) (ft) (ft) (ft)
331.17 0 3 819.10 1,331.40 819.78 1,334.21
6 464 .05 627.47 464 .32 635.03
9 316.57 394,74 317.64 399.18
12 249 .49 285.74 250.19 288.67
15 3 831.82 1,379.06 834.29 1,408.58
6 466.97 641.85 467.24 651.12
9 317.59 397.89 318.39 402.76
12 249,93 286.79 250.48 289.93
30 3 865.13 1,138.14 903.10 1,200.84
6 475.98 690.23 478.32 706.74
9 321.99 412.91 322.26 419.77
12 252.46 293.18 252.57 297.34
45 3 30,457.00 3,080.05 © 0
6 490.90 1,220.61 496.77 1,229.00
9 329.67 443 .07 331.79 454 .86
12 257.08 304.82 258.32 310.80
151.17 15 3 824 .00 1,981.75 825.70 ©
6 462.98 606.08 464.08 611.40
9 316.82 387.89 318.28 391.44
12 248.29 282.67 249.21 285.20
30 3 5,500.70 3,217.50 © ©
6 475.64 1,397.76 479.10 1,400.01
9 322.55 369.35 325.19 370.41
12 250.60 273.96 252.23 275.27
45 3 35,760.30 S o ®
6 751.47 3,207.50 771.30 3,223.50
9 332.01 795.46 336.63 811.39
12 256.09 271.24 258.90 273.25



TABLE C.2 DYNAMIC MANEUVERING RESULTS FOR SEAWAY REACH 50 (POLLY'S

Wind
Direction
(°T)

357

177

Wind
Speed
(mph)

0

15

30

45

15

30

45

GUT) FOR A SALTY AND A LAKER

Salty Laker

Ship Upbound Downbound Upbound Downbound

Speed M M M M

(mph) (ft) (ft) (ft) (ft)
3 452.21 617.72 454 .22 627 .56
6 317.73 350.86 321.32 355.44
9 232.04 248.84 235.63 251.35
12 183.27 192.98 185.58 194.72
3 463.83 1,070.65 471.26 1,087.10
6 321.31 402.14 325.46 408.29
9 233.49 262.64 237.03 265.88
12 183.87 198.16 187 .41 200.11
3 489.12 5,512.92 499,20 5,525.00
6 331.76 600.08 338.25 612.71
9 238,74 315.52 242 .91 321.02
12 287.06 219.95 189.90 223.08
3 3,277.64 17,079.67 3,295.14 17,200.00
6 351.35 3,227.82 374.06 3,300.00
9 248 .37 412.55 253.62 421.95
12 192.77 258.67 196.34 263.70
3 453.26 255.47 459,08 259.99
6 315.40 294 .71 318.56 296 .87
9 230.34 232.41 233.49 234.37
12 182.21 186.38 184.39 187.81
3 443 .64 5,686.79 446.96 5,700.00
6 306.95 180.07 308.92 184.36
9 224 .92 187.38 226.11 188.28
12 178.89 163.91 180.59 164.10
3 14,804.23 17,260.94 14,850.00 17,300.00
6 297 .82 3,974.76 298.80 4,000.00
9 218.33 142.35 218.62 146.77
12 173.45 143.92 174 .37 148.34
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TABLE C.3 DYNAMIC MANEUVERING RESULTS FOR SEAWAY REACH 56
(COPELAND CUT) FOR A SALTY AND A LAKER

Salty Laker
Wind Wind Ship Upbound Downbound Upbound Downbound
Direction  Speed Speed M M M M
(°T) (mph)  (mph) (ft) (ft) (ft) (ft)
347 0 3 225.87 225.62 228.05 228.24
6 225.26 226.44 230.59 232.55
9 201.67 211.74 252.49 217.85
12 144.71 147.28 213.19 153.75
15 117.00 118.59 126.44 122.49
15 3 225.27 225.30 228.24 249.83
6 226.26 226.36 230.39 230.12
9 197.75 204.92 252.56 214.73
12 142.64 144 .83 203.20 150.89
15 115.20 117.46 115.99 121.63
30 3 225.47 267 .29 261.52 265.00
6 225.27 225.07 226.76 237.71
9 189.57 186.78 249.73 193.62
12 137.04 137.31 172.26 141.94
15 111.83 113.56 112.12 116.98
45 3 225.03 227.33 260.91 235.00
6 226.88 226.09 243.29 258.12
9 214.39 225.78 253.84 229.97
12 129.02 126.09 131.41 128.50
15 106.75 107.35 107.34 109.50
167 15 3 225.71 225.46 231.67 242.50
6 229.17 225.36 235.26 231.33
9 210.16 215.88 293.90 227.39
12 190.00 148.88 234.29 155.68
15 179.02 119.34 187.18 123.89
30 3 227.38 267.29 232.08 270.00
6 230.04 225.45 238.75 236.84
9 217.17 225.04 314.14 237.34
12 205.00 156.54 252.93 164.73
15 193.61 123.07 203.77 128.36
45 3 229.67 300.76 264.99 350.00
6 228.91 225.66 246.68 253.01
9 228.71 225.34 245,72 237.94
12 224.00 172.16 264 .91 182.86
15 220.34 130.41 233.99 137.04

1



(3) The end-of-file marker assigns a value of 1 to variable IEOF.

(4) A series of statements separated by a semi-colon (;) may be
placed on the same line and all will be carried out. If the
series follows a decision, the entire series will be executed
or not executed.

(5) Line numbers occupy the first five columns of each line.

C.2.3 Structure of Program MANVER

Figure C.5 shows the calling relationships between the main program
and the various subroutines. The main program, MANVER, keeps track of the
simulation time to update and print the variables as needed. Subroutine
INDAT reads the input data from two data files and prints the data onto the
output file. To print the current date in the heading, INDAT calls DATE,

a system subroutine not contained in the program. Subroutine SSCON is

called by MANVER to establish steady-state conditions for the ship and the
initial time and distance. A linear interpolation of the course, edge, current,
and wind arrays are provided by subroutine INTER. The frontal and lateral
forces and the yaw moment due to wind are calculated by WIND. Subroutine
RESIST calculates the ship's open water resistance. Subroutine CHCOEF is

an interpolation algorithm that determines forces and moments acting on ships
operating in shallow waters and narrow channels. As the time increments in
the simulation, subroutine SOLVE integrates the differential equations by

the Runge-Kutta method using the derivatives for ship motion obtained in
subroutine CALDER. The rudder commands of a pilot and helmsman are simulated
by subroutine RUDDER. As directed by the main program, subroutine PRT

prints the changing values of the simulation.

C.2.4 Performance

Every case requires input files SIMDTA and ADSIM and generates an
output file OUT384. If more than one case is being run, the SIMDTA file
must contain one full set of data for each case. ADSIM is not lengthened
but rewound at the beginning of each case. Output from more than one case
will be added to the output file without special markers, other than normal
headings, between cases. The running time for each case varies from 5 to
60 minutes, depending on the input data, especially ship speed, distance to
be covered, and time increment for updating variables.

C.2.5 Data Base

Three data files are maintained by this program, two input and one
output. Input file SIMDTA contains information on the simulation controls,
desired course, channel boundaries, wind and current data, maneuvering con-
trol coefficients, and ship data. This file is read from beginning to end
with the end-of-file signaling the end of the run. Input file ADSIM con-
tains information on the dimensionless side force ¥ ' as a function of channel
width, ship beam, and distance from channel centerline. It is read in order

12
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but may be rewound and read several times, depending on the number of cases
in the run. Output file OUT384 is generated by each run. It contains a
1isting of all the input data read from files SIMDTA and ADSIM for the case
and the simulation results. If more than one case is to be run, the output
is written in the order generated.

C.2.6 Input, Processing, and Qutput

A definition of the variables used in MANVER is given in Section C.4
and detailed flow charts of the program are given in Section C.5. Al1 input
is done by subroutine INDAT and all output is made by subroutine PRT at the
end of MANVER.

C.3 PROCEDURES AND REQUIREMENTS '
€.3.1 Initiation

To execute program MANVER on the Dialcom system, the following
commands are used:

F MANVER MA
LLOAD MA

The Fortran compiler is calied by the F command. Program MANVER, including
all of the attached subroutines, is compiled and an object file, MA, is
created. The LLOAD command loads the object file and execution begins.

€.3.2 Input

A11 data is input from files SIMDTA and ADSIM (see Tables C.4 and C.5).
The format statements referenced indicate the maximum number of characters
(including separating comma) that the variable may contain. The formats are
used to print the data in an understandable and orderly manner while the
input is essentially free format. The two data files will be described line-
by-Tine with the numbers corresponding to the position in the sample file;
possible differences will be noted.

File SIMDTA

run number for heading (2A2)
description of following line (30A2)
RHOA,RHOW,GRAV,DISPLC(4F10.2)
description (30A2)
TSTART,XSTART , XEND(3F10.2)
description (30A2)
DTSIM,DTPRT,DTDATA(3F10.2)
description (30A2)
NCOURS,NEDGE ,NCURNT ,WDEPTH(315,F10.2)
description (30A2)

11-13- COURSE(I,J),J=1,3 where I increments with each line from
1 to NCOURS, maximum of 10 (3F10.2)
description (30A2)

—_
owooNOTOIRWN ~

——l
'S
)

14



TABLE C.4 LISTING OF INPUT FILE SIMDTA

1

RHOA FEHOW SRAVITY wsLT
0. 00237 1.4 32, 2022410,

TETHET CHETART HEMND
0.0 =500, 0 10000, 0

DTEIM OTPET OITDORTH
10,0680, ¢0.1
HCOURS MEDSE NCURNT WDEPTH
DD T 20,0

%0 YCOURS  HEADING
~500, 0s=15.0:257. 0
SO00.0s—15. 02670
10000, 0 =15, 0,267, 0

=0 CHAMMHEL EOUHDARY
=500, 0. 350.0=3250,0
0, 0380, 0,=32350.0
1000, 0 3PS, 0 =375, 10
SO00.0s 400, 0y —400, 0
2000, 03450, 0 =430, 0
SO00, Qs SO0, O 500, 0
SO0, D S00. Qe —3500, 0
FONO,. 0500, 0s-500.0
10000, 0 S00, Qe =500, 10

»0 YWCURREMT cFFE) DIRECTION
BoDa5. 5270
1000, 05,9370
DD PEITE- T =T R=5
S000. 05,5294, 10
4000, 06,5237, 0
SN000, 00,0037, 0
10000, 0s 0. 02270

WMIMD DRTHA

£

TIME  “WIMD CMFHY DIRECTION
O, 0s 0, 023570
SO000, s 0, 0357,
21000, 0, 0s 357,
0000, D 0. 025700

CROE ARRERY

0. I:Il_',ll:l..":_._‘;',q O Dcbe O, 0, 00000000 G0001

CHERAD RAEEARY

= Pas Yo ] Y
[~ It = JT N

HOH-DIMEMSIONAL MANEUVERIMG COEFFICIEMTS
— 0 D0ET s — 0, 01 0E 00, Te—0, 3004 3, 3023

—0, 00 0, QOO =0, QOS2 —0, 00325, .

0. 0018 =0, 000Es D0, Os 0. De 0, 0
DIZPLACEMENT EBEAM ORAFT wIZ
2RO, 1 TS, 0 25, G SE4000000000,
“wLEBP AR aL0R
- YWIHIP  TSHIF ARERF ARERF
10,0, 170500, 0s 114200, 0a 0.0
MAX RUDDER <IMPUT 1M DEGs PRIMT IM EAID

235.0
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A

TABLE C.5 LISTING OF INPUT FILE ADSIM
&

M0 AND Y07 DATH
MWFE HEALP
Fell
=WFE ARRAY
el 3, Iad. . IS, 00k, 07 02,10
HYPE ARRRAY
EsBEsFallsZaFeln)
#“YFO AREAYs READ & EMTRIES PER LIMEs FIRET ¥O<E THEM YO LIHNE
O.0s 0. 1a 0. 2a 0.3 0.9 0,52
0.0 0. 00Se 0, 012 0. D36 0, DE2 0, 11K
Oo0s 0 e 0.da 0.8, 20l 0
G0 0. 00Sx 0, 0130, 020 0. 055 0, 031
oD .2e 0. 0. G 0. 201,10
1.2+1.4:1.45
oD 0,004 0, 002> 0. 014 0, 022 0, 0323
l:l. lZl-:'I»E:, e OF O 0, nan
D0 D2y 0ads DB, 21,0
1.2sledsl. Gl B2 00
0. 00 0038 0, 0080, 010 0,013« 0,.01
0. 022 0. 0230 0,040 0, DS0 0, 057
BoOsDodsD.Sal. 201,802,010
2.dr2.5
. Os 0, 002
0. 052 0,03
O.0s 0,403,
Cede 2. Ba3L
0.0 0. 007 0. 002 0. 012 0,017 0,021
Do 022 0, 0390, 045
Dol D.ds D881, 2015200
Ceds 2. BB 20305

D0 0, 005 0,008 0. 010 0. 014 0,016

na

[nx]

SD10s 0, 116 0022

J

.0

DN

14

sl.28sl.Bs2. 00

Pea BN OB

S

N

D018 0,022 D030 0. 035
AALFHA RERAY
HoT HSEAR HLFHA
1.0s=-0.50s1. 30
1.2»-0.3%5:1.10
1.4»-0.258« 1. 00
oGy =0, 230,592
S0, 208 01, 26
. =0017 0,20
.2 -0, 150,78
Sedsy—0, 122 0.70
SeBr—0.11s 0,57
SeSe—0. 10 0052

=
SeOs—0, 03 0,59



15-23- EDGE(I,J),J=1,3 where I increments witheach Tin2 from 1 to
NEDGE, maximum of 10 (3F10.2)
24 - description (30A2)
25-31- XCURNT(I,d),J=1,3 where I increments with each line from 1
to NCURNT, maximum of 10 (3F10.2)
32 - description (30A2)
33 - NWIND(I2)
34 - description (30A2)
35-38- XWIND(I,J),J=1,3 where I increments with each 1ine from
1 to NWIND, maximum of 10 (3F10.2)
39 - description (30A2)
40 - CPOS(I),I=1,4 (3F12.7,F15.13)
41 - description (30A2)
42 - CHEAD(I),I=1,3 (3F12.7)
43 - description (30A2)
44-46- XMCOEF(I),I=1,15 (5F12.5)
47 - description (30A2)
48 - DISPL,BEAM,DRAFT,XIZ (3F10.2,F20.0)
49 - description (30A2)
50 - XLBP,XLWL,XLOA (3F10.2)
51 - description (30A2)
52 - VSHIP,TSHIP,AREAP,AREAF (4F10.2)
53 - description (30A2)
54 - RUDMAX (F10.2)
File ADSIM
1 - description of following line (30A2)
2 - description (30A2)
3 - NWPB,NXALP (215)
4 - description (30A2)
5 - XWPB(I),I=1,NWPB maximum of 7 (7F10.2)
6 - description (30A2)
7 - NYPB(I),I=1,NWPB maximum of 7 (7I5)
8 - description 530A2)
9-32- XYOP(I1,J,K) 6F10.3)
This array is dimensioned (7,11,2) where the first dimension
(1) is set by NWPB and the second dimension (J) is set by the
corresponding I value of NYPB. The array is read in sets,
from 1 to NWPB where each set contains
XYOP(I,J,]),J=1,NYPB(I) (6F10.2)
XYOP(1,J,2),d=1,NYPB(I) (6F10.2)
In sets where NYPB(I) is 6 or less, there are two 1ines; in
sets where NYPB(I) is between 7 and 11, there are four lines
33 - description (30A2)
34-44- XALPHA(I,J),J=1,3 where I increments with each line from 1

to NXALP, maximum of 11 (3F10.2)
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€.3.3 OQutput

The program output is written onto a file, 0UT384, which can be
disposed to a high speed printer or printed at the terminal. If the printing
device requires that the first column contain only printer commands, all
format statements must be shifted one space. This will cause the format in
subroutine PRT to have 81 characters, all others will be 80 or less.

The output is divided into two sections, input data and simulation
results. The input data section, printed by subroutine INDAT, is printed
first and has a heading giving the date of the run and the run number. As
data is read from the input files, it is printed on the output file in the
same format. These formats are described in the input section of this guide.
The headings for the result section are also printed in subroutine INDAT
although the data are printed by subroutine PRT. This data is presented in
columns and contain (from left to right):

Simulated time SAMP(1)
Location in channel SAMP(2)
Position off centerline SAMP(6)
Ship heading SAMP(9)
éo SAMP(3)
b, SAMP(7)
& SAMP(10)
Rudder angle SAMP(12)
Excursion from channel centerline SAMP(16)

The final Tine of output, printed by MANVER, gives the ship's
maximum excursion and the location at which it occurred. A sample output
is shown in Table C.6.

C.3.4 Error Recovery

Error messages may be produced by two of the subroutines, SSCON
and CHCOEF. If any of these messages appear, the user should interrupt the
program and check his input data for unusual numbers.

ERROR:  SEARCH FOR YO GOING WRONG WAY TWICE. In SSCON, assumed and
calculated values of YO are being compared to the desired set of numbers.
This error occurs when neither increasing nor decreasing the assumed values
approach the desired value yet the desired value is not bracketed by the
assumptions. The user should check the course and current arrays for errors.
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ERROR IN SSCON: PSI = The difference between the ship
heading and the course heading is greater than 90°. This difference, in
radians, is printed.

ERROR IN SUBROUTINE CHCOEF AT STATEMENT 50 AYOPB OF LESS THAN
The ratio of distance off center to ship beam (AYOPB) is less than the initfal
value of XYOP(L,1,1) which is zero. The values of AYOPB and XYOP(L,9,1)
are printed. The user should check the XYOP array.

ERROR IN SUBROUTINE CHCOEF AT STATEMENT 40.

ERROR IN SUBROUTINE CHCOEF AT STATEMENT 90.

ERROR IN SUBROUTINE CHCOEF AT STATEMENT 300.

In each case, the do loop concluding at the statement number indicated
has been incorrectly completed to the maximum number. The program should
have left the loop by a statement within the loop. The user is advised to
check the program with the 1isting to ensure that no alterations have been

made. It is impossible for the program to go to these messages unless the
program has been changed.
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ALPHA

ANG

ANGLER

AREAF
AREAP
AYOPB

BEAM

CEl

CE2

CHEAD(3)

COURSE(10,3)

C.4 DEFINITION OF VARIABLES

draft/depth factor for lateral force due to restricted
channel; interpolated from XALPHA array by subroutine
CHCOEF

angle between ship heading and course (radians); calculated
in subroutine SSCON

angle between ANG and steady state heading (radians); cal-
culated in subroutine RUDDER

ship frontal area; read from file SIMDTA by subroutine INDAT
ship profile area; read from file SIMDTA by subroutine INPUT

ratio of the distance ship is off centerline of channel to
ship beam; calculated in subroutine CHCOEF

beam of ship (feet); read from file SIMDTA by subroutine
INDAT

ships distance from positive channel boundary; interpolated
from EDGE array by subroutine INTER

ships distance from negative channel boundary; interpolated
from EDGE array by subroutine INTER

rudder command controls related to ship heading; read from
file SIMDTA by subroutine INDAT

CHEAD(1) rudder command due to an error in ship yaw
position from desired yaw position

CHEAD(2) rudder command due to ship yaw velocity
CHEAD(3) rudder command due to ship yaw acceleration

desired ship position and heading in channel; read from
file SIMDTA by subroutine INDAT

COURSE(N,1) xz,, location of Nth point (feet); N=1, NCOURS

COURSE(N,2) desired displacement from center of channel
of Nth point (feet); N=1, NCOURS

COURSE(N,3) desired ship heading of Nth point (°T);
N=1, NCOURS
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CP0S(4)

CSTVR(15)

D1

D2

DD

DELTA

DHPT

DISPL

DISPLC

DRAFT
DTAB1

DTAB2

DTDATA

rudder command controls related to ship position; read from
file SIMDTA by subroutine INDAT

CPOS(1) rudder command due to an error in ship lateral
position from desired lateral position

CPOS(2) rudder command due to ship lateral velocity
CPOS(3) rudder command due to ship lateral acceleration

CPOS(4) rudder command due to integral of error in ship
position

dummy array of calculation variables; used in MANVER and
subroutines SSCON, SOLVE, and CALDER

1) XO0D 6) PSID 11; YO

2) X0 7) HSHIPR 12) YOD

3) YOD 8) XoDD 13) YODD
4) YO 9) YODD 14) YOI

5) YOI 10) PSIDD 15) XRUDDR

intermediate step in calculation of PSI; used in subroutine
SSCON

intermediate step in calculation of PSI; used in subroutine
SSCON

time increment of one-half DTSIM used in Runge-Kutta estimate
of ship movement; calculated in subroutine SOLVE

percentage of change between points in array to interpolate
for desired value; used in subroutine INTER

difference between desired HPT value and value in XALPHA
array; used in subroutine CHCOEF

ship displacement (long tons); read from file SIMDTA by
subroutine INDAT

conversion factor for long tons to pounds; read from file
SIMDTA by subroutine INDAT

ship draft (feet); read from file SIMDTA by subroutine INDAT

value equal to XYOP(L,J,1)-XYOP(L,J-1,1); calculated in
subroutine CHCOEF

value eugal to XYOP(L,J,2)-XYOP(L,J-1,2); calculated in
subroutine CHCOEF

time increment for changing rudder (sec); read from file
SIMDTA by subroutine INDAT
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DTPRT time increment for printing results (sec); read from file
SIMDTA by subroutine INDAT

DTSIM time increment for calculations (sec); read from file SIMDTA
by subroutine INDAT

DWPB1 value equal to XWPB(I)-XWPB(I1); used in subroutine CHCOEF

DWPB2 difference between calculated value of WPB and array value
at XWPB(I1); used in subroutine CHCOEF

DXAL1 value equal to XALPHA(K,1)-XALPHA(K-1,1); used in subroutine
CHCOEF

DXAL2 value equal to XALPHA(K,2)-XALPHA(K-1,2); used in subroutine
CHCOEF

CYo jncrement for changing ship position; used in SSCON to
calculate steady state conditions

DYOP difference between values of YOP calculated from array for
WPB value on either side of actual value, subroutine
CHCOEF

DYOPB value equal to YOP1-YOP2; used in subroutine CHCOEF

EDGE(10,3) boundaries describing channel; read from file SIMDTA by

subroutine INDAT
EDGE(N,1) x, location of Nth point (feet); N=1, NEDGE
EDGE(N,2) right side channel boundary at Nth point (feet);

N=1, NEDGE
EDGE(N,3) Teft side channel boundary at Nth point (feet);
N=1, NEDGE
FORCE total wind force; used in subroutine WIND
FPSMPH conversion for feet per second to miles per hour (1.467);
initialized in MANVER
FWIND lateral wind force; calculated in subroutine WIND
GRAV acceleration due to gravity (ft/sec?); read from file

SIMDTA by subroutine INDAT

HCOURS course heading at time of calculation (°T); interpolated
from COURSE array by subroutine INTER
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HCR

HCSS
HCURNT

HPT

HSHIP

HSHIPR

HSR

HWIND

HWINDR

&

IA

IANG

IB

IC

ID

current heading at time of calculation (radians); used in
subroutine SSCON and CALDER

steady state course heading (degrees); calculated by SSCON

current heading at time of calculation (°T); interpolated
from XCURNT array by subroutine INTER

ratio of depth of channel to ship draft; used in subroutine
CHCOEF

ship heading at time of calculation (°T); used in subroutine
SSCON and CALDER

ship heading at time of calculation (radians); used in
subroutine SSCON and CALDER

course heading at time of calculation (radians); used in
subroutine SSCON and CALDER

wind heading at time of calculation (°T); interpolated from
XWIND array by subroutine INTER

wind heading at time of calculation (radians); used in sub-
routine WIND

internal increment (I) minus 1, used as value L for array
XYOP(L,J,K); calculated in subroutine CHCOEF

code for calculating steady state rudder and PSI (1 - first
calculated point above desired line, 2 - second calculated
point below desired 1ine); used in subroutine SSCON

code to indicate that third column of the array to be inter-
polated is an angle (=1); used in subroutine SSCON and
CALDER

code for calculating steady state rudder and PSI (1 - second
calculated point above desired line, 2 - second calculated
point below desired 1ine); used in subroutine SSCON

code for calculating steady state rudder and PSI (0 - both
calculated points on same side of desired line, 1 - cal-
culated points on opposite sides of desired 1ine); used
in subroutine SSCON

code for calculating steady state rudder and PSI (0 - assumed
jnitial point for second calculation greater than point for
first, 1 - assumed initial point for second calculation
less than point for first); used in subroutine SSCON
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IDAY

IDPT

THEAD

IMON

IN
IouT
IPT

ITITLE(30)

IYER

JPT

JT

MYPB

NANG

NCOURS

NCURNT

NEDGE

NPT

day of run obtained from subroutine DATA (alphanumeric)
and printed in heading; used in subroutine INDAT

code to indicate if x., distance or time is increasing (1)
or decreasing (-1) in array; used in subroutire INTER

code to determine if third column of the array to be inter-
polated is an angle (=1) for a distance (=0); used in
subroutine INTER

‘month of run obtained from subroutine DATE (alphanumeric)

and printed in heading; used in subroutine INDAT
dummy variable for argument 1ists preceding input variables
dummy variable for argument lists preceding output variables

increment variable for first of two dimensions in XYZ array,
XYZ(IPT,1); used in subroutine INTER

60 alphanumeric character lines describing lines of input
data, read from files SIMDTA and ADSIM and printed on
file 0UT384 by subroutine INDAT

year of run obtained from subroutine DATE (alphanumeric)
and printed in heading; used in subroutine INDAT

increment variable for first of two dimensions in XYZ array,
XYZ(JPT,1); used in subroutine INTER

number of observations in the last of three dimensions in
XYOP array, XYOP(I,J,JT); used in subroutine INDAT

number of observations in last of three dimensions in XYOP
array, XYOP(I,J,MYPB); used in subroutine CHCOEF

code to indicate that third column of the array to be inter-
polated is a distance; called in subroutine CHCOEF

number of observations in COURSE array; read from file
SIMDTA by subroutine INDAT

number of observations in XCURNT array; read from file
SIMDTA by subroutine INDAT

number of observations in EDGE array; read from file SIMDTA
by subroutine INDAT

number of observations in the array to be interpolated; used
in subroutine INTER
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NRUN1

NRUN2

NUM

NVAR

NWIND

NWPB

NXALP

NYPB(7)

PI

PN

PSI

PSID

PSIDD

PSISS
RADCON

RHOA

first two alphanumeric characters giving the run number;
read from file SIMDTA and written on file OUT384 by
subroutine INDAT

last two alphanumeric characters giving the run number;
read from file SIMDTA and written on file OUT384 by
subroutine INDAT

dummy variable to see if angle is greater than + 360°;
used in subroutine INTER

number of variables in CSTVAR array (7) to be updated; used
in subroutine SOLVE

number of observations in XWIND array; read from file SIMDTA
by subroutine INDAT

number of observations in XYPB and NYPB arrays; read
from ADSIM by subroutine INDAT

number of abservations in XALPHA array; read from file ADSIM
by subroutine INDAT

number of observations in the last of three dimensions in
XYOP array, XYOP(I,J,NYPB(1)); read from file ADSIM by
subroutine INDAT

constant value w (3.14159); initialized in MANVER

intermediate variable in calculation of PSI; calculated
in subroutine SSCON

difference between ship heading and course heading (radians);
calculated in subroutine SSCON and CALDER

first derivative of PSI with respect to time; calculated
in subroutine SSCON and CALDER

second serivative of PSI with respect to time; calculated
in subroutine SSCON and CALDER

PSI angle for steady state; calculated in subroutine SSCON

conversion factor from degrees to radians; initialized in
MANVER

mass density of air; read from file SIMDTA by subroutine INDAT
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RHOW mass density of water; read from file SIMDTA by subroutine

INDAT

ROW open water resistance; calculated in subroutine RESIST

RUDBAR rudder angle for current TDATA time period; calculated
in subroutine SSCON and RUDDER

RUDMAX maximum allowable rudder angle, listed in degrees and con-
verted to radians; read from file SIMDTA by subroutine
INDAT

RWIND wind resistance; calculated by subroutine WIND

SAMP(30) array for printing results; printed in MANVER and subroutine
PRT
1) TIME 8) YODD 15) Tocation of max. excursion
2) X0 9) HSHIP 16) max. excursion at point
3) XoD 10) PSID/RADCON 17) total max. excursion
4) XODD 11) PSIDD 18) initial max. excursion
5) YOI 12) XRUDDR/RADCON 19) PSI
6) YO 13) VCURNT

7) YOD 14) HCURNT

SLOPE slope of the line between the two calculated points to see
if estimates are approaching desired 1ine; calculated in
subroutine SSCON

STVR(15) dummy array to transfer variables between subroutines; set
in subroutine SOLVE and used in subroutine CALDER

1) X0D 4) Y0 7) HSHIP
2) X0 5) YOI 8-15) Not Used
3) YOD 6) PSID

STVRO(15) increment from first estimate of derivatives times the
time change; used in subroutine SOLVE

STVR1(15) increment from second estimate of derivatives times the
time change; used in subroutine SOLVE

STVR2(15) increment from third estimate of derivatives times the
time change; used in subroutine SOLVE

STVRD(15) first derivatives of values in STVR array; calculated in
subroutine CALDER and used in subroutine SOLVE

T time at which derivatives are taken; calculated in subroutine
SOLVE
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TDATA

TH

TIME

TPRT

TSHIP

TSTART

VCURNT

VEL

VSHIP

VWIND

VWX
VY
WDEPTH

WPB
XALPHA(11,3)

time (sec) at which variables are updated; calculated in
MANVER

angle between wind direction and course heading (radians);
calculated in subroutine WIND

current time (sec) for which observations and calculations
are made; initialized in MANVER and used in subroutine
SOLVE

time (sec) at which values for data are to be printed; cal-
culated in MANVER

ship thrust (pounds); read from file SIMDTA by subroutine
INDAT

time (sec) at beginning of case; read from file SIMDTA
by subroutine INDAT

current velocity (mph) interpolated from XCURNT array;
used in subroutine CALDER

ship's true velocity relative to land; calculated in sub-
routine SSCON and CHCOEF

ship velocity read in miles per hour and converted to feet
per second; read from file SIMDTA by subroutine INDAT

wind velocity (mph) interpolated from XWIND array; used
in subroutine WIND

wind velocity in x-direction; used in subroutine WIND
wind velocity in y-direction; used in subroutine WIND

water depth in channel (feet); read from file SIMDTA by
subroutine INDAT

ratio of channel width to beam; used in subroutine CHCOEF

array of channel coefficients; read from file ADSIM by
subroutine INDAT

YALPHA(N,1)  E/T3 N=1, NXALP
XALPHA(N,2)  =; N=1, NXALP
XALPHA(N,3) o3 N=1, NXALP
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XBAR

XCD

XCURNT(10,3)

XD
XEND

XG

XIZ
XLBP

XLOA

XLWL

XM

XMCOEF(15)

XNPSDD

XNPSID

center of action of ¥ ', interpolated from XALPHA array;
used in subroutine INTER

current velocity in x-direction; used in subroutine SSCON
and CALDER

array of current data; read from file SIMDTA by subroutine
INDAT

XCURNT(N,1) =z, location of Nth observation (feet); N=1,
NCURNT

XCURNT(N,2) current velocity at Nth observation (mph); N=1,
NCURNT

XCURNT(N,3) current direction at Nth observation (°T); N=1,
NCURNT

X0D/cos¢; used in subroutine SSCON

xz_ location (feet) of end of simulation; read from file ADSIM
by subroutine INDAT

distance from the origin to the center of gravity measured
along the x axis; used in subroutine CALDER

moment of inertia; used in subroutine CALDER

ship Tength between perpendiculars (feet); read from file
SIMDTA by subroutine INDAT

ship overall length (feet); read from file SIMDTA by
subroutine INDAT

ship length at waterline (feet); read from file SIMDTA by
subroutine INDAT

ship mass; used in subroutine CALDER

array of ship coefficients used in estimating initial
values of first and second order derivative variables;
used in subroutine SSCON

partial derivative of yaw moment with respect to yaw angle
acceleration; used in subroutine SSCON and CALDER

partial derivative of yaw moment with respect to yaw angle
velocity; used in subroutine SSCON and CALDER
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XNRUD

XNV

XNVD

XNWIND

XNYO

X0

X0D

X0DD

XRUDDR

XRUDSS

XSIGN

XSTART

XUb
XVEL

XWIND(10,3)

partial derivative of yaw moment with respect to rudder
angle; used in subroutines SSCON and CALDER

partial derivative of yaw moment with respect to ship
velocity; used in subroutine SSCON and CALDER

partial derivative of yaw moment with respect to ship
acceleration; used in subroutine SSCON and CALDER

partial derivative of yaw moment with respect to wind;
used in subroutine SSCON and CALDER

partial derivative of yaw moment with respect to ship
lateral movement; used in subroutine SSCON and CALDER

distance down the channel the ship has traveled; used in
subroutine SSCON and CALDER

first derivative of distance traveled with respect to time;
used in subroutine SSCON and CALDER

second derivative of distance traveled with respect to time;
used in subroutine SSCON and CALDER

rudder angle required (radians); calculated in subroutine
RUDDER

rudder angle required in steady state; calculated in sub-
routine SSCON

dummy variable used in determining the correct sign of
interpolated values; used in subroutine INTER

z, location (feet) at which simulation will start; read from
file SIMDTA by subroutine INDAT

ship added mass; calculated in subroutine SSCON

ship velocity in x-direction; used in subroutine SSCON and
CALDER

array of wind speed and direction; read from file SIMDTA
by subroutine INDAT

XWIND(N,1) time of Nth observation (sec); N=1, NWIND
XWIND(N,2) wind speed at Nth observation (mph); N=1, NWIND

XWIND(N,3) wind direction at Nth observation (°T); N=1,
NWIND

30



XWPB(7)

XYOP(7,11,12)

XYZ(10,3)
XYZ1

XYZ2

XYZ3

Y1D

Y1DF

YIN

YINF

Y2D

Y2DF

Y2N

Y2NF

array of values of W/B; read from file ADSIM by subroutine
INDAT

dimensionless side force, Y. ', as a function of W/B and
Y,/B; used in subroutine BHCoEF

dummy array to be interpolated; used in subroutine INTER

known value corresponding to value in first column of XYZ
array; used in subroutine INTER

value interpolated from second column of XYZ array; cal-
culated in subroutine INTER

value interpolated from third column of XYZ array; cal-
culated by subroutine INTER

intermediate calculation in first calculated point in
estimate of steady state YO; calculated in subroutine
SSCON

intermediate calculation for first calculated point in
estimate of steady state Y0; calculated in subroutine
SSCON

intermediate calculation for first calculated point in
estimate of steady state Y0; calculated in subroutine
SSCON

intermediate calculation for first calculated point in
estimate of steady state Y0; calculated in subroutine
SSCON

intermediate calculation for second calculated point in
estimate of steady state Y0; calculated in subroutine
SSCON

intermediate calculation for second calculated point in
estimate of steady state YO; calculated in subroutine
SSCON

intermediate calculation for second calculated point in
estinate of steady state YO; calculated in subroutine
SSCON

intermediate calculation in second calculated point in
estimate of steady state YO; calculated in subroutine
SSCON

31



YCD

YCOURS

YCSS

YO

YO1A

YO1C

YO2A

YOD

YODD

YOFF
YOI

YOP
YOP1

YOP2

YOPP

YPSID

YPSIDD

current velocity in y-direction; used in subroutine SSCON
and CALDER

ships distance from centerline of channel (feet), inter-
polated from COURSE array; used in subroutine SSCON and
CALDER

ship course in steady state; calculated in SSCON

distance of center of ship off center of channel (feet);
used in subroutine SSCON and CALDER

estimated value of first point to determine steady state YO;
used in subroutine SSCON

calculated value of first point to determine steady state
YO; used in subroutine SSCON

estimated value of second point to determine steady state
YO; used in subroutine SSCON

first derivative of YO with respect to time; used in sub-
routine SSCON and CALDER

second derivative of YO with respect to time; used in
subroutine SSCON and CALDER

ships excursion off centerline (feet); calculated in MANVER

integral of y, - ¥ ; calculated in subroutine SSCON
and CALDER = coUrse

Y,', dimensionless side force; calculated in subroutine CHCOEF

first value of YOP calculated at WPB less than actual; used
in subroutine CHCOEF

second value of YOP calculated at WPB greater than actual;
used in subroutine CHCOEF

intermediate interpolation value in calculating YOP; used
in subroutine CHCOEF

partial derivative of lateral force with respect to yaw
angle velocity; used in subroutines SSCON and CALDER

partial derivative of lateral force with respect to yaw
angle acceleration; used in subroutines SSCON and CALDER

32



YRUD

Yv

YVD

YVEL

YYO

partial derivative of lateral force with respect to rudder
angle; used in subroutines SSCON and CALDER

partial derivative of lateral force with respect tc ship
velocity; used in subroutines SSCON and CALDER

partial derivative of lateral force with respect to ship
acceleration; used in subroutines SSCON and CALDER

ship velocity in y-direction; used in subroutine SSCON and
CALDER

partial derivative of lateral force with respect to
ship lateral movement; used in subroutine SSCON and
CALDER
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C.5 FLOW CHARTS
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PROGRAM MANVER

COMMON/cONST/ R HOA, RHOW, GRAV, P, RADCON, DISPLE, FRSMPH

common/s1my/ TSTART, XSTART, XEND, TPAT, TOATA,DTSI M, DTPAT,
DTDATA, IANG, NANG

common/ReAcH/ cOURSE (10,3) HCOURS, EDGE (10,3), NEDGE, XcURNT (10,3),
NCURNT, WDEPTH, YCSS, HCSS

commoN/weATHA/VEURNT, HCURNT, XWIND (10,3), YWIND

common/conTAL/cPOS (4}, CHEAD (3),XRUDSS, PS1SS, RUDBAR

common/co EFm/xmeogr(1s) XUD, YV O, YV, YPSIDD, YRPSID, XNPSDD,
XNV, XNPSID, NV, YRUO, XNRUD

COMMON[SHIF/VSHIR TSHIR, YLBF, KLWL, YL OABEAT, ORAFT, AREAP,
AREAF, DISPL, XIZ, RUDMAX

commonfcoEFcH/Xx0p (7, 11,2), XwPB (7), NYPB(7), XALPHA (11,3), NwPB,
NXALP

DIMENSION CSTVA(IS), sAmP (9}

( START )
INPYT S5=5ImMDTA |

DEFINE DATA FILES - - = | INPUT  £:ADSIM

QUTPUT |=0UT38Y
0

b - " _ _1

REWIND 6
\, YES
TEOF(5)= STOP
NO
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PI=3.14189
RADCON=PL/160.0
FPSmMPH= 1467
IANG =)

NANG =0

I=]

CSTVR(2)=0.0 I=I+|

SAMP(2)=0.0 I=I+1

CALL INDAT

36



©

CALL SSCON (zOUT, cSTVAR, SAMP)

CALL PRT(IN,SAMP)

TIME=TSTART
TPAT=TSTART+OTPAT
TDATA=TSTART+ DTDATA

@

NVAR=7

CALL SOLVE (IN,NVAR TIME,10UT,CSTVR)

0D =CSTVR()
X0=CSTVR(2Q)

YOD =CSTYR(3)

YO= ESTVR(¥)
Yo1=CSTVA(S)
PSID~CSTVA(6)
HSHIPR=CSTVR(7)
HSHIP = HSHIPR/RADCON
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cALL INTER (IN,IANG, COURS E,
NCOURS, X0, TOUT, Yeoun :,)ncovns)

SAMP()=TIME

samp@=X0

samp(3 =X0D

sampP(s)=YoL

sAmP(6)=Y0

5AmP(7)=YOD

HSHIP = HSHIPR/RADCON

oAmP(d)= HSHIP

4AmP(10)= PSID/RADCON

YRUDDR = CSTVR(15)

samP (1) XRUDDA/RADCON

SAMP(13) = VCUANT

sAmP(14)=HCURNT

YOFF =A85(Y0)

ANG = 485 (HSHI P- HCOURS) #RADCON

SAMP(16)= YOFF +0.5% (XLOA &
SIN(ANG)+BEAM ¥CO0S (ANG)

»

<—5Ampue) 75Amp(lv)‘/\v“
NO

SsAame(l 7)=5AMPLI6)
SAMP(IS) SAMP (2)

SAMP (19)-PS1 ‘




<TI ME < (TPRT-0.000 :)\/\VES

NO

CALL PRT (IN,SAMP)

TPRT=TPRT+DTPRT

\YF_s

<T1m & £ (TpoATA-0.0001) A
NO

¢sSTVR(IN=YO
¢STYR(I2)=YOD
CSTVA(13)=YODD
esTVvA(IW=YOL

TOATA =TDATA+DTDATA

< CSTVARYLXEND

\ ves
/

NO

PRINT MAXIMUM
EXCURSION

—_— — — e— —

®
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SUBROUTINE CALDER(IN, NVAR,T,5TVR,
CSTVAR, TOUT, STVRD)

common [coNsT/RHOA, RHOW, GRAAY, PL, RADCON, DISPLE,, FPSMPH

" commoNn/sIm/TSTART,XSTART, XEND, TPRT, TDATA,DTSIM, DTPAT,
DTOATA, ZANG, NANG

commON/REACH/COURS E (10,3), NCOURS, EDGE (10,3), NEDGE, XCUANT(10,3),
NCURNT, WDEPTH, YCSS, HCSS

COMMON/WEATHR/ VCURNT, HCURNT, XWIND (10,3), NWIN O

common/ cONTRL/¢POS (4), CHEAD(3), XAUDSS, PSISS, RUDBAR

common/coeFm /kmcoEF(is), XUD, YV, YV, YPSIDD, YPSID,XNPSDD
XNVD, XNPSID, XNV, YAUD, XNRUD

cOmmON/SHIP/VSHIF TSHIF, XLBP, XLWL, XLOA, BEA, DRAFT, AREAR,
AREAF DISPL, XIZ RUDMAX

common/coerc H/XY0P(7,11,2), XwPe (7), NY PBL7), XALPHA(I1,3) NwPB,
NXALP

DIMENSION STVA(1S),STVRD(18), CSTVR(IS)

( START )

¥0D=STVR (1)
X0=STVR(Q)
YOD=STVAQ3)

YO= STVA(H)
YOI=5TVR(S)
PSID=STVA(6)
HSHIPR=STVR(?
HSHIP=HSHIPR/AADCON
X000 =CSTVR(8)
YODD=CSTVA (9)
PSI0D =CSTVR(10)
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CALL RUDDER(IN, T, C5TVA, 70V T, XRUDDA)

¢ALL INTER (1IN, TANG XCURNT, NCURNT, XO,
I0UT,VCURN T, KCURNT)

HCR= HCURNTYRADCON

HSR= HCSS¥RADCON

XCD= VCURNTH(SIN(HCR)4 SIN (HSR) + CoS(HCR)+
03 (HSIR)

¥6D= VEURNT¥(SIN (HERM COS(HSR) -COS(KER)®

; san(USAY)

XVEL=X0D-XCD

YVEL=YOD~ YeD

CALL CHCOEF(2N, YO, YO,YVEL, YVEL,IOUT, YYO,¥NYO)

T

CALL INTER(IN,IANG,COURSE, NCOURS YO,
10VT,YCOVRS, iCOURS)

PSI= (HSHIP-HCOURS)ARADCON

cALL wINO(ZN, T, HSHIP, XOD, YOO, T0UT RWLND,
FWIND, KNWIND)
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X6=0.0

XM=0DISPLE ¥ OISPL/GRAV

YODD =(FWIND+YAUDAXAUODASYY Q-+ YO+ V¥ (YOD - YCD)
~YV4({0D-XCOMPSI+(YPSID -YVD4XOD) 4PSID +
(YPSTOD - XMAXG )4 Ps100)/(XmM-YV D)

PsIP0 =(INWINDH INRUDXXRUODR+XNYO YO +XNY ¥
(YOD-YCO) -XNV 4 (XOD-YCD)+PSL+(XNPSID~ XN VD
XXOD)4PSID+(XNVD-XMANG)+ Yooo)/

(Y12 -XNPSDD)

¥000=0.0

STVRD() = XODD

STVRD(ADXOD

STVRD(3)-YODD

STVARD (w):=YOD

STYRD{S) =YO-YCOURS

STVRD (6)PS1D0D

STVRR(7N=FSID

¢STVR(8)=X00D

esTVA(9)=YO0D

STV R(10)= RSIDD

l

|
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SUBROUTINE CHCOEF (IN,Y0,X0, XVEL YVEL, TOUT, YYO, XN Y0)

common//consT/RHOA, RHOW, 6RAV, P, RADCON, DISPLL , FRSMPI4

commoN/szm/Tsmﬁ:T, XSTART, YEND, TPAT, TOATA,0TSIM, OTPRT,DTDATA,
IANG, NANG

common/meaciifcouRsE (10,3) NeouRs, E06E (10,3), NEDGE, KCURNT (10, 3),
NCURNT, WOEPTH, Y£SS, HESS

common/ weATHR/VEURNT, HCURNT, XWIND (10,3),NWIND

common/coNTRL/ cPos (), CHEAD(S), XRUDSS, RS1SS, RUDBAR

common/eoFm/¥Meok F (1), YUD, YVO, YV, YP6 10D, YRS1D, XNPSOD, XNVD,
YNPSIO, XNV, YAUD, XNRUO

cormmoN/sH1R/VSHIF, TSHIP, XLBF, XL Wi, \LOA) DEAM, DARFT, AREAP,
AREAF, DISPL, X1Z,RUOMAX

common [coEF CH / YYor (7, 1,2, \wpr (7} NYP8E (D), (ALPHA (11,3,
NWPB, NYALP

( START )

VEL= SQRT (XVEL¥ XVE L4YVEL+YVEL)

CALL INTER(IN,NANG, EDGE, NEDGE, X0, 10UT,
LE! CED)

wep= (ABS (cE1-CER))/BEAM
HPT= WOE PTH/DRAFT

Jyo| zo.001
¥NY0 =0.0
YES

Qb (. metvrn )
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Ia1+]

)

[

Y
I<NWPS >

NO

YYo-=0.
INYO=0.

AYOPP=ABS(v0)/8EAM

YES

( RETURN )

YYo-o.
ANYO=0.

I1=21-i

I1=1

( RETURN )



YES

=] ) L=1]

sq—‘——a

\YES

112
Ne ‘J

mypB=NYPB(L)

=\

J=J+1

YES
< avors 7 xvop(,3,) >“:‘——_< 34mrPB >

nNo

NO

DTABI=XYOP(L,3,)=XYOP(L,3-1,1)
DTAB2=XYOP(L,3,2)-XYO P(L,3-1,2)
DYoPB =AYOPB-XYOP(L,J, 1)
YOPP=XYOP(L,3.2)+ DTAB# DYOPB/DTAB)

:

\ YES
321 ¥ —(  metvan )
NO .
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OTABI= XYOP(L,3,1)- XYOP(L, 3-1,1)
01882=XY0OP(L,3,2)-KY0PU,3-),2)
DvopB =AYOPB-XYOP(L,3-),1)
YOPP=XYOP(,3-,2)+ DTASQ¥ DYAPY/OTAB)

12=1 )  YOPI=YOPP
NO
/
{ 1122 YEE YOP2=YOPP
_No_f
\NOI
< I1=2 p IZ=131+1
_YE/f

DWPB = XWPB ()~ XWwPe (1))
pwPea= WP -§ WPB(I)
DYOP=YOP2-YOP|

|- YOPS YOP|+OYOPXDWPA2/DWPB|
=l
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K=+

< HPT>XALPHA(G) >le5

o

Coum

NO

DXALI=XALPHA(K,1) - XALPHA(K-1,1)
DXAL2=XALPH # (6, 2)~XALPHA(K-1,2)
DXALD = XALPHA (k,3)-XALPHA (K-1,3)

OHPT= HPT-XALPHA(H-1, 1)

YBAR=YALP HA(H-1, 24+ DXAL2* DHPT/DXAL|
ALPHAZXALPHA (-1,34 DXAL3 X DHPT/DYAL]

DXALI=XALPHA(2,1)-XALPHAL(L, 1)
DXAL2=XALPHA(2,2) ~XALPHA (1,2)

DXAL3 =XALPHA(2,3)- XALPHA(L,3)
DHPT=XALPHA (), 1)~ HPT

XBAR = XALPHA(I,2)- DXAL2+ DHPT/DXAL |
ALPHA =XALPHA(1,3) ~DXAL3% OHPT/DXAL |

* K
DYALI= XALPHA (k1) -XALPHAC -1, 1)
DYAL2 = XALPHA (1,2) ~XALPHA(K-1,2)
| DXAL3= YALPHACH,D)-YALPHA(K-1,3)
\

DHPT= HPT- XALPHA( K, 1)
XBAR=XALPHA (K,2)+DXALD4 OHPT[OYAL |
ALPHA=XALPHA(¥,3)+DXAL3YDEP T,/ OXA L)

MXALP >

No
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YYO=0.5% RHOW LWL ¥ DRAFT # VEL+
VEL+YOP+ALPHA /ABS (Y0)
XNVO= XBARA Y LWL YYO

( RETURN )
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SUBROUTINE INDAT

COMMON JEONST/RHOA, RHOW), GRAV, P2, RADEON, D15 PLL, FPSMPH

tOmmoON [sIM/ 1START, XSTART, XEND, TPAT, TOATA, DTSIM, DTPAT,
DTOATA, TANG, NANG

commoN [AEACH/couRsE (10,3) NeouRs, EDGE (10,3), NEDGE, XCURNT(16,3)
NCURNT, WDEPTH, YC55, HCSS

comMON/WEATHR/ VCURNT, HCURN T, XWIND(10, 3), NWIND

common [cONTRL [cpPos (), CHEAD(3), XAUDS S, PS 28, RUDE AR

common/coe Fm/ xmMecoeF (1s), YU 0, YVD, YV, YPS 10D, YPSID, Y NPS OD,
XNVD, XNPSID, XNV, YRUG XNRUD

COmmON/SHIP/VSHIF, TSHIR, KLBR, LWL, XLOA, BEAM, DRAFT, AREAR,
AREAF, DISPL, XIZ AUDMAY

COMMON/COEFCH/XY0P (7, 11,2), WP (7), NYPB (7), YALPHA (11,3,
Nweg, NYALP

UM ENSION ITITLE (30)

( START )

READ RUN WU, 2 & 5 |
- — - — - — NRUNI, NFIUNl
FILE § (s e | e

CALL DATE(IMON, IDAY,IYER)

— — —— — —

PRINT HEADINGS IMON,IDAY,IYER,
FOR RUN | NRUNL,NRUN2.
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READ AND PRINT
SIMULATION DATA

I=|

READ AND PRINT
COURSE(, MI=1,3

—— —— — —— — — o—

RHOA, AHOW, GRAV, DISPLL |
TSTART, XSTART,XEND |
0TSIM,OTPAT, DTDATA |
NCOURS, NEDGE, NeURNT,WDEPTH |

—— —— —t——

1=NcouRs  pHe—

YES

1=1+|

AEAD AND PRINT
Z0GE(L,3)3%1,3

{ 1-neDeE M

YES

1=

®

50

=I+|




7

READ AND PRINT
XCURNT(Z,3)321,3

< I= NCURNT > Q

YES

READ AND PRINT
NWIN D

READ AND PRINT
XwIND(E3,3)3=,3

YES

»

READ AND PRINT
CONTROL

COEFFICIENTS

51
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I=1+1
————
| cros(2)1=,4

l

| XMEOEF(D,I=1,18 |

L S

| CHEAD(I),I' | 3



READ AND

SHIP DATA

PRINT - ———

VSHIP=VSHIP4FPSMPH

READ AND PRINT
RUDMAY

RUDMAY=RUDMAX* RADCON

READ AND PRINT
ARRAY SIZE
" DATA

—— — — —

I=|

DISPL,BEAM, DRAFT,X12 .
¥LeP, LWL, XLOA
VSHIP, TSHIP, AREAP, ARE AF

- — = 1

NWPB, NXALP

— YweB 1),1=1,NWPB

| nyPe, 151, NWPB

FT=NYPB()

READ AND PRINT
XYOP(3,3,1), 31,37
¥YOP(Z,3,2),7=1,37

I=NWPB
YES
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QEAD AND PRINT
XALPHA(Z,T)3°1,3

YES

pAINT SIMULATION
RESULT HEADINGS
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SUBROUTINE - TNTER(IN, THEAD, XY 2, NPT, XYZ|, TOUT, XY22 XY23)

OIMENSION xY2 (10,3)

{ NpT22s M J\ RETURN )

YES
TOPT=1
\ vES - ‘
XYz (,1) 7XYZ(NPT,I)J I0PT=-)
v NO
) i
IPT=|
\ﬁXYz(I,I) >xvz(~m)}“5 IPT=NPT

NO | J

JPT=1IPT+IDPT

( Xvz!7Yy2(IPT) }"55 J\gj.) 5 i

NO

DELTA= (Y2 (P N-XY 2 (Y(XrZ(IPT,)-XY2(ZPT1)) |
XYZ2=XYZ (ZPT, 2)-DELTAS(XYZ (3PT,2)-XYZ(2PT,2))

|
OXY23 < XYZ(PT, )-XYZ(2PT, D | . aai
I o

i
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IHEAD=0
NO

Ys1G6N=-.

XS1GN=I.

|

Goxyzal > 180. /\‘@

NO

OXY23=(360.~ABS(DXYZ3)HXSIEN

Il

XYZ3=XYZ(IPT,3)- DELTA¥DXYZ3

YES

IHEAD=0 )~

NO

NUM=ABS(XY23), 360,

< RETURN )

= RETURN

NO

XSIGN=-I.

|
®
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\\ YES
XYZ2340, /

NO

XSIGN=I.

XYZ3=XY23+XSIGN¥NUM+¥360.

XYZ3<0.
NO

\YES
"~/

XY23=XYZ3+360.

{ xyz3rao B2

Xy23=XYZ23-360.

]

< RETURN >
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JPT=JPT-IDPT

JPT=JPT+I0PT
s
< JPT=0 OR 3977~PT>1L
NO .
v55< XYZ| 7XY2(3PT,1) >
NO

IPT=3JPT-IDPT

oELTAZ(XYRI- X2 (1PT, DCXVZ(IPT, ) -XTB (2P T, 1)
¥YZ2= XYZ (3P, 2)+DELTAX(XYZ(IPT,2)-XYZ(IPT, 2)
OYYZ3=XYZ(IPT,3)- XYZ(IPT,3)

\ YES

0XY2340.

KSI6N=1,

[oxvz23|>80.

OXY23 = (360.-ABS(DXYZ23))*XSI6N

NO

l

XYZ3=XYZ(IPTIH+DELTAXDXYZ3
|

®
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JPT=JPT-IDPT

IPT=JPT-IDPT

oeLTA= (KY31 = XY&(IPT, D)/ (XY2(IPT, ) ¥YR(IPT,)))
Yvz2=XY2(IPT 2)+DELTA #(XYZ (3P7,2) ~XYZ(2PT,2))
D¥r23= XY2(IPT, ) -XY2(2°T,3)

XSI6N-=I.

Joxyzs|>/8o.

| DXvz3= (360, ~ABS(DYYZ3N¥X6I6N

NO

|

XYZ3=XYZ(3PT,3)+DELTA * DXY23

O

——
i

R __'.l_ .;._ .I___j, .
- 1 ‘L 4 —4 _IL
S|

N
.i . |
b
' 4
P } s
| [
|t
I_Ix _..1,_.__{.___._.. -
gt
e b o -.. | JF S—
| ]
L
1 B
\: 3 . J{;




SUBROUTINE PRT(IN, SAMP)

DIMENSION SAMP(14)

( START )

PRINT | SAMP(1), SAMP(Q), SAMP (6), |
OUTPUT - — — = sAmP(9), samP(,samPe(7), |
DATA | samP(10),5AmMP (1D,54mpP(16) |

( RETURN )
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SUBAOUTINE RESIST(IN) XD, TSHIR VSHIP,TOUT, ROW)

ROW= TOHIP* (XD/VSHIP)4 2

RETURN
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SUBROUTINE RUDDER(IN, TINE,CSTVR,1OUT,XRUDDR)

COMMON [cONS T/ RHOR, AHOW, GRAY, PT, AADLON, DISPLE, FPSMPH

common /s1m/ TSTART, XSTART,XEND, TPAT, TOATA,DTSIM, DTPAT, .
DTDATA, TANG, NANG

common [AEAcH [ €OURSE (10,3, Ne0URS, EDGE( 10,3, NEDGE, XCURNT(10, 3),
NCURNT, WREPTH, YCSS, HESS

cOmmON/wEATHR VCUAN T, HCURT, XWLIND( 10,3), Nwz N O

common/conTAL /cPos(4), CHEAD(3) XRUDSS, PS155. RUDBAR

commonfcoEFm [IMCOEFUS), XUD, YVD, YV, PSIOC, Y 251D, YN PSDD,
YNVD, ¥ NPSID, XY, YRUQ, XNRUD

COMMON/SHIP/VS HIF, TSFIR X BF, X-WL, } -4 EFA™,DR*=T, AREAR
AREAF, DISPL, XIZ, AUOMAY

common Jeozres/ XyoP(7,11,2),XwPB(7), NYPB(7), YALPHA (11, 3), Nwee,
NYALP

DIMENSION c5TVR(1S)

( START )

< szenron-rA-o.oooQ"E“
NO
YRUDDR=RUDBAR
X0=CSTVR() ‘¢sTVA(18)= YRUDDR

CALL INTER(IN,TANG,COUASE,NCOURS, YO, | ( RETURN )

IOUT, YCOURS, HCOURS)
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YO=CSTVR(11)

YoD=CSTVR(12)

YODD=CSTVR(13)

YOI=CSTVA(I4)

HSHIPA=CSTVR(7)

HSH1P=HSHIPA [RADCON

PSID=CSTVR (6)

PSI0OD=CSTVR(O)

ANGLER= (HSHIP-HCOURS)4 RADLON- P5155

YRUDDR =CPOS (1} (Y0-YCOURS) +CPOS(2) # YOO +
CPOS(3)4YODD +CPAS(W)X YOI +CHEAD() 4 (ANGLER)
+CHEAD Q)¥PS1D+CHEAD(3)4 PSIDD+XRUDSS

eSTVR(1$)=XAUDOR

AUDBAR = X RUDDR

TOATA= TOATA+DTOATA

( RETURN )
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SUBROUTINE SOLVE(INNVAR,TIME,IOUT, CSTVR)

common [cONs T/ RHOA, RHOW, GRAY, P1, AADCON, DISPLE, FRS MPH
common/s 1M/ TSTART, ISTART, XEND, TPRT, TDATA, D7SIM,DTPRT,
OTDATA, TANG,NANG
¢OmmMON/AEACH]CQURSE(10,3), NCOURS, EQEE(10,3), NEDGE, XCURNTLIS, 3),
NCURNT, WDBPTH, V89, HESS ; l
cOmmON/ wEATHR/ VCURNT, HCURNT, YWIND(10,0,NWIND
commON/eONTAL/ CPOS (1), CHEADLS), YRUD&S,PS18S,RUDBAR
@ommonfcoerm/ ymeogr(1s), XUD, YVD, ¥V, ¥P5100,¥PSID,XNPSDO,
YNVD, XNRS1D, YNV, YRUD, XNAVD
commON SHIP|VSHIP, TSHIR XLBP, XLLL, YLOK, BEAM, DRAPT, AREAT,
AREAF, 0ISPL, X1%,RUOMAX
common/cHcoe Ffxyor(7,11,3), YwrB (), NYPB(7), YALPHA(11,3),
Nw PR, NXALP

DIMENSION STYRUS), CSTVRUS,STVRD(1S), STVRO(15) STVRI (s),
sTvR2(18)

( STARAT )

pp=DTSIM/2.

1=|

STVR(D)=CSTVR(Q)

I=NVAR =3+1
YES
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T=T1ME

CALL CALDER(IN,NVAR,T,STVR,CSTVA,10VT, STVRD)

STVRO (2= STVRD (1) ¥DT52mM
STVRW) T CSTVR(INSTVRO (1)/2.0

I=NVAR HHO

YES

T=TIME+DD

I=1+1

CALL CALOER(IN,NVAR,T,STVR,CSTVA, 1OUT,STVRD)
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®

STVRI(2)=5TVRD (1) +DTSImM
STVR(Z)=CSTVA(2)+STVRI(2)/2.0

GVAR L

YES

T=TIME +DD

I=1+]|

CALL CALDER(IN, NVAR T, STVR, CSTVR, 10UT, STVRD)

STVRAUII=STVRO(I)#DTSIM
STVR(2)=CSTVR(+STVR2 ()

YES

T=TIMEIDTSTIM

I=1+4]|

CALL CALDER(IN,NVAR,T, STVR,CSTVR,10UT, STVRD)
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CSTVA =CSTVR(I)+ (STVRO(2)+2, 4 (STVRI(T)
+5TVR2(2))+ STVRL(2)«DTSIM) /6.

=NVAR

YES

TIME=TIME+DTSIM

‘ RETURN )
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SUBROUTINE SSCON(TOUT, CSTVR, SAMP)

common/consT/RHOA RHOW, GRAV,PI, RADCON, DISPLE, FPSMPH

common/s1m/ TSTART, XSTART, XEND, TPAT, TOATA, 0TSIM, OTRPAT,
DTDATA, ZANG, NANG

commON/nEAcH/cwns:- (i0,3), NCOURS, EQGE(10,3), NED.CrE, XEURNT(10,3)
NCURNT, WOEPTH, eSS, HESS

COMMON/WEATHA [ VEURNT, HCURNT, YWIND(10,3), NWIND

common/eoNTRL/CPOS (W), CHEAD(3), YRUDSS, PSI55, RUORAR

common/coer:m/ XMEOoERF (18), xU0,YVD, ¥V, ¥P5200, YPS1D, YNPSDD,
XNVD, INPSID, XNV, YAUD, Y NRUD

eommon/sH1P/VSHIF, TSHIP, XLBR, KLWL, XLOA, BEAM, ORAFT,
AREAP, AREAF DISPL, X1Z RUDMAX

common/coercH [xrop (7,11, 3), YwPB(7),N Y PB(7), AEZPIFA(1,3),
NWPB, NXALP

DIMENSTION cSTVA(18),SAmMP(14)

START

XO=XSTART
XOD=VSH1IP
X0oo=0.

CALL TNTER(IN, TAN6, COURSE, [COURS, X0,
IOUT, YCOURS, HCOURS)
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i

YO=YCOURS
Y£55 = YCOURS
HESS = HCOURS
YOD=0.
YoDD=0.
YO1=0.
P510:0,
“570 D=0
YOIA= YCOURS
=0

D=0

CALL IP T=5(IN,IANG, XCUANT, NCURNT, X0,

TOUT,VCURNT, HCURNT)

HCR=HCURNT ¥RADCON

HSR:=HESS ¥ RADCON

JCD=VCURNT¥ (SIN(HCR)ASIN(KSR) + COS(HE R COS( HSR)
YCO=VCURNT(SINCHCR ¥ Cas (HS R)- C0S(HCRVSTN(HSP))

CALL WIND(IN, TSTART,HSHIP,XOD, YO D,10UT,
AWIND, FLWIND, X NWIND)
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XVEL=XOD-XCD
YVEL= YOD-YCD
VEL= SQRT(XVEL¥XVEL+ YWELLYVEL)
YVD=0.54YMCOEF(1)+RHOWA LWL ¥ XLw ¥ LWl
YV2 0 §% KMEOEF(Q*RHOW « LWL #XLWLFVEL
YRSIDD= 0.8 ¥XMCOEF(4) ¥ RHOW ¥ Y LW X4 Y,
YPSID=0.54XMCOEF (8)+ RHOW YVELHF (LWL 443
XNRSDD=0, ¥ XMCOEF (6RRHOW + X LWL ¥4 5.
XNVD=0,8%XMCOEF(7) ¥ RHOW ¥ LW L4 W H,
XNRSI D =0.5%XMCOEF(B)% RHOW *VEL¥ ¥ Ll kL,
XNV=0.84XMCOEF(a) ¥ RHOW ¥ VIZLK XLWL ¥ X3
TRURTOE¥ T 20IF(L YR WA VELRVEL K
XLwr ¥ XLwL
ANRUD=0,54 XIMECOEF(1Q) ¥ RHOW ¥ VEL ¥ VEL %
KLWL¥ ¥ 3,

XUD=XMeOE F (13)4DISPLC 4 DISPL /GRAV

CALL CHCOEF(IN, YOIA,XO,XVEL,YVEL, 10UT,
YY0, XNYO)

( leros | > L
NO
©

PN=(xOD -Xc O (YRUD/ANRUD * XNV - YV)

1 =(YRUD/XN RUD H(XNWIND + XNYO # YO+
YCOHXNV)

D2=-FWIND-YY04YO-YOC YV

Ps1={D1+D2)/PN

YRUGDR = (XNV (X0C-XCD)4 FSZ ~XNWIND =
XNYO#YO-YCD¥XNY,)/XN3UD

PS1s5= PST

XRUDSS=XRUDDR
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YINF = ((XNRUD + CHEAD()-XNV# (YOD-XC D))« (-FwInD+
VWHYCD +YRUD4 PO s+ VESS)) /LYRUD * CHEAD(1) =
yv + (Y0D-XCD))

YIN=XNV+YCO -YIINF -XNWIND+XNRUDH¥CPOS(1)+ Y LSS

YIOF = (( XNRUD4CHEAD()- X NV 4 (YOD-XC DY« (-Y¥ O -

YRUD 4 cPos()))/(YRUD 4CHEAD()-YY ¥
(XYoD-re))
YIDZ XINYO+XNRUD+ CPOS(1)+Y I OF
YOIC=YIN/YID

< Jvoic-vota}z0.01 >'E"’

NO

YO=YOIA

®

P5155=0.

XRUDSS *O.

Ps1=(- FWIND+YV+YCD-YO+(YYO+YRUD4 CPOS(N)) +
YRUD * cPOS 1) # YC5S)/(YRUD # CHEAD(1) — YV ¥
(Yop-X¢D))

YRUDDR = CPOS(1)4 (YO-YCSS)+CHEAD(1)# (PS21 - PS1SS)
+XRUDSS
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RUOBAR = XRUDOR
HoHIP= HCOURSH PSL [RARDEON)

ac=\

C (ps1/mADCON) £ 84,9 \/"0

YES

XD= X0D/cos(PSI)

CALL RESIST(IN, XD, TSHIP, VSHIP,10UT, Row)

THRUST= ROW-RWIND
tSTVA(1)=10D
cSTYR(=X0
CSTVA(3)=YOD

eSTVA (#W)=Y0
esTVAR(8)=YOL

esTVA (6)=PSID

CSTVR (7)7 HSHIPx RADCON
28 TYR(B= YODD
esSTVA(4)=YODD
CSTVR(10)® PSIDO
CSTVR(IN® YO

7
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csTYR(1=YOD

esTVR(13)=YO0D

cSTVRALI¥) =YOL

TIME=TSTART

sAmP()=TIME

SAmpP~ X0

SAMP(3)=Y0OD

SAMP(4) = X0DD

sAMP(8)* YOL

sAmMP(6)=YO

SAMP(7)=Y0D

SAMP(8)=YODD

sAmp(d)= HSHIP

SAMPLI0Y=PSID

SAMP(11)*PSIDD

5amP(12) YRUDDR/RADEON

YRU0SS= XRUDOR

SAMP(3)=VCURN T

SAmp(i9)= HCUANT

YOFF=ABS(Y0)

ANG=ABS(HSHIP- HCOURS)
RADCON

SAMP(16)= YOFF : 0.5 # (XLOA4
SIN(ANG)+BEAMHCOS(ANG))

sAmp(17)= SAMP(16)

samP(18)= SAMP (16)

sAmp(ja)= PSI

( RETURN )
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o

< N ves
Yoic Yol IA
01> YOIA /I

NO

TA=| |

DYO=20.
.YO2A=YOI4+DYO

®

GALL CHCOEF(IN,YO2A X0, YVEL,YVEL TOUT,
YYO0, XNYO)

Y2NF =((XNRUD¥CHEAD()- XNV4(X0OD-XCD)) ¥
(-FWIND +YV4 YCD+YRUD 4CPOSUMYCSS)Y
(YRUD * CHEAD(1)-YV# (XOD-XCD))

Y2N= XNV YED- YANF-XNWIND+XNRUD +
CPOS LI)*YCSS

Y20F = ((XNRUDACHBAD () -XNV+(X0D-XCD))+
(-YYO -YRUD+CRAS (1)) /LYRUD#CHEAD (1)~
YV4(10D-XCD))

Y2D=XNYO+XNRUD#CPOSU)4 Y2DF

Yoat= Y2N/¥aD
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©

< ,vogc-va.?ﬁl>o.01)'“'”———i Yo=YO2¢C

YEs

YO2C7YO2L£ = EE L

NO

iB=/

»
u

YEs

YES

NO

YOIA=YO2A
Yoic=Yoae
TA=1B
DYO=DYO/2.
Y024= YOIA+DYO

NO

DYO=DY0/2.
Y02A-YQ\A-DYO
1=

DYO=0YO0/2.
Y02A=YOI4+DY0

Ic=]

YOIA=YO2A
yo1£=Y0aCL
IA-18
OYO=DY0/2.
YO2hA= YOIA-DYO
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®

sLOPE=(YO2L-YOIL)/(YO2A-YOIA)

Coom o= ®

NO
-—\ . :
NO YES

N\ YES
SLOPE 210

No

YOI1A=Y02A
yoiesYoae
IA=18
Y02A-Y0144DY0

®

YO2A=YO14-DYO
10=|
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NO VES
SLOPE ¢ 1.0 \YES
< . ,/
NO
YOIA=Y024
yo!C=Y0aCL
TA=1PR
YO2A=YOI1A-DY0
€
RETURN
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SUBROUTINE WIND (IN,T, HSHIP,Y0D,Y0D T0UT, RWIND, FWIND XNWIND)

cOmmON/coNs T/ AHOR, RHOW, GRAY,PL, RADCON, D1SPLL , FRSMPH

cOmmon/sIm/TSTAR T, XSTART, XEND, TPRT, TOATA, 0151 M, DTP AT,
DTDATA, IANG, NANG

common/REACH/ cOURS E (10,3 NcOURS, EDGE(10,3), NEDGE XCURN T(10,3)
NCURNT, WREPTH, YCSS, HCSS

common JwEATHR | VCURNT, HCURNT, XWIN D(10,3), NW2ND

common/eoNTRL [ePos (4}, CHEAD(3), KRUDSS, PS1$5, AUDBAR

common/eoEF m/XmeoEF (18) XUD, YVD, YV, YPSIDD, YRS1D, XNPS DD
XNVD, XNPSID, XNV, YRUD, YNRUD

cOmmMON [SHIP/\SHIP, TSHIP, XLBR, YLWL, XLOA,8EAM, DRAFT,
AREAS AREAF DISPL, X L2, RUDMAY

commoN/coEFCH/ XvoP(7,11,2), Ywep(7), NYPB(7), XALPHA (11, 3),
Nwee, NXALP

( START >

CALL INTER(INIANG, YWIND, NWIND,T,I0VT,
VWING, HWIND)

VWIND = VWIND ¥ FPsMPH
HSHIPR= HSHIP ¥ RADCON
HWIND= HWIND+I80.

< HWIND>360. /JES HWIND = HWIND-360.

NO

®
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HWINDR = HWIND ¢+ RADCON

HSA = HCSSYRADCON

ywy= VWIND +(STN(HWINDRMWSIN(HSR)+
CaS(HWINDR)Y COSCHSR))

VWY = VWIND ¥ (5IN( HWINDRM COS(HSR)™ .
c0s(HWINDRYA STNCHSR)

VwX = VWY -X0D

ywyY=vVwyY-YoD

HWIND=-99994.

walw.ooon AND vwv/zo,ef"'“

NO

HWIND=HCS5440.0

il

{ Wwx[¢0.0001 AND kuo.oj\"”

Hw I ND=HCESS +270.

HWIND =Hess+ATAN (VWY /vwX)/ RADCON

HWIND = HESS + BOHATAN(vwY/vwwY)/RADCON

NO B
< vwx 2 0.0001 HYES
NO
/
< vwxz-0.0000 D2
NO

PRINT MESSAGE

N\ YES
|szNo+a=quO,! = "Of

NO

HWIND NOT
CALCULATED

@
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®
{ wwinpzop E4

HWIND=HWIND+360.

]

NG
{ wwrnoz 360, DE2

NO

HWIND = HWIND -360.

VUWIND= SQAT(VW Y ¥ VWK +VWr#VWY)

TH=(HWIND-HESS)¥ RADCON

VWIND = VWIND/FESMFt

FORCE = |, 3¥ RHOA+VWIN DAVWIND¥ (AREAP+
STIN(TH)4SIN(TH+AREAF ¥COS(TH)*C0S (TH))

RWIND= FORCE ¥ CO5(TH)

FWINO=FORCE + SIN(TH)

HWIND = HWIND~180.0

HWIND<0.0 DIE2

RWIND=HWIND +360.

HWINDR=HWIND%RADCON
XNWIND=0.0

RETURN
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C.6 LISTING OF PROGRAM MANVER
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PAGE

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560

X ok 3k Xk Xk X% %k

* &k ok %k

* kX

1

999

DIALCOM MANVER ID #6H46 01/27/78

PROGRAM MANVER 10/6/717

COMPUTER PROGRAM TO SIMULATE THE MANEUVERIMNG OF A SHIP
ALONG A COURSE IN A SHALLOWs RESIRICTED CHANNEL IN THE
PRESENCE OF EXTERNAL FORCES AND MOMENTS DUE 10 WIND
AND CURRENT

COMMON/CONST/RHOA ¢RHOWsGRAV 4P 1 sRAVCON 4DISPLC 4 PSMPH
COMMON/SIM/TSTART ¢ XSTART 4 XENDsTPR1+TDATASDTSIMsDTPRT
DTDATA+ IANGyNANG
COMMON/REACH/COURSE (10+3) +MCOURS+EDGE (10+3) o NEDGE
XCURNT (1093) sNCURNT o WEEPTH s YUSS5,,HCSS
COMMON/WEATHR/VCURNT g HCURMT o XWIND (1043) oNWIND
COMMON/CONTRL /CP0OS (4) CHEAR (3) 4 XRUDSS 4PSISSsRUDBAR
COMMON/COEFM/XMCOEF (15) 9 XUDsYVD e YVeYPSIDDYPSID¢XNPSDD
XNVD ¢ XNPSID o XNV 9 YRUD ¢ X"RUD
COMMON/SHIP/VSHIP o« TSHIP ¢ XLHP ¢ XLWL « XLOA +BEAM4DRAFT s AREAP
AREAF sDISPL ¢ XIZ 9RUDMAX
COMMON/COEFCH/XYOP (7411 42) 4 XWFB(T7) sNYPB(T7) ¢ XALPHA(11,43),
NWPBeNXALP
DIMENSION CSTVR(15) ¢SAMP(19)

CALL DEFINE(5+*SIMDTA,")
CALL DEFINE(6+¢'ADSIMs")
CALL DEFINE(1+°0UT384,4")
CONTINUE
REWIND 6
IF(IEOF (5) ¢EQe1l)GO TO 1000
DEFINE CONSTANTS
PI=3,14159
RADCON=PI/180,
FPSMPH=1 4467
1ANG=1
NANG=0
INITIALIZE ARRAYS
PO 1 1I=1,15
CSTVRI(I) =040
DO 2 I=1,19
SAMP(1)=060
ENTER INPUT DATA
CALL INDAT
ESTABLISH STEADY STATL COMDITIONS
CALL SSCON(IOUTsCSTVR ,SAMP)
PRINT HEADINGS AND STEADY STATE CONDITIONS

CALL PRT{INySAMP)

81



PAGE

1570
1580
1590
1400
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
179C
1800
1310
1820
1530
1840
1880
1860
1870
1880
1890
1900
1910
1920
1530
1940
lose
1560
1970
1950
1990
2000
2010
2020
20630
2040
2050
2060
2370
20a0
2090
2100
2110
2120
2130

*x X X ¥ X

*

% %k %k X%

* % k %

2

100

DTALCOM MANVER ID #6886 01/27/78

INTTALIZE SIMULATION, PRI'IT AND LATA UPDATE I1IMES

TIME=TSTART
TPRT=TSTART+DTPRT
TDATA=TSTART+DTDATA

STEP THROUGH TIME FROM TSTART TO TEND IN INCREMENTS
OF DTSIM INTEGRATING DIFFERENTIAL EQUATION OF MOTION
DESCRIBING MANEUVERING

CONTINUE
MVAR=7

CALL SOLVE{INgJNVARSsTIMEIDUT,4CSTVR)
ESTABLISH POSITION OF SHIF RELATIVE TO NAVIGATION

CHANNEL

XNU=CSTVR (1)}

XO=CSTVR (2)

YOD=CSTVR ({3)

YO=CSTVR (&)

YOLI=CSTVR(5)

PSID=CSTVR (6)

HSHIPR=CSTVR(7)

HSHIP=HSHIPR/RADCON

CALL INTER(INGIANG COURSFE 4MCNURS 4 X0 9 I0UT § YCOURS HCOURS)

SAMP (1) =TIME

SAMP (2)=X0

SAMP (3)=X0D

SAMP(5)=Y0I

SAMP (6)=Y0

SAMP (7)=Y0D

HSHIP=HSHIPR/RADCON

SAMP {9) sHSHIP

SAMP (10)=PSID/RADCON

XRUNDDR=CSTVR(15)

SAMP (12) =XRUDDR/RADCON

SAMP (13) =VCURNT

SAMP (14) =HCURNT

YOFF=ABS (YO)

AMG=ABS (HSHIP=-HCOURS) ¥ADCVN

SAMP (16)=YOFF+0¢5# (XLNA®SIMN (ANG) +BEAMXCOS (ANG))
IF(SAMP(16) ¢GToSAMP(17))SAMP({17)=5AMP(16) §SAMP (15)=SAMP (2)
SAMP (19)=PS]

PRINT SIMULATION QUTPUT It TIME 15 EQUAL TO UR GREATER
THAN TPRT

IF(TIMELLTe (TPRT=0.0001))GD TU 150
CALL PRT(INySAMP)

TPRT=TPRT+DTPRT

150 CONTINUE
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PAGE 3 DIALCOM MANVER ID #686 0l/27/78

2140 *

2150 # UPDATA RUDDER DATA ON FOSITICM IF TIMF IS GREATER
2160 * THAN TDATA

2170 %

2180 * IF(TIME.LTo (TDATA=0,0001))%0 10 160
2190 CSTVR(11)=Y0

2200 CSTVR(12)=Y0QD

2210 CSTVR(13)=Y0DD

2220 CSTVR(1l4)=Y0!

2230 * TDATA=TDATA+«DTDATA

2240 160 CONTINUE

2250 #

2260 % END SIMULATION IF TIME IS GRLATER THAN TEND
2270 *

2280 IF(CSTVR(2) LE.XEND)GO TO 100

2290 180 CONTINUE

2300 #

2310 # PRINT SUMMARY OF STIMULATION KESULTS
2320 *

2330 #

2340 WRITE(19170)SAMP(17) 4SAMP (15)

2350 170 FORMAT (/*MAX, EXCURSIOMN FROM CHANNEL CENTERLINE =94F1062,
2360 +' AT XO ="4F10e2///7/7)

2370 GO TO 999

230 1000 CONTINUE

2360 5TOP

2400 END

2410 SUBROUTINE INDAT

2420 *

2430 * PURPOSE: TO READ INPUT DATA FROM DATA FILE

24640 %

2450 COMMON/CONST/RHOA ¢RHOWsGRAV yPL s RADCON 4DISPLC o FPSMPH
2460 COMMON/SIM/TSTART ¢ XSTART « XEND9 TPRT « TDATASDTSIM4DTPRT,
2470 + DTDATAIANGsNANG

2480 COMMON/REACH/COURSE (10+3) ¢+ MCOURSsEDGE (10043) ¢NEDGE
2490 + XCURNT (1093) ¢ NCURNT ¢ WDEPTH» Y(.S54HLSS

2500 COMMON/WEATHR/VCURNT ¢ HCURM T o X IND (1043) yNWIND

2510 CNMMON/CONTRL/CPOS{4) s CHEAD (3) s XRUDSS «PSISSsRUDBAR
2520 COMMON/COEFM/XMCOEF (15) ¢ XUD s YVD YV YPSIDDeYPSLIDyXNPSDD
2530 + XNVD ¢ XNPSID ¢ XNVeYRUD ¢ XMNRUD

2540 COMMON/SHIP/VSHIP 4 TSHIF 3 XLHBP 4 XLWL + XLOA 4BEAMyDRAF T ¢ AREAP 4
2550 + AREAF «DISPL ¢ XIZ9sRUDMAX

2560 COMMON/COEFCH/XYOP (T41142) o XWHB(T7) oNYPB(7) o XALPHA(1103),
2570 + NWPBeNXALP

2580 DIMENSION ITITLE(30)

2590 #

2600 #* FACH GROUPING IN THE ULATA FILE I> PRECEECED BY A
2610 # LINE THAT MUST BE READ AS A BLANK LINE

2620 *

2630 # READ IN RUN NUMBER

2640 READ (5 43)NRUN1 ¢yNRUN2

2650 WRITE(943)NRUNL ¢NRUN2

2660 3 FORMAT (2A2)

2670 *

2680 CALL DATE(IMON,IDAY,4IYER)

2690 ¥*

2700 WRITE(144) IMONGIDAY IYER«MRUML o NRUN2

83



PAGE 4 DIALCOM MANVER IC #6416 0r1/27/78

2710 4 FORMATI(///7/729X ¢ *MANEUVERING SIMULATION?/36XeA292(%/YeA2)/
2720 +3TX9etRUN 1 42A2/7/7/35X INFUT DATAY/)
2730 READ CONSTANTS

2740 READ(545) (ITITLE(I)41=1430)
2750 5 FORMAT (30A2)

2760 WRITE(L¢S)(ITITLE(I)+1=1430)
Z770 READ (5¢10)RHOA yRHOWsGRAV4DISPLC
2780 WRITE(1410)RHOAWRHOWsGRAV.DISPLC
2790 10 FORMAT(4F1042)

2800 %

2810 * READ IN SIMULATION DATA

2820 READ(5¢5) (ITITLE(I)sI=1,430)
2830 WRITE(L1eS) (ITITLE(I)+1=1+30)
2R40 READ (5¢420) TSTART ¢ XSTART 4 XEMD
2850 WRITE(1420) TSTART ¢XSTART ¢ XEND
2860 20 FORMAT(3F10,2)

2870 READ (545} {ITITLE(I)+I=1430)
2880 WRITE(L4S)(ITITLE(]I)+1=1430)
2890 READ(5420)DTSIMyDTPRT 4DTDATA
2900 WRITE(1420)DTSIMyDTPRT+DTDATA
2910 *

2920 * READ REACH DATA

2930 READ(545) (ITITLE(I) y1=1,30)
2940 WRITE(L1o5) (ITITLE(L)#1=1,30)
2950 READ (5425) NCOURS +NEDGE s NCURNT s WDEFTH
2960 WRITE(1425)NCOURS s NEDGE ¢y NCURNT ¢ WDEPTH
2970 25 FORMAT(3154F10,2)

2980 #

2990 * READ COURSE ARRAY

3000 READ(S+S)(ITITLE(I)+I=1,30)
3010 WRITE(LyS) (ITITLE(I)syI=1,3V)
3020 DO 30 I=1,NCOURS

3030 READ(5¢20) (COURSE (I4J)9J=14¢3)
3040 WRITE(1420) (COURSE(I4J)sJ=143)
3050 30 CONTINUE

3060 #

3070 # READ EDGE ARRAY

3080 READ(S5+5) (ITITLE(I)s1=1,430)
3090 WRITE(1¢8) (ITITLE(I)YsI1=1+30)
3100 DO 35 I=14NEDGE

3110 READ (5¢20) (EDGE (I 9J) 0 J=143)
3120 WRITE(1¢20) (EDGE(I¢J) yJd=143)
3130 35 CONTINUE

3140 %

3150 * READ XCURNT ARRAY

3160 READ(545) (ITITLE(I) 91=1430)
3170 WRITE(148) (ITITLE(I)sI1=1,43L)
3180 DO 40 I=1,NCURNT

3190 READ (5920) (XCURNT (1 4J) +J=143)
3200 WRITE(1420) (XCURNT (IeJ)aJd=Le3)
3210 40 CONTINUE

3220 %

3230 * READ WIND DATA

324C READ(S5¢5) (ITITLE(I)sI=1,30)
3250 WRITE(L4S) (ITITLE(]I) 121,430}
3260 READ(5945)NWIND

3270 WRITE(1445)NWIND
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FORMAT (12)

READ(5¢5) (ITITLE(I)41=1,30)
WRITE(L45) (ITITLE(I) #151430)
DO 50 I=1¢NWIND

READ(5¢920) (XWIND(19J) yJ=193)
WRITE(1420) (XWIND(I4J)9sJ=113)
COMTINUE

READ CONTROL DATA
READ(S545) (ITITLE(I) 4I=1,30)
WRITE(145) (ITITLE(I) 9121430}
READ(5451) (CPOS(I)e1=114)
WRITE(1451) (CPOS(I)el=14s4)
FORMAT (3F12,7+F15,13)
RFAD(545) (ITITLE(I)¢I=1,30)
WRITE(145) (ITITLE(I) +131+30)
READ(5451) (CHEAD (1) 41=143)
WRITE(1451) (CHEAD(I)41=143)

READ SHIP MANEUVERING COFFFICIENI

READ(S¢5) (ITITLE(I) 91=1+30)
WRITE(145) (ITITLE(I)#1=1,30)
READ(5955) (XMCOEF (1) s1=14+15)
WRITE(1455) (XMCOEF(I),1=21,15)
FORMAT (5F12,45)

READ SHIP DATA

READ(54¢5) (ITITLE(I) 41=21430)
WRITE(145) (ITITLE(I) «151,430)
READ(5¢61)DISPLeBEAMsRRAFTX1Z
WRITE(1461)DISPLsBEAM,RAFT XL
FORMAT(3F10424F20,0)

FORMAT (6F10,2)

RFAD(5¢5) (ITITLE(I)#1=1,30)
WRITE(145) (ITITLE(L) 4151430
READ (5960) XLBP ¢ XLWL 9 XL DA
WRITE(1460) XLBP ¢ XLWL 9 XLOA
READ(545) (ITITLE(I) +1=1430)
WRITE(L4S) (ITITLE(L) 915143}
READ(5460) VSHIP¢TSHIP ,AREAF s AREAF
VSHIP=VSHIP*FPSMPH
WRITE(1960)VSHIP s TSHIPYAREAP s AREAF
RFAD(5¢5) (ITITLE(I) 212143010
WRITE(L9S)(ITITLE(I) ¢1=1430)
READ {5460) RUDMAX
RUUMAX=RUDMAX*RADCON

WRITE (1460)RUDMAX

READ NWPB AND NXALP
READ(645) (ITITLE(I) 9I=1430)
WRITE(145) (ITITLE(I) 9I=1430)
READ(6455) (ITITLE(I) 4+1=1,30)
WRITE(L4S) (ITITLE(I) 91=1430)
READ (6+75) NWPByNXALP
FORMAT (215)
WRITE(1475)NWPByNXALP
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3850 #* READ XWPB ARRAY

3860 READ(6+5) (ITITLE(I) »1=1 930)
3370 WRITE(LsS)(ITITLE(L) +1=143D)
38R0 READ(boBO)(XWPB(I)OI=1’NWPU)
3890 80 FORMAT(7F1042)

3900 WRITE(1480) (XWPB(I)eI=1lyNWFB)
3910 * READ NYPB ARRAY

3920 READ(6+45) (ITITLE(I) 41=1430)
3930 WRITE(L4S) (ITITLE(]I) eI=1,30)
3940 READ (6485) (NYPB(I) eI=1sNWPL)
3950 85 FORMAT(7I5)

3960 WRITE(1¢485) (NYPB(I)eI=1 NWPB)
3970 * READ XYQOP ARRAY

3980 READ (65} (ITITLE(1) ¢I=1,30)
3990 WRITE(14S) (ITITLE(I)+I=1+30)
4000 DO 95 I=1,.NWPB

4010 JTENYPBI(])

4020 READ (6490) (XYOP (I eJyl) e J=1,4JT)
4030 WRITE(1490) (XYOP({IoJdel)ed=ladl)
4040 90 FORMAT (6F10,43)

4050 READ (6990) (XYOP (1 9Je2)9Jd=1ydT?
4060 WRITE(1490) (XYOP (I eJe2)sJ=1sJ1)
4070 95 CONTINUE

4080 # READ XALPHA ARRAY

4030 READ(6+¢5) (ITITLE(I) 4I=1430)
4100 WRITE(L4S)(ITITLE(I)+1=1+30)
4110 READ(645) (ITITLE(]) +1=1,430)
4120 WRITE(L4S) (ITITLE(I) 9151430}
4130 DO 99 I=1,NXALP

4140 READ(6+497) (XALPHA (1 4J) vJ=1+3)
4150 WRITE(1497) (XALPHA(T oJ) o J=143)

4160 97 FORMAT(3F10,2)
4170 99 CONTINUE
4180 100 FORMAT(///731Xe *SIMULATION RESULTS'//30Xe*SHIP" 941Xe'DIST Y/

4190 +3X P TIMEY 46X s X0 4BXa YO 42Xy "HEAVING? 92X 9 *DXU/DT 93Xy
4200 +91DYO/DT 143Xy 'DPSI /DT 43Xy *RUDDERY 93X 4tFR CL/

4210 +2XsV (SEC) V45X et (FT) V46 ¥ ot (FT) " 93Xe " (DEG) ' 94Xy " (FPS) 'y
4220 +4X 0V (FPS) 142Xyt (RAD/SEC) V92X " (DEG) ' 45Xy ' (FT) ')

4230 WRITE (14100)

4240 RETURN

4250 END

4260 *

4270 SUBROUTINE SSCON(IOUT 4CSTVR ¢ SAMP)

4280 *

4290 * PURPOSE: ESTABLISH STEADY STATE CONDITIONS FOR SHIP AT
4300 * TIME=TSTART AND XO=XSTART

4310 *

4320 COMMON/CONST /RHOA yRHOW s GRAV 4P L s RAUCON 4DISPLC o F PSMPH
4330 COMMON/SIM/TSTART ¢ XSTART e XFND s TPRT s TDATA9DTSIM9DTPRT
4340 + DTDATA 4 IANGyNANG

4350 COMMON/REACH/COURSE (10+3) yNCOURS s EDGE (1043) yNEDGE

4360 + XCURNT (10 ¢3) yNCURNT yWDEPTH 9 YL5S 4 HLSS

4370 COMMON/WEATHR/VCURNT yHCURNT 4 XN IND (10 43) yNWIND

4380 COMMON/CONTRL /CPOS (4) 4 CHEAD (3) s XRUDSS 4PSI5S ¢yRYDBAR

4390 COMMON/COEFM/XMCOEF (15) ¢ XUD s YVD YV YPSIDDyYPSID 4 XNPSDDy
4400 + XNVD ¢ XNPSID ¢ XNV s YRUD y XMRUD

4410 COMMON/SHIP/VSHIP o TSHIF o XLEBP ¢ XLWL s XLOA +BEAM s DRAF T y AREAP o
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AREAF sDISPL # XIZyRUDMAX
COMMON/COEFCH/XYOP (T91142) o XWPB(T) oNYPB(T) ¢ XALPHA(1143),
NWPBeNXALP

DIMENSION CSTVR(15)4SAMP(19)

INITIALIZE XOs XOD,y XODD

X0=XSTART
X0OD=VSHIP
X0DD=0,

DETERMINE DESIRED COUKSE POSITION AND HEADING (YCOURSHCOURS)
CALL INTER(IN¢IANGsCOUKSE «NMCOURS X004 10UT s YCOUKS 4HCOURS)

SHIP IS ASSUMED TO HAVF INTFGRAL FEEDBACK ON POSTION,
leEss EVEN IN PRESENCE OF STEADY EXTERNAL FORCES, THE
HELMSMAN CAN MAINTAIN COURSE POSITION

YO=YCOURS
YCSS=YCQURS
HCSS=HCQURS
YOL=0e
YODD=0,
YOIL=0.
PSID=0,
PSIDD=0,

ASSUME INITIAL VALUE SAMF AS YCOURS
YOLlA=YCQURS

PROPER VALUE HAS NOT BFEN BRACKETED
1C=0
ID=0

CALL INTER(IN¢IANGyXCURNT NCURNT 4 X049 I0UT ¢ VCURNT HCURNT)

HCR=HCURNT*RADCON

HSR=HCSS#RADCON

XCO=YCURNT*# (SIN(HCR)Y*SIN(HSR) +COS (HCR) #COS (HSK) )
YCO=VCURNT* (SIN(HCR) #CUS (HSR) =COS (HCR) #SIN (HSK) )

CALL WIND(INyTSTART yHSHIP¢XODsYCDeIOUT+RWINDoFWIND ¢ XNWIND)

XVEL=X0D=XCD

YVEL=YQD=YCD

VEL=SQORT (XVEL*XVEL+YVFEL*YVEL)

YVU=0e S#XMCOEF (1) #RHOW* XL WL * XL WL%XLWL
YV=0,5%XMCOEF (2) #RHOW* X WL*XLWL*VEL
YPSIDD=0 5% XMCOEF (&) #RHOWK XL WL *%4 o
YPOIDZ05%#XMCOEF (5) #¥RHOWKVEL # XL WL %%3,
XNPSDD=0 o 5#XMCOEF (6) *RHOWHRAL WL %%5
XMVD=045%XMCOEF (7) #*RHOWH XL AL % %4,
XMPSID=0o5%XMCOEF (8) *RHOWHVEL X XL WL *%4,
XNV=0 o SHXMCOEF (9) ¥RHOW*VEL ¥ XL WL #%3,

YRUD=0 ¢ 5#XMCOEF (11) ¥RHOWXVEL*VEL #XLWL #XLWL
XNRUD=0 ¢ 5#XMCOEF (12) #RHOWXVEL®VEL A XL WL *#3,
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XUL=XMCOEF (13) #DISPLC*DISPL/GRAY
CALL CHCOEF (IN¢YOLA 4 X0 e XVEL s YVEL s 10UT,YYO s XMNYO)

IF(ABS(CP0OS(4))eGTel0,%%=20)GU TO 400

YINF=( (XNRUD®CHEAD (1) «XMNV% (XOD=XCD) ) % (=FWIND+YV2YCD+ YRUD#*
CPOS{1)%YCSS) )}/ (YRUD®CHEAD (1) =YV* (XOD=XCD))

YINZXNV#YCD=Y INF=XNWINUL+ XNRUD®CPOOS (1) #YCSS

Y1DF= C (XNRUD®CHEAD (1) «XNV* (XOD=XCD) ) % (=YYQ=YRUD*CPOS(1)))/
(YRUD*CHEAD (1) =YV* (XQD<~XCD} )

Y1D=XNYO+XNRUD®RCPOS (1) +Y1LF

YO1C=Y1IN/Y1D

IF(ABS(Y01A=Y01C) 4GT40,01)G0 TO 190

YO=YOlC

GO TO 300

CONTINUE

IF(YOlC4GT,YO1A)GO TO 194

POINT ABOVE DESIRED LINFE

1A=1

GO TO 197

CONTINUE

POINT BELOW DESIRED LINF

T1A=2

CONTINUE

DYO=20,

YD2A=YOlA+DYO

CONTINUE

CALL CHCOEF {INyYO2A 4XO s XVEL s YVEL 9 L0UT 4 YYO 4 XNYO)

Y2NF= { (XNRUD®#CHEAD (1) = XNV* (XOD=XCD) ) # (=FWIND+YV#YCD+YRUD*
CPOS(1)#YCSS) )/ (YRUD®CHEAD (1) =YV®*(XOD=XCD))

Y2N=XNV#YCD=Y2NF = XNWIND+XNRUD*CPOg (1) #¥YCSS

Y2UF= { (XNRUD#CHEAD (1) = XNV X (XQU=XCD) )} # {(=YYO=YRUD®#CPOS(1}))/
(YRUD#CHEAD (1) =YV® (X0OL<=XCV))

Y2D=XNYOQ+ XNRUD®CPOS (1) +Y2DF

YO2C=Y2N/Y2D

IF{ABS({Y02C=Y02A) ¢GT 4001100 10 220

Yo=Y02C

GO TOo 300

CONTINUE

IF(Y02C,GT.YO2A)G0O TO 231

I18=1

GO TO 222

CONTINUE

1B=2

CONTINUE

JF(IALEQ,IB)GO TO 230

POINT IS BETWEEN VALUES

IF(IDeEQe1)GO TO 225

FIRST POINT LESS THAN SECOND

DYO=DY0D/2,

YO2A=Y0O1A+DYO

IC=1

GO TO 200

CONTINUE
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FIRST POINT GREATER THAN SECCOMD
DYO=DYQ/2,

YO2A=Y01A=DYO

IC=1

GO TO 200

CONTINUE

IF(ICeNE4L1)GO TO 240
POINT BRACKETED EARLIER
IF(ID4EQe1l)GO TO 235
YOl1A=Y02A

YO1C=Y02C

1A=18B

DYO=DY0D/2,

Y0O2A=Y0O1A+DYO

GO TO 200

CONTINUE

YO1A=YQ2A

YOl1C=Y02C

1A=1B

DYO=DYO/2,

YOZA=YOQ1A=DYO

GO TO 200

CONTINUE

BOTH POINTS ON SAME SIDE COF LINE
SLOPE=(Y02C=-Y01C) /{YO2A=YDLA)
IF(IDeEQ41)GO TO 250
IF(IAWEQ,2)GD TO 242
IF{SLOPELGT41le0)GO TO 245
GO TO 247

CONTINUE

ASSUMED VALUES INCREASING
IF(SLOPELLTale0)GO TO 245
GO TO 247

CONTINUE

YOLA=YQ2A

YO1C=Y02C

1A=]B

YN2A=YO1A+DYO

GO TO 200

CONTINUE

YD2A=Y01A=-DYD

In=1

GO TO 200

CONTINUE

IF({IAWEQ,2)G0 TO 252
IF(SLOPEG4LTs1le0)GO TO 255
GD TO 257

COMTINUE
JF(SLLOPE.GT41,0)G0 TO 25%
GO TO 257

CONTINUE

ASSUMED VALUES DECREASIMG
YOLA=Y02A

YOLC=Y02C

IA=IR

Y02A=Y01A=-DYO

GO TO 200
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CONTINUE
WRITE(94259)

FORMAT (*ERROR: SEARCH FOR YO GOING WRONG WAY TWICE")
RETURN

CONTINUE

CALCULATE PSI AND RUDDER

PS5155=0,

XRUDSS5=0,

PSI=(=FWIND+YV%YCD=YO%{YYD+YRUDXCFOS(1))+YRUD*¥CPOS(1)®YCSS)/
(YRUD*CHEAD (1) =YV* {XOD=XCD))

XRUDDR=CPOS (1) #(Y0=YCSS) +CHEAD (1) ® (PSI=PSISS)+XRUDSS

GO TO 500

CONTINUE

PN=(X0D=XCD) # { YRUD/XNRUD#XNV=YV)

D1=(YRUD/XNRUD) # (XNWIND+XMYORYO+YCLDRXNV)

D2==FWIND=YYO*YO=YOCKYV

PSI=(D1+D2) /PN

XRUDDR= (XNV# {XOD=XCD) #PSI=XNWIND=XNYD%YO=YCD%ANV) 7/ XNRUD

PSI55=PS]

XRUDSS=XRUDDR

CONT INUE

RUDBAR=XRUDDOR

HSHIP=HCQURS+ (PSI/RADCON)

IC=1
CALCULATE OPEN WATER RESISTANCE AND ENGINE THRUST

IFC(PSI/RADCON) ¢LE«89,9)1G0O TO 105
WRITE(9,4101)PSI

FORMAT(23H ERROR IN SSCOM: PSI =+F10,3)
RETURN

CONTINUE

XD=X0D/COS(PSI)

CALL RESIST(INgXDyTSHIP 4VSHIP4IOU! ¢ROW)

THRUST=ROW=RWIND
CSTVR(1)=X0D

CSTVR(2)=X0
CSTVR(3)=YOD
CSTVR(4)=Y0

CSTVRI(5)=Y0!
C5TVR(6)=PSID
CSTVR(7)=HSHIP#RADCON
CSTVR(8)=X0DD
C5TVR{9)=YQODD
CSTVR(10)=PSIDD
CSTVRI(11)=Y0
CSTVR(12)=Y0OD
CSTVR(13)=YODD
CSTVR({14)=Y0l
TIME=TSTART
SAMP (1) =TIME
SAMP (2)=X0

SAMP (3)=X0D
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SAMP (4) =X0DD

SAMP (5)=Y0l

SAMP (6) =YO

SAMP (7)=Y0D

SAMP (8)=YODD
SAMP (9) sHSHIP

SAMP (10)=PSID
SAMP(11)=PSIDD

SAMP (12) =XRUDDR/RADCOM
XRUDSS=XRUDDR

SAMP (13)=VCURNT

SAMP (14) =HCURNT

YOFF=ABS(YO)

ANG=ABS (HSHIP=HCOURS) xHADCON

SAMP (16) sYOFF+0o5# (XLOAXRSIN(ANG) +BHEAMXCOS (ANG) )
SAMP(17)=SAMP(16)

SAMP (18) =SAMP (16)

SAMP(19) =PS1

RETURN

END

SUBROUTINE INTER(INGIHEADSXYZ sNPTaXYZ1+I0UTeXYZ2eXYZ3)

PURPOSE: LINEAR INTERPOLATION XYZ(I,J) ARRAY FOR
VALUES OF XYZ2 AND XYZ3

DIMENSION XYZ(1043)

IF(NPTL,LE.25)G0 TO 10

WRITE(945)NPT

FORMAT (27H ERROR IN INTFR SUBROUTINE,,
23H NPT IS GREATER THAN 25+19)

RETURN

CONTINUE

IDPT=1

IFIXYZ(191) eGTeXYZ(NPT1))IDPT==1
1PT=1

TFIXYZ(191) aGTeXYZ(NPT 1)) IPTENPT

JPT=IPT+IDPT

IF(XYZ14GToXYZ(IPTs1))00O TO 20
DELTAS(XYZ(IPTol)=XYZ1)/(XYZ(JPToLl)=XYZ(IPTs1))
XYZ23XYZ(IPTe2) =DELTA® (XYZ (JUP1+2)=XYZ(IPTs2))
DXYZ2ASXYZ(JPTe3)=XYZ(IFT43)

IF(IHEAD4EQe0)GO TO 15

XSIGN==1,

IF(DXYZ3,LT40a)XSIGN=1.

IF(ABS(DXYZ3) ¢GTo18B04)I2XYZ3=(3604=ABS(DXYZL3))*XSIGN
CONTINUE

XYL3=XYZ (IPT¢3)=DELTA%UXYZ3

GO 70 50

CONTINUE

JPT=JPT-IDPT
CONT INUE
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CNMMON/CONST/RHOA yRHOW s GRAV 4P 1 RAVCON4DISPLCFPSMPH
COMMON/SIM/TSTART ¢ XSTART « Xt NDeTPRI«TDATAJDTSIMGDTPRT
DTDATA 4 1ANGoNANG
COMMON/REACH/COURSE (1093) s NCOURSWEDGE (1093) yNEDGE »
XCURNT (1093) s NCURNT ¢WDEPTH o YCSS4HCSS
COMMON/WEATHR/VCURNT ¢HCURNT o XWIND(1043) ¢ NWIND
COMMON/CONTRL /CPOS(4) yCHEAD (3) § XRUDSS,PSIS5S4yRUDBAR
COMMON/COEFM/XMCOEF (15) ¢ XUL o YVD s YVsYPSIDDsYPSID¢XNPSDD,
XNVD g XNPSID ¢ XNV e YRUD ¢ XNRUD
COMMON/SHIP/VSHIP s TSHIP ¢ XLBP ¢ XLWL ¢+ XLDA +BEAMDRAFT 4AREAP,
AREAF +DISPL ¢ XIZ+RUDMAX
COMMON/COEFCH/XYOP (7411 42) o XWHFB (T} oNYPB(T7) o XALPHA(1143),
NWPB 9 NXALP

DIMENSION STVR(15) +STVRD(15) 4(STVKR(15)

XQL=STVR (1)
X0=5TVR(2)
YOO=STVR(3)
YO=STVR (4)
YOI=STVR(5)
PSID=5TVR (6)
HSHIPR=STVR(7)
HSHIP=HSHIPR/RADCON
X0DD=CSTVR (8)
YOLD=CSTVR(9)
PS1DD=CSTVR(10)

CALL RUDDER({IN,TsCSTVR ¢L0UT 4 XRUDDR)
CALL INTER(IN¢IANGeXCURNT ¢NCURNT ¢ X0 I0UT ¢ VCURNT ¢HCURNT)
HCR=HCURNT*RADCON
HSR=HCSS*RADCON
XCD=VCURNT* (SIN{HCR) #STM (HSR) +COS (HCR) #COS (HSK) )
YCU=VCURNT* (SIN(HCR) #COS (HOR) =COS (HCR) #SIN (HSK))
XVEL=X0D=XCD
YVEL=Y0OD=YCD
DETERMINE MANEUVERING COEFFICIENTS
CALL CHCOEF (INysYO o XOoXVEL ¢ YVEL ¢ IOUTsYYDeXNYOD)
DETERMINE EXTERNAL FORCES AND MOVEMENTS
CALL INTER(INyIANGyCOURSE 4MCOURS X0 I10UT s YCOURS4HCOURS)
PS1=(HSHIP-HCOURS) *¥*RADCON
CALL WIND(INgToHSHIP¢XOD4YUD 4y IOUTaRWIND¢FWIND e XNWIND)
CALCULATE YODD
XG=0,0

XM=DISPLC*DISPL/GRAV
YOOD=(FWIND+YRUD%¥XRUDDR+YYUOxYO+YV% (YDOD=YCD)=YVx
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8980 + (XOD=XCD) #¥PSI+ (YPSID=YVD*XUD) #PSIV+ (YPSIDLU=XM%XG) #PSIDD) /
8990 « {XM=YVD)

Q000 *

9010 % CALCULATE PSIDD

9020 *

9030 PSIDD= (XNWIND+XNRUD®XRUDDR+XNYO%¥YU+XNV# (YOD=Y(D) =

9040 + XNV¥ (XOD=XCD) #PSI+ (XNPSID=XNVD®XOD) *PS]ID+

9050 + (XNVD=XM#XG) #YODD) / (X1£-=XNFSDV)

9060 *

9070 * CALCULATE XO0DD

9080 *

3090 XQbD=0,

9100 #

9110 STVRD(1)=X0DD

9120 STVRD(2)=X0D

9130 STVRD(3)=YODD

9140 STVRD(4)=Y0OD

9150 STVRD(5)=Y0=YCOURS

9160 STVRD{6)=PSIDD

9170 STVRD(7)=PSID

9180 CSTVR(B)=X0ODD

9190 CSTVR(9)=YQODD

9200 CSTVR(10)=PSIDD

9210 RETURN

9220 END

9230 #

9240 SUBROUTINE WIND(INeT oHOHIP 4 X0+ YOL s IOUT 4RWIND9FWIND o XNWIND)
9250

9260 #*

9270 #* PURPOSE: TO CALCULATE FRUNTAL AND LATERAL FURCES AND
9280 # YAW MOMENT DUE TO WINU

9290 *

3300 COMMON/CONST/RHOA yRHOWsGRAV 4P L yRALDCON DI SPLC,FPSMPH
9310 COMMON/SIM/TSTART ¢ XSTART ¢ XEND s TPR1 3 TDATASDTSIMGDTPRT
9320 + DTDATA s IANG ¢ NANG

9330 COMMON/REACH/COURSE (1013) ¢ NCCURS+EDGE(1043) yNEDGE
9340 + XCURNT (1003) o NCURNT o WDEPTHsYUSS HCSS

9350 COMMON/WEATHR/VCURNT ¢ HCURMT o XWIND (10 43) ¢y NWIND

9360 COMMON/CONTRL /CPOS (4) 4 CHEAIY (3) ¢ XRUDSS4PSISS,RUDBAR
9370 COMMON/COEFM/ XMCOEF (150 4 XUL 9 YVDsYVeYPSIDDeYPSID ¢ XNPSDD s
9380 + XNVD ¢ XNPSID e XNV YRUD ¢ XM RUD

9390 COMMON/SHIP/VSHIPyTSHIF 4 XLBP s XL WL 9 XLOA¢BEAMDRAFT 4AREAP,
9400 + AREAF +DISPL ¢ XIZsRUDMAX

G410 COMMON/COEFCH/XYOP (7911 42) o XWHB (71 oNYPB(T) o XALPHA (1193},
9420 + NWPBosNXALP

Q430 %

9440 * DETERMINE WIND VELOCITY ANDL DIRECTION

Q450 *

9460 CALL INTER(IN¢IANGeXWINDyNWINUD T4 l0UT sVWIND¢HWIND)
9470 *

G480 * FROMTAL AND LATERAL WIMD FORCES

9490 *

9500 VWIND=VWIND#FPSMPH

9510 HSHIPR=HSHIP*RADCON

9520 HWIND=HWIND+180,

9530 IF(HWIND,GT 43604 ) HWIND=HWIND~360,

9540 HWINDR=HWIND*RADCON
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HSR=HCSS#RADCON
VWX=VWIND* (SIN(HWINDR) #*SIN(HSR) +COS (HWINDR) #COS (HSR) )
VWY=VWIND#* (SIN{HWINDR) 2CQS (HSR) =CUS (HWINDR) *SIN(HSR) )
VWX=VWX=XOD
VWY=VWY=-YOD
HWIND==99999,

IF(ABS(VWX) LT e040001 ;AND VWY eGEeVeQ)HWIND=HCSS4+90,
IF(ABS(VWX) oL Te0e 0001 ,AND 4 VWY oL Te0e0) HWIND=HCD5+4270,
IF (VWX eGE 40,0001 )HWIND=HCSS+ATAN(VWY/YWX) /RADCON

IF (VWX oLE o=0,0001)HWIND=HCOS5+180,+ATAN(VWY/VWX) /RADCON
IF(ABS(HWIND+99999¢) e LEe 14 OIWRITE(94987) VWX, VWY
FORMAT (*ERROR: HWIND HAS NOT BEEN CALCULATED:t/

5Xe VWX =94E15659" VWY =14E1565)

IF(HWINDoLT4060) HWIND=HWIND+360,

IF(HWIND(GE(436060) HWIMD=HWINLD=36U,
VWIND=SQRT (VWXRVWX+VWYH*VRY)
TH= (HWIND=HCSS) *RADCON
VWIND=VWIND/FPSMPH
FORCE=143%RHOAXVWIND#VWIND* (AREAPXSIN(TH) #SIN(TH) «+
AREAF*COS (TH) #COS(TH) )
RWIND=FORCE*COS(TH)
FWIND=FORCE*SIN(TH)

YAWING WIND MOMENT

HWIND=HWIND=180,

IF(HWIND oL T 4O YHWIND=HN THN+360 .
HWINDR=HWIND#*RADCON

XNWIND=0,0

RETURN
END
SUBROUTINE RUDDER(INGTIMELSTVRy IUUT ¢y XRUDDR)

PURPOSE: TO SIMULATE THE RUVDER COMMANDS OF A
HELMSMAN TO DATA ON THLC PUSITION AND HEADING OF
THE SHIP RELATIVE TO THE UESIRED POSITION AND
HEADING

COMMON/CONST/RHOA ¢RHOW s GRAV 4P L 4 RAVCON ¢DISPLC 4 PSMPH
COMMON/SIM/TSTART o XSTART ¢ XENDeTPR I o TDATAJDTSIMeDTPRT
DTDATA s IANG¢NANG
COMMON/REACH/COURSE{(1093) yNCNURSGEDGE (104+3) ¢NEDGE,
XCURNT (10¢3) yNCURNT g WLFPTH,Y(CS5,HCSS
COMMON/WEATHR/VCURNT s HCURN! ¢ XWIND (1043) s NWIND
COMMON/CONTRL /CPOS(4) CHEAD (3] ¢ XRUDSS,PSISS4RUDBAR
COMMON/COEFM/XMCOEF (15) ¢ XUU s YVD YV eYPSIDD¢YPSID ¢ XNPSDD,
XNVD ¢ XNPSID ¢ XNV ¢ YRUD ¢ XM'RUD
COMMON/SHIP/VSHIP s TSHIP 4 XLPP ¢ XLWL 9 XLOA+BEAM«DRAFT yAREAP,
AREAF ¢DISPL ¢ XIZ sRUDMAX
COMMON/COEFCH/XYOP (7491142} o XWHB(T7) oNYPB(7) ¢y XALPHA(1143),
NWPBsNXALP
DIMENSION CSTVR(15)

IF(TIME(GT, (TDATA=0,0001}))G0O TO 100

XRUDDR=RUDBAR
CSTVR(15) =XRUDDR
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RETURN
CONTINUE
X0=CSTVR(2)

CALL INTER(IN.IANGyCOURSE ¢NCOURS¢X0 4 1DUT 3 YCOURS ,HCOURS)

YO=CSTVR(11)
YOD=CSTVR(12)
YODD=CSTVR(13)
YOI=CSTVR(14)
HSHIPR=CSTVR(7)
HSHIP=HSHIPR/RADCON
PSID=CSTVR(6)
PSIDD=CSTVR(10)

DFTERMINE NEW XRUDDR SETTING

ANGLER= (HSHIP=HCOURS) #RADCON=-FS] S5

XRUDDR=CPOS (1) # (YO=YCQURS) +CPUS(2) *YOD+CPOS(3) *#YQODD+
CPOS(4) #YOI +CHEAD (1) * (ANGLER) +CHEAD (2) #PSID+CHEAD (3) #PSIDL +
XRUDSS

[F (ABS (XRUDDR) ¢ GT s RUDMAX ) XRUDUR=RUDMAX#ABS { XRUDDR) / XRUDDR

CSTVR(15) =XRUDDR

RUDBAR=XRUDDR

TDATASTDATA+DTDATA

RETURN

END

SUBROUTINE PRT(INe¢SAMP)

DIMENSION SAMP(19)

WRITE(1420)SAMP (1) ¢SAMP (2) 4SAMP(6) ¢SAMP(Q) ¢SAMP (3) ySAMP(7) »
SAMP(10) ySAMP (12) ySAMF (16)

FORMAT (FB8¢212F9024FB8e214F3e24F1042)

RETURN

END

SUBROUTINE CHCOEF (INeYO4XOeXVELsYVELIOUT+YYOeXNYD)
COMMON/CONST/RHOA yRHOWsGRAV 4P 1 4RAVCON 4DISPLC 4 FPSMPH
COMMON/SIM/TSTART ¢ XSTART o XENDsTPRT 9 TDATAIDTSIMDTPRT
DTDATAIANG¢NANG
COMMON/REACH/COURSE (1093) ¢MCOURSyEDGE(1093) s NEDGE
XCURNT (10¢3) yNCURNT s WDEFTH s YL.554HCSS
COMMON/WEATHR/VCURNT o HCURNT g XN IND(1043) ¢ NWIND
COMMON/CONTRL/CPOS (4) CHEAV (3) 4 XRUDSS4PSIS5S¢RUDBAR
COMMON/COEFM/XMCOEF (151 ¢ XUV s YVDoYVeYPSIDDeYPSID e XNPSDD s
XMVD ¢ XNPSID ¢ XNV s YRUD ¢ XMRUD
COMMON/SHIP/VSHIP s TSHIF ¢ XLEP 4 XLWL s XLOA¢BEAM¢DRAFTAREAF,
AREAF sDISPL ¢XIZ+RUDMAX
COMMON/COEFCH/XYOP (7911 42) o XWHBIT) oNYPB(7) ¢ XALPHA(1143),
NWPByNXALP

VEL=SORT (XVEL®XVEL+YVFL #YVEL)
CALL INTER(INJNANG.EDGE yNEDGE+XCol0OUTCELl+CE2)

WPb= (ABS (CE1=CE2) ) /BEAWM
HPT=WOEPTH/DRAFT
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10690 %

10700 IF(ABS(YO) sGEL0,001)G0O TO 10

10710 YYO=04

10720 XNY0=0,

10730 RETURN

10740 »

10750 10 CONTINUE

10760 DO 40 I=1,NWP8B

10770 IFIWPBoGT(XWPB(I))GO TO 30

10780 IFII,NE,1)GO TO 20

10790 WRITE(9,415)

10800 15 FORMAT (' WPB IS5 LESS THAN AWPB(1)")
10810 YYO=0e

10820 XNY0=0,

10830 RETURN

10840 #*

10850 20 CONTINUE

10860 AYOPB=ABS(Y0) /BEAM

10870 IF{AYOPB,GT,0,0)G0O TO 25

10880 YYO=0.

10890 XNYQ=0,

10900

10910 RETURN

10920 25 CONTINUE

10930 112]=1

10940 GO TO 45

10950 30 CONTINUE

10960 IF(I LT NWPB)GO TO 40

10970 YYO=0o.

10980 XNYO=0,

10990 RETURN

11000 40 CONTINUE

11010 WRITE(9442)

11020 42 FORMAT('ERRQOR IN SUBRQUTINML CHCOFF AT STATEMENT 40°')
11030 RETURN

11040 45 CONTINUE

11050 DO 200 II=1,42

11060 IF(I14EQel1)L=]1

11070 IF(IIeEQe2)L=1

11080 MYPB=NYPB (L)

11090 DO 90 J=1.MYPB

11100 IF(AYOPBoGT ¢ XYOP (L eJsl1))GD TO 80
11110 IF(J,EQqa1)GO TO S50

11120 GO TO 70

11130 %

11140 50 CONTINUE

11150 # AYOPB CAN NOT BE LESS THAM ZFROs VALUE OF XYUP(Lelel)
11160 WRITE(9,60) AYOPB¢XYOP (L 4941

11170 60 FORMAT(*ERROR IN SUBROUTINE CHCOEFr AT STATEMENT 506'/
11180 + YAYOPB OF *9Fl0e29' LESS THAN 94F10,42)
11190 RETURN

11200 70 CONTINUE

11210 * AYOPB BETWEEN J AND J=-1

11220 DTABL1=XYOP (L ¢Jgl)=XYOP(LyJ=141)
11230 DTAB2=XYOP (LsJe2) =XYOP (LsJ=142)
11240 DYOPB=AYOPB=XYOP(LoeJ=191)

11250 YOPP=XYOP (LoJ=19¢2) ¢«DTAEB2XDYOPE/DTABI
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11260 GO TO 100

11270 *

11280 80 CONTINUE

11290 IF (JoLTGNYPB(L))GO TO 20

11300 * AYOPB GREATER THAN FINAL VALUE UF XYOP
11310 DTAB1=XYOP(LeJsl) =XYOP(LosJ=141)
11320 DTAB2=XYOP (L eJds2) =XYOP (L s J=142)
11330 DYOPB=AYOPB=XYOP (L eJsl)

11340 YOPP=XYOP(LsJ92) +DTAB2*DYPE/DTABL
11350 GN 70 100

11360 90 CONTINUE

11370 = SHOULD NOT EXIT DO LOOP HERE
11380 WRITE(9495)

11390 95 FORMAT('ERROR IS SUBROUTIWE CHCOEF AT STATEMENT 90')
11400 RETURN
11410 100 CONTINUE

11420 #

11430 IF(I1+EQ1)YOP1=YOPP

11440 1IF(11,EQ,2)YOP2=YOPP

11450 200 CONTINUE

11460 # VALUE OF YOP BETWEEN YOP1 AND YQOF2
11470 DWPB1=XWPB(1)=XWPB(11)

11480 DWPB2SWPB=XWPB(I1)

11490 DYOP=YOP2-YOP1

11500 YOP=YOP1+DYOP*DWPB2 /DWHB]

11510 *

11520 DO 300 Kz=14NXALP

11530 IF (HPT ¢GT ¢ XALPHA(K41))0ON TO 180
11540 IF(K,NE41)GO TO 170

11550 * HPT LESS THAN FIRST VALUE OF XALFHA
11560 NDXAL1SXALPHA(241)=XALPHA(141)
11570 DXAL2=XALPHA (242) =XALPHA(1,2)
11580 DXAL3=XALPHA (243) =XALPHA(1,3)
11590 DHPT=XALPHA(141)=HPT

11600 XBAR=XALPHA (142)=DXAL2*DHPT/DXALL
11610 ALPHASXALPHA (1¢3) =DXAL3#DHPT/LUXALL
11620 GO TO 220

11630 %

11640 170 CONTINUE

11650 # HPT BETWEEN K=1 AND K

11660 DXAL1I=XALPHA (Ky1) @XALPHA(K=151)
11670 DXAL2=2XALPHA (K 92) =XALPHA (K=1,2)
11680 DXAL3=XALPHA (K ¢3) =XALPHA(K=1,43)
11660 DHPT=HPT=XALPHA (K=141)

11700 XBAR=XALPHA (K=142) +DXAL2#¥DHPT/DXALL
11710 ALPHASXALPHA (K=143) +DXAL3¥CHFET/DXALL
11720 G0 TO 220

11730 *

11740 180 CONTINUE

11750 TF (K NEoNXALP)GO TO 300

1176C # HPT ABOVE FINAL VALUE OF XALFHA
11770 DXAL1=XALPHA (K9l)=XALPHA (K=1y1)
11780 DXAL2=XALPHA (K ¢2) =XALPHA (K=142)
11790 DXAL3SXALPHA (K ¢3) =XALPHA(K=143)
11800 DHPT=HPT=XALPHA(Ky1)

11810 XBAR=XALPHA (K¢2) +DXAL2*¥DHPT/DXALL
11820 ALPHA=XALPHA (K ¢3) +DXAL3%DHPT/UXALL
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11830 GO TO 220

11840 300 CONTINUE

11850 # SHOULD NOT EXIT DO LOOP HERE

11860 WRITE(9,4205)

11870 205 FORMAT(*ERROR IN SUBROVTINE CHCOEFr AT STATEMENT 300¢)
11880 RETURN

11890 *

11900 220 COMTINUE

11910 YYOS0 e S#RHOWRXLWLXDRAFTXVEL*VEL*YOP*ALPHA/ABS (YD)
11920 XNYO=XBAR®XLWL*YYO

11930 RETURN

11940 END

230 Copies
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